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Novelty Statement
Despite the extensive body of research on hatchability and chick quality in commercial poultry genotypes, information regarding the incubation performance and reproductive characteristics of Saudi native chicken populations remains limited. Furthermore, comparative studies integrating hatching egg traits, eggshell characteristics, incubation weight loss, fertility, hatchability, and both quantitative and qualitative chick quality indicators under standardized incubation conditions are scarce. The present study provides a comprehensive evaluation of these interrelated traits in a commercial broiler breeder strain (Ross 308) and a Saudi native chicken population (Baladi), thereby providing valuable baseline data on the reproductive and incubation performance of a locally adapted genetic resource. In addition, the study offers new insights into the relationships among eggshell traits, moisture loss during incubation, hatchability, and chick quality across genetically distinct populations. The findings contribute to a better understanding of the biological and reproductive potential of Saudi native chickens and provide scientifically based information that may support future conservation, selection, and breeding programs aimed at improving productivity while preserving local genetic diversity.

ABSTRACT
The present study was conducted to compare hatching egg characteristics, eggshell traits, fertility, hatchability, and chick quality between a commercial broiler breeder strain (Ross 308) and Saudi native breeder chickens (Baladi). A total of 300 hatching eggs obtained from 36-week-old breeder flocks were used, including 150 eggs from Ross 308 and 150 eggs from Baladi chickens. Eggs were incubated under standardized conditions, and measurements included egg weight, egg weight loss during incubation, shell weight, shell percentage, eggshell pore number, fertility, hatchability, chick-to-egg weight ratio, and day-old chick quality traits. Chick quality was evaluated using body weight, chick length, shank length, and the Tona scoring system. Data were analyzed using one-way analysis of variance (ANOVA), with genotype considered the main effect. The results revealed significant genotype effects on most of the studied traits. Ross 308 eggs were significantly heavier (P < 0.0001) throughout the incubation period and exhibited higher shell weight and a greater eggshell pore number than Baladi eggs. In contrast, Baladi eggs showed significantly higher relative egg weight loss during incubation. Fertility was high in both strains (98.0% and 95.3% for Ross 308 and Baladi, respectively), whereas hatchability was markedly higher in Ross 308 (89.0%) than in Baladi chickens (62.0%). Chicks hatched from Ross 308 eggs exhibited greater body weight, longer shank length, and a higher chick-to-egg weight ratio than those hatched from Baladi eggs (P < 0.05). However, chick length and Tona score were not significantly affected by genotype, indicating comparable physical quality and vitality of newly hatched chicks in both strains. In conclusion, genotype significantly influenced hatching egg characteristics, incubation performance, and several chick quality parameters. The commercial Ross 308 strain demonstrated superior hatchability and growth-related chick quality traits, whereas Saudi native Baladi chickens exhibited high fertility and excellent chick quality scores despite their lower hatchability. These findings provide valuable baseline information on the reproductive performance of Saudi native chickens and support future conservation and genetic improvement programs aimed at enhancing productivity while preserving local genetic resources.
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1. INTRODUCTION
The poultry industry is one of the fastest-growing sectors of animal production worldwide and plays a crucial role in meeting the increasing demand for high-quality animal protein. Continuous genetic improvement, together with advances in nutrition, management, and environmental control, has substantially enhanced poultry productivity and production efficiency (Tixier-Boichard et al., 2012). Within this industry, the production of healthy, high-quality chicks is considered a fundamental objective of modern hatcheries because chick quality directly influences growth performance, survivability, feed efficiency, and overall economic returns throughout the production cycle (Mukhtar et al., 2013).
The quality of newly hatched chicks is a complex trait influenced by a combination of genetic and environmental factors. Previous studies have demonstrated that breeder strain, breeder age, egg size, egg quality, storage conditions, and incubation management significantly affect embryonic development, hatchability, and chick quality at hatch (Tona et al., 2005; Willemsen et al., 2008; Nangsuay et al., 2016, 2017). Inadequate incubation conditions may impair embryonic growth, increase embryonic mortality, reduce hatchability, and negatively affect the physical quality of chicks (Ipek et al., 2014; Sozcu and Ipek, 2015).
Among the factors influencing chick quality, genotype has received considerable attention. The genetic background of breeder flocks affects reproductive performance, embryonic development, and post-hatch characteristics. Wolanski et al. (2004, 2006) evaluated chick quality traits in multiple broiler breeder flocks and reported that quantitative measurements such as chick body weight and chick length were strongly influenced by genotype. Similarly, Sözcü et al. (2021) suggested that breeder strain is closely associated with several chick quality characteristics and hatching parameters.
Hatching egg characteristics are essential determinants of incubation success because the egg provides both physical protection and nutritional support for the developing embryo. Egg weight is one of the most important factors affecting hatchability and chick development. Numerous studies have shown significant relationships between egg weight and embryonic mortality, hatchability, chick weight at hatch, and subsequent growth performance (Alkan et al., 2008; Çağlayan et al., 2009; Duman and Şekeroğlu, 2017). Generally, heavier eggs tend to produce larger chicks, although the relationship between egg size and hatchability may vary depending on genotype and incubation conditions.
