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Abstract

In this study, the effect of hatching eggshell colour on some incubation performance
characteristics in broiler breeders were investigated. In the study, a total of 2400
hatching eggs obtained from two Ross 308 meat breeder flocks of the same age (29
weeks) and from different houses were used and these eggs were divided into two
groups as brown (control) and white (experimental) according to their shell colours
and incubated. At the end of the incubation period, the rates of losses such as embryo
deaths, discards, broken chicks, contamination, brain bursts, etc. were compared with
basic performance traits such as fertility, hatchability and hatchability by means of
breaking analysis. As a result of the study, lower mid-term embryo mortality, higher
fertility rate, hatchability of fertile eggs and hatchability values were obtained in the
control group (p<.05). In contrast, early and late embryo mortality, the number of
broken and discarded chicks, and the rates of eggs with contamination, transfer error,
brain burst and fungus were similar (p>.05). As a result, it was determined that better
incubation performance was obtained in brown-shelled eggs in terms of hatchability
and therefore hatchability. It is thought that more attention should be paid to breeder
poultry health for a higher and sustainable incubation performance and that similar

studies including other poultry animals are needed.

Introduction

Egg shell color in breeder hens and commercial
layers is a hereditary trait and not much work has been
done on this subject. However, in recent years it has
become a noteworthy issue due to the antioxidant
properties of the pigments that give shell color (Stocker
et al., 1987; Kaur et al., 2003).

Egg quality is an important factor affecting
hatching results. Quality in both hatching and table eggs
is examined in two parts as internal and external quality
characteristics. While determining external quality
criteria; egg weight, shape index, shell cleanliness, shell
shape, shell thickness are generally taken into account;
in terms of internal quality, albumen height, albumen
width, yolk height, yolk diameter, flesh-blood spots
andyolk color are taken into account (Karaman and
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Bulut, 2018; Mahawar et al., 2023; Turkoglu and Sarica,
2024;Elibol and Ozlu, 2024). Another factor affecting
hatching results and chick performance is egg shell
color and it has become an increasingly interesting
subject due to the antioxidant properties of the
pigments that give color to the shell (protoporphyrin,
biliverdin and zinc biliverdin chelate) (Sparks, 2011). It
has been reported that two pigments (biliverdin and
zinc chelate) are present in blue-green shelled eggs and
these 3 pigments are present together in blue and
brown shelled eggs, the amount of protoporphyrin
pigment is higher in brown eggs and depending on the
density of this pigment, egg shell color varies from light
cream to dark brown (Kennedy and Vevers, 1976;
Schwartz et al.,, 1980; Butcher and Miles, 1995).
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Biliverdin, one of the pigments that form egg shell
color, has an antioxidant; Protoporphyrin has been
found to have antioxidant, antifungal and egg shell
fracture resistance enhancing effects (Solomon, 1987;
Kaur et al., 2003; Ishikawa et al. 2010). In addition, it
has been reported that egg yolk antibody (IgY) level is
high in dark-shelled eggs of healthy hens and the
quality of the hatched chicks is higher accordingly
(Moreno et al., 2004).

In a broiler breeder (Hybro) study (Shafey et al.
2005) in which egg shell color was classified as light
(51005-Y30R-S1005-Y40R), medium (S1010-Y40R-
$1010-Y50R) and dark (51020-Y40R-S1020-Y50R) using
the “Natural Color System (NCS)”, it was found that shell
color in brown hatching eggs affected the rate of dead
chicks under-shell dead and thus the hatchability
(P<0.05), but did not affect the fertility rate and early
and late embryo deaths, and that performance
improved as the color of brown eggs became lighter, and
that this was due to the shell color changing the effect
of light. In another broiler breeder (Ross 308) study
(Sekeroglu and Duman, 2011) in which eggs were
classified according to egg shell color and separated into
three groups as dark (E<80.00), medium (E:80.00) and
light (E>83.50) using E (E=(L2+a2+b2)%) values, it was
found that fertility rate, hatchability and hatchability
were higher in eggs with dark shells (E<80.00).

