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ABSTRACT

Background and Objective: Indigenous cattle breeds, such as Muturu and Bunaji, are vital to the
agricultural systems of many regions due to their adaptability, hardiness, and unique traits. The study aims
to estimate the heritability and repeatability of linear body parameters in Muturu and Bunaji cattle breeds
in Nigeria. It evaluates genetic and environmental influences to enhance breeding strategies for these
indigenous breeds. Materials and Methods: A quantitative genetic analysis was conducted to estimate
the heritability (h?) and repeatability (R) of linear parameters in Muturu and Bunaji cattle breeds. The study
utilized a mixed linear model to analyze data from 452 cattle comprising 226 each from Muturu and Bunaji
cattle. Data on BWT and BLT for Muturu and Bunaji cattle breeds were analyzed using a t-test in SAS
Version 9.4 (SAS, 2014), with significance set at p<0.05 and results presented as Means+Standard Errors.
Results: Heritability estimates revealed significant genetic variation for ear length (h* = 0.854-0.90 cm),
height at withers (h? = 0.616-0.804 cm), pelvic width (h* = 0.916-0.927 cm), and chest girth
(h? = 0.387-0.487 cm) in both breeds. Conversely, facial length (h* = 0.043-0.124 c¢m) and body weight
(h? = 0.104-0.113 cm) exhibited low heritability. Repeatability analysis indicated genetic stability for body
width (R = 0.957 cm), body length (R = 0.68-0.714 cm), and height at withers (R = 0.384-0.744 cm),
whereas muzzle circumference (R = 0.162-0.181 cm), pelvic width (R = 0.147-0.204 c¢m), and canon
circumference (R = 0.13-0.193 cm) were influenced by environmental factors. Conclusion: The results
suggest that selective breeding for highly heritable traits can effectively enhance desired characteristics
in these breeds. Conversely, management practices can significantly impact traits with low heritability.
These findings provide valuable insights for breeding programs aiming to improve the productivity and
sustainability of Muturu and Bunaji cattle populations.
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INTRODUCTION

The impact of breeding programs on cattle population performance has been well-documented in recent
studies yielding both favorable and unfavorable outcomes’. Notably, dairy cow populations have
experienced rapid genetic gains in milk production and composition over recent decades'. Conversely,
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some breeding programs have contributed to declines in dairy cow reproductive performance’. Despite
initial skepticism, broadened breeding goals have led to significant geneticimprovements in reproductive
performance for both dairy and beef cattle? resulting in enhanced on-farm phenotypic performance. The
notion that low heritability traits, such as health, cannot be improved through breeding is misguided.
Heritability is often misinterpreted, and its limitations are frequently overlooked'. Furthermore, the
interdependence of traits affecting dairy farm profitability is well-established. While milk yield is
economically paramount, reproduction and herd lifetime also significantly impact the bottom line®. To
inform optimal breeding strategies, understanding the heritability and repeatability is crucial®. The study
addresses the estimate of genetic parameters for body weights and morphometric traits of the Muturu
and Bunaji breeds of cattle. The objective of this study was to estimate genetic parameters, including
heritability and repeatability, for body weights and morphometric traits in Muturu and Bunaji cattle
breeds. By examining these traits, the study aimed to provide insights into the genetic factors influencing
cattle performance, which can inform breeding strategies to enhance traits that are critical for improving
livestock productivity and profitability. Specifically, the study will contribute to understanding how genetic
changes in body weight and morphology can be optimized for better breeding outcomes in these
indigenous cattle breeds.

MATERIALS AND METHODS

Study locations: This study, carried out from March, 2023 to January, 2024, conducted over ten months,
sought to estimate the heritability (h?) and repeatability (R) of linear body parameters in Muturu and
Bunaji cattle using a quantitative genetic approach. The research was carried out across two distinct
agroecological zones in Nigeria, with fieldwork conducted on selected farms in Ebonyi and Kogi States.

Studied animal: Ranched animals were used for the study. A total of 452 consisting of 226 each of
Muturu and Bunaji cattle breeds were used for the study. The study was laid out in a symmetrical factorial
(2x2x5) arrangement in a Complete Randomized Design (CRD). The factors include two breeds of cattle
(Muturu and Bunaji), two sexes (male and female), and five age groups (one to five years).

Body linear traits: Twelve traits (body weight (BWT), body length (BL), height at withers (HW), chest girth
(CG), horn length (HL), muzzle circumference (MC), ear length (EL), hock circumference (HC), pelvic width
(PW), cannon bone circumference (CC), facial length (FL) and tail length (TL)) were measured on individual
Muturu and Bunaji cattle with the aid of a flexible tape. A weighing band was used to take the weight of
the animals. The animals were restrained by their handlers to ease the body measurements. Body linear
traits (BLT) were measured in centimeters (cm), while BWT was measured in kilograms (kg). The individual
animal's age was determined by the number of the rings on their horns, while the polled animals' age was
determined by their dentition and from the recorded ages of animals kept by the Muturu and Bunaji
owners.

Data analysis: All data collected on BWT and BLT for Muturu and Bunaji breeds of cattle were subjected
to t-test analysis using SAS Version 9.4 (SAS, 2014). The level of significance was set at p<0.05. The results
were presented as MeanszStandard Errors of means as determined from the different populations.

Ethical consideration: The ethical considerations of this research, focused on estimating the heritability
and repeatability of body parameters in Muturu and Bunaji cattle, address several crucial points. The study
ensures that all animal handling, measurements, and procedures adhere to ethical standards for animal
welfare. Efforts were made to minimize stress, discomfort, and harm to the cattle during data collection,
including body measurements and other physical evaluations. Humane handling practices are employed
and carried out by trained personnel to prioritize the safety and well-being of the animals.
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Informed consent: When collaborating with farmers or farm owners, informed consent is obtained from
all participants. This consent clearly outlines the study's purpose, the farmers’ roles, and the intended use
of the collected data. It also ensures that farmers are fully informed about any potential risks or benefits
associated with their involvement in the study.

RESULTS

Heritability estimate of linear parameters of Muturu breeds of cattle: Table 1 provides heritability
estimates for various body parameters in the Muturu cattle breed, showing variation by age and sex. These
estimates reveal the extent of genetic influence on each trait. For example, ear length demonstrates
consistently high heritability across ages, starting at approximately 0.854 cm in young cattle and reaching
around 0.9 cm in older animals, with minimal differences between males and females. Body length, on the
other hand, shows a moderate heritability that gradually increases from 0.32 cm in younger cattle to about
0.418 cm at five years old. Chest girth similarly has moderate heritability, increasing from around
0.387 to 0.487 cm as cattle age, with only slight variations between sexes, suggesting some genetic
influence but also an environmental impact on this trait.

Horn length demonstrates a moderate-to-high heritability, beginning at 0.512 cm and rising with age to
0.678 cm, with males showing slightly higher values, making it somewhat responsive to selective breeding.
Tail length also shows moderately high heritability, starting at 0.496 and increasing to 0.644 cm, with
similar trends for both sexes, indicating both genetic and age-related influence. Muzzle circumference
exhibits strong genetic control across all ages, with heritability rising from 0.819 to 0.86 cm, suggesting
it is a good candidate for selection.

Height at withers, one of the most heritable traits, starts at 0.616 cm and rises to approximately 0.804 cm
with age, consistently high in both sexes, indicating significant genetic influence. Similarly, hock
circumference shows high heritability, beginning at 0.773 cm and reaching about 0.899 cm as the cattle
mature, suggesting this trait responds well to genetic selection. Pelvic width, with very high heritability
values around 0.916 cm in young cattle and rising to 0.927 cm, is also strongly influenced by genetics
across all ages and sexes, making it ideal for selective breeding. Chest width follows a similar trend with
high heritability, starting at 0.821 cm and increasing to around 0.87 c¢cm, suggesting strong genetic
determination.

In contrast, facial length exhibits low heritability, starting around 0.043 cm and only reaching 0.124 cm in
older cattle, indicating that this trait is primarily environmentally influenced with limited potential for
selection. Body weight also shows low-to-moderate heritability, from 0.104 to 0.113 c¢cm across ages, with
minimal genetic influence. Pelvic width displays similar patterns, with low heritability beginning at around
0.105 cm and showing only slight increases with age, suggesting strong environmental influence.

In summary, traits like height at withers, pelvic width, and chest girth exhibit strong genetic control,
making them promising targets for selective breeding in Muturu cattle, while traits like facial length and
body weight are largely environmentally determined, showing limited genetic responsiveness.

Heritability estimate of linear parameters of Bunaji breed of cattle: In Bunaji cattle, the heritability of
various body parameters differs across ages and between sexes. Ear length shows high heritability,
beginning at 0.817 cm in younger cattle and increasing to 0.859 cm by age five, indicating strong genetic
control as shown in Table 2. Body length, however, has moderate heritability, rising from 0.286 cm in
younger animals to approximately 0.418 cm in older ones, suggesting environmental factors also play a
role. Chest girth displays moderate-to-high heritability, starting at 0.443 cm in younger cattle and
increasing to 0.553 cm in older cattle, showing a genetic influence that becomes more
pronounced with age.
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Horn length demonstrates moderate heritability, ranging from 0.438 c¢cm in younger cattle to about
0.575 cm in older cattle, with males generally showing slightly higher values, indicating a modest genetic
influence. Tail length also exhibits moderate heritability, starting at 0.41 cm and reaching 0.534 cm as
cattle age, with some differences by sex, suggesting a genetic component alongside environmental
factors. Muzzle circumference shows consistently high heritability across all ages, from 0.838 to 0.885 cm,
making it a strong candidate for selection in breeding programs.

Height at withers exhibits low-to-moderate heritability, beginning at 0.256 cm and reaching 0.362 cm by
age five, suggesting environmental factors may play a more substantial role in this trait. Hock
circumference, in contrast, has high heritability, starting at 0.807 cm and reaching 0.851 cm with age,
indicating strong genetic influence. Pelvic width shows relatively high heritability values, ranging from
0.796 to 0.848 cm, which suggests it is also under substantial genetic control.

Chest girth demonstrates high heritability, from 0.87 cm in younger animals to around 0.9 ¢cm in older
cattle, indicating a robust genetic component. Facial length, however, has low heritability, with values
beginning at 0.04 cm and only reaching 0.124 cm by age five, highlighting a predominantly environmental
influence on this trait. Body weight similarly displays low-to-moderate heritability, starting from around
0.05 and only reaching modest levels of 0.062 cm by age five, indicating these traits are primarily
environmentally determined and less responsive to genetic selection.

In summary, highly heritable traits like muzzle circumference, chest girth, and pelvic width in Bunaji cattle
offer potential for genetic selection, while traits such as facial length and body weight, being more
environmentally influenced, may require management practices rather than breeding to improve these
traits as presented in Table 2.

Repeatability estimate of linear parameters of Muturu breeds of cattle: The repeatability analysis for
the Muturu breed of cattle highlights both genetic influence and environmental variability in various body
traits across ages and between sexes shown in Table 3. Ear length shows low repeatability, starting at
0.146 cm in younger animals and decreasing to around 0.1 cm as they age, indicating that this trait is
largely influenced by environmental factors rather than genetics. Body length, on the other hand, begins
with a relatively high repeatability of 0.68 cm, which gradually declines with age, though it remains
moderately stable, reflecting a stronger genetic basis in younger cattle that becomes less pronounced
over time.

Chest girth demonstrates moderate repeatability, beginning around 0.613 ¢cm in younger animals and
decreasing with age, suggesting that while genetics play a role, the trait becomes more influenced by
external factors as the animal matures. Horn length shows a similar trend, with an initial repeatability of
0.488 cm that decreases over time, indicating moderate genetic influence that diminishes with age. Tail
length, starting with a repeatability of 0.504 ¢cm, also decreases as cattle age, indicating that this trait is
affected by environmental conditions.

Muzzle circumference shows relatively low repeatability from the beginning, starting at 0.181 cm and
decreasing with age, suggesting a strong environmental influence. Height at withers displays
moderate repeatability at younger ages, around 0.384, which reduces significantly with age,
highlighting a mixed genetic and environmental influence. Hock circumference, starting with a
repeatability of approximately 0.227 cm, declines with age, showing that it is affected more by
environmental factors.
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Pelvic width begins with low repeatability, around 0.147 cm in young cattle, and diminishes over time,
reinforcing the notion of environmental influence on this trait. Chest width also has low repeatability,
beginning around 0.084 and further decreasing, suggesting it is largely influenced by environmental
factors. In contrast, face length starts with slightly higher repeatability at 0.179 c¢cm, which reduces
modestly over time, indicating some genetic stability.

Body width exhibits high repeatability, beginning around 0.957 cm and remaining consistently high across
ages, suggesting that it is largely genetically determined and a stable trait for selection. In general, traits
such as body width, body length, and chest girth demonstrate stronger genetic stability and are therefore
more useful for selective breeding. Conversely, traits such as muzzle circumference, pelvic width, and
cannon circumference are more susceptible to environmental influences, highlighting areas where
management practices can impact the overall phenotype of Muturu cattle as presented in Table 3.

Repeatability estimate of linear parameters of Bunaji breeds of cattle: In examining the repeatability
of body traits in the Bunaji breed of cattle, the consistency of certain physical characteristics across ages
and between sexes highlights both genetic stability and environmental variability in Table 4. For ear
length, repeatability begins at a moderate 0.183 cm in younger cattle, diminishing to around 0.14 cm as
they age, indicating that although it has some genetic influence, it becomes more susceptible to
environmental factors over time. Body length, however, starts with a higher repeatability of 0.714 cm and
gradually decreases to 0.589 cm with age, suggesting a strong genetic basis in younger animals that
remains fairly stable, even as it lessens with age.

Traits such as chest girth display moderate repeatability, beginning around 0.557 cm in young cattle but
reducing to approximately 0.457 cm. This indicates a modest genetic influence, although environmental
factors play a greater role as the cattle mature. Similarly, horn length shows an initial repeatability of
0.562 cm, which declines to 0.419 cm with age, suggesting moderate genetic stability that lessens as
environmental impact increases. Tail length mirrors this pattern, with repeatability starting at 0.59 cm and
gradually decreasing, reflecting moderate genetic influence that becomes increasingly subject to
environmental conditions.

Certain traits, like muzzle circumference, show relatively low repeatability from the beginning, starting at
0.162 cm and decreasing with age, which points to a strong environmental influence on this characteristic.
In contrast, height at withers shows high repeatability from the outset, beginning at around 0.744 cm cm,
indicating strong genetic stability across the lifespan of the animal. Hock circumference, by comparison,
has low repeatability values from the start, approximately 0.193, with further declines over time,
suggesting it is more influenced by external factors than by genetics.

Additional traits like pelvic width begin with a low repeatability of 0.204 cm, reinforcing the notion of high
environmental influence. Cannon circumference likewise, starts with a low repeatability of around 0.13 cm,
making it another characteristic where the environment plays a significant role. In contrast, facial length
begins with a higher initial value of 0.223 cm but decreases over time, showing mixed genetic and
environmental influence.

Finally, body weight stands out with high repeatability, starting at 0.96 cm and remaining consistently high
across ages, suggesting it is largely genetically determined and a reliable trait for selection in breeding
programs. Along with height at withers and body length, body weight demonstrates strong genetic
stability, while traits such as muzzle circumference, chest girth, and pelvic width are more environmentally
influenced. This repeatability analysis identifies the traits that are most reliably heritable and useful in
breeding programs to maintain desired characteristics across generations as shown in Table 4.
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DISCUSSION

The heritability estimates of linear parameters in Muturu cattle breeds vary significantly by age and sex,
indicating differing degrees of genetic influence on each trait'. For instance, ear length exhibits
consistently high heritability across ages (0.854-0.9 cm), similar to findings in other breeds>®. Body length
shows moderate heritability (0.32-0.418 cm), comparable to reports in chicken’, Chest girth also
demonstrates moderate heritability (0.30-0.40 cm), consistent with studies on Yankasa sheep. Horn length
displays moderate-to-high heritability (0.512-0.678 cm), similar to results on Yankasa sheep®. Tail length
shows moderately high heritability (0.496-0.644 cm), aligning with findings in chicken’. Muzzle
circumference exhibits strong genetic control (0.819-0.86), comparable to reports on Yankasa sheep®.
Height at withers and hock circumference are among the most heritable traits (0.616-0.804 and
0.773-0.899 cm, respectively), consistent with studies on beef cattle®. Pelvic width and chest width also
show high heritability (0.916-0.927 and 0.821-0.87 cm, respectively), indicating significant genetic
influence. In contrast, facial length exhibits low heritability (0.043-0.124), similar to findings in dairy cattle.
Body weight and cannon circumference show low-to-moderate heritability (0.104-0.113 and 0.105,
respectively), consistent with reports on genetic influences in Swiss Holstein and dairy cattle’. These results
suggest that traits like height at withers, pelvic width, and chest girth are promising targets for selective
breeding in Muturu cattle, while traits like facial length, body length, and horn length are largely
environmentally determined. The heritability of linear parameters in Bunaji cattle varies across ages and
sexes, indicating differing degrees of genetic influence on each trait, consistent with Afolayan et al.?, who
reported similar trends in Yankasa sheep. Ear length exhibits high heritability (0.817-0.859), aligning with
findings in other breeds by Gwaza et al.”® and surpassing the estimates, Afolayan et al.? reported similar
trends in Yankasa sheep. Body length shows moderate heritability (0.286-0.418 cm), comparable to reports
in Yankasa sheep? and slightly higher than the estimates of de Haas et al?, for dairy cattle. Chest girth
displays moderate-to-high heritability (0.443-0.553), consistent with studies in Yankasa sheep by
Afolayan et al* and supporting the findings of de Haas et al.?, who reported similar trends in dairy cattle.
Horn length demonstrates moderate heritability (0.438-0.575), similar to results in dairy cattle reported
by Gengler et al."" and slightly lower than the estimates of Alderson® for beef cattle (0.51-0.61). Tail length
exhibits moderate heritability (0.41-0.534), aligning with findings in Bunaji cows. Alphonsus et al.* and
comparable to the estimates of de Haas et al?, who reported similar trends in dairy cattle. Muzzle
circumference shows consistently high heritability (0.838-0.885 cm), comparable to reports in goats by
Mohammed and Amin' and exceeding the estimates of Adebambo', who reported similar trends
in Muturu cattle (0.74-0.81 cm). Height at withers exhibits low-to-moderate heritability (0.256-0.362 cm),
contrasting with findings in Yankasa sheep by Afolayan et at.> and lower than the estimates of Adebambo',
who reported similar trends in Muturu cattle (0.41-0.51 ¢cm). Hock circumference, however, has high
heritability (0.807-0.851), consistent with studies on beef cattle by Alderson® and supporting the findings
of Adebambo', who reported similar trends in Muturu cattle (0.75-0.84). Pelvic width shows relatively high
heritability values (0.796-0.848 cm), similar to reports in traditional livestock breeds® and exceeding the
estimates of Adebambo', who reported similar trends in Muturu cattle (0.69-0.78 cm). Chest girth
demonstrates high heritability (0.87-0.9 c¢m), indicating a robust genetic component, comparable to
findings in dairy cattle® and surpassing the estimates of Mohammed and Amin'? in goat. Facial length,
however, has low heritability (0.04-0.124 cm), similar to results in environmental influence studies on
cattle’ and consistent with the findings of Adebambo’, Muturu cattle. Body weight and pelvic width
similarly display low-to-moderate heritability (0.05-0.062), consistent with reports on environmental factors
in cattle by Maiwashe et al.” and supporting the estimates of Mohammed and Amin'. These results
suggest that highly heritable traits like muzzle circumference, chest girth, and pelvic width in Muturu cattle
offer potential for genetic selection Adebambo'. Conversely, traits such as facial length and body weight,
being more environmentally influenced, may require management practices rather than breeding to
improve these traits. The repeatability analysis of linear parameters in Muturu breeds of cattle underscores
the interplay between genetic and environmental influences on various body traits across ages and sexes,
Notably, ear length exhibits low repeatability (0.146-0.1 cm), suggesting environmental factors dominate
its variation™. Conversely, body length shows moderate to high repeatability (0.68), indicating a stronger
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genetic basis, particularly in younger cattle’, Chest girth demonstrates moderate repeatability (0.613),
declining with age, which aligns with findings on the influence of both genetics and environment on this
trait”®, Horn length and tail length exhibit similar trends, with initial repeatability estimates of 0.488 and
0.504, respectively, decreasing over time, indicating moderate genetic influence'®. Muzzle circumference
and pelvicwidth display low repeatability (0.181 and 0.147, respectively), suggesting strong environmental
influences™. Height at withers and hock circumference show moderate repeatability (0.384 and 0.227,
respectively), with significant declines in repeatability with age, highlighting mixed genetic and
environmental effects’. In contrast, body weight exhibits remarkably high repeatability (0.957 kg),
consistent across ages, indicating strong genetic determination'®. These findings support the notion that
traits like body weight, body length, and chest girth are more genetically stable and suitable for selective
breeding™. Conversely, traits like muzzle circumference, pelvic width, and chest girth are more
environmentally influenced, emphasizing the importance of management practices in shaping the
phenotype of Red Chittagong Cattle'. The repeatability analysis of linear parameters in Brahman cattle
breeds reveals a complexinterplay between genetic stability and environmental variability across ages and
sexes'. Ear length, for instance, exhibits moderate repeatability (0.183-0.14 cm), indicating some genetic
influence, but increasing susceptibility to environmental factors over time'. Body length, however,
demonstrates high repeatability (0.714-0.589 cm), suggesting a strong genetic basis in younger animals
that remains relatively stable across the lifespan’. Chest girth and horn length display moderate
repeatability (0.557-0.457 and 0.562-0.419 cm, respectively), indicating modest genetic influence and
increasing environmental impact with age'®. The tail length shows similar repeatability patterns (0.59 cm),
reflecting moderate genetic stability under environmental conditions®. In contrast, muzzle circumference
exhibits low repeatability (0.162 c¢m), pointing to strong environmental influence™. Height at withers
stands out with high repeatability (0.744 c¢m), indicating strong genetic stability across the animal’s
lifespan'®. Hock circumference, however, displays low repeatability (0.193 cm), suggesting environmental
dominance®. Pelvic width, and chest circumference demonstrate low repeatability (0.204 and 0.13 cm,
respectively), highlighting environmental influence'. Facial length shows mixed genetic and environmental
influence (0.223 cm), while body weight exhibits remarkably high repeatability (0.96 cm), indicating strong
genetic determination and reliability for selection in breeding programs”. This analysis identifies traits with
strong genetic stability (body weight, height at withers, and body length) and those more environmentally
influenced (muzzle circumference, chest girth, and pelvic width), informing breeding programs to maintain
desired characteristics across generations.

CONCLUSION

The study revealed moderate to high heritability estimates for body linear traits such as ear length, height
at withers, and pelvic width, indicating significant genetic influence and potential for improvement
through selective breeding. Conversely, traits with low heritability, like facial length and body weight, were
more influenced by environmental factors, emphasizing the role of effective management practices.
Repeatability analysis highlighted genetic stability in traits like body width and length. These findings
provide critical insights for breeding programs aiming to enhance productivity and sustainability in Muturu
and Bunaji cattle populations through targeted genetic selection and optimized management strategies.

SIGNIFICANCE STATEMENT

This study identified key body traits in Muturu and Bunaji cattle breeds, which could be beneficial for
improving selective breeding strategies. The study will also assist researchers in uncovering critical areas
of genetic influence on cattle traits that have remained unexplored by many. Consequently, a new theory
on heritable traits in livestock breeding may be developed.
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