Eggshell quality also plays a critical role in successful incubation. The eggshell serves as a protective barrier while regulating gas exchange and water loss through its pore structure. Characteristics such as shell weight, shell percentage, shell thickness, and pore number influence moisture loss during incubation and affect embryonic development and hatchability. Therefore, variations in eggshell quality among breeder strains may contribute to differences in incubation performance and chick quality.
Fertility and hatchability are among the most important economic indicators in poultry breeding and hatchery operations (Peters et al., 2008; Adeleke et al., 2012). Fertility reflects the reproductive capacity of breeder males and females and is generally defined as the ability of a mating pair to produce viable embryos. Hatchability, on the other hand, represents the proportion of fertile eggs that successfully hatch and is directly related to chick output and hatchery profitability (Wolc et al., 2010). Consequently, improving fertility and hatchability remains a major objective in poultry breeding programs.
Native chicken breeds constitute valuable genetic resources, particularly in developing countries where they contribute significantly to rural livelihoods and household food security. Their meat and eggs are often preferred by consumers because of their distinctive taste and perceived quality (Pym et al., 2006; Ajayi and Agaviezor, 2016). Furthermore, native chickens possess desirable adaptive traits, including tolerance to harsh environmental conditions, resistance to diseases, and the ability to thrive under low-input production systems (Melesse and Negesse, 2011; Melesse, 2014). Despite these advantages, native breeds generally exhibit lower productive and reproductive performance than commercial strains, which limits their large-scale utilization. In Saudi Arabia, native chickens represent an important component of traditional poultry production systems and are widely maintained by rural households and small-scale farmers (Al-Yousef, 2007). To present, there is very few studies on fertility and hatchability performance that has been conducted on well-characterized Saudi native chicken breeds. However, an attempt was found on eggs of indigenous chickens collected from free-range local farms in Saudi Arabia's eastern region (Abudabos et al., 2017).
Evaluation of chick quality is commonly performed using both quantitative and qualitative approaches. Quantitative measurements include chick weight, chick length, and shank length, whereas qualitative assessment relies on physical characteristics that indicate the overall condition of the chick. Chick weight is widely used as an indicator of quality; however, it may be influenced by residual yolk content and therefore does not always accurately reflect the physiological status of the chick (Narinç and Aydemir, 2021). Chick length has been reported to be positively associated with yolk-free body mass and later growth performance, making it a reliable indicator of chick quality (Deeming, 2005; Wolanski et al., 2006). In addition, the Tona scoring system is widely used to assess chick quality through visual examination of activity, appearance, eyes, navel condition, legs, feathering, and yolk retraction, with higher scores indicating superior chick quality (Tona et al., 2003; Narinç et al., 2016).
Although considerable research has been conducted on the effects of genotype on hatchability and chick quality in commercial poultry strains, information regarding Saudi native chicken breeds remains limited. In particular, comparative studies evaluating hatching egg characteristics, eggshell traits, fertility, hatchability, and chick quality between commercial and Saudi native breeder strains under identical incubation conditions are scarce. Therefore, further investigation is needed to better understand the reproductive and incubation performance of native chicken populations and to support future conservation and improvement programs. Accordingly, the present study was conducted to compare hatching egg characteristics, eggshell traits, fertility, hatchability, and chick quality parameters between a commercial broiler breeder strain (Ross 308) and a Saudi native breeder chicken populations (Baladi). 
2. MATERIALS AND METHODS
2.1. Collection of Eggs and Study Design
A total of 300 hatching eggs were used in this study, including 150 eggs obtained from a commercial breeder strain (Ross 308) and 150 eggs from a Saudi native breeder chickens (Baladi). All eggs were collected from breeder hens at 36 weeks of age. Prior to incubation, eggs were disinfected using formaldehyde fumigation according to established sanitary protocols to reduce microbial contamination. Subsequently, the eggs were stored for 3–7 days under controlled conditions of 15°C and 80% relative humidity. Incubation was conducted at 37°C with a relative humidity of 65%. Throughout the incubation period, eggs were automatically turned every two hours to promote normal embryonic development. Adequate ventilation was maintained continuously to ensure sufficient oxygen availability and efficient removal of carbon dioxide. The experiment was carried out at the Experimental Animal Research Station, King Faisal University.     
2.2. Egg and Eggshell measurements
2.2.1. Egg Weight and Weight Loss
    Before setting the eggs in the incubator, each egg was individually numbered and weighed using electronic balance (± 0.01 g). The same eggs were reweighed on days 7, 14, and 18 of incubation to determine the amount of weight lost during incubation. Egg weight loss percentage was calculated using the following formula:
Egg weight loss (%)
[bookmark: _Hlk499460076]2.2.2. Fertility and hatchability percentages
Fertility assessment was performed by candling the eggs on day 7 of incubation. Fertility percentage was calculated as follows:

On the eighteenth day of incubation, the hatching trays were prepared for transferring the eggs by creating individual partitions made of rigid cardboard. Each egg was then placed in its own designated compartment. This arrangement allowed the identification of the chick and the eggshell corresponding to each egg based on the unique number marked on the shell and recorded before incubation. After hatching, hatchability percentage was calculated according to the following equation (Ori, 2011):        

2.2.3. Eggshell Pore Number
The total number of pores per eggshell was estimated according to the equation proposed by Rahn and Paganelli (1990):
 
2.2.4. Eggshell Weight and Shell Percentage
Following hatching, wet eggshell weight was measured using a digital balance with a precision of 0.01 g. Eggshell percentage was calculated as:
 (Yang and Luu 2009; Alkan 2023).
  
2.2.5. Chick-to-Egg Weight Ratio
The proportion of chick weight relative to initial egg weight was determined using the following equation:

2.3. Chick Quality Assessment
At approximately 21.5 days of incubation, newly hatched chicks were collected and evaluated using both quantitative and qualitative criteria.
2.3.1. Quantitative Measurements
· Chick body weight was recorded on the day of hatch.
· Shank length was measured as the distance between the footpad and the tarsal joint using a digital caliper. 
· Chick length, extending from the tip of the beak to the end of the middle toe (excluding the claw), was measured with a ruler following the method described by Willemsen et al. (2008).
2.3.2. Qualitative Factors (Tona Score) 
Visual assessment of chick quality was performed according to the scoring system developed by Tona et al. (2003). Chicks were classified as good, average, or poor quality based on external characteristics. The Tona scoring system evaluates several traits, including chick activity, feather and down condition, eye appearance, navel closure, leg quality, and general physical condition. Scores were assigned for each trait, with higher values reflecting superior chick quality. The maximum attainable score was 100 points.
2.4. Statistical Analysis
Data were analyzed using one-way analysis of variance (ANOVA) within the General Linear Model (GLM) procedure of SAS software (Version 2004). Genotype was considered the main fixed effect in the statistical model:
Yij = µ + Gi + eij 
Where:
· Yij = observed value of the dependent variable;
· µ = overall mean of the population;
· Gi = effect of genotype;
· eij = random error associated with each observation..
Whenever significant differences among treatments were detected, Duncan’s Multiple Range Test was applied to compare means at a significance level of P < 0.05.

3. RESULTS AND DISCUSSION
3.1. Hatching Egg Weight 
The effects of genotype on egg weight throughout the incubation period are presented in Table 1. Significant differences (P < 0.0001) were observed between the commercial Ross 308 and native Baladi breeder chicken at all incubation stages. Eggs from the commercial strain were consistently heavier than those from the native breed at setting (61.41 vs. 45.76 g), day 7 (59.38 vs. 43.30 g), day 14 (58.00 vs. 40.96 g), and day 18 (55.86 vs. 39.50 g) of incubation.
These differences are mainly attributed to genetic variation between the two breeder genotypes. Commercial broiler breeders have undergone intensive genetic selection for rapid growth and increased body size, traits that are closely associated with larger egg size. In contrast, native chicken breeds generally produce smaller eggs because of their lower mature body weight and different genetic background. The present findings are consistent with those reported by Wolanski et al. (2006), who demonstrated that genotype significantly influences egg characteristics and subsequent chick quality traits. Similarly, Duman and Şekeroğlu (2017) reported that eggs from genetically improved breeder stocks are generally heavier and produce larger hatchlings. In agreement with these observations, Rayan et al. (2015) found that commercial hen strains produced significantly heavier hatching eggs than Egyptian local strains. The larger egg size observed in Ross 308 in the current study may provide greater nutrient reserves for embryonic development, thereby supporting enhanced hatchling growth and overall performance.

Table 1: Egg weight changes during incubation as influenced by genotype (Means ± SE).

	Trait
	Genotype
	Probability

	
	Commercial breeder chickens
	Native
breeder chickens
	

	EW0, g
	61.41a± 0.26
	45.76b± 0.43
	<.0001

	EW7, g
	59.38a ± 0.25
	43.30b± 0.41
	<.0001

	EW14, g
	58.00a± 0.25
	40.96b± 0.41
	<.0001

	EW18, g
	55.86a± 0.23
	39.50b± 0.44
	<.0001


a,b and c Means within the same main effects with different letters are significantly differed,     
EW0 = Egg weight in grams (0 day), EW7 = Egg weight in grams (7 days),
EW14 = Egg weight in grams (14 day), EW18 = Egg weight in grams (18 days),

3.2. Egg Weight Loss during Incubation
The influence of genotype on egg weight loss is shown in Table 2. No significant differences were detected in absolute egg weight loss during the first week of incubation (P = 0.0566) or in total weight loss expressed in grams between day 0 and day 18 (P = 0.1672). However, significant genotype effects were observed for several relative weight loss parameters. Native Baladi eggs exhibited significantly greater proportional weight loss during the first week (5.25 vs. 3.28%), the second week (4.84 vs. 2.27%), and throughout the entire incubation period (13.06 vs. 9.03%) compared with Ross 308 eggs (P < 0.0001). Conversely, Ross 308 eggs lost more weight in grams during the final incubation stage (14–18 days), but the difference was not significant.
Egg weight loss during incubation reflects water vapor loss through the eggshell and is strongly influenced by eggshell conductance. Appropriate moisture loss is essential for normal embryonic development; however, excessive water loss may lead to dehydration of embryonic tissues and reduced hatchability. The greater proportional weight loss observed in Baladi eggs may indicate differences in shell structure and permeability between the two genotypes. These findings agree with those of Hamidu et al. (2007), who reported that breeder genotype significantly influences eggshell conductance and embryonic metabolism. Furthermore, Rahn and Paganelli (1990) demonstrated that eggshell pore characteristics play a fundamental role in regulating water loss and gas exchange during incubation. The greater cumulative weight loss recorded in Baladi eggs may partly explain the lower hatchability observed in this strain.

Table 2: Effect of genotype on absolute and relative egg weight loss during incubation (Means ± SE). 

	Trait
	Genotype
	Probability

	
	Commercial breeder chickens
	Native
breeder chickens
	

	EWL (0-7), g
	2.03± 0.09
	2.46± 0.20
	0.0566 

	EWL (7-14), g
	1.39b± 0.05
	2.20a± 0.10
	<.0001

	EWL (14-18), g
	2.14a± 0.07
	1.34b± 0.13
	<.0001

	EWL (0-18), g
	5.55± 0.11
	5.98± 0.30
	0.1672

	EWL (0-7), %
	3.28b± 0.14
	5.25a± 0.39
	<.0001

	EWL (7-14), %
	2.27b± 0.09
	4.84a± 0.20
	<.0001

	EWL (14-18), %
	3.48± 0.11
	2.99±  0.31
	0.1357 

	EWL (0-18), %
	9.03b± 0.17
	13.06a± 0.59
	<.0001


a,b and c Means within the same main effects with different letters are significantly differed,
EWL (0-7), g = Egg weight loss in grams (0-7 days), EWL (7-14), g = Egg weight loss in grams (7-14 days),
EWL (14-18), g = Egg weight loss in grams (0-7 days), EWL (0-18), g = Egg weight loss in grams (0-18 days),
EWL (0-7), % = Egg weight loss percentage (0-7 days), EWL (7-14), % = Egg weight loss percentage (7-14 days),
EWL (14-18), % = Egg weight loss percentage (14-18 days), EWL (0-18), % = Egg weight loss percentage (0-18 days).


