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Abstract
Hatchability is a key indicator of reproductive efficiency and economic performance in poultry

production. This narrative review synthesizes existing evidence on the major factors affecting
poultry egg hatchability, with particular emphasis on fertility, genetic background, disease
control, egg quality and selection, nutrition, and egg storage and incubation conditions. The
reviewed evidence indicates that fertility is a fundamental determinant of hatchability, while
genetic background can influence reproductive performance, with crossbreeding sometimes
improving hatchability through heterosis and inbreeding being associated with reduced embryo
viability. Disease and inadequate biosecurity may impair fertility and increase embryonic
mortality, whereas appropriate egg selection, adequate maternal nutrition, and proper
incubation management contribute to embryo survival and chick quality. Overall, hatchability
is a multifactorial outcome, and sustainable improvement requires an integrated approach
combining effective reproductive management, genetic improvement, disease prevention,
appropriate egg selection, balanced nutrition, and proper storage and environmental control.
Future research should focus on context-specific and cost-effective strategies, particularly
breed-specific approaches and integrated management practices suitable for smallholder and
low-input poultry production systems.
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Introduction

Poultry production is one of the most important sectors of global animal husbandry,
providing a vital source of high-quality protein and supporting millions of people’s livelihoods
worldwide (ldowu et al., 2021). Hatchery performance is critical to poultry production, as
healthy, uniform day-old chicks are essential for growth, productivity, and profitability.
Therefore, chick quality and post-hatch performance are closely linked to incubation practices
and effective hatchery management (Underwood et al., 2021).

Hatchability, defined as the percentage of fertile eggs that hatch successfully, is a key
economic trait in poultry production (Khalid et al., 2015). Fertility and hatchability are closely
related and can vary greatly between breeds, strains, and individual birds. These traits are
influenced by many factors, including genetics, breeder management, nutrition, health status,
egg handling, and environmental conditions during storage and incubation (King’ori, 2011). In
commercial hatcheries, eggs are often stored for 3—7 days before being incubated (Ansah et al.,
2023). The time between egg collection and incubation is crucial for hatching success. While
short-term storage at around 18 °C usually has little effect on hatchability, longer storage times
can significantly reduce hatchability and weaken chick quality (Reijrink et al., 2010). These
negative effects are associated with increased albumen pH, albumen thinning, protein
degradation, vitelline membrane damage, CO- loss, and elevated embryonic cell death, which
can cause irreversible embryonic damage (Dai et al., 2025; Pennings et al., 2025).

Incubation conditions, especially temperature, are vital for proper embryonic development.
Optimal development has been reported when eggs are incubated at 37.5-37.8 °C during days
1-18 and 36.1-37.2 °C during the hatching phase (Popovi¢ & Popovi¢, 2024). Even small
deviations from these temperature ranges can negatively affect hatchability and increase post-
hatch mortality (van der Pol et al., 2013). Temperature is a key environmental factor affecting
embryonic growth and organ development, as both low and high temperatures can disrupt
normal physiological processes. Recent studies indicate that incubation temperature interacts
with in ovo feeding to influence broiler performance and welfare (Das et al., 2021; Zhao et al.,
2023). Additionally, incubation conditions can alter blood biochemical profiles, such as lipid,
protein, and glucose levels, which are essential for metabolism and ultimately influence
hatchability and post-hatch performance (Yehia et al., 2024).

Nutrition is another major factor affecting egg quality, fertility, and hatchability. Breeder
diets must meet nutritional requirements to support reproductive performance. Overweight
breeders, often due to poor feed management, tend to exhibit reduced semen quality, impaired
ovulation, and regression of reproductive organs (Brillard, 2007). This approach has also been
proposed as a promising strategy for improving hatchability and chick performance after
hatching (Das et al., 2021; Arain et al., 2022; Nabi et al., 2023, 2024). Studies also show that
in ovo feeding can enhance organ development and mineral content in chicks after hatching by
improving nutrient absorption and metabolism during embryonic development (Yair et al.,
2015).

Genetic factors also play a major role in hatchability. Different genetic strains show
variations in egg traits, embryonic development, and viability. For example, brown-feathered
strains often show higher hatchability than white-feathered strains, largely due to differences in
egg structure and physical traits among lines (Tona et al., 2010; Narushin et al., 2016). In
addition, egg genotypes and nutrient deficiencies can influence embryonic development and
later performance (Kuka et al., 2023, 2024; Okai et al., 2025). In addition to management and
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genetic factors, foodborne pathogens also present major challenges to poultry production and
reproductive efficiency. Pathogens such as Salmonella, Escherichia coli, and Clostridium
species can disrupt reproductive processes, affecting fertilization and early embryonic
development and thereby reducing hatchability (Sharma et al., 2025).

Overall, poultry egg hatchability is influenced by a complex interaction of factors, including
fertility, genetics, nutrition, egg handling, disease control, and environmental conditions.
Effective breeder management, combined with careful egg selection, proper storage, sanitation,
and precise control of incubation conditions such as temperature, humidity, ventilation, and egg
turning, is essential for reducing embryonic losses and improving chick quality. Therefore, this
review synthesizes current knowledge on factors affecting hatchability and provides evidence-
based recommendations for improving hatchery performance and sustainability.

Methodology

This study employed a narrative review approach to integrate and synthesize existing
research on factors influencing poultry egg hatchability. A comprehensive search was
performed across major scientific databases and journals to identify relevant peer-reviewed
studies. A total of 53 peer-reviewed papers published between 2000 and 2025 were selected
from an initial pool of more than 250 publications identified through Web of Science, PubMed,
ScienceDirect, and Scopus. Google Scholar was also searched to identify additional peer-
reviewed sources; non-peer-reviewed content was excluded.

The search terms included: hatchability, fertility, genetics, egg selection, incubation,
nutrition, environmental conditions, and disease control. Studies were selected based on their
relevance to poultry species and their contribution to understanding the biological and
management factors that influence hatchability. For each selected study, key information was
extracted, including the year of publication, poultry species or breed, main factors, and reported
outcomes related to fertility, hatchability, embryonic mortality, and chick quality. The extracted
data were qualitatively analyzed and synthesized to identify consistent trends, relationships,
and knowledge gaps related to poultry egg hatchability.

Results
Fertility

Across the studies reviewed, fertility consistently emerged as one of the most important
biological factors determining poultry egg hatchability. Since only fertile eggs can develop into
embryos, differences in fertility account for much of the variation in hatchability observed
across breeds, production systems, and management practices. Elibol et al. (2002) examined
how breeder flock age, egg storage duration, and turning frequency during storage affected
broiler hatching eggs. Their results showed that fertility declined with increasing breeder age,
and this decline was mirrored by reduced hatchability. Even though storage conditions affected
embryonic survival, fertility remained essential for successful hatching, and good incubation
practices could not fully offset poor fertilization.

Similarly, Farooq et al. (2003) studied hatchability in rural backyard poultry systems in
Peshawar, Pakistan, and found that low hatchability was mainly due to poor fertility. Factors
such as uncontrolled mating, improper male-to-female ratios, poor nutrition, and weak
reproductive management were linked to reduced fertility. Even with natural incubation,
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hatchability remained low when fertility was inadequate, underscoring the importance of
fertility in traditional systems.

Islam et al. (2002) also reported breed-related differences in fertility and hatchability among
Barred Plymouth Rock, White Leghorn, Rhode Island Red, and White Rock chickens. This
study found significant differences among breeds, with Rhode Island Red and White Rock
showing higher fertility and hatchability, while White Leghorn had lower values.

Recent findings by Jegede et al. (2024) reinforced the strong link between fertility and
hatchability. Fertility was a major predictor of hatchability regardless of egg weight or external
egg quality. Eggs with higher fertility consistently achieved higher hatch rates, and significant
differences were observed between indigenous and exotic genotypes. Fulla & Gebreslassie
(2024) also reported that fertility strongly correlated with hatchability and chick quality. Eggs
with low fertility had higher embryonic mortality, while those with higher fertility produced
better chicks.

Overall, these studies clearly show that fertility is a key determinant of hatchability.
Variations in fertility due to breeder age, breed, and production system directly affect hatch
outcomes, making fertility a primary factor in hatching success.

Genetics

Genetic factors were consistently shown to significantly influence hatchability, affecting
both embryo survival and reproductive performance. Studies on inbreeding, crossbreeding, and
genetic selection revealed notable differences in hatchability across genotypes. Dzungwe et al.
(2024) found that crossbreeding between Sasso and Wassache chicken strains improved
hatchability compared to pure lines. Crossbred eggs showed better embryonic survival and
lower early mortality, suggesting that heterosis enhances reproductive efficiency.

Mokoena et al. (2025) reviewed global evidence and concluded that crossbred populations
generally perform better than pure lines in hatchability, egg quality, and chick survival, as
heterosis reduces inbreeding depression. Fathi et al. (2022) found that certain genotypes had
higher hatchability rates and that egg weight interacted with genetic background to influence
embryo survival. This highlights how genetics and physical egg traits together affect hatch
success.

In broiler breeders, Makanjuola et al. (2021) found significant genetic variation for
hatchability, suggesting potential improvement through selective breeding. Wolc et al. (2010)
reported moderate heritability for hatch of fertile eggs and positive correlations between
hatchability and egg quality traits, such as shell strength and egg weight, indicating that
selection can improve hatch success.

Overall, the evidence suggests that hatchability is partially under genetic control.
Crossbreeding improves hatch success through heterosis, while inbreeding reduces embryo
survival. These findings emphasize the importance of genetic management and selection for
improving hatchability.

Diseases

Disease was identified as a major constraint on hatchability, affecting fertility, embryo

survival, and overall reproductive performance. Pathogens can reduce hatchability by damaging

the reproductive system or by reducing egg quality and embryo viability. Kovécs et al. (2025)
highlighted those significant diseases in domestic fowl and turkeys, including bacterial, viral,
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and parasitic infections, can spread through contact, fomites, contaminated feed, and water.
These infections can compromise egg quality and embryo viability, reducing hatchability.

Owusu & Sanad (2025) found that highly pathogenic avian influenza (H5N1) significantly
reduced hatchability, resulting in high embryo mortality. The study also noted that subclinical
infections may reduce fertility, lowering hatch rates even in apparently healthy flocks.

Sharma et al. (2025) reviewed foodborne bacterial pathogens in poultry and reported that
Salmonella, E. coli, and Clostridium species can colonize the reproductive tract and disrupt
fertilization and early embryonic development, thereby reducing hatchability. The review also
highlighted that probiotics may reduce pathogen load and improve reproductive performance.

Butucel et al. (2022) discussed biosecurity measures targeting bacterial biofilms, which
resist disinfection and serve as reservoirs for disease transmission. Improved biosecurity and
sanitation were associated with lower pathogen exposure and higher hatchability.

Overall, disease presence and weak biosecurity were shown to significantly reduce
hatchability by affecting fertility and embryo survival.

Egg Selection

Egg selection was consistently reported as an important factor influencing hatchability. Both
external and internal egg quality traits strongly affect fertility, embryo development, and hatch
success. Ahmad et al. (2019) found that selecting eggs based on weight, shell thickness, and
shape index improved hatchability and hatching performance in Japanese quail. Eggs within
the optimal weight range and normal shape showed higher hatch rates.

In indigenous systems, selecting clean, normal-shaped, medium-sized eggs is essential to
improve hatchability. Poor egg selection contributes to low hatch success even with proper
incubation management. Tunsisa & Reda (2023) showed that variations in egg traits across
different agro-ecological zones affected fertility and hatchability in indigenous chickens.
Selecting eggs with intact shells and optimal weight reduced embryo mortality and improved
hatchability.

Fulla & Gebreslassie (2024) found that eggs selected for uniform weight and strong shell
quality had higher hatchability and better chick quality, while poor selection increased early
and late embryo mortality. Egg quality indices such as weight, shell thickness, and internal
quality traits also strongly predicted fertility and hatchability in guinea fowl (Jegede et al.,
2024).

Overall, these studies suggest that egg selection based on quality traits improves hatchability
by reducing embryo mortality and improving fertility and chick quality.

Nutrition

Nutrition was repeatedly identified as a key factor influencing hatchability. Both maternal
diet and in-Ovo supplementation significantly affected embryo development, hatchability, and
chick viability. Ncho et al. (2024) conducted a meta-analysis on in-Ovo vitamin feeding in
broilers and reported improved hatchability and growth performance. Vitamins A, D, and E
were associated with enhanced embryo survival and reduced early mortality. Moran (2007)
emphasized that adequate nutrition during incubation is crucial for the structural and functional
development of the embryo. Nutrient deficiencies in amino acids, vitamins, or minerals impair
metabolism and reduce hatch rates. Uni & Ferket (2004) reviewed early nutrition methods and
highlighted in-Ovo feeding and nutrient-enriched egg treatments as strategies that accelerate
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embryo growth, improve immune competence, and enhance post-hatch performance. Fulla &
Gebreslassie (2024) reported that maternal nutrition and egg quality directly influenced fertility,
hatchability, and chick quality. Eggs from well-nourished hens showed higher hatch rates and
better chick viability. Several nutrients, including vitamins E, B-complex, and folic acid, were
found to affect hatchability. Additionally, dietary supplementation with organic selenium
improved hatchability in fertile eggs (Hanafy et al., 2009).

Overall, optimizing maternal nutrition and early nutritional interventions improved embryo
survival, hatchability, and chick quality.

Environmental Conditions

Environmental conditions such as temperature, humidity, and ventilation were consistently
shown to be critical for hatchability and chick quality. Both pre-incubation and incubation
environments significantly influence embryo development and survival. Noiva et al. (2014)
demonstrated that manipulation of incubation temperature and humidity affects embryo growth
and hatch success. Deviations from optimal conditions caused abnormal development,
increased mortality, and reduced chick viability.

Precise control of temperature, humidity, and ventilation is essential for maximizing
hatchability in duck eggs, while poor environmental management was linked to higher embryo
mortality and lower chick quality (Abd El-Hack et al., 2022). Mwesigwa et al. (2015) found
that pre-incubation conditions, including storage temperature and humidity, along with
incubation parameters, significantly affected hatchability and chick quality in Kuroiler
chickens. Okeoma et al. (2025) developed a microcontroller-based incubator for limited-power
settings and reported improved hatchability with automated temperature and ventilation
control.

Poultry egg incubation and hatchery management were also identified as essential factors
influencing hatchability and chick quality. Proper control of temperature and humidity during
incubation is necessary for optimal embryo development and successful hatching (Tona et al.,
2004; Ayalew, 2016). Hatchery management practices, including egg handling, storage,
incubation, and hatching procedures, significantly affect overall hatchery performance (Rocha
etal., 2013; Saeed et al., 2019).

Extended egg storage prior to incubation reduces hatchability, especially when eggs are
stored for 10-14 days before setting (Romao et al., 2008). Adame and Ameha (2023)
highlighted that proper egg handling and environmental management practices, such as
ventilation, humidity regulation, and temperature control, can collectively improve hatch rates
and chick quality.

Overall, the reviewed studies indicate that maintaining optimal environmental conditions
during storage and incubation is essential for maximizing hatchability and ensuring high-
quality chicks.

Discussion

The present review indicates that poultry egg hatchability is a multifactorial trait influenced
by the interaction of reproductive, genetic, health, nutritional, egg-quality, and environmental
factors. Rather than acting independently, these factors may influence different stages of the
reproductive process, from fertilization and egg formation to embryonic development and
hatching. Therefore, differences in hatchability among breeds and production systems should
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be interpreted within the context of breeder age, genetic background, disease status, egg quality,
nutrition, and management conditions. Among the factors consistently reported in the reviewed
literature, fertility, genetic background, disease control, egg selection, nutrition, and
environmental management appear particularly important.

Fertility and breeder management

Fertility represents a fundamental prerequisite for hatchability because an unfertilized egg
cannot produce a viable embryo. However, fertility should not be considered synonymous with
hatchability, since even fertile eggs may fail to hatch as a result of embryonic mortality during
incubation. The reviewed studies indicate that variation in fertility can explain substantial
differences in hatchability among breeds, production systems, and management conditions
(Elibol et al., 2002; Farooq et al., 2003; Fulla & Gebreslassie, 2024). Thus, improvements in
fertility may increase the number of eggs available for embryonic development, but successful
hatching ultimately depends on the subsequent survival and development of the embryo.
Breeder age is another important component of reproductive management. Elibol et al. (2002)
reported an association between breeder age, fertility, and hatchability, suggesting that
reproductive performance may change as birds progress through the production cycle.

Nevertheless, the effect of breeder age should not necessarily be interpreted as a direct and
universal reduction in hatchability, because age-related changes may also operate through egg
size, shell characteristics, fertility, and other physiological changes. Consequently, age-specific
breeder management may be more appropriate than applying a single management strategy
across all stages of the production cycle. Genetic background may further modify reproductive
performance. Some studies have reported higher fertility among indigenous genotypes under
local production conditions compared with exotic breeds (Islam et al., 2002; Jegede et al.,
2024). Such differences may reflect adaptation to local environmental conditions, management
systems, disease challenges, and nutritional resources rather than genetic superiority alone.
Therefore, the apparent advantage of indigenous genotypes should be interpreted within a
genotype-by-environment context. This consideration is particularly relevant for low-input
production systems, where locally adapted birds may perform differently from highly selected
commercial genotypes.

Genetic effects, crossbreeding, and inbreeding

The reviewed evidence also suggests that genetic background contributes substantially to
variation in hatchability. Crossbreeding and heterosis studies have reported improved
embryonic survival and hatchability in some crossbred populations compared with pure lines,
whereas inbreeding has generally been associated with poorer reproductive performance
(Dzungwe et al., 2024; Mokoena et al., 2025; Makanjuola et al., 2021). These findings are
consistent with the concept of inbreeding depression; whereby increased homozygosity may
expose deleterious alleles and reduce biological fitness. The heritable component of
hatchability provides an opportunity for genetic improvement through selection. Wolc et al.
(2010) demonstrated the importance of genetic variation in reproductive traits, supporting the
potential for selection programs to improve reproductive performance.

However, selection for hatchability should be implemented carefully because excessive
emphasis on reproductive traits or restricted breeding populations may increase the risk of
inbreeding. Therefore, genetic improvement programs should seek a balance between selection
intensity and maintenance of genetic diversity. Genotype-specific differences may also be
related to egg characteristics. Fathi et al. (2022) highlighted the importance of egg quality traits,
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including egg weight and shell strength, in relation to reproductive outcomes. This suggests
that breeding programs may benefit from considering both reproductive performance and egg-
quality traits rather than treating hatchability as an isolated trait. The combined consideration
of genotype, egg quality, and management may therefore provide a more effective strategy for
improving hatchability than selection based on a single characteristic.

Disease control and biosecurity

Disease status and biosecurity represent another important pathway through which
hatchability can be affected. Infectious diseases may impair reproductive function, reduce
fertility, increase embryonic mortality, or contaminate eggs. Viral infections, including highly
pathogenic avian influenza such as H5N1, have been associated with severe reproductive and
embryonic consequences, while subclinical infections may negatively affect reproductive
performance even when clinical signs are limited (Owusu & Sanad, 2025).

These findings highlight the importance of considering both clinically apparent and
subclinical infections when evaluating hatchability.
Bacterial infections may have similarly complex effects. Pathogens such as Salmonella,
Escherichia coli, and Clostridium species can be associated with reproductive tract infection,
egg contamination, and impaired embryonic development (Sharma et al., 2025). However, the
magnitude of their effects may depend on pathogen load, infection route, flock health status,
and management conditions. Therefore, the relationship between disease and hatchability
should not be interpreted solely as a direct pathogen effect; rather, disease may influence
hatchability through several pathways involving fertility, egg contamination, embryo viability,
and chick survival.

Biosecurity and sanitation are consequently important components of hatchery
management. Evidence concerning bacterial biofilms indicates that inadequate cleaning and
sanitation may allow microorganisms to persist within hatchery environments, whereas
improved hygiene can reduce pathogen reservoirs and potentially improve reproductive
outcomes (Butucel et al., 2022; Kovacs et al., 2025). These findings support an integrated
disease-control strategy involving appropriate vaccination, flock health monitoring, sanitation,
egg hygiene, and biosecurity. Such measures are likely to be particularly important in
smallholder and low-resource systems, where infrastructure and disease-control capacity may
be limited.

Egg selection and egg quality

Egg selection provides a relatively simple management intervention for improving
hatchability. The reviewed literature indicates that both external and internal egg-quality
characteristics can be associated with hatchability and subsequent chick quality. Egg weight,
shell thickness, and shape index have been identified as useful indicators of egg suitability for
incubation (Ahmad et al., 2019; Tunsisa & Reda, 2023; Jegede et al., 2024). However, the
relationship between these characteristics and hatchability should not be interpreted as
universally linear, because optimal egg characteristics may differ according to breed,
production system, breeder age, and incubation conditions. The importance of egg selection
may be particularly pronounced in low-input and indigenous production systems. Fulla and
Gebreslassie (2024) emphasized the value of selecting clean, normally shaped, and
appropriately sized eggs. Such practices are relatively inexpensive and do not require
sophisticated technology, making them potentially valuable for smallholder producers.
Nevertheless, egg selection should be viewed as one component of a broader management
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system rather than as a substitute for adequate breeder nutrition, disease control, storage, and
incubation conditions.

Nutrition and embryonic development

Nutrition affects hatchability through both the nutritional status of the breeder and the
nutrients deposited in the egg. Maternal nutrition influences egg composition and the nutrient
reserves available to the developing embryo. Consequently, deficiencies or imbalances in
breeder diets may affect embryonic development and subsequent chick quality. In addition, in
ovo supplementation has been investigated as a means of providing selected nutrients directly
to the developing embryo. Studies have reported beneficial effects of vitamins and other
nutrients on embryonic survival and post-hatch performance under specific conditions (Ncho
etal., 2024; Uni & Ferket, 2004).

Conversely, inadequate nutrient availability during embryonic development may impair
metabolism and physiological development, resulting in lower hatchability and weaker chicks
(Moran Jr., 2007). These findings suggest that nutritional management should be considered
across the entire reproductive cycle rather than focusing exclusively on the incubation period.
Nevertheless, the response to nutritional interventions may depend on breeder age, baseline
nutritional status, genotype, nutrient dose, timing, and environmental conditions. Therefore,
nutritional supplementation should be based on evidence regarding specific deficiencies or
production conditions rather than assuming that additional supplementation will always
improve hatchability.

Egg storage and incubation environment

Environmental conditions during egg storage and incubation represent another critical
component of hatchability. Temperature, relative humidity, ventilation, and the duration of
exposure to unfavorable conditions can affect embryonic development and survival. Deviations
from appropriate incubation conditions have been associated with increased embryonic
mortality, reduced hatchability, and poorer chick quality (Noiva et al., 2014; Abd El-Hack et
al., 2022; Mwesigwa et al., 2015).

Importantly, egg storage and incubation should be considered as two related but distinct
management stages. Conditions experienced before incubation may influence embryo viability
and may have consequences that cannot be completely corrected after incubation begins.
Mwesigwa et al. (2015) highlighted the importance of storage conditions for subsequent
embryo survival, emphasizing that hatchery management begins before the egg enters the
incubator.

The importance of environmental control may be even greater where climatic conditions are
highly variable or hatchery infrastructure is limited. Technological approaches such as
automated incubation systems may provide more stable temperature and humidity conditions
and have been associated with improved hatchery performance (Okeoma et al., 2025).
However, the benefits of such technologies may depend on appropriate operation, maintenance,
electricity availability, and producer capacity. Thus, technological intervention alone cannot
guarantee improved hatchability without appropriate management and monitoring.

Interaction among hatchability-related factors

An important implication of the reviewed literature is that hatchability should not be viewed
as the result of independent effects of individual factors. Instead, fertility, genetics, disease, egg
quality, nutrition, storage, and incubation environment may interact throughout the
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reproductive process. For example, breeder genotype and age may influence egg characteristics,
while maternal nutrition may modify egg composition and embryo nutrient availability. At the
same time, disease and poor biosecurity may reduce fertility or increase embryonic mortality,
whereas inappropriate storage and incubation conditions may further reduce the survival of
otherwise viable embryos.

This interaction helps explain why the same management intervention may produce
different results across breeds, production systems, or geographical settings. For example, a
genotype that performs well under controlled commercial conditions may not necessarily show
the same reproductive advantage under low-input conditions. Similarly, improved egg selection
may have limited effects if breeder nutrition, disease control, or incubation conditions remain
inadequate. Therefore, interventions aimed at improving hatchability should be evaluated
within the broader production system rather than in isolation.

Implications and research priorities

Overall, the reviewed evidence supports an integrated approach to improving poultry
hatchability. Reproductive management should focus on maintaining adequate fertility and
managing breeder age; genetic programs should consider both reproductive performance and
genetic diversity; disease-control programs should combine vaccination, hygiene, and
biosecurity; egg selection should emphasize appropriate egg quality; nutritional management
should address both maternal nutrition and, where appropriate, in ovo supplementation; and
storage and incubation should maintain suitable environmental conditions. Future research
should place greater emphasis on interactions among these factors rather than evaluating them
independently. In particular, studies in smallholder and low-input systems are needed to
determine whether findings derived from commercial poultry operations can be directly applied
under local conditions. Research should also examine genotype x environment interactions,
breeder age x egg quality relationships, and the combined effects of nutrition, disease status,
storage, and incubation conditions. Such approaches could help identify context-specific and
cost-effective strategies for improving hatchability and chick viability across different poultry
production systems.

In conclusion, the available evidence indicates that improving hatchability requires more
than addressing a single limiting factor. Hatchability is the final outcome of a sequence of
biological and management processes beginning with breeder fertility and egg formation and
continuing through egg storage, embryonic development, and hatching. Consequently,
integrated management strategies that simultaneously address reproductive, genetic, health,
nutritional, egg-quality, and environmental factors are likely to provide more sustainable
improvements in hatchability than isolated interventions.

Conclusions

Poultry egg hatchability is influenced by the combined effects of fertility, genetics, disease
control, egg quality, nutrition, and storage and incubation conditions. Improving hatchability
therefore requires an integrated approach rather than focusing on a single factor. Farmers should
use healthy breeders, provide balanced nutrition and adequate water, select clean and normally
shaped eggs, minimize storage duration, maintain proper hygiene and biosecurity, and carefully
control temperature, humidity, ventilation, and egg turning during incubation. These simple and
practical measures can improve hatchability and chick viability, particularly in smallholder and
low-input poultry production systems. Future research should focus on developing cost-
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effective, context-specific strategies that address the interaction of these factors under different
production conditions.



A VP (FF) Y a4/t

References

Abd El-Hack, M. E., Hurtado, C. B., Toro, D. M., Alagawany, M., Abdelfattah, E. M., & Elnesr, S. S. (2022). Impact
of environmental and incubation factors on hatchability of duck eggs. Biological Rhythm Research,
53(1), 79-88. https://doi.org/10.1080/09291016.2019.1628394

Abiola S. S, Meshioya O. O, Oyerinde B.O. and Bamghose M. A. (2008) Effect of Egg size on hatchability of Broiler
chicks in Arch. Zootec 57 (217): 83 -86. https://www.researchgate.net/publication/267789609

Adame, M. M., & Ameha, N. (2023). Review on egg handling and management of incubation and hatchery
environment. Asian Journal of Biological Sciences, 16(4), 474-484.
https://doi.org/10.3923/ajbs.2023.474.484

Ahmad, S., Hussain, J., Mahmud, A., Ishag, H. M., Rehman, A., Usman, M., Zaid, M. (2019). Different selection
strategies for improvement of egg quality and hatching traits of Japanese quail. European Poultry
Science, 83, 1-15. https://doi.org/10.1399/eps.2019.289

Ansah, S. A., Ackah, E. M., Boateng, M., Nurudeen, L., Nyarko, F., Acheampong, K. A., Sasu, P., & Hamidu, J. A.
(2023). Impact of storage duration and short periods of incubation during egg storage on embryonic
development and hatching traits of hybrid chicken strain. Animal Biotechnology, 34, 4081-4093.
https://doi.org/10.1080/10495398.2023.2260840

Arain, M. A, Nabi, F., Shah, Q. A., Alagawany, M., Fazlani, S. A., Khalid, M., Soomro, F., Khand, F., & Farag, M.
R. (2022). The role of early feeding in improving performance and health of poultry: Herbs and their
derivatives. World's Poultry Science Journal, 78(2), 499-513.
https://doi.org/10.1080/00439339.2022.2043133

Ayalew, M., 2016. Modern Poultry Production Text Book. LAP LAMBERT Academic Publishing, London, UK,
ISBN: 978-3659873799, Pages: 248. https://www.amazon.com/Modern-Poultry-Production-Text-
Book/dp/3659873799

Brillard, J. P. (2007). Control of fertility in turkeys: The impact of environment, nutrition and artificial insemination
technology. Poultry Industry Technical Articles. https://en.engormix.com/poultry-industry/artificial-
insemination-poultry/control-fertility-turkeys-impact a33841/

Butucel, E., Balta, I., McCleery, D., Morariu, F., Pet, I., Popescu, C. A., ... Corcionivoschi, N. (2022). Farm
biosecurity measures and interventions with an impact on bacterial biofilms. Agriculture, 12(8), 1251.
https://doi.org/10.3390/agriculture12081251

Dai, D. Q., Wang, X. Q., Wu, K. X., Lan, F. R., Jin, J. M., Zhang, W. X., Wen, C. L., Li, J. Y., Yang, N., & Sun, C.
J. (2025). Proteomic and N-glycosylation analysis of fertile egg white during storage and incubation in
chickens. Poultry Science, 104, 104526. https://doi.org/10.1016/j.ps}.2024.104526

Das, R., P. Mishra, and R. Jha. 2021. “In Ovo Feeding as a Tool for Improving Performance and Gut Health of
Poultry: A Review.” Frontiers in Veterinary Science 8: 754246.
https://doi.org/10.3389/fvets.2021.754246

Dzungwe, J. T., Tozo, K., Chrysostome, C. A., Tankouano, R. A., Oke, O. E., & Tona, K. (2024). Effect of
crossbreeding on egg quality, incubation, and hatching activities of the pure and reciprocal cross between
the Sasso and Wassache chickens. Poultry Science, 103(4), 103406.
https://doi.org/10.1016/j.psj.2023.103406

Elibol, O., Peak, S. D., & Brake, J. (2002). Effect of flock age, length of egg storage, and frequency of turning during
storage on hatchability of broiler hatching eggs. Poultry Science, 81(7), 945-950.
https://doi.org/10.1093/ps/81.7.945

Farooq, M., Javed, K., Durrani, F. R., Irfanullah, K., & Chand, N. (2003). Hatching performance of backyard hens
in  Peshawar, Pakistan. Livestock Research for Rural Development, 15(9), 1-7.
https://www.researchgate.net/publication/291651822 Hatching_performance_of backyard_hens_in_P
eshawar_Pakistan

Fathi, M., Abou-Emera, O., Al-Homidan, I., Galal, A., & Rayan, G. (2022). Effect of genotype and egg weight on
hatchability properties and embryonic mortality pattern of native chicken populations. Poultry Science,
101(11), 102129. https://doi.org/10.1016/j.psj.2022.102129

Fulla, S. T., & Gebreslassie, A. H. (2024). Evaluation of egg production, fertility, hatchability, embryonic mortality
and chick quality of different chickens. International Journal of Animal Science and Technology, 8(3),
55-65. https://doi.org/10.11648/j.ijast.20240803.14

Hanafy, M. H., A. M. H. El-Sheik and E. A. Abdalla, (2009). The effect of organic selenium supplementation on
production and physiological performance in a local strain of chicken. 1. The effect of organic selenium
(Sel-PlexTM) on productive, reproductive and physiological traits of bandarah local strain. Egypt Poult.
Sci., 29: 1061-1084. https://doi.org/10.1590/1806-9061-2024-2049

Idowu, P. A., Zishiri, O., Nephawe, K. A., & Mtileni, B. (2021). Current status and intervention of South African
chicken production: A review. World’s Poultry Science Journal, 77(1), 115-133.
https://doi.org/10.1080/00439339.2020.1866965



https://doi.org/10.1080/09291016.2019.1628394
https://www.researchgate.net/publication/267789609
https://doi.org/10.3923/ajbs.2023.474.484
https://doi.org/10.1399/eps.2019.289
https://doi.org/10.1080/10495398.2023.2260840
https://doi.org/10.1080/00439339.2022.2043133
https://www.amazon.com/Modern-Poultry-Production-Text-Book/dp/3659873799
https://www.amazon.com/Modern-Poultry-Production-Text-Book/dp/3659873799
https://en.engormix.com/poultry-industry/artificial-insemination-poultry/control-fertility-turkeys-impact_a33841/
https://en.engormix.com/poultry-industry/artificial-insemination-poultry/control-fertility-turkeys-impact_a33841/
https://doi.org/10.3390/agriculture12081251
https://doi.org/10.1016/j.psj.2024.104526
https://doi.org/10.3389/fvets.2021.754246
https://doi.org/10.1016/j.psj.2023.103406
https://doi.org/10.1093/ps/81.7.945
https://www.researchgate.net/publication/291651822_Hatching_performance_of_backyard_hens_in_Peshawar_Pakistan
https://www.researchgate.net/publication/291651822_Hatching_performance_of_backyard_hens_in_Peshawar_Pakistan
https://doi.org/10.11648/j.ijast.20240803.14
https://doi.org/10.1590/1806-9061-2024-2049
https://doi.org/10.1080/00439339.2020.1866965

€] dloma ofipd (ale -0b gl ple

Islam, M. S., Howlider, M. A. R., Kabir, F., & Alam, J. (2002). Comparative assessment of fertility and hatchability
of Barred Plymouth Rock, White Leghorn, Rhode Island Red and White Rock hen. International Journal
of Poultry Science, 1(4), 85-90. https://doi.org/10.3923/ijps.2002.85.90

Jegede, P., Yakubu, A., Musa, 1. S., Vincent, S. T., Shoyombo, A. J., Alabi, O. O., ... Popoola, M. A. (2024).
Fertility, hatchability, and prediction of egg weight from egg quality indices of Nigerian indigenous and
exotic helmeted guinea fowls. Poultry, 4(1), 1. https://doi.org/10.3390/poultry4010001

Khalid, M. E., Huwaidi, E. E. M., Ahmed, I. Y. S,, Hind, A. A. E., & Bakheit, M. D. (2015). Effect of egg weight
and egg shell thickness on hatchability and embryonic mortality of Cobb broiler breeder eggs. Global
Journal of Animal Scientific Research, 9(1).
http://archives.gjasr.com/index.php/GJASR/article/download/141/373

King’ori, A. M. (2011). Review of the factors that influence egg fertility and hatchability in poultry. International
Journal of Poultry Science, 10(6), 483—492. https://doi.org/10.3923/ijps.2011.483.492

Kovacs, L., Domaféldi, G., Bertram, P. C., Farkas, M., & Konyves, L. P. (2025). Biosecurity implications,
transmission routes and modes of economically important diseases in domestic fowl and turkey.
Veterinary Sciences, 12(4), Article 391. https://doi.org/10.3390/vetsci12040391

Kuka, T. T., Bakoma, B., Kuka, F. C., & Adjei-Mensah, B. (2023). In ovo effect of soursop (Annona muricata L.)
leaf extract on hatching and post-hatch performance of Noiler chickens. Veterinary and Animal Science,
21, Article 100311. https://doi.org/10.1016/j.vas.2023.100311

Kuka, T. T., Bakoma, B., Hamidu, J., Onagbesan, O., & Tona, K. (2024). Evaluation of D 18 in ovo administration
of soursop (Annona muricata) leaf extract into the air space on hatch performance and physiology of
Noiler chicks. Poultry Science, 103(12), Article 104220. https://doi.org/10.1016/].psj.2024.104220

Makanjuola, B. O., Olori, V. E., & Mrode, R. A. (2021). Modeling genetic components of hatch of fertile in broiler
breeders. Poultry Science, 100(5), Article 101062. https://doi.org/10.1016/j.psj.2021.101062

Mokoena, K., Mbazima, V., & Tyasi, T. L. (2025). A literature review on effect of chicken crossbreeding on egg
production traits. World’s Poultry Science Journal, 81(1), 151-167.
https://doi.org/10.1080/00439339.2024.2443184

Moran, E. T., Jr. (2007). Nutrition of the developing embryo and hatchling. Poultry Science, 86(5), 1043-1049.
https://doi.org/10.1093/ps/86.5.1043

Nabi, F., Arain, M. A., Hassan, M. F., Shah, Q. A., Almutairi, M. H., & Buzdar, J. A. (2024). Effects of in ovo
supplementation of selenium (Se) and zinc (Zn) on hatchability and production performance of broiler
chickens. Journal of Comparative Physiology B, 194(6), 887—897. https://doi.org/10.1007/s00360-024-
01578-w

Nabi, F., Arain, M. A,, Fazlani, S. A. (2023). Effect of in ovo trace element supplementation on immune-related
cells of the small intestine of post-hatched broiler chicken. Biological Trace Element Research, 201(8),
4052-4061. https://doi.org/10.1007/s12011-022-03492-0

Narushin, V. G., Bogatyr, V. P., & Romanov, M. N. (2016). Relationship between hatchability and non-destructive
physical measurements of chicken eggs. Journal of Agricultural Science, 154(3), 359-365.
https://doi.org/10.1017/S0021859615001045

Ncho, C. M., Bakhsh, A., & Goel, A. (2024). In ovo feeding of vitamins in broilers: A comprehensive meta-analysis
of hatchability and growth performance. Journal of Animal Physiology and Animal Nutrition, 108(1),
215-225. https://doi.org/10.1111/jpn.13881

Noiva, R. M., Menezes, A. C., & Peleteiro, M. C. (2014). Influence of temperature and humidity manipulation on
chicken  embryonic  development. BMC  Veterinary  Research, 10, Article 234.
https://doi.org/10.1186/s12917-014-0234-3

Okai, M. A., Kruenti, F., Hamidu, J. A., Tona, K., & Hai, L. (2025). Relationship between in ovo feeding and
eggshell temperature of breeder eggs during incubation. Frontiers in Animal Science, 6, Article 1511023.
https://doi.org/10.3389/fanim.2025.1511023

Okeoma, F. U., Nkeleme, E. ., & Okeoma, 1. (2025). Design and development of a microcontroller based liquefied
petroleum gas (LPG) incubator for use in power constrained environments. Journal of Scientific
Research and Reports, 31(7), 553-561. https://doi.org/10.9734/jsrr/2025/v31i73272

Owusu, H., & Sanad, Y. M. (2025). Comprehensive insights into highly pathogenic avian influenza H5N1 in dairy
cattle: Transmission dynamics, milk-borne risks, public health implications, biosecurity
recommendations, and one health strategies for outbreak control. Pathogens, 14(3), Article 278.
https://doi.org/10.3390/pathogens14030278

Pennings, A., Wijnen, H. J., van der Pol, C. W., Graat, E. A. M., Kemp, B., & van den Brand, H. (2025). Effects of
hatching egg storage duration and warming rate from storage to incubation temperature on
morphological broiler embryo development. Poultry Science, 104, Article 105451.
https://doi.org/10.1016/j.psj.2025.105451

Popovi¢, N., & Popovi¢, B. (2024). A system for remotely monitoring and controlling temperature within an egg
artificial incubator. International Journal of Electrical Engineering and Computing, 8(2), 74-79.
https://doi.org/10.7251/1JEEC2402074P



https://doi.org/10.3923/ijps.2002.85.90
https://doi.org/10.3390/poultry4010001
http://archives.gjasr.com/index.php/GJASR/article/download/141/373
https://doi.org/10.3923/ijps.2011.483.492
https://doi.org/10.3390/vetsci12040391
https://doi.org/10.1016/j.vas.2023.100311
https://doi.org/10.1016/j.psj.2024.104220
https://doi.org/10.1016/j.psj.2021.101062
https://doi.org/10.1080/00439339.2024.2443184
https://doi.org/10.1093/ps/86.5.1043
https://doi.org/10.1007/s00360-024-01578-w
https://doi.org/10.1007/s00360-024-01578-w
https://doi.org/10.1007/s12011-022-03492-0
https://doi.org/10.1017/S0021859615001045
https://doi.org/10.1111/jpn.13881
https://doi.org/10.1186/s12917-014-0234-3
https://doi.org/10.3389/fanim.2025.1511023
https://doi.org/10.9734/jsrr/2025/v31i73272
https://doi.org/10.3390/pathogens14030278
https://doi.org/10.1016/j.psj.2025.105451
https://doi.org/10.7251/IJEEC2402074P

A VP (FF) Y aS /5Y

Reijrink, 1. A. M., Meijerhof, R., Kemp, B., & van den Brand, H. (2010). Influence of egg warming during storage
and hypercapnic incubation on egg characteristics, embryonic development, hatchability, and chick
quality. Poultry Science, 89(11), 2470-2483. https://doi.org/10.3382/ps.2010-00798

Rocha, J. S. R., Baido, N. C., Barbosa, V. M., Pompeu, M. A., Fernandes, M. N. S. (2013). Negative effects of fertile
egg storage on the egg and the embryo and suggested hatchery management to minimise such problems.
World’s Poultry Science Journal, 69, 35—44. https://doi.org/10.1017/S0043933913000044

Romao, J. M., Moraes, T. G. V., Teixeira, R. S. C., Cardoso, W. M., & Buxadé, C. C. (2008). Effect of egg incubation
length on hatchability and weight loss in incubation of egg and meat type Japanese quails. Brazilian
Journal of Poultry Science, 10, 143-147.. . https://doi.org/10.1590/S1516-635X2008000300001

Saeed, M., Abbas, G., Alagawany, M., Kamboh, A. A., Abd El-Hack, M. E., Khafaga, A. F., & Chao, S. (2019).
Heat stress management in poultry farms: A comprehensive overview. Journal of Thermal Biology, 84,
414-425, https://doi.org/10.1016/j.jtherbio.2019.07.025

Sharma, S., Kaur, S., Naguib, M., Bragg, A., Schneider, A., Kulkarni, R. R. (2025). Major foodborne bacterial
pathogens in poultry: Implications for human health and the poultry industry and probiotic mitigation
strategies. Microorganisms, 13(10), Article 2363. https://doi.org/10.3390/microorganisms13102363

Tona, K., Agbo, K., Kamers, B., Everaert, N., Willemsen, H., Decuypere, E., & Gbeassor, M. (2010). Comparison
of Lohmann White and Lohmann Brown strains in embryo physiology. International Journal of Poultry
Science, 9(10), 907-910. https://doi.org/10.3923/ijps.2010.907.910

Tona, K., Onagbesan, O. M., Jego, Y., Kamers, B., Decuypere, E., & Bruggeman, V. (2004). Comparison of embryo
physiological parameters during incubation, chick quality, and growth performance of three lines of
broiler breeders differing in genetic composition and growth rate. Poultry Science, 83, 507-513
https://doi.org/10.1093/ps/83.3.507

Tunsisa, L. Y., & Reda, K. B. (2023). Evaluation of fertility, hatchability and egg quality of indigenous chickens in
different agro-ecologies of the Sidama Region, Ethiopia. Veterinary Integrative Sciences, 21(1), 201—
219. https://doi.org/10.12982/V1S.2023.016

Underwood, G., Andrews, D., Phung, T., & Edwards, L. E. (2021). Incubation, hatchery practice and the welfare of
layer hens. Animal Production Science, 61(10), 867—875. https://doi.org/10.1071/AN20391

Uni, Z., & Ferket, R. P. (2004). Methods for early nutrition and their potential. World’s Poultry Science Journal,
60(1), 101-111. https://doi.org/10.1079/WPS20038

van der Pol, C. W., van Roovert-Reijrink, I. A., Maatjens, C. M., van den Brand, H., & Molenaar, R. (2013). Effect
of relative humidity during incubation at a set eggshell temperature and brooding temperature post-hatch
on embryonic mortality and chick quality. Poultry Science, 92(8), 2145-2155.
https://doi.org/10.3382/ps.2013-03006

Wolc, A., White, I. M. S., Hill, W. G., & Olori, V. E. (2010). Inheritance of hatchability in broiler chickens and its
relationship to egg quality traits. Poultry Science, 89(11), 2334-2340. https://doi.org/10.3382/ps.2009-
00614

Yair, R., Shahar, R., & Uni, Z. (2015). In ovo feeding with minerals and vitamin D3 improves bone properties in
hatchlings and mature broilers. Poultry Science, 94(11), 2695-2707. https://doi.org/10.3382/ps/pev252

Yehia, M., Alfonso-Avila, A. R., Prus, J. M. A., Ouellet, V., & Alnahhas, N. (2024). The potential of in ovo-fed
amino acids to alleviate the effects of heat stress on broiler chickens: Effect on performance, body
temperature, and oxidative status during the finisher phase. Poultry Science, 103(7), Article 103821.
https://doi.org/10.1016/j.psj.2024.103821

Zhao, M., Li, J., Shi, Q. (2023). The effects of in ovo feeding of selenized glucose on selenium concentration and

antioxidant capacity of breast muscle in neonatal broilers. Biological Trace Element Research, 201(12),
5764-5773. https://doi.org/10.1007/s12011-023-03611-5



https://doi.org/10.3382/ps.2010-00798
https://doi.org/10.1017/S0043933913000044
https://doi.org/10.1590/S1516-635X2008000300001
https://doi.org/10.1016/j.jtherbio.2019.07.025
https://doi.org/10.3390/microorganisms13102363
https://doi.org/10.3923/ijps.2010.907.910
https://doi.org/10.1093/ps/83.3.507
https://doi.org/10.12982/VIS.2023.016
https://doi.org/10.1071/AN20391
https://doi.org/10.1079/WPS20038
https://doi.org/10.3382/ps.2013-03006
https://doi.org/10.3382/ps.2009-00614
https://doi.org/10.3382/ps.2009-00614
https://doi.org/10.3382/ps/pev252
https://doi.org/10.1016/j.psj.2024.103821
https://doi.org/10.1007/s12011-023-03611-5