In a layer breeder study conducted on the Barred
Rock-1 line, which constitutes the main line at the pure
line level, within the scope of improving and
standardizing egg shell color in ATAK-S, one of the
Turkish layer hybrids registered in 2006 (Yurtogullari,
2011), hatching eggs were divided into 3 groups
according to shell color as dark (L: 0-59), medium (L: 60-
70) and light (L: 71-78). It was found that the fertility rate
in eggs with light-colored shells was low, and the mid-
and late-stage embryo mortality rate was high. In a
study conducted on brown egg layers (Mertens et al.,
2010), it was reported that there was a relationship
between shell color and disease and stress, that animals
exposed to heat stress and parasite infestation had
lightening in egg shell color and a decrease in egg
weight, that lightened shell color was an indicator of
infectious bronchitis, and that shell color was a criterion
that could be used to determine flock health and stress
levels. This study was conducted to determine the
effects of egg shell color on hatchability performance in
broiler breeders by taking into account the results of the
study briefly mentioned above and to obtain up-to-date
and more detailed information on this subject with the
help of a more practical classification system that can be
easily applied in a commercial enterprise and on a
commercial scale.

Materials and Methods
Hatching eggs were obtained from two 29-week-

old broiler breeder flocks of the same Ross 308 genotype
from a private integrated poultry company. A total of
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2,400 hatching eggs were used in the trial. A private
company's egg shell colour chart (The Egg Shell Color
Fan, Hendrix Genetics) was used to classify the hatching
eggs according to shell color. The egg handling, sorting,
storage and incubation processes were also carried out
in the same integrated company facilities. During the
incubation phase, setters (AirStreamer™ 12S Focus,
Petersime NV, Belgium) with a capacity of 57,600 eggs
and hatchers (AirStreamer™ 4H Focus, Petersime NV,
Belgium) with a capacity of 19,200 eggs were used.

Hatching eggs from both flocks were examined
according to their eggshell colours and according to the
eggshell colour fan (The Egg Shell Color Fan, Hendrix
Genetics), eggs with colour codes 1 and 2 were
accepted as white (experimental), and eggs with other
colour codes were accepted as brown (control). The
colors determined for the shell color were also
measured with a chromameter (CR-400, Konica
Minolta, Japan), the L (lightness), a (red/green), b
(blue/yellow) values corresponding to these codes
were determined, and c (chroma) and H (Hue angle)
values were calculated using these values (white/triall;
L: 93.12; a: -0.66; b: 3.32; c: 3.39, H: -78.73; 2; L: 91.32;
a: 0.67; b: 2.68; c: 2.76, H: 75.97; Brown/control; L:
<91.32, a: >0.67, b: >3.32, H: <75.97).

After colour classification, 1200 eggs determined
to have white shell colour (450 from the first flock and
750 from the second flock) were separated and placed
in the setter trays with a capacity of 150 eggs each.
Then, the same number of eggs determined to have
brown shell colour, randomly selected from the same
flocks, were separated in the same way and placed in
the setter trays. Each tray in the treatment groups was
accepted as a replication.

During incubation, setter machines were operated at
100°F shell temperature, 57.5% humidity and 24
turns/day, aiming for 12% egg weight loss. Transfer was
performed on the 18" day of incubation and while eggs
were being transferred from setter trays to hatcher
baskets, eggs that were permeable to light during lamp
control were considered as infertile and separated and
lamp fertility rate was determined accordingly. At the end
of the incubation period, eggs that did not hatch were
separated and broken and after the breakout analysis, real
fertility, embryo deaths (0-6 days early, 7-17 days middle/
between the comb begins to grow and the egg tooth
begins to appear and the head is between the legs, and 18-
21 days late), broken shell but not hatched, discard,
contamination, position error, transfer error, brain burst,
fungus and other loss reasons were determined separately
for all treatment groups and their rates were calculated
(Formula 3.1). Then, classical hatchability of fertile eggs
and classical hatchability values were calculated from the
collected data (Formula 3.2 and 3.4). In addition, it was
taken into account that cull chicks were not sent to the
field on a commercial scale, and the number of discarded
chicks was subtracted from the number of hatched
chicks, and the values accepted and expressed as the real
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hatchability of fertile eggs and real hatchability were
also calculated (Formula 3.3 and 3.5).

