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ABSTRACT Fertility and hatchability are 2 major
parameters that highly influence the reproductive perfor-
mance of chicken breeds. The objective of this study is to
investigate how the genetic background of chickens affects
the aspects of fertility, hatchability, and embryonic mor-
tality pattern. Six different native chicken genotypes
(black, black-barred, brown, gray, naked neck, and friz-
zle) kept under similar conditions were evaluated. A total
of 1,645 fertile pedigreed eggs from all genetic groups
were collected and incubated in forced draft setter. Fertil-
ity, hatchability, embryonic mortality, and hatched chick
weight were determined. The data were subjected to a
one-way analysis of variance with breed (genotype) as a
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fixed effect. Sire component of variance were used to com-
pute heritability estimates for hatchability traits. The
results showed that the fertility and hatchability of the
eggs produced from the naked neck or frizzle genotypes
exhibited higher values compared to the other genetic
groups. An increase in the relative weight of hatched
chicks was detected in hatching eggs weighing 44 g or
higher. Therefore, attention should be given to the egg
size produced by native chicken populations to achieve
maximum hatchability performance. Multiple regression
analysis revealed that the settable egg weight and the egg
weight loss during incubation are the main factors affect-
ing the relative weight of hatched chicks of all genotypes.
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INTRODUCTION

Native chicken breeds represent great value to the
majority of consumers, particularly in the rural sector of
the most developing and underdeveloped countries.
Their meat and eggs are preferred by the majority of
rural communities and often urban people (Pym et al.,
2006; Ajayi and Agaviezor, 2016; Fathi et al., 2017a).
However, poor productive performance of the native
chicken breeds is considered an important factor affect-
ing their spread on a large scale. Recently, great atten-
tion has been focused on native chicken populations as
significant genetic resources. They may contain genes
that are important for adaptation to harsh weather and
disease resistance. Many strategies are adopted to
improve their productive performance through
environmental factors (husbandry, nutrition, and
health) and/or breeding protocols (selection and cross-
breeding). Fertility and hatchability are significant cri-
teria of profitability in the hatchery enterprise for small
and medium-sized stakeholders (Peters et al. 2008;
Adeleke et al., 2012). Unfortunately, poor fertility and
hatchability rates of native chicken breeds are a major
threat to preserving these valuable constituents for poul-
try production (Adebambo, 2005; Allanah et al., 2014;
Adedeji et al., 2015). Hatchability is a complex quantita-
tive trait that depends on genetic make-up, incubational
conditions, and nutritional factors. Embryonic mortality
that occurs during the incubation period, in most cases,
is related to inadequate incubation conditions rather
than to poor egg quality and an imbalanced diet of the
breeder flock (Kumar et al., 2013).There are significant
relationships between settable egg weight and hatching
results. Egg weight directly effects hatchability, embry-
onic mortality, hatching weights, and subsequent perfor-
mance of chicks (Alkan et al., 2008; Ça�glayan et al.,
2009; Duman and Şekero�glu, 2017).
In Saudi Arabia, people traditionally raise native

chickens for their preferred eggs and ornamented
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appearance, especially those segregating for major genes
(Fathi et al., 2017a). As a result of a national project
funded by King Abdulaziz City for Science and Technol-
ogy in Saudi Arabia and launched in 2011, six distinct
chicken breeds based on their plumage color, productive
performance, and genetic evaluation were characterized
and established (Fathi et al., 2017a,b and Fathi et al.,
2018). To present, there is no comprehensive study on
fertility and hatchability performance that has been con-
ducted on well-characterized Saudi native chicken
breeds. However, an attempt was found on eggs of indig-
enous chickens collected from free-range local farms in
Saudi Arabia’s eastern region (Abudabos et al., 2017).
The current study aimed at evaluating the features of
fertility, hatchability, and embryonic mortality pattern
as affected by genotype and egg weight of native chicken
genotypes that are conserved at Qassim University
research farm. Besides, stepwise multiple regression
analysis was applied to determine the factors affecting
chick weight at hatch as influenced by genotype and/or
settable egg weight.
MATERIALS AND METHODS