3.3. Eggshell Traits
The effects of genotype on eggshell characteristics are presented in Table 3. Shell weight was significantly higher in Ross 308 eggs than in native Baladi eggs (4.47 vs. 3.84 g; P = 0.0157). Similarly, the commercial strain exhibited a significantly greater number of eggshell pores (7139 vs. 5665 pores per egg; P < 0.0001). However, shell percentage did not differ significantly between the two genotypes (P = 0.0642).
The heavier shells observed in Ross 308 eggs are largely attributable to their larger egg size. Although Ross 308 eggs possessed more pores, moisture loss during incubation is determined not only by pore number but also by pore diameter, pore distribution, shell thickness, and shell conductance. Therefore, the greater relative weight loss observed in Baladi eggs suggests that additional shell characteristics may contribute to differences in water vapor conductance. The present findings support those reported by Rayan et al. (2023) who showed that the total pores per egg was significantly affected by strain. Roque and Soares (1994) demonstrated that eggshell quality significantly influences incubation performance and hatchability. Eggshell structure is essential for maintaining optimal gas exchange and moisture regulation throughout embryonic development. Consequently, variations in shell characteristics among genotypes can directly affect incubation success.

Table 3: Eggshell characteristics of hatching eggs from commercial and native breeder chickens (Means ± SE).

	Trait
	Genotype
	Probability

	
	Commercial breeder chickens
	Native
breeder chickens
	

	Shell weight, g

	4.47a± 0.13
	3.84b± 0.13
	0.0157

	Shell percentage

	7.71 ± 0.14
	8.33 ± 0.32
	0.0642

	Total pores per egg

	7139a± 23.72
	5665b± 56.26
	<.0001


a,b and c Means within the same main effects with different letters are significantly differed,


3.4. Fertility and Hatchability
Fertility and hatchability percentages are presented in Figure 1. Fertility was higher in the commercial strain (98%) than in the native Baladi chicken (95.3%). Although both strains exhibited relatively high fertility levels, substantial differences were observed in hatchability. Ross 308 eggs achieved a hatchability percentage of 89%, whereas Baladi eggs recorded only 62%. The superior hatchability observed in Ross 308 may be attributed to enhanced embryonic viability resulting from long-term genetic selection for reproductive efficiency. Commercial breeder stocks have been extensively selected to improve hatchery performance, resulting in greater embryo survival and more uniform embryonic development. The lower hatchability recorded in Baladi eggs may be associated with their higher proportional weight loss during incubation. Excessive moisture loss can adversely affect embryo development and increase embryonic mortality. In addition, genetic differences in eggshell structure and nutrient utilization efficiency may contribute to the reduced hatchability observed in native birds. These results agree with those of Abudabos (2010), who reported significant genotype effects on hatchability traits in broiler breeders. Similarly, Tona et al. (2005) emphasized that hatchability is influenced by multiple interacting factors, including egg quality, eggshell characteristics, incubation conditions, and breeder genotype. The present findings suggest that embryonic survival under incubation conditions was considerably greater in the commercial strain than in the native chicken.


      Fig. 1. Fertility and hatchability percentages of commercial and native breeder chickens

3.5. Chick-to-Egg Weight Ratio
The chick-to-egg weight ratio was significantly influenced by genotype (Figure 2). Chicks from Ross 308 eggs exhibited a higher ratio (72.01%) than those from native eggs (64.74%) (P < 0.0001). This parameter is considered an important indicator of incubation efficiency because it reflects the proportion of egg nutrients converted into chick body tissues during embryogenesis. Higher chick-to-egg ratios generally indicate more efficient embryonic growth and nutrient utilization. The superior ratio observed in Ross 308 eggs may be attributed to their larger egg size and enhanced genetic potential for growth. Commercial broiler strains have been selected for efficient nutrient utilization and rapid tissue deposition, which may contribute to increased hatchling mass relative to egg weight. These findings are consistent with previous reports indicating strong positive relationships between egg weight, chick weight, and post-hatch growth performance (Tona et al., 2005; Ulmer-Franco et al., 2010). The results further support the concept that genetic background plays a critical role in determining embryonic growth efficiency.



Fig. 2. Chick-to-egg weight ratio of commercial and native breeder chickens

3.6. Day-Old Chick Quality
The effects of genotype on quantitative and qualitative chick quality traits are shown in Table 4. Chicks hatched from Ross 308 eggs were significantly heavier (43.92 vs. 29.16 g; P < 0.0001) and exhibited longer shanks (30.20 vs. 26.11 mm; P = 0.0142) than chicks from the native eggs. However, chick length and Tona score were not significantly affected by genotype. The greater chick weight observed in Ross 308 chicks was expected because hatch weight is strongly correlated with egg weight. Larger eggs provide greater nutrient reserves, resulting in increased embryonic growth and heavier chicks at hatch. This finding is consistent with previous reports indicating that egg weight is a major determinant of hatchling weight (Iqbal et al., 2017). Furthermore, similar results were obtained by Wolanski et al. (2006), who found that genotype significantly affects morphological characteristics of newly hatched chicks.
Interestingly, despite marked differences in chick weight and shank length, both strains achieved similarly high Tona scores (97.58 and 97.23%, respectively). According to Tona et al. (2003), high Tona scores indicate excellent chick vitality, proper yolk absorption, complete navel closure, and favorable physical condition. Therefore, the lack of significant differences in Tona score suggests that both genotypes produced chicks of excellent overall quality under the incubation conditions used in the present study. Likewise, the absence of significant differences in chick length indicates that the native chicken was capable of producing biologically sound chicks despite its smaller egg size and lower hatchability. This finding highlights the potential value of Saudi native chickens as a genetic resource that combines adaptation to local environmental conditions with acceptable chick quality characteristics.
The results of the present study clearly demonstrate the importance of genotype in determining hatching egg characteristics, eggshell traits, hatchability, and chick quality. The commercial Ross 308 strain exhibited superior performance in most quantitative traits, including egg weight, shell weight, pore number, hatchability, chick weight, shank length, and chick-to-egg weight ratio. However, the native chicken maintained high fertility and excellent Tona scores, indicating satisfactory chick quality despite lower hatchability and smaller egg size.
These findings suggest that while commercial strains possess superior reproductive efficiency and incubation performance, native chickens represent a valuable genetic resource with desirable adaptive characteristics. Therefore, future breeding and conservation programs should focus on improving hatchability and productive performance while preserving the unique genetic attributes of native Saudi chicken populations.

Table 4: Day-old chick quality traits of commercial and native breeder chickens (Means ± SE).

	Trait
	Genotype
	Probability

	
	Commercial breeder chickens
	Native
breeder chickens
	

	Quantitative day-old chick quality

	Chick weight, g 
	43.92a± 0.39
	29.16b± 0.84
	<.0001

	Shank length, mm

	30.20a± 0.91
	26.11b± 0.39
	0.0142

	Chick length, cm

	17.59± 0.08
	16.86± 1.10
	0.2692

	Qualitative day-old chick quality

	 (Tona Score), % 
	97.58± 0.80
	97.23± 2.31
	0.8556


a,b and c Means within the same main effects with different letters are significantly differed,





4. CONCLUSION
The results of the present study clearly demonstrate the importance of genotype in determining hatching egg characteristics, eggshell traits, hatchability, and chick quality. The commercial Ross 308 strain exhibited superior performance in most quantitative traits, including egg weight, shell weight, pore number, hatchability, chick weight, shank length, and chick-to-egg weight ratio. However, the native chicken maintained high fertility and excellent Tona scores, indicating satisfactory chick quality despite lower hatchability and smaller egg size. These findings suggest that while commercial strains possess superior reproductive efficiency and incubation performance, native chickens represent a valuable genetic resource with desirable adaptive characteristics. Therefore, future breeding and conservation programs should focus on improving hatchability and productive performance while preserving the unique genetic attributes of native Saudi chicken populations.
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