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ABSTRACT 

Animal reproduction is one of the main factors limiting the efficiency of livestock production. Its optimal level is 

possibly achieved when certain conditions are created for animals. As reproduction is a complex reflex process 

depending on neuroendocrine regulatory mechanisms, the character and strength of stimuli, which, in turn, is due to 

a number of factors. Under normal conditions, the body of animals is affected by many different factors, which are 

appropriately transformed and specified by positive or negative reactions. Inhibitory factors include air pool, 

saturated with harmful substances and gases, ionizing radiation, poor water quality along with altered redox 

properties, hypokinesia combined with poor unbalanced feeding, systematic chronic stress, presence of toxic 

substances in feed, and the deficiency of vitamins and other bioantioxidants in feed or their excessive spending. Of 

the wide range of genetic and paratypic factors of negative impacts on reproductive capacity, the most common one 

is alimentary, which causes impaired reproductive function due to deficiencies in the rules, regulations, and feeding 

regime of animals. In particular, the alimentary can be associated with both general malnutrition (starvation) and 

overfeeding (obesity). However, the alimentary form of infertility mostly occurs due to low-quality diets when the 

diet lacks vital components (mainly vitamins, macro-, and micronutrients) or the quantitative ratios of the 

ingredients are violated. This is possible even if the total nutritional value of the diet meets the established 

requirements for the physiological needs of the body. Vitamins, micro-, and macronutrients are ecologically 

deficient factors of disturbance of animal reproductive function, the influence of which is observed on all processes 

of reproduction, from fertilization to the postpartum period and the preservation of young animals. The pathogenesis 

of their insufficiency is associated with the violation of steroido-, gameto-, and embryogenesis and the emergence of 

ante-, intra-, neo- and postnatal pathologies, respectively. Therefore, treatments and prevention measures should be 

aimed at providing animals with biologically complete balanced feeding and replenishment of the body with 

vitamins and minerals. However, all these issues remain incompletely studied and need further research. 
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INTRODUCTION 

  

The optimal level of procreation is possible only if certain conditions are created for animals because reproduction is an 

extremely important function with a complex reflex process that depends on neuroendocrine regulatory mechanisms and 

the character and strength of stimuli acting on the body (Koshovyj, 2004; Iolchiev et al., 2014; Kagermazov and Taov, 

2018). Under normal conditions, the body of animals is affected by many different factors, which are appropriately 

transformed and manifested by positive or negative reactions. Inhibitory factors include air pool saturated with harmful 

substances and gases, ionizing radiation, poor water quality along with altered redox properties, hypokinesia combined 

with poor and unbalanced feeding, systematic chronic stress, presence of toxic substances in feed, and the deficiency of 

vitamins and other bioantioxidants in feed or their excessive spending (Skljarov, 2017).  

Currently, there is a rapid development of important sections of veterinary science, including vitaminology and 

microelementology, as the main areas in the study of etiopathogenesis, as well as structural and functional changes in the 

organs of alimentary-deficient nutrition. This also applies to veterinary reproductive medicine, in particular, 

perinatology, mammology, gynecology, and andrology (Beleckaja and Onul, 2014; Skljarov and Koshevoj, 2016).  

 

RESULTS AND DISCUSSION 

 

Of the wide range of genetic and paratypic factors of negative impacts on reproductive capacity, the most common one is 

alimentary, which causes reproductive dysfunction due to deficiencies in norms, rules, and feeding regimes (Bindari et 
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al., 2013; Amin, 2014; Ibtisham et al., 2018). In particular, it can be associated with both general malnutrition 

(starvation) and overfeeding (obesity). However, the alimentary form of infertility commonly occurs based on low-

quality diets, which means when the diet lacks vital components (mainly vitamins, macro- and micronutrients), or the 

quantitative ratio among them is disturbed (Mahan and Vallet, 1997; Hovdenak and Haram, 2012; Omur et al., 2016). 

This is possible even if the total nutritional value of the diet meets the established requirements for the physiological 

needs of the organism (Vizner, 1976; Perevozchikov et al., 2014). 

The most sensitive animals to high-quality defective feeding are the heifers and highly productive animals, 

especially in the winter-spring period of stall keeping. The absence or lack of vitamins and minerals in the diet, even 

with satisfactory fattening of animals, can cause violation of sexual cyclicity, disorders of fertilization and implantation, 

various pathologies of pregnancy, labor, and the postpartum period (Pasynkova, 2013; Shatohin et al., 2017). 