Embryonic mortality rates was calculated using the
Equation 1 given below

number of embryos that died for x

0 =
x % total number of incubated eggs

x: number of embryos that died in the early/ middl
/last period, number of chicks that broke the shell but
could not hatch/discarded, number of lamp fertilized/
true fertilized/contamination/position error/transfer
error/brain burst/ fungus detected eggs.

Classic hatchability of fertile eggs was calculated
using the Equation 2 given below.

Classic hatchability of fertile eggs, %
number of hatched chicks

~ ‘total number of Incubated fertile eggs

Real hatchability of fertile eggs was calculated
using the Equation 3 given below.

Real hatchability of fertile eggs, %
number of hatched chick — number of discarded chick

total number of Incubated fertile eggs

Classic hatchability was calculated using the
Equation 4 given below.

Classic hatchability of fertile eggs, %
number of hatched chicks

~ ‘total number of incubated eggs

Real hatchability was calculated using the Equation
5 given below.

Real hatchability of fertile eggs, %
number of hatched chick — number of discarded chick

total number of incubated eggs

In the study, randomized blocks were carried out in
accordance with the experimental plan, a statistical
package program (Minitab, 2013) was used to analyze
the obtained data, and the t-test (Formula 3.6) was used
to determine the differences between the groups.

t statistical value in the experiment was calculated
using the Equation 6 given below (Kocabas et al., 2013).

-y

rd2x-xd%y nx + ny
(nx—1)+(ny—1) nxxny

t=

x: means of control (brown eggshell colour)
group,
y: means of treatment (white eggshell colour)
group,
>d?: sum of differences from the mean, n: number
of treatments.
In the study, the significance level between the
treatment groups was determined as 5% (p=0.05) and
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the differences between the treatment groups with a p
value less than 5% (p<0.05) were considered statistically
significant. The results obtained in the experiments are
shown as Mean + Standard Error of the Mean (M+QOSH).
In addition, Degrees of Freedom (DF) and critical t values
are given.

Result and Discussion

The results obtained in the research were
summarized in a table on both group and feature basis
and examined and discussed separately in order to
provide more detailed information (Table 1).

When hatching egg shell colours are taken into
consideration, it is seen that we work with lighter
coloured eggs compared to both Shafey et al. (2005;
$502-G50Y and S0603-Y8OR < S 1005-Y30R-S 1005-
Y40R), Sekeroglu and Duman (2011; E: 93.18 and 91.36
>78) and Yurtogullari, (2011; L: 93.12 91.32 > 78).

When the fertility rates were examined, it was
determined that the values obtained were in
accordance with the line objectives (94.00; Tullett,
2009), that lower values were obtained in the treatment
groups in terms of both lamp fertility and true fertility,
on a herd basis and accordingly in total, and that this
situation was more evident in lamp fertility. It was
observed that the results obtained in lamp fertility were
similar to those in true fertility and that the study results
were consistent with the results of the study
(Yurtogullari, 2011; Sekeroglu and Duman, 2011)
reporting that the fertility rate in eggs with light shell
colours was lower than in those with dark shell colours.

Similar to the fertility rates, early, mid and late
embryo mortality rates were similar to the line
objectives (5.50, 1.00 3.50, respectively; Tullett, 2009),
with numerical differences between treatment groups,
and higher in white-shelled eggs. However, the
differences between treatment groups did not reach
statistically significant levels [t (14) =-1.87, p=.83 and t
(14) =-2.03, p = .62 for early and late stage respectively],
except for mid-term embryo mortality, which was
statistically significantly higher in the experimental
group (white-shelled) eggs [t (14) = -5.29, p = .00]. The
study results were found to be consistent with the
results of studies reporting that early embryo mortality
did not vary according to shell colour (Shafey et al.,
2005; Yurtogullari, 2011; Sekeroglu and Duman, 2011),
that mid+late embryo mortality was higher in eggs with
light-coloured shells (Yurtogullari and Elibol, 2011) and
that late embryo mortality was similar (Shafey et al,,
2005; Sekeroglu and Duman, 2011), but inconsistent with
the results of studies reporting that mid and late embryo
mortality were similar (Shafey et al., 2005; Sekeroglu and
Duman, 2011). In the breakage analysis, the cracked but
unhatched and cull chicks and the rate of eggs with
contamination, transfer error, brain burst and fungus
were similar to or below the line objectives (1.50; 0.50;
0.50; 0.50 and 0.50; Tullett, 2009, respectively), as well
as being very low or not detected at all, although
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numerically relatively higher rates were detected in
white-shelled eggs (experimental group), the
differences between the treatment groups were not
found to be statistically significant for the cracked but
unhatched and cull chicks, and contaminated egg and
embryo with exposed brain [t (14) = 0.61, p =. 55; t (14)
=-1.03,p=.32;t(14) =-1.99, p=.07; t (14) = 0.40, p =
.64; respectively]. After the breakage analysis, it was
found that only the malposition rates were similar to the
standards (1.50; Tullett, 2009), but the differences
between the treatments were significant and higher in
white-shelled eggs [t (14) = -2.37, p = .03]. The results
were found to be inconsistent with studies reporting
that the rate of hatched chicks was lower in light-
coloured eggs (Shafey et al., 2005).

