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Abstract

Reproductive performance in animals is a productivity parameter shaped by the individual or combined effects of
genetic, environmental, nutritional, managerial, stress-related, and behavioral factors. Among these, nutrition is
considered one of the most important modifiable factors influencing the reproductive potential of breeding bulls. An
optimal feeding program not only helps maintain the physical health of bulls but also improves reproductive performance
by supporting the regulation of endocrine functions. In particular, providing a high-quality diet during the pre- and post-
weaning periods can contribute to optimizing the reproductive function of breeding bulls later in life by ensuring
adequate nutrient intake. On the other hand, inadequate or unbalanced nutrition leads to reduced androgen secretion and
decreased sperm quality in adult male animals. Therefore, nutritional status has emerged as a primary factor influencing
endocrine function and overall reproductive parameters in breeding bulls. Findings from the reviewed studies
demonstrate that appropriate nutritional management, particularly adequate intake of energy, protein, vitamins, and
minerals during different stages of growth and sexual development, supports spermatogenesis, hormonal balance, and
reproductive efficiency. This review synthesizes experimental and field studies investigating the effects of specific
nutrients and feeding strategies on key fertility-related parameters in breeding bulls, highlighting the importance of

targeted nutritional interventions for improving fertility and supporting sustainable breeding systems.
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1. Introduction

In breeding bulls, reproductive performance is critical to maintaining herd productivity and supporting sustainable
livestock production. Accordingly, understanding the factors that influence bull fertility has become a key focus in both
research and breeding management. Bull fertility is influenced by a complex interaction of genetic, environmental,
physiological and management-related factors. Among these, nutritional management plays a central role because it
directly affects growth, endocrine function, testicular development, spermatogenesis and semen quality (Rekwot et al.,
1988; Kumar, 2003; Mukhopadhyay et al., 2011). Inadequate or unbalanced nutrition leads to a reduction in androgen

secretion and a decline in sperm quality in adult male animals. It has been reported that high-quality feeding practices
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increase gonadotropin secretion during the calf-rearing period (Barth et al., 2008). Consequently, adequate nutrient

supply during this period and maintaining appropriate feeding strategies after weaning contribute to maximising the
reproductive performance of breeding bulls. In particular, balanced nutrition during the pre and post-weaning stages of
calves has a significant effect on testicular steroidogenesis and gonadotropin-releasing hormone (GnRH), as it enhances
Leydig cell function. It has been stated that the effects of nutrition on testicular steroidogenesis are mediated by
luteinizing hormone (LH) secretion and insulin-like growth factor-1 (IGF-I) levels. (Barth et al., 2008; Singh et al.,
2018).

Signals triggered by the concentrations of certain hormones are converted into neuronal signals that regulate GnRH
release and control reproduction. Metabolic indicator hormones, such as leptin, insulin, growth hormone (GH) and IGF-
I, can influence sexual development by signaling nutritional status to the hypothalamic-pituitary-gonadal axis (I'anson
et al., 1991; Martin, 2003; West et al., 2024). Furthermore, the bull’s reproductive performance is directly linked to its
physical health, and this is associated with achieving an appropriate live weight through nutritional management.
Consequently, the nutritional factor is of critical importance for a successful breeding programme; it can be said to
influence the bull’s fertility significantly (Martin et al., 2010; Singh et al., 2018). This literature review discusses the
effects of nutritional management and specific nutrients on the reproductive performance of breeding bulls, with
particular emphasis on the key parameters determining reproductive performance, including growth, endocrine
regulation, testicular development, spermatogenesis, and semen quality, as well as feeding strategies aimed at improving
bull fertility.

1.1. Effect of Nutrients on Reproductive Function

1.1.1. Energy and Protein

In farm animals, the energy and protein content of the diet are generally highly influential factors in reproductive
performance. Just as low energy and protein levels do, excessive energy and protein content (Morrow et al., 1981) also
adversely affect the fertility of bulls. Energy and protein requirements vary according to the bull’s stage of growth. Low
energy and protein intake lead to delayed puberty (Soliman et al., 2014), poor testicular development (Tegegne et al.,
1992), a reduction in the thickness and diameter of the seminiferous tubules (Barth et al., 2008), impaired sperm

production and reduced fertility (Lindsay et al., 1984; Soliman et al., 2014).

Protein is one of the fundamental nutrients that provides the amino acids required for testicular development and
spermatogenesis. Adequate protein intake supports normal testicular development and spermatogenesis, thereby
maintaining reproductive function. Therefore, meeting the protein requirements of breeding bulls during the growth

period is critical for ensuring normal reproductive development (Lin et al., 2022).

A high-energy, low-roughage ration is recommended for growing bulls. However, excessive dietary energy intake may
lead to fat accumulation in the scrotal region, thereby disrupting testicular thermoregulation and reducing sperm quality
(Kastelic et al., 2018; Singh et al., 2018; Harrison et al., 2022).
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Byrne et al. (2017) found that feeding young post-pubertal bulls a ration enriched with omega-6 (sunflower oil) or

omega-3 (refined fish oil) for 12 weeks altered the polyunsaturated fatty acid (PUFA) composition of spermatozoa and
seminal plasma, but did not result in a significant improvement in the quantity or quality of fresh semen. It has been
stated that to prevent the effects of ruminal biohydrogenation, it may be effective when administered in a rumen-
protected form or at very high levels (Singh et al., 2018). The plasma membrane of sperm contains high levels of PUFAs,
particularly docosahexaenoic acid (DHA) and docosapentaenoic acid (DPA). Consequently, it is highly susceptible to

lipid peroxidation (Brinsko et al., 2005).

PUFAs play arole in the physicochemical changes of the sperm head during capacitation and confer fluidity to the sperm
membrane to participate in events associated with fertilisation (Salicioni et al., 2007; Lenzi et al., 2000). Despite these
important physiological roles, PUFAs are extremely sensitive to oxidative damage caused by reactive oxygen species
(ROS). It has been reported that ROS, which plays a role in cellular signalling at low levels, can lead to oxidative stress,
lipid peroxidation, DNA damage and associated sperm dysfunction when produced in excess (Koppers et al., 2010; De
luliis et al., 2009). It has been reported that PUFA concentrations decrease with age in bulls and that PUFA
supplementation yields positive results, particularly in older animals. (Robinson et al., 2006; Samadian et al., 2010).

1.1.2. Vitamins and Minerals

Vitamins play a vital role in various metabolic and developmental processes, and deficiencies can be critical to the
maintenance of growth and development. It has been reported that the use of vitamin E alone or in combination with
selenium improves sperm characteristics and reproductive performance in Awassi rams (Talib Ali etal., 2009). Research
indicates that supplementation with certain nutrients generally yields positive results in reproductive performance.

Kuraichya et al. (2025) suggested that supplementation with zinc (Zn), manganese (Mn), and vitamins A and E at levels
25% above basal levels in Sahiwal bull calves supported early reproductive maturity by enhancing antioxidant status,
immune response and testosterone production in the calves, without affecting growth performance. Clear findings
regarding vitamin A deficiency, which plays a role in reproductive functions, have also been reported in earlier studies.
In a study evaluating the effects of vitamin A on sperm quality and sperm production, it was reported that
hypovitaminosis A reduced the combined testis weight, daily sperm production and epididymal sperm reserves (Rode
et al., 1995). Vitamin A deficiency may lead to conditions such as a reduction in testis size associated with degeneration
of the testis epithelium, inhibition of spermatogenesis, and a decrease in steroidogenesis (Ganguly et al., 1980). When
examining the effects of different levels of vitamin A on the reproductive development of Holstein, Jersey and Guernsey
bulls, it has been stated that moderate prepubertal vitamin A deficiency, whilst not completely inhibiting sperm
production, seriously affects fertility and reproductive capacity due to reduced sexual drive and spermatogenesis (Erb et
al., 1947).

Hong et al. (2010) reported that vitamin E supplementation increased vitamin E concentrations in serum and the testes,
thereby enhancing the testes’ ability to defend against oxidative stress. Similarly, Erding et al. (1987) stated that adding

vitamin E to the diet could improve herd fertility.
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Minerals play a significant role in all physiological processes, including the reproductive function of bulls. The presence

of minerals in the diet is essential for optimizing the reproductive performance of breeding bulls. Mineral deficiencies
can adversely affect semen quality and fertility by impairing testicular and sperm function. Consequently, they may lead
to specific physiological or immunological disorders affecting the growth, production, and reproductive health of
breeding bulls (Pal et al., 2017; Ferrer et al., 2024). It has been reported that providing nutritional supplements to males
with trace mineral deficiencies improves semen quality (Ferrer et al., 2024). Trace minerals are required in small
guantities (<100 mg/kg DM) (McDowell, 1992; National Research Council [NRC], 2000) and have a significant impact
on the reproductive physiology of animals. Trace mineral deficiency leads to the emergence of various problems

resulting in reduced reproductive efficiency and financial losses.

Trace minerals such as Zn, Mn, selenium (Se), copper (Cu), cobalt (Co), iron (Fe) and iodine (1) are also important for
reproductive health as they play a key role in the functioning of various enzymes and proteins. It has been reported that
trace minerals in organic form can improve reproductive performance more effectively than those in inorganic form,
particularly during periods of stress (Pal et al., 2017). Fe, found in the cells and tissues of the male reproductive system,
plays a significant role in mechanisms that underpin spermatogenesis and spermatozoa metabolism, such as the synthesis
of nucleic acids and proteins, electron transport, cellular respiration, proliferation and differentiation (Lieu et al., 2001;
Wise et al., 2003). Co is essential for the synthesis of thymine, which is required for DNA synthesis. It therefore plays
arole in cell division and has a significant effect on the growth and reproduction of animals (Gonzalez-Montafa et al.,
2020). The dietary concentration for cattle is 0.1 mg/kg DM (NRC, 2001). The dietary | requirement for cattle is 0.25
ppm (NRC, 2001). lodine deficiency causes delayed puberty, failed fertilization, reduced libido and impaired sperm
quality in males (Kumar, 2003).

Mineral supplements such as Zn improve sperm production and fertility (Geary et al., 2021; Mousavi et al., 2023). The
Zn requirement in cattle nutrition has been reported as 40 ppm. For all cattle species, including bulls, the toxic Zn
concentration in feed is 500 ppm (NRC, 2001). Zn deficiency can cause testicular atrophy. As there is a positive
correlation between testicular development and sperm quality, Zn deficiency leads to a decline in sperm quality. It also
reduces sperm production and libido. It has been stated that Zn levels in seminal plasma are 10-15 times higher than
those in the bull’s blood plasma (Dhami et al., 2001). It has been reported that the inclusion of ZnSO4 and Zn propionate
in the diet of crossbred bulls improves semen quality in terms of both quantitative and qualitative characteristics (Kumar
et al., 2006). Zn localizes in the midpiece of the spermatozoon in association with the lipoprotein fraction, indicating
that Zn plays a role in the catabolism of lipids, which are the primary energy source required for spermatozoal motility.
Zn possesses antioxidant properties and enhances fertility by reducing reactive oxygen species produced by defective
spermatozoa and leukocytes (Singh et al., 2018). It has been reported that supplementation with organic Zn and Se in
Sanjabi rams has a positive effect on sperm concentration, total sperm count and progressive sperm motility (Ghorbani
etal., 2018).

Se is essential for normal spermatogenesis and fulfils this function largely as a component of the phospholipid
hydroperoxide glutathione peroxidase (GPx4) and selenoprotein V. Most of the Se found in the testes is associated with
GPx4. The primary selenoprotein in the testes, GPx4, which is mainly expressed in sperm, plays a role as a structural

protein that ensures normal sperm motility (Foresta et al., 2002). These findings suggest that Se, as an important
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component of the antioxidant defense system, contributes to the maintenance of sperm structural integrity and fertility

potential. Indeed, deficiencies in antioxidants and micronutrients may adversely affect sperm morphology, thereby
reducing overall fertility potential (Selvam et al., 2020). Consistent with this, Se supplementation up to a concentration
of 0.50 mg/L in culture medium increases the viability of bovine Sertoli cells and upregulates immune genes and blood-

testis barrier proteins (Adegoke et al., 2018).

It has been reported that the addition of 160 g Se/kg DM of sodium selenite to the daily ration of young bulls with a
basal Se level of 70 pug Se/kg DM resulted in a significant increase in the number of motile cells and a decrease in the
number of immotile cells. It has been stated that when the Se content in the ration is higher (230 pug/kg DM), this reduces
the adverse effects of high temperatures on sperm quality (Boychev, 2003). In a study conducted to investigate the effect
of Se-supplemented diets on the reproductive and physiological characteristics of rams, it was reported that the addition
of sodium selenate at a rate of 0.1 ppm/kg DM was associated with a significant increase in scrotal length and
circumference (Marai et al., 2009). In a study conducted on male Baladi goats, it was reported that supplementation with

organic Zn or Se resulted in a significant increase in testosterone concentration (EI-Sisy et al., 2008).

Cu prevents lipid peroxidation in the spermatozoa membrane via the activity of superoxide dismutase. Cu deficiency
can lead to reduced libido, decreased sperm quality and severe damage to testicular tissue, resulting in infertility in bulls.
The toxic dietary concentration of Cu for all cattle species, including bulls, has been reported as 100 mg/kg DM. Cu
deficiency in cattle is generally caused by the presence of dietary antagonists such as S, Mo and Fe, which reduce the
bioavailability of Cu (Pal et al., 2017). Tabasomi et al. (2013) reported that adding 0.032 mg/L of CuSOs to buffalo bull
semen samples improved the total antioxidant capacity of the semen samples and better protected the sperm; however,
0.064 mg/L of CuSO. was found to have a detrimental effect on the sperm. Another study reported a positive correlation
between copper concentration in bovine plasma and sperm count and progressive motility (Machal et al., 2002).

Mn plays a significant role in cholesterol synthesis. Consequently, it is an essential trace mineral for the synthesis of
steroids, oestrogen, progesterone and testosterone, and plays a significant role in the reproduction of breeding bulls
(Studer et al., 2022).

Mg, which is of critical importance in terms of cell physiology, is particularly closely related to sperm motility,
morphology and concentration due to its regulatory role in cellular energy metabolism, the maintenance of membrane
stability and its contribution to the maintenance of enzymatic activities (Marzec-Wroblewska et al., 2012). Mg, found
in high concentrations in seminal plasma, is reported to play a significant role in the spermatogenesis process and the
regulation of sperm motility, whilst also serving as an indicator of secretions of seminal vesicle origin. Furthermore, Mg
functions as a natural antagonist of intracellular calcium, thereby contributing to the maintenance of ionic balance (Singh
et al., 2018). Spermatozoa are highly differentiated cells and play a role in the execution of numerous complex cellular
functions necessary for fertilisation to occur. A large proportion of these functions are regulated by the transport of ions
through ion channels on the plasma membrane (Pinart, 2022). In particular, calcium (Ca") channels are among the most
extensively studied structures in processes related to sperm motility and fertilisation capacity. In this regard, Ca?" is
essential as a regulator for numerous physiological processes in all living cells, including sperm cells (Yeung and
Cooper, 2008).
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1.1.3. Nutritional Factors and Feeding Practices for Improving Reproductive Function

Appropriate nutritional management is one of the key factors influencing reproductive efficiency in breeding bulls.
Nutritional interventions applied during different stages of growth affect endocrine function, puberty, testicular
development, spermatogenesis, semen quality and overall fertility. It has been reported that male calves receiving
optimal nutritional supplementation in the early stages exhibit earlier development of metabolic and neuroendocrine
signaling, which enhances testicular growth and development, resulting in earlier sexual maturity (Coen et al., 2023).
The effects of nutrition on testicular steroidogenesis are thought to be mediated through changes in both LH secretion
and IGF-I concentrations. Therefore, providing adequate and balanced nutrition during the calfhood period and
maintaining appropriate nutritional management after weaning are expected to maximise the reproductive function of
bulls (Barth et al., 2008).

During the calfhood period, restricted feeding has been reported to disrupt sexual development by negatively affecting
the hypothalamic—pituitary—gonadal axis. This effect is associated with inhibition of hypothalamic GnRH release, a
reduced pituitary response to GnRH, and altered gonadotropin secretion (Brito et al., 2007a). Conversely, it has been
reported that a high-energy/protein diet during the calf stage leads to faster growth, earlier onset of puberty, increased
testicular weight and volume, elevated testosterone, IGF-I concentrations and LH secretion, greater testicular cell
proliferation, and the production of high-quality semen in adult bulls (Tegegne et al., 1992; Brito et al., 2007b).

Most bull calves reared for sale at one year of age are fed a high-energy diet during the post-weaning period to maximise
their rate of weight gain. This can accelerate the onset of puberty in the bull calves (Coen et al., 2023). In a study
conducted to determine the effect of post-weaning energy intake on the rate of sexual development, Simmental and
Hereford bulls were fed the same diet at different energy levels. As dietary energy levels increased, body weight at
puberty increased in both breeds. Considering both breed and dietary energy level, heavier bulls at one year of age were
reported to have a larger scrotal circumference (Pruitt et al., 1986). Nevertheless, a high-energy diet may predispose
young bulls to abnormal hoof growth and lameness associated with laminitis (Langova et al., 2020), and may also
predispose them to vesicular gland infections by increasing the risk of ruminal inflammation and liver abscesses
(Martinez and Barth, 2007). In a previous study, the authors suggested that a low-energy diet may prevent the adverse

effects of prolonged high-energy feeding on sperm characteristics in young bulls (Mwansa and Makarechian, 1991).

Reproductive efficiency can be enhanced by maintaining appropriate trace mineral balances in animals. Supplementing
trace minerals during the animals’ active reproductive period may improve reproductive performance; however, care
must be taken regarding interactions among minerals and excessive supplementation. It has been reported that trace
minerals in organic form can improve reproductive performance more effectively than those in inorganic form,

particularly during periods of stress (Pal et al., 2017; Ferrer et al., 2024).

In a study conducted on Sahiwal bull calves, nutritional management involving micronutrient supplementation
influenced the bulls’ sexual behaviour, health and sperm production. The researchers reported that the calves’ hormonal
status improved significantly and that they reached puberty earlier (Dhaigude et al., 2026). Nevertheless, maintaining
trace minerals at appropriate levels is essential, as excessive intake of certain minerals may have adverse effects. For

example, excessive accumulation of Fe in animals can lead to metabolic disorders, thereby compromising fertility in
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male animals (Pal et al., 2017). It has been demonstrated that Se and vitamin E supplementation in breeding bulls

resulted in a significant improvement in sperm quality parameters (Chand et al., 2021). In a study involving 12 crossbred
bulls, a 120-day trial of feeding a diet supplemented with trace minerals resulted in reported improvements in antioxidant
activity, testosterone levels, sexual behaviour and sperm quality (Srivastava et al., 2023). Eghbali et al. (2010) reported
that Ca levels in seminal plasma were highly correlated with sperm motility, total motility and viability, and that they
play an important role in maintaining spermatozoa motility and viability by protecting sperm cells from oxidative
damage. In another study, it was reported that the calculated correlation coefficient between Ca concentration in seminal

plasma and monthly average sperm motility was negative (Machal et al., 2002).

Gholami et al. (2010) reported that DHA enriched nutraceuticals increased the viability and motility of fresh semen from
bulls; they also noted a marked improvement in in vitro quality and motility parameters in fresh semen samples. These
findings suggest that DHA supplementation may be beneficial for improving the functional characteristics of bull sperm
(Gholami et al., 2010).

2. Conclusion

Fertility in breeding bulls is a critical factor for sustainable livestock production and the advancement of animal
production. In this context, nutritional management is one of the key determinants of sustainable breeding bull
production. An optimal feeding program contributes to improving reproductive performance by supporting the
regulation of endocrine functions in bulls. The studies reviewed demonstrate that ensuring adequate intake of energy,
protein, minerals, and vitamins at different stages of life plays an important role in improving the reproductive potential
of breeding bulls. Nevertheless, further long-term, well-controlled studies are needed to fully elucidate the optimal
dosages and combinations of nutrients, as well as their effects under different ages, breeds, and production conditions,
and to develop effective feeding programs for breeding bulls.
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