Birds, Management and Experimental
Design

Six genotypes of Saudi native chickens (black, black-
barred, brown, gray, naked neck, and frizzle) were uti-
lized to evaluate the fertility, hatchability, and embry-
onic mortality pattern. The morphological description,
productive performance, and genetic origin of these
breeds are fully explained in the previous review accom-
plished by Fathi et al. (2017a). Each genotype was rep-
resented by 6 to 8 pens. Each family was assigned to one
sire for eight dams in parental half-sib pedigreed pens.
The families were housed in littered floor pens measuring
150 cm (L) £ 150 cm (W). The birds were fed on a
breeder diet that contained 16.6% crude protein, 2,875
ME kcal/kg, 3.7% calcium, and 0.45% available phos-
phorous. The feed and drinking water were supplied ad
libitum throughout the entire experimental period. All
birds were kept under similar environmental, nutri-
tional, and health conditions. The care and handling of
the birds were in accordance with the regulations of the
committee of research ethics for basic and applied scien-
ces at Qassim University.
Egg Collection and Incubation Procedure

A total of 1,645 pedigreed eggs from the half-sib fami-
lies were collected and properly identified according to
each genotype. Cracked, dirty, and misshapen eggs were
excluded. The fertile eggs were preserved before being
set in a holding room with a temperature of 14° to 16°C
and 75% relative humidity. Prior to setting, the weight
of eggs was individually recorded to the nearest 0.01 g.
The eggs were incubated in an automatically forced
draft machine maintained at a temperature of 37.8°C
and 30°C of wet bulb thermometer. The incubated eggs
were turned on an hourly basis at a 90° angle. The eggs
were candled on the 7th day of incubation to recognize
the infertile (clear) eggs that did not show any embry-
onic development. Fertility was defined as the propor-
tion of the fertile eggs to the total number of settable
eggs for each genotype. The eggs containing blood rings
were classified as early embryonic death. After candling
and elimination of clear eggs, they were reset in the set-
ter. On d 18 of incubation, the candling inspection was
performed, and the eggs containing dead embryos were
broken out to identify mid-embryonic mortality accord-
ing to Tesarova et al. (2021). The eggs containing sur-
vival embryos were transferred to hatching baskets after
weighing to determine the egg weight loss. On hatching
day, the unhatched eggs were opened and examined to
verify the embryonic mortality pattern, including
pipped and dead-in-shell deaths. The intact shell with a
dead chick inside during the last 3 d of incubation was
considered a dead-in-shell case. The chick failed to hatch
with an emerged beak via the shell was recorded as a
pipped chick. Upon hatching, the baby chicks were
sorted for each family within the breed and weighed to
the nearest 0.01 g. The hatchability rate was calculated
by dividing the number of hatched chicks by the number
of fertile settable eggs. The remaining shell for each egg
was collected and weighed to the nearest 0.01 g. To mea-
sure the shell thickness of hatching eggs, pieces from
three different regions were measured with a dial gauge
micrometer (Ames, Massachusetts, USA) to the nearest
0.01 mm.
Statistical Analysis

The data of fertility, hatchability and embryonic mor-
tality were subjected to a one-way analysis of variance
with breed as the fixed effect using JMP Ver. 11 (SAS
Institute, 2013). The model applied is as follows:

Yij ¼ mþ Bi þ eij

Where:
Yij is the observation taken on the Jth egg, m is the

overall mean, Bi is the a fixed effect of the ith breed, eij is
the random error assumed to be independent normally
distributed with mean = 0 and variance = s2.
The settable eggs were classified into three different

egg weight classes including, small (˂40 g), medium
(≥40 g to ≤44 g) and large (˃ 44 g). All results are pre-
sented as mean and the pooled SEM. The significance of
difference between means was assessed using Tukey’s
test. Significance was set as P < 0.05. Correlation proce-
dure (PROC CORR) was used to compute the relation-
ship between egg properties and chick weight at hatch.
To estimate variance components Restricted Maximum
Likelihood (Reml) method was applied using VAR-
COMP procedure. Heritability estimates for hatchabil-
ity traits computed from sire component of variance and
from parental half-sibs analysis were calculated as fol-
lows:
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Stepwise regression analysis was applied using PROC
REG to determine factors affecting chick weight at
hatch according to breed and/or egg weight using the
following model:

Yi ¼ aþ b1X1 þ b2X2 þ . . . . . .þ bnXn þ ei

Where:
Yi = the dependent variable, a = the intercept,

bn = the regression coefficients, Xn = independent varia-
bles, ei = error.
RESULTS

The results of the fertility, hatchability, and
embryonic mortality patterns according to genotype
effect are presented in Table 1. Both fertility and
hatchability of fertile eggs were significantly affected
(P ˂ 0.05) by genotype. The brown breed recorded a
significantly lower fertility (P ˂ 0.01) compared with
that of hens carrying Na and F genes or the black
breed. Moreover, the highest fertility percentage was
recorded for the naked neck genotype (95.6). On the
other hand, the black and gray breeds recorded sig-
nificantly lower hatchability (68.2 and 68.6%, respec-
tively) compared to the naked neck and frizzle
genotypes. The black-barred and brown breeds were
intermediate. With respect to the embryonic mortal-
ity pattern, a significant difference in all mortality
types was noticed among genotypes, except for
pipped chicks (Figure 1).

The brown breed recorded the highest percentage of
early embryonic mortality among all the different
genetic groups. This difference was significant when
compared with the black-barred, naked neck, and frizzle
genetic groups. The highest percentage of mid embry-
onic mortality was recorded for the black-barred breed
(9.4%) among all the different genetic groups, while the
black one recorded the lowest percentage (0.8%). The
black breed had significantly higher dead-in-shell deaths
(18.1%) when compared with the naked neck and frizzle
genetic groups (4.5 and 5.5%, respectively) and the
brown breed (4.1%).
Table 1. Fertility, hatchability, and embryonic mortality pattern of v

Trait, % Bl Bb Br

Fertility, % 94.0a 90.2 ab 77.3b

Hatchability, % 68.2b 74.8ab 72.0ab

Early 7.8ab 0.7b 14.5a

Mid 0.8b 9.4a 3.0ab

Pipped 5.2 7.7 6.3
Dead-in-shell 18.1a 7.5ab 4.1b

Abbreviations: Bl, black breed; Bb, black-barred breed; Br, brown breed; F,
abcMeans within row with different superscript litters are significantly differe
Hatchability aspects as affected by chicken geno-
type are presented in Table 2. Generally, it was seen
that the genotype had a significant effect (P ˂ 0.001)
on all studied traits. The naked neck and frizzle geno-
types recorded the highest chick weight compared to
the other genotypes carrying no marker genes.
Accordingly, there was a significant increase in egg-
shell weight for the naked neck and frizzle genotypes
compared to individuals who do not carry these
marker genes. Shell thickness was significantly
increased (P 0.001) in the naked neck, black, and
gray breeds when compared to the frizzle and black-
barred genotypes. The egg weight loss during the
incubation period was significantly lower (P ˂ 0.001)
in the fertile eggs produced from black-barred, brown
and gray breeds compared with those of the other
genotypes. Upon hatch, the remaining eggshell per-
centage and the relative weight of the newly hatched
chick were significantly higher in the frizzle genotype
compared to the other genotypes.
According to the egg weight classification as shown in

Table 3, it could be noticed, as expected, that the chick
weight and shell weight significantly increased (P ˂
0.001) as egg weight increased in a linear manner. It
seems that the hatching egg weight does not have a sig-
nificant effect on both shell thickness and the relative
weight of hatched chicks. The relative weight of the
remaining shell upon hatch significantly decreased (P ˂
0.001) in large eggs compared with those of small and
medium categories. In terms of egg weight loss during
the incubation period, the large category recorded a sig-
nificantly higher percentage (P ˂ 0.001) compared to
small and medium eggs.
Table 4 gives the estimated heritability values and

phenotypic correlations for the hatchability traits. It is
of interest to note that the heritability values were
apparently high (0.75, 0.47, and 0.46) for chick weight,
its relative weight, and eggshell weight, respectively.
Low heritability values (0.36 and 0.11) were recoded for
shell thickness and egg weight loss, respectively. How-
ever, shell percentage trait is considered a non-inherit-
able character (h2 approaches zero). As expected, chick
weight at hatch and eggshell was highly significant and
positively correlated with incubated egg weight (0.78
and 0.47, respectively). It is clear that there was no rela-
tionship between chick weight at hatch and both shell
aried genotypes of chickens.

Genotype

Gr Na F SEM Prob.

89.2 ab 95.6a 92.0a 1.98 <0.01
68.6b 90.5a 88.1a 3.20 <0.05
6.4ab 0.1b 0.0b 1.32 <0.01
6.8ab 2.2ab 3.6ab 0.76 <0.01
6.3 2.7 2.8 0.79 0.44

11.9ab 4.5b 5.5b 1.38 <0.01

frizzle breedand; Gr, gray breed; Na, naked neck breed.
nt from each other.



Figure 1. Embryonic mortality pattern as affected by chicken genotype. a..cSignificant letters stand/provide while P ≤ .01. Bl = black breed,
Bb = black-barred breed, Br = brown breed, and Gr = gray breed, Nana = naked neck breed, Ff = frizzle breed.

Table 2. Some hatchability aspects of varied genotypes of chicken populations.

Trait

Genotype

Bl Bb Br Gr Na F SEM Prob.

Settable egg weight, g 39.9c 40.2c 39.6c 40.6c 45.9a 44.2b 0.16 <0.001
Chick weight, g 25.0c 25.9c 26.2c 25.9c 31.6a 31.2a 0.15 <0.001
Eggshell weight, g 3.4c 3.3c 3.3c 3.6b 4.1a 4.1a 0.02 <0.001
Shell Thickness, m 313.2abc 293.0c 298.6bc 325.9a 315.3ab 299.1c 1.33 <0.001
Egg weight loss, % 11.8a 8.5b 9.1b 9.8b 12.1a 11.3a 0.13 <0.001
Chick, % 62.8c 64.5c 66.3bc 64.2c 69.0b 70.6a 0.28 <0.001
Shell, % 8.5bc 8.2c 8.4bc 8.9b 8.9b 9.3a 0.04 <0.001

Abbreviations: Bl, black breed; Bb, black-barred breed; Br, brown breed; F, frizzle breedand; Gr, gray breed; Na, naked neck breed.
abcMeans within row with different superscript litters are significantly different from each other.
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thickness and egg weight loss. However, chick weight
was negatively correlated with shell percentage (�0.19).
A significantly negative correlation coefficient (�0.16)
was found between relative chick weight and egg weight
loss. No relationship (r = 0.0) was found between the
Table 3. Some hatchability traits as affected by settable egg
weight.

Trait

Egg weight

Small1 Medium2 Large3 SEM Prob.

Settable egg weight, g 37.5c 42.2b 47.9a 0.16 <0.001
Chick weight, g 25.3c 28.4b 32.8a 0.15 <0.001
Eggshell weight, g 3.5c 3.9b 4.1a 0.02 <0.001
Shell thickness, m 311.9 310.1 311.8 1.33 0.83
Egg weight loss, % 10.8b 10.9b 11.7a 0.13 <0.001
Chick weight, % 67.4 67.3 68.4 0.28 0.06
Shell, % 9.4a 9.2a 8.5b 0.04 <0.001

abcMeans within row with different superscript litters are significantly
different from each other.

1Egg weight ˂40 g.
2Egg weight ≥40 g to ≤44 g.
3Egg weight ˃44 g.
shell thickness and the relative weight of the hatched
chick.
The results of the regression analysis for chick weight

at hatch as a dependent variable are given in Table 5.
Overall, irrespective of genetic group or egg weight
classification, it was found that the settable egg weight
was the best predictor of hatched chick weight, fol-
lowed by shell weight and egg weight loss during incu-
bation. It could be noticed that the R2 increased from
0.61 to 0.65 in the third step. With respect to genetic
group effect, it could be observed that the settable egg
weight was the unique factor affecting chick weight at
hatch in black, black-barred, and brown genotypes. In
chickens carrying the major genes (Na and F), water
loss during the incubation period was the most signifi-
cant factor following egg weight (R2 = 0.71 and 0.64
for Nana and Ff, respectively). However, according to
egg weight classification, shell properties and water loss
represent the main factors affecting chick weight at
hatch in medium-sized eggs, while the other categories
(small and large) exhibited the same trend as found in
all studied genotypes.



Table 4. Estimates of heritability (on the diagonal) and phenotypic correlations for the hatchability properties of settable eggs.

Trait

Egg weight

(CWT) (SWT) (STH) (EL) (CW%) (S%)

Settable egg weight (EWT) 0.78*** 0.47**** 0.02 0.11 0.07 �0.42***
Chick weight (CWT) 0.75 0.49*** �0.01 �0.07 0.67*** �0.19***
Eggshell weight (SWT) 0.46 0.25*** 0.07 0.25*** 0.60***
Shell Thickness (STH) 0.36 0.03 0.00 0.25***
Egg weight loss (EL) 0.11 �0.16** �0.03
Chick weight (CW%) 0.47 0.28***
Shell (S%) 0.01

**p < 0.01.
***p < 0.001.
****p < 0.0001.

Table 5. Stepwise regression analysis for hatched chick weight as a dependent variable.

Partial regression coefficient

Model1 Step Intercept Settable egg wt Swt STH SP Water loss R2 Prob.

Overall 1 �1.8 0.72 - - - - 0.61 P < 0.0001
2 �4.9 0.65 1.61 - - - 0.63 P < 0.0001
3 �3.7 0.66 1.65 - - �0.18 0.65 P < 0.0001

Bl 1 13.7 0.28 0.21 P < 0.001
Bb 1 10.3 0.39 0.26 P < 0.001
Br 1 11.1 0.38 0.20 P < 0.01
Gr 1 11.4 0.36 0.21 P < 0.0001

2 8.63 0.25 1.97 0.29 P < 0.0001
3 45.3 �0.62 11.88 �4.16 0.33 P < 0.05

Na 1 1.54 0.66 0.58 P < 0.0001
2 6.37 0.65 �0.37 0.71 P < 0.0001

F 1 0.08 0.71 0.58 P <0.0001
2 2.73 0.71 �0.23 0.64 P < 0.0001

S 1 3.6 0.58 0.20 P < 0.0001
M 1 19.2 2.37 0.15 P < 0.0001

2 19.9 8.3 �2.6 0.21 P < 0.0001
3 21.4 8.9 �2.8 �0.19 0.27 P < 0.0001
4 23.9 8.9 �10.1 �2.7 �0.19 0.29 P < 0.05

L 1 �1.3 0.71 0.31 P < 0.0001
2 �19.2 0.88 1.2 0.36 P < 0.0001
3 �16.3 0.87 1.2 �0.24 0.41 P < 0.0001

n = 1,645.
1Models are computed based on the eggs collected from; overall, black (Bl), black-barred (Bb), brown (Br), gray (Gr), naked neck (Na), frizzle (F),

small (S), medium (M) and large (L) egg weight, respectively.
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DISCUSSION

It is well recognized that the hatchability percentage
plays a significant role in the poultry industry. Accord-
ingly, improving the hatchability of eggs, particularly
chick weight, is of utmost importance in poultry breed-
ing strategies. There is a lack of research evaluating the
hatching performance of Saudi native chicken geno-
types. Fertility was significantly affected by genotype,
and the brown breed recorded the lowest percentage.
Similar results were reported by several investigators
(Alsobayel et al., 2013; Allanah et al., 2014; Grochowska
et al., 2019). The most important finding of this study
was that the naked neck and frizzle genotypes had a
higher hatchability percentage compared with other
native breeds. In agreement with our findings, Sharifi
et al. (2010a) reported that the naked neck genotype
(NaNa) had higher fertility, hatchability, and number of
live chicks in comparison with the normally feathered
hens (nana) under thermal stress. Additionally, the
genotype combining the 2 major genes (FFdw-) proved
to be superior in fertility to the normally feathered dwarf
type (ffdw-) (Sharifi et al., 2010b). Moreover, the chick-
ens carrying the naked neck and frizzle genes had signifi-
cantly higher packed cell volume concentration than the
normal plumage genotype (Asumah et al., 2022). On the
other hand, low hatchability and high embryonic mor-
tality were observed in genotypes having frizzle or naked
genes in Nigerian indigenous chickens (Ajayi and Aga-
viezor, 2016). Adeleke et al. (2012) found that the fertile
eggs produced from naked neck sires had the highest
dead-in-shell compared with the others produced from
frizzle and normal plumage. The results of the embry-
onic mortality pattern revealed that the black breed had
the highest percentage of dead in shell type, followed by
the gray breed. The survivability of an embryo can be
considered as a function of its genotype, which depends
on genes received from the sire and dam, and the egg
environment, which generally depends entirely on the
dam (Wolc et al., 2009). In the current study, the native
breeds carrying the naked neck and frizzle genes exhib-
ited lower shell death compared with the other normally
feathered genotypes. Also, the naked neck and frizzle
hens recorded nearly zero early embryonic mortality
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compared with normally feathered genotypes. Early
embryonic mortality could be attributed to chromo-
somal aberrations and lethal genes, which suggests that
embryo survival is a trait of both sire and dam (Lipt�oi
and Hidas, 2006). Accordingly, chickens having Na or F
genes are preferred for raising under Saudi environmen-
tal conditions.

It was seen that both genotype and incubated egg
weight significantly affected hatchability performance.
The highest chick weight was recorded for naked neck
and frizzle genotypes compared with the other genetic
groups, resulting from the higher settable egg weight
associated with naked neck or frizzle chickens. Inconsis-
tent with our findings, Alsobayel et al. (2012) indicated
that the breed had a significant effect on most studied
traits of fertility and hatchability in commercial broiler
breeders. Egg weight was also found to be significantly
related to chick weight at hatch and egg weight loss dur-
ing incubation (Caglayan et al., 2008; Alsobayel et al.,
2013; Abudabos et al., 2017). Similarly, the weight of
settable eggs produced from the naked neck genotype
was higher than that of the Nigerian local breeds (Ade-
deji et al., 2015). This may be attributed to the greater
adaptation of naked neck hens to harsh environmental
conditions, particularly hot ambient temperatures, than
the other native chicken breeds. Chick quality has been
found to be affected by settable egg weight (Ramaphala
and Mbajiorgu, 2013; Iqbal et al., 2016; Abudabos et al.,
2017). Therefore, sorting fertile eggs by weight prior to
incubation might be advantageous to improve chicken
uniformity and productive efficiency (Wilson, 1991).
Also, genotype represents the most important determi-
nant of the percentage of egg weight loss rather than
breeder flock age and egg storage time (Grochowska
et al., 2019). In the current study, egg weight loss during
incubation was shown to be significantly influenced by
genotype as well as the egg weight. The naked neck and
frizzle chickens had a significantly (P ˂ 0.001) lower egg
weight loss when compared to the normally feathered
breeds. This result is in accordance with the findings of
Abudabos (2010) and Alsobayel et al. (2013), who indi-
cated that broiler breeder strain significantly affected
the percentage of egg weight loss during incubation and
storage period, respectively. It seems that egg weight
classification did not significantly (P ≥ 0.06) influence
the relative weight of hatched chicks. However, an
increase (almost 1%) in chick percentage was recorded
in large eggs as compared to small and medium egg
weight categories. A reduction has been noticed in the
remaining shell percentage of large eggs compared to
those of small and medium eggs. This may be due to the
fact that the chick with the large weight needs more cal-
cium for the formation of bone, nails, and beak.

As expected, chick weight at hatch was positively cor-
related (P ˂ 0.001) with the settable egg weight. This
finding generally agrees with that of several studies. Nar-
ushin et al. (2002) reported that the egg weight alone had
the biggest correlation with chick weight (r = 0¢56) in
comparison with the other egg characteristics. In selected
Japanese quail hens for egg production, Alkan et al.
(2008) found a significant positive phenotypic correlation
(r = 0.72) between egg weight and newly hatched chick
weight. Embryo weight is not correlated with egg weight
during the first half of the incubation period, while the
correlation increases thereafter and reaches a maximum
(0.5−0.95) at the time of hatching (Wilson, 1991). A
highly significant positive correlation (0.25) was found
between the weight and thickness of the eggshell. This
result is in agreement with those of Hristakieva et al.
(2017), who found a positive correlation coefficient
(r = 0.52 and r = 0.68) in eggs produced by 34-wk-old
and 46-wk-old turkeys. It is important to note that the
egg weight loss during incubation was negatively corre-
lated (r = �0.16) with the relative hatched weight, that
is, the lower the egg weight loss, the higher the newly
hatched chick weight. Similarly, Hristakieva et al. (2017)
reported a negative correlation (up to r = �0.80) between
the egg weight loss during incubation and both absolute
and relative hatchling weights of turkeys. There was no
relationship between chick weight at hatch and eggshell
thickness (r = �0.01). This result is fully in agreement
with the findings of El-Safty (2011), who found a correla-
tion coefficient (�0.02) between chick weight and eggshell
thickness in ostrich. According to a high heritability esti-
mate of the relative weight of the hatched chick, this trait
could be improved by selection within each genotype.
The low heritability value recoded for egg weight loss
means that the external factors surrounded by settable
eggs must be taken into consideration during incubation.
However, the heritability estimates of chick weight at
hatch are widely varied in indigenous chickens in the
tropics, resulting from the method of estimation, location
at which the data was collected (Ndung’u et al., 2020), or
due to the small sample size used for each genotype
(Singh et al., 2009). An insubstantial overestimation of
heritability may be obtained for hatchability traits result-
ing from a small sire effect. Based on stepwise multiple
regression for chick weight at hatch as a predictor, it
could be concluded that the egg weight and the egg
weight loss during incubation are significant factors affect-
ing the relative weight of hatched chicks, whether the
analysis is performed based on genotype or egg weight
classification.
CONCLUSIONS

In conclusion, our study indicates that the naked neck
and frizzle chicken breeds recorded the higher figures of
fertility, hatchability, and chick weight at hatch among
all native breeds. Sorting settable egg weights of native
chicken genotypes prior to incubation might be essential
for producing a good hatching performance. The cate-
gory of large egg weight (over 44 g) recorded an increase
(almost 1%) in the relative weight of hatched chicks.
It was concluded that heavier settable eggs produced a
higher relative weight of newly hatched chicks, particu-
larly in the naked neck and frizzle genotypes. A negative
correlation coefficient between the relative weight of the
hatched chick and the egg weight loss during incubation
was found. The results of multiple regression analysis
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suggest that the settable egg weight and egg weight loss
during incubation are the main factors affecting the rela-
tive weight of hatched chicks.
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