When the hatchability of fertile eggs values was
examined, it was found that the values obtained were
similar to the line objectives (88.30; Tullett, 2009;
Aviagen, 2021), and that both the classic and the real
hatchability of fertile eggs were significantly lower
numerically in the treatment groups on a flock basis and
accordingly in total, and that these numerical
differences were statistically significant [t (14) = 5.31, p
=0.00 and t (14) = 5.38, p =0.00, respectively]. The
results were found to be consistent with the results of
the study reporting that hatchability was lower in eggs
with lighter shell colours compared to darker ones
(Sekeroglu and Duman, 2011), but inconsistent with the
results of the study reporting that shell color did not
affect hatchability (Yurtogullari, 2011) and that it was
higher in lighter-colored eggs (Shafey et al., 2005).

In terms of hatchability, the results were found to
be similar to the line objectives (83.00; Tullett, 2009;
Aviagen, 2021), higher in the control group (brown-
shelled) eggs both on a flock basis and in total.
Accordingly, the differences between treatment
groups were statistically significant for both classic and
real hatchability [t (14) =6.28, p =0.00 and t (14) = 6.24,
p =0.00; respectively]. A performance average was
calculated. It was observed that the results are
consistent with the results of the study reporting that
the hatchability of eggs with lighter shell colours is
lower than those with darker colours (Sekeroglu and
Duman, 2011). When the results obtained were
evaluated in general, it was determined that the brown
shell eggs, which were determined as the control group,
had significantly lower mid-term embryo mortality rates
and higher fertility rates, hatchability of fertile eggs and
hatchability values compared to the white ones. On the
other hand, no significant difference was found
between the treatment groups in terms of early and
late-term embryo mortality and the rates of eggs with
broken but not hatched chick position errors, transfer
errors, brain bursts, mould and contamination. As
reported by the researchers, it is thought that this
situation is due to the antioxidant and antifungal
properties of the pigments that give the shell its colour
(Solomon, 1987; Kaur et al., 2003; Moreno et al., 2004;
Ishikawa et al. 2010), and that the lightening of the
shell colour is an indicator of deterioration in health.
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Conclusion

In this study, the effects of brown (control) and
white (experimental) shell colors of hatching eggs in
broiler breeders on incubation performance were
investigated through embryo deaths (early, middle and
late periods), discards and unhatched chicks,
contamination, brain burst, etc. determined losses rates
in two consecutive experiments, fertility rate, hatchability
of fertile eggs and hatchability.

As a result of the study, it was found that better
values were obtained in eggs with brown shell color,
shell color affected mid-term embryo death rates and
higher fertility rate, hatchability and hatchability,
whereas it did not affect early and late-term embryo
deaths and unhatched chicks position error, transfer
error, brain burst, fungus, contamination detected egg
rates. It is thought that this situation may be due to the
lightening of the shell color due to the health status of
the breeding hens.