These disorders have a wide range, which can be temporary or permanent, and affect all aspects of the reproductive 

process, including morphological and functional state of the self-regulatory system (hypothalamus, pituitary, gonads, 

uterus), readiness and ability to develop an egg cell from maturing to physiologically determined follicles, ability and 

readiness for fertilization. Which is possible during regular sexual cycles without violating the internal and external signs 

of their manifestation; absence of disorders of implantation (nidation) of the embryo in the mucous membrane of the 

uterus; functioning of the fetoplacental complex, fetal development, pregnancy, childbirth; the birth of a full-fledged 

offspring, which itself, after directed growth, can reach sexual maturity promptly; the course of the postpartum period; 

and timing and fullness of the manifestation of sexual hunting after childbirth (Koshovyj, 2004; Skliarov et al., 2020a). 

 

Vitamins 

Vitamins are one of the most important factors influencing sexual function. Vitamins are substances of high 

biological activity that are involved in all vital processes (for example, metabolic processes, immunity, hormonal genesis 

and others) in the body. To date, more than 20 vitamins and vitamin-like substances have been studied, the deficiency or 

absence of which leads to disorders in the body. Although animals need small quantities of vitamins, their constant lack 

in the diet can lead to metabolic disorders, specific diseases, reduced productivity and product quality, as well as 

impaired reproducibility (Plemjashov, 2010; Matte and Lauridsen, 2013). Vitamins play both direct and indirect roles in 

the process of reproduction, especially endocrine and genital systems. Histochemistry has shown an increase in the 

content of some vitamins in many endocrine organs. From this, it can be concluded that the organs associated with the 

reproductive system need more of these vitamins (Vizner, 1976). 

Not only the amount but also the ratio of vitamins entering the body is important for reproduction. The vitamin 

requirements depend on the composition of feed, animal productivity, and depot of vitamins in the body, moreover, 

vitamin requirements increase with pathological conditions and the use of drugs (antibiotics and sulfonamides) (Sidorkin 

et al., 2007; Savinova et al., 2015). Hypovitaminosis is more often reported in some animals due to vitamin deficiency in 

the diet or mineral imbalance in the feed affecting their metabolism and absorption (Umahanov, 2017).  

 

Fat-soluble vitamins 

Vitamin A (retinol) is the most important component for the functioning of the reproductive system, compared to 

other vitamins. Therefore, retinol is rightly called the vitamin of reproduction (Hurley and Doane, 1989; Koshovyj, 

2004). In recent years, the causes of insufficient supply of Vitamin A in animals and prevention measurements have 

grown into a problem that is of paramount importance in herd reproduction. This issue became critical especially during 

the winter stall keeping of animals because the precursor of retinol is carotene, which is easily destroyed by 

environmental factors, such as temperature and humidity (Hurley and Doane, 1989; Blaner et al., 2016; Kuz'minova et 

al., 2017). Vitamin A is important in maintaining the body’s resistance to adverse external and internal factors, ensuring 

the normal state of the epithelium of the genital mucosa, follicular epithelium of the ovary, and secretory activity of the 

uterine glands. Retinol is required for the formation of steroid and pituitary hormones, and also plays an important role in 

cell differentiation during embryogenesis, and in particular the formation of the fetal immune system (Skliarov et al., 

2020b). Its deficiency causes disorders in spermatogenesis. In fact, sexual cycles are defective, implantation is disrupted, 

embryonic mortality occurs, pregnancy, childbirth, and the postpartum period are complicated, and the offspring is not 

very viable (Hogarth and Griswold, 2010; Gromova et al., 2019; Maia et al., 2019). 

Vitamins of group D are active regulators of phosphorus calcium metabolism, providing their normal ratio in the 

blood of animals (Bourdeau et al., 1986). Vitamin D deficiency is usually observed during the winter when it is difficult 

to walk and isolate animals. Vitamin D becomes important for reproduction when the level of calcium and phosphorus 

supply deviates significantly from the optimal rate (Brommage et al., 1990). 

Information addressing the specific effects of Vitamin D on reproductive function is limited (Hurley and Doane, 

1989). It is known that the level of reproduction depends on the provision of the body with Vitamin D (Luk et al., 2012). 

