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ABSTRACT. The current study was conducted to investigate the effect of crossbreeding between Golden
Sabahia (GS) and White Leghorn (WL) strains on body weight (BW) and egg production traits and estimate
crossbreeding parameters such as direct heterosis, additive effect and evaluating the growth and egg
production curves. GS pure line had the significantly highest BWo, BWss, BW70 and BWg4, however, it had a
significantly lower BWy4 than the crossbreds. Furthermore, the GS - sired crossbred was significantly heavier
in BW14, BW3s and BW4; than the pure lines and the reciprocal cross. GS x WL cross showed significantly
higher daily body weight gains than the reciprocal cross except for BWGs - 12. WL purebred line had the
lowest EW90 among the strain groups, meanwhile, EW10 was at its highest mean in the GS x WL crossbred.
Moreover, WL x GS crossbred had the lowest performance among the groups in terms of P10. Positive direct
additive effects were shown for body weights and most egg production traits, indicating GS’s superior
genetic potential. The direct additive effects were positive for the egg production traits studied apart from
P10. Overall, the GS - sired crossbreds displayed the best performance in terms of growth rate and egg
production, making them a promising option for poultry breeding programs.
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Introduction

Poultry production is a crucial component of the global agricultural industry, providing a significant source
of protein through both meat and eggs. Genetic improvement in chickens has been a key driver in enhancing
productivity and overall performance in the poultry sector. Among the various strategies for genetic improvement,
crossbreeding has been widely employed, especially in developed countries, to combine desirable traits from
different breeds, such as resilience and adaptivity and maximizing heterosis (hybrid vigor) to improve performance
characteristics such as growth and egg production (Pym, 2013; Van Tijen, 1977).

The White Leghorn Strain is an exotic breed known for its exceptional egg - laying capabilities, has long
been a cornerstone in the egg production industry. With its high rate of lay, superior egg quality, and
adaptability to various environmental conditions, White Leghorn has been extensively utilized in breeding
programs aimed at improving egg production traits, it has been adapted and acclimatized to the Egyptian
environment for more than 20 years (Cole & Hutt, 1973; Hosny, 2006).

On the other hand, Golden Sabahia as a newly developed Egyptian chicken strain, which contributes 87.5%
blood of Lohman brown (LB) commercial strain and 12.5% blood of four developed strains, is known for its
resilience and adaptability to environmental conditions, along with respectable growth rates and body weight.
However, its egg production traits may not match those of specialized breeds like the White Leghorn (Afiffi
et al., 2024; Ghanem et al., 2017; Habashy & Adomako, 2023).

The crossbreeding of White Leghorn and Golden Sabahia strains presents an opportunity to harness the
strengths of both breeds. By combining the prolific egg - laying ability of the White Leghorn with the
robustness and adaptability of the Golden Sabahia strain, it is possible to develop a hybrid with enhanced
performance traits, particularly in challenging environments where the Golden Sabahia can develop.

Acta Scientiarum. Animal Sciences, v. 48, 75474, 2026


mailto:walid.habashi@agr.dmu.edu.eg
https://orcid.org/0000-0002-2009-5145

Page 2 of 7 Habashy et al.

This study aims to evaluate the effects of crossing White Leghorn and Golden Sabahia strains on various
performance traits, including body weight, body weight gain, egg weight, egg number, age at sexual maturity
and egg mass. By assessing genetic potential and heterosis in these traits, we seek to identify the most
promising crossbred genotypes that could contribute to improved poultry production in diverse
environmental settings.

Materials and methods

The study was conducted at the Poultry Research Unit (El - Bostan farm), Department of Animal and
Poultry Production, Faculty of Agriculture, Damanhour University, Egypt, during the period from October
2023 to August 2024. Experimental procedures were conducted in accordance with the Damanhour University
Animal Care and Use in Research Committee (DUFA - 2024 - 13).

This work aimed to improve performance and egg production traits in Golden Sabahia (GS) through
crossing with White Leghorn (WL) raised under Egyptian environmental conditions. Golden Sabahia strain
was developed for egg production in El Sabahia Poultry Station. Golden Sabahia strain contributes 7/8 (87.5%)
blood of Lohman brown (LB) commercial strain and 1/8 (12.5%) blood from four developed strains (Mandarh,
Baheije, Silver Montazah and Golden Montazah) using systems of breeding coupled with selection (Afiffi
et al., 2024). Hens of each strain were classified into two groups, first one was mated with cocks from the same
strain, the second was mated with cocks from the other strain. Pedigreed and fertilized eggs were collected
from each mating daily for one week and incubated in a commercial hatcher. The hatched day - old healthy
chicks were numbered with wing bands to save their genetic groups, then weighed and placed in floor brooders
at a starting brooding temperature of 32°C during first week, then the temperature was reduced by 2 - 3°C
each week thereafter. All birds were housed in the same room to keep temperature, humidity, light intensity
and other variables uniform as possible. Females were moved to individual laying cages (20 x 45 x 40 cm) at
18 weeks of age. All chicks were fed ad libitum on a commercial starter diet containing 20% crude protein and
2900 K Cal. ME kg! diet until 7 weeks of age, after those birds received a diet containing 18% crude protein
and 2800 K Cal. ME kg* diet until 18 weeks of age. During the egg production period, they were fed on a layer
diet containing 16% crude protein, 2750 K Cal. ME kg? diet, 3.5% calcium and 0.5% available phosphorus. The
lighting period decreased to 8 - 10 h a day at 8 - 18 weeks of age and increased to 16 h per day during the
laying period. All birds were housed under the same managerial and environmental conditions.

Studied traits

Growth traits

Individual body weights (BW) in grams were recorded at hatch, 2, 4,6 ,8,10 and 12 wks of age. body weight
gain during the different growth periods studied (BWGo -1, BWGy4_ 5, BWGs_ 12, BWG4-1; and BWG -1 weeks),
was calculated as follows:

Body Weight gain = (W, - W)/ Length of period (days).

where:
W, = weight at the beginning of the period (g), and
W, =weight at the end of the period (g).

Egg production traits

Body weight at sexual maturity (BSM), Age at sexual maturity (ASM), which is the period from hatching to
the day of laying the first egg, was recorded in days for each female. The duration of laying the first ten eggs
(P10), which is the number of days for each female needed to give its first ten eggs, and average egg weight
was estimated in grams during the first ten days of egg production (EW10) were determined. Egg number was
counted as the number of eggs laid during the first 90 days of laying (EN90) and mean weight (EW90) of eggs
were determined for each female during the first 90 days of laying. Egg mass (EM) was also determined for
each female, which is the total egg weight during the first 90 days of laying.

Statistical analysis

Data of BW at different ages, body weight gains during different periods and egg production traits
were analyzed using GLM procedure of Statistical Analysis System software (SAS Institute, 2013). The
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significant tests for the differences between each two means of each trait were done according to
Duncan's multiple range test (Duncan, 1955). Significance of the effects was tested at probability levels
P <0.05 (*). P<0.01 (**) and P < 0.001 (***) with appropriate F statistic. Values of probability higher than
0.05 were deemed non - significant.

The BW, BWG data at different ages and egg production traits were analyzed according to the following
linear model:

Yij=u+Gi+eij

where:

Y;; is the observation of a dependent variable,
u is the overall mean,

G; is the effect of it" genetic group,

e;; is the random error.

Growth curves
Growth curves for different groups (pure line and crossbreed) were obtained by regression of body weight
values at the age of weighing.
Egg production curves
Egg production curves for different groups (pure line and crossbreed) were obtained by regression of the
weekly egg production values.
Estimation of cross breeding components

Direct heterosis and additive effects were calculated according to Dickerson (1993) as per the following
equations:

Individual Heterosis: h* = 0.5 ((GS X WL + WL x GS) — (GS X GS + WL x WL))

0.5 ((GS X WL + WL X GS) — (GS X GS + WL x WL))
0.5(GS X GS + WL X WL)

Heterosis%: h'% =
Direct Additive Effect: g{zs ;) = 0.5 ((GS X GS + GS x WL) — (WL x WL + WL X GS))

Results and discussions

Data in (Table 1) shows the least square means of body weight, in grams, during the first 12 weeks of age
among the pure lines and their respective crosses. The results indicate that Sabahia pure line had the
significantly highest body weights at hatch, 56, 70 and 84 days of age, however, it had a significantly lower
BWi,than the crossbreds. Furthermore, the GS - sired crossbred was significantly heavier in body weight at
14, 28 and 42 days of age than the pure lines and the reciprocal cross. On the other hand, the WL - sired
crossbred showed the lowest body weights at 56, 70 and 84 days of age. Habashy et al. (2023) reported similar
body weight means in GS and WL strains. Furthermore, significant differences favoring GS strain were
observed at body weeks starting from 2 to 12 weeks of age (Habashy et al., 2021).

Table 1. Least Square Means (means * SE) for the effect of group on body weight in grams.

Group BWo BWi4 BWog BWy, BWse BWro BWis4
WL 29.61+0.35¢  123.73 + 1.53° 243.84+3.05* 371.05+3.94° 573.36+6.96°  785.33*9.68" 984.16 + 12.52°
GS 37.51+0.57° 124.96+ 1.33° 256.70+3.10° 428.94+4.31* 638.20+8.53* 861.54+11.51*  1107.84 + 15.06*
GSxWL 34.20+0.87° 179.71+£5.02* 311.33+7.61° 432.71+8.68° 637.74+13.96° 809.22 +14.68°  1020.44 * 14.47°
WLxGS 32.46+0.43° 131.81+2.98" 248.83+543" 374.15+8.70° 525.02*10.69° 688.13+12.72¢ 885.45 + 10.60°
SEM 0.56 2.72 4.80 6.41 10.04 12.15 13.17
P value <0.0001 < 0.0001 < 0.0001 < 0.0001 < 0.0001 < 0.0001 < 0.0001

abed Means within the same column not having similar superscripts are significantly different (P < 0.05), SEM = standard error of mean, P value = probability
level, BWO = Bodyweight at hatch(g), BW14 = Body weight at 14 days, BW28 = Body weight at 28 days, BW42 = Bodyweight at 42 days, BW56 = Bodyweight
at 56 days, BW70 = Bodyweight at 70 days, BW84 = Bodyweight at 84 days.
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The Sabahia pure chickens were superior in terms of daily body weight gain demonstrating significant
difference over the other genotypes in all periods studied except for BWGo.4, meanwhile, GS x WL cross
showed significantly higher daily body weight gains than the reciprocal cross in all intervals except between
8 and 12 weeks of age where the difference was non - significant (Table 2).

Table 2. Least Square Means (means * SE) for the effect of group on daily body weight gain in grams day.

Group BWGo-4 BWG4-s BWGs- 12 BWGs- 12 BWGo- 12
WL 7.65+0.11° 11.77£0.18° 14.65 £ 0.26° 13.21£0.19° 11.36 £0.15°
GS 7.83+0.10° 13.62 £0.23% 16.78 £0.31 15.19£0.23% 12.74£0.18°

GS x WL 9.90 £0.28? 11.66 £ 0.33" 13.67 £0.28° 12.66 £ 0.19" 11.74£0.17°

WL x GS 7.73£0.19° 9.85 +0.26° 12.87+0.18° 11.36 £0.15¢ 10.15£0.12¢
SEM 0.17 0.25 0.26 0.19 0.16

P value < 0.0001 < 0.0001 < 0.0001 < 0.0001 < 0.0001

¢ Means within the same column not having similar superscripts are significantly different (P < 0.05), SEM = standard error of mean, P value = probability
level. BWGO - 4 = Bodyweight gain from hatch to 4 weeks, BWG4 - 8 = Bodyweight gain from week 4 to 8, BWG8 - 12 = Body weight gain from 8 - 12 weeks,
BWGO - 12 = Body weight gain from hatch to 12 weeks.

Table 3 demonstrates the least square means of egg production traits for the pure lines and their respective
crosses. The results indicate that ASM was not affected by the strain group, similarly, neither EN90 nor EM
were affected. However, both crosses had a lower BSM than the pure line with the WL x GS crossbred having
a significantly lower BSM than the reciprocal cross. On the other hand, the White Leghorn purebred line had
the lowest EW90 among the strain groups, meanwhile, EW10 was in its highest mean in the GS x WL crossbred.
Moreover, WL x GS crossbred had the lowest performance among the groups in terms of P10, spending 17.81
days on average to reach the first 10 eggs of production.

The observed BSM of GS strain does not agree with the means of 1800 g cited by Afiffi et al. (2024),
however, they reported egg weight at 36 weeks of age equivalent to the current estimates. Additionally, Iraqi
et al. (2012) noticed earlier age of sexual maturity and heavier BSM in the WL group, however, their reports
of EN90 and EM were lower.

Table 3. Least Square Means (means * SE) for the effect of group on egg production traits.

Group BSM ASM P1o EWio ENogo EWoo EM
WL 1399.2£42.29°  179.7+1.02 14.30+0.44> 46.08+0.65®  60.00 £0.76 46.41 £0.66 2790.7 = 67.82
GS 1426.3+27.19° 180.6%1.36 14.42+0.76° 46.54=0.81* 58.95+2.76 48.47+0.79 2865.1 = 144.42

GS x WL 1386.5£23.62* 180.6+1.35 14.37+0.75*  47.55%0.55° 63.53£2.08 47.54+0.50 3019.0 #101.93

WL x GS 1272.0 £40.74° 180.0+0.68 17.81*0.49* 44.45=0.50" 59.38 + 0.66 48.22 +0.27 2861.7 + 26.84
SEM 33.46 0.95 0.61 0.63 1.57 0.56 85.25

P value 0.01 0.92 < 0.0001 0.008 0.25 0.06 0.37

BSM: body weight at sexual maturity, ASM: age at first egg, P10: time to produce the first 10 eggs, EW10: average weight of the first 10 eggs, EN90:

number of eggs produced in 90 days, EW90: average weight of eggs produced in 90 days, EM: egg mass, g, ®® Means within the same column not having
similar superscripts are significantly different (P < 0.05), SEM = standard error of mean, P value = probability level.

Direct additive effect, heterosis estimates and heterosis percentages for body weight at different ages are
given in Table (4). The heterosis estimates of body weight were significantly positive at 14 and 28 days of age,
meanwhile, they were significantly negative at the ages of 56, 70 and 84 days. The large negative heterosis
indicates the possibility of major genes in the populations that reduce BW (Rezvannejad et al., 2013). Also,
Mai et al. (2021) reported that nonadditive genes and their related oxidative phosphorylation were the major
genetic and molecular factors in the negative heterosis of growth in chickens. Vali (2009) also estimated
percent heterosis for BW at 1 to 63 d of age that was positive at 1, 14, 21, 28, 49, 56, and 63 d of age, but
negative at other ages. The inconsistency in the direct heterosis estimates relative to the means of the
purelines suggests that the hybrid vigor for bodyweight is age - dependent, these arguments are supported by
studies (El-Tahawy & Habashy, 2021; Iraqi et al., 2013).

Results of direct additive effect show significant positive effects (P < 0.0001) on all body weights starting
from hatch up to 12 weeks of age, suggesting that the Sabahia chicken genotype has a higher genetic potential
for growth than the WL genotype.

In contrast, the heterosis estimates for body weight gains were significantly negative, except for BWGy.4,
reflecting the outbreeding depression of the crossbred. Meanwhile, the significant positive direct additive
effect values for the BWGs have confirmed the superior growth performance of the Sabahia - sired (Table 5).
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Table 4. Heterosis and Direct Additive Effect estimates of body weight at different ages.

Item BWo BWi4 BWas BWa4 BWss BWro BWs4
Direct -0.23£0.62™ 31.4%2.42™ 29.8 +4.58™ 3.43+6.11m -24.4+10.55" -74.7+13.82"" -93.1%17.04™
Heterosis
Heterosis % -0.69 25.27 11.92 0.86 -4.03 -9.08 -89

Direct 4.82+0.627° 24.56*2.42" 37.68+4.58" 58.22%+6.117" 88.78+10.55"" 98.65*13.82"" 129.33+17.04"
Additive
Effect

""P <0.0001, P < 0.001, "P < 0.01, ™P > 0.05, BWO = Bodyweight at hatch(g), BW14 = Body weight at 14 days, BW28 = Body weight at 28 days, BW42 =
Bodyweight at 42 days, BW56 = Bodyweight at 56 days, BW70 = Bodyweight at 70 days, BW84 = Bodyweight at 84 days.

Table 5. Heterosis and Direct Additive Effect estimates of daily body weight gain at different periods.

Item BWGo- 4 BWG4-s BWGs- 12 BWGs-12 BWGo- 12
Direct Heterosis 1.07+0.16™ -1.94+0.27" -2.44%0.34™ -2.19+0.26™ -1.11+0.20™
Heterosis % 13.83 -15.29 - 15.53 -15.43 -9.22
Direct Additive 1.17+0.16™ 1.83+0.277 1.46 +0.34™ 1.64+0.26™ 1.48+0.20™
Effect

P <0.0001, BWGO - 4 = Bodyweight gain from hatch to 4 weeks, BWG4 - 8 = Bodyweight gain from week 4 to 8, BWGS - 12 = Body weight gain from 8 - 12
weeks, BWGO - 12 = Body weight gain from hatch to 12 weeks.

Table 6 manifests the direct additive effect, heterosis estimates and heterosis percentages for egg
production traits. The results indicate that the heterosis estimates were statistically non - significant for most of
the traits except for BSM and P10. Moreover, the heterotic effect was negative for both BSM and EW10. The
negative value for the BSM’s heterosis means that the crossbred reached sexual maturity at lower body weights.
The heterosis percentage was the highest for P10 with 12.05% meaning that the crossbred would probably spend
more time laying the first ten eggs while the negative percentage of 5.92% in the heterosis estimate of BSM reflects
that the crossbred manifested lower body weight when giving the first egg than both purebreds.

Table 6. Heterosis and Direct Additive Effect estimates of egg production traits.

Item BSM ASM Pio EWio ENogo EWoo EM
Direct Heterosis -83.54 % 0.18 + 1.73£0.62™ -0.30 % 1.98 + 1.74" 0.44 = 112.45+
35.09 1.12m 0.63" 0.58m 92.81m

Heterosis % -5.92 0.1 12.05 - 0.65 3.33 0.93 3.98
Direct Additive 70.77 £ 35.09" 0.76 £ -1.66 % 1.78 £ 0.63™ 1.55 +1.74" 0.69 £ 115.85 +
Effect 1.12m 0.62" 0.58" 92.81™

“P<0.001, P <0.01,™P > 0.05, BSM: body weight at sexual maturity, ASM: age at first egg, P10: time to produce the first 10 eggs, EW10: average weight
of the first 10 eggs, EN90: number of eggs produced in 90 days, EW90: average weight of eggs produced in 90 days, EM: egg mass, g.

The direct additive effects were positive for the egg production traits studied apart from P10. Furthermore,
significant effects were observed on BSM, P10 and EW10 despite being non - significant on EN90, EW90 and
EM. The positive effects on the figures of egg weight and laying rate were in benefit of the Sabahia strain,
consequently, chickens sired by the Sabahia genotype could be utilized as breeders to enhance these traits.
Other reviews described that egg production traits of crossbred chickens displayed positive direct additive
effect (Iraqi et al., 2012).

Figure 1 graphically illustrates the growth curves for the pure lines and their crosses, the equations used
to obtain those curves are shown on the same figure. Determination Coefficients R? for studied curves were
high and ranged from 0.90 to 0.93 indicating the goodness - of - fit for the model used. According to the profile
analysis, no parallelism in growth was observed between the groups while the contrast became more obvious
starting from the fourth week of age where GS pure line displayed a higher growth, meanwhile, for the Sabahia
- sired cross which manifested rapid growth since hatch. The slow growth rate of WL compared to GS chickens
was also reported by Habashy et al. (2023) who returned this to the lack of a genetic improvement program
and inadequate sanitary management.

Figure 2 describes graphically the course of egg production increase with age for the pure lines and their
crosses along with their relevant equations. The curves reveal the superior egg production rate of the Sabahia
- sired cross which reached a peak of 84% at 32 days of egg production. Furthermore, despite the slow start of
the White Leghorn - sired cross, the cross started to overtake both pure lines between weeks 2 and 6 of egg
production before exhibiting a sharp decline.
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Figure 1. Combined growth curves of the pure lines and their crosses.
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Figure 2. Combined egg production curves of the pure lines and their crosses.

Conclusion

Crossbreeding Golden Sabahia (GS) with White Leghorn (WL) strains significantly improved body weight
and egg production. The GS pure line grew faster, especially in later stages, while GS - sired crossbreds had
higher body weight gains and egg production features than pure lines and reciprocal crosses. The direct
additive effects were positive for the majority of body weights and egg production parameters, demonstrating
that the GS genotype has a better genetic potential for growth and production. Overall, GS - sired crossbreds
performed the best in terms of growth rate and egg production, indicating that they are a good option for
poultry breeding programs.

Data availability

Data will be made available on request.
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