Therefore, in order to achieve higher hatching
performances, more attention should be paid to the rate
of eggs with light-colored shells and to issues that may
affect the health of the breeding hens. In addition, larger-
scale and more detailed studies that include other poultry
animals will be beneficial and will provide a continuous
and sustainable improvement in hatching performances
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Table 1. Effect of eggshell colour on some hatchability performance criteria in broiler breeders

First Group (Flock) Second Group (Flock) Total

Features, % Control 1 Treatment 1 t (DF) P Control 2 Treatment 2 t (DF) P Control Treatment t (DF) P
Infertility 3.33+1.02 6.22+0.22 -2.77(4)  0.050 2.80£0.71P 5.33+0.562 -2.80 (8) 0.023  3.00:0.55®  5.67+0.38¢  -4.00(14)  0.001
Early Stage 1.11+0.44 2.22+0.59 -1.51 (4) 0.206 1.20+0.33 2.00+0.63 -1.12 (8) 0.294 1.17+0.24 2.08+0.43 -1.87 (14) 0.083
Mid Stage 1.11+0.59 3.11+0.44 -2.71 (4) 0.053 0.93+0.34° 2.9310.342 -4.16 (8) 0.003 1.00+0.28b 3.00+0.252 -5.29 (14) 0.000
Late Stage 1.11+0.44 2.44+0.59 -1.81(4)  0.145 2.13+0.49 3.33:0.70 -1.41 (8) 0.197 1.75+0.38 3.00:0.49  -2.03(14)  0.062
CBU 0.00+0.00 0.2210.22 0.2710.16 0.00%0.00 0.17+0.11 0.08+0.08 0.61 (14) 0.554
Cull 0.22+0.22 0.89+0.44 -1.34 (4) 0.251 0.27+0.16 0.27+0.16 0.00 (8) 1.000 0.25+0.12 0.50+0.21 -1.03 (14) 0.319
Contaminated 0.44+0.22 1.33+£0.39 -2.00 (4) 0.116 0.27+0.27 0.93+0.50 -1.18 (8) 0.272 0.33+0.18 1.08+0.33 -1.99 (14) 0.066
Malposition 0.44+0.22b 2.89+0.18° -3.89 (4) 0.018 0.80+0.33 1.47+0.68 -0.88 (8) 0.403 0.67+0.22° 2.00+0.522 -2.37 (14) 0.033
Turned failure 0.00+0.00 0.00+0.00 0.00+0.00 0.13+0.13 0.00+0.000 0.08+0.08

Exposed brain 0.22+0.22 0.00+0.00 0.2710.27 0.2710.16 0.00 (8) 1.000 0.25+0.18 0.17+0.11 0.40 (14) 0.639
Mould 0.0040.00 0.00+0.00 0.00+0.00 0.00+0.00 0.00+0.000 0.00+0,000

Others 0.00£0.00° 2.2240.222 0.00+0.00° 1.47+0.392 0.00£0.000° 1.75+0.28b

Total looses 4.67+0.39b 15.33+1.39° -7.41 (4) 0.002 6.13+0.90P 12.80+2.092 -2.93 (8) 0.019 5.58+0.62° 13.751.41° -5.31(14) 0.000
Candling Fertility 95.56+0.972 91.56+0.80° 3.18 (4) 0.033 96.001+0.872 92.67+0.73b 2.94 (8) 0.019 95.83+0.61@  92.25+0.55P 4.35 (14) 0.001
Real Fertility 96.67+1.02 93.78+0.22 2.77 (4) 0.050 97.20+0.712 94.67+0.56P 2.80 (8) 0.023 97.00+0.552  94.33+0.38b 4.00 (14) 0.001
Classic HFE 95.39+0.642 84.60+1.47° 8.11 (4) 0.001 93.98+1.017 86.74+2.27b 2.92(8) 0.019 94.51+0.692  85.94+1.462 5.31(14) 0.000
Real HFE 95.1710.442 83.65+1.47b 7.51 (4) 0.002 93.71+0.912 86.4612.26P 2.97 (8) 0.018 94.25+0.62°  85.40+1.52b 5.38 (14) 0.000
Classic Hatchability 92.22+1.462 79.33+1.02b 7.25 (4) 0.002 91.3310.792 82.13+2.36P 3.70(8) 0.006 91.67+0.69°  81.08+1.62° 6.28 (14) 0.000
Real Hatchability 92.00+1.332 78.44+1.35b 7.14 (4) 0.002 91.07+0.722 81.87+2.38b 3.70 (8) 0.006 91.42+0.64°  80.58+1.62° 6.24 (14) 0.000
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