As Gromova et al. (2017) mentioned, Vitamin D levels have a direct effect on the genitals, and an indirect effect on 

stimulation of the synthesis of steroid hormones (estrogen, progesterone, testosterone) in both males and females. 

http://repository.hdzva.edu.ua/simple-search?query=%D1%84%D0%B5%D0%B4%D0%BE%D1%80%D0%B5%D0%BD%D0%BA%D0%BE&sort_by=score&order=desc&rpp=10&etal=0&filtername=author&filterquery=Fedorenko%2C+Serhiy+Yakovich&filtertype=equals
http://repository.hdzva.edu.ua/simple-search?query=%D1%84%D0%B5%D0%B4%D0%BE%D1%80%D0%B5%D0%BD%D0%BA%D0%BE&sort_by=score&order=desc&rpp=10&filter_field_1=author&filter_type_1=equals&filter_value_1=%D0%9D%D0%B0%D1%83%D0%BC%D0%B5%D0%BD%D0%BA%D0%BE%2C+%D0%A1%D0%B2%D1%96%D1%82%D0%BB%D0%B0%D0%BD%D0%B0+%D0%92%D0%B0%D0%BB%D0%B5%D1%80%D1%96%D1%97%D0%B2%D0%BD%D0%B0&etal=0&filtername=author&filterquery=Naumenko%2C+Svitlana&filtertype=equals
http://repository.hdzva.edu.ua/simple-search?query=%D0%9E%D0%BD%D0%B8%D1%89%D0%B5%D0%BD%D0%BA%D0%BE&sort_by=score&order=desc&rpp=10&etal=0&filtername=author&filterquery=Onyshchenko%2C+Oleksandr+Vyacheslavovich&filtertype=equals


159 
To cite this paper: Skliarov P, Fedorenko S, Naumenko S, Onyshchenko O, Pasternak A, Roman L, Lieshchova M, Bilyi D, and Bobrytska O. (2021). Reviewing Effective 

Factors of Alimentary Deficiency in Animals Reproductive Functions. World Vet. J., 11 (2): 157-169.  

Moreover, there are convincing data on the effect of Vitamin D on many gynecological diseases (Kalinchenko et al., 

2016). Expressed D-hypovitaminosis in animals during the active growth period inhibits the development of the genitals 

(Vizner, 1976), and also affects the physiology of the ovary (Irani and Merhi, 2014). 

In all these cases, the inclusion of Vitamin D in the diet or its use in doses that would meet the needs of the body 

can prevent possible disorders of the reproductive capacity of animals to some extent, including the duration of the 

placenta, the period from calving to first insemination, and fertilization index (Hurley and Doane, 1989; Umahanov, 

2017). 

Vitamin E is found in almost all tissues, but especially in the uterus, testicles, adrenal glands, and pituitary gland, it 

is much more than in other organs indicating the specificity of the functions of this vitamin in these organs (Vizner, 

1976; Koshovyj, 2004). Vitamin E acts in the body as an antioxidant regulating the body's absorption of Vitamin A, and 

fat metabolism (Hurley and Doane, 1989). In addition, it affects the activity of the anterior pituitary gland and stimulates 

the production of gonadotropins (Vizner, 1976). 

With Е-hypovitaminosis in pregnant females, toxic products of fat metabolism are accumulated, which are harmful 

to the embryo. Accordingly, the incidence of embryonic mortality, stillbirths, and non-viable fetuses are increased 

(Vizner, 1976). In males, there are degenerative processes in sperm, epithelium of seminiferous tubules, reduced sexual 

activity, and also various pathologies of adnexal gonads can arise (Evans and Bishop, 1922; Gullickson et al., 1949; 

Hurley and Doane, 1989). In experiments on pigs, an increase in the size of the placenta and a decrease in the mortality 

of piglets with the use of Vitamin E have been described, but this positive result remained unclear (Pinelli-Saavedra, 

2003). 

Regarding Vitamin K, there are few reports of the effects of Vitamin K on the reproductive functions in animals 

(Potter, 1945; Metta and Johnson, 1960; Jacob et al., 2012). Thus, studies on rodents have reported that the concentration 

of Vitamin K in the ovaries was higher than other organs, indicating its role in female reproduction (Huber et al., 1999). 

Moore et al. (1942) described the cases of abortion in rabbits fed a diet deficient in Vitamin K. Vizner (1976), citing data 

from Italian authors, pointed to the positive effect of Vitamin K on the reproductive capacity, which is thought to be due 

to its stimulation of the production of anterior pituitary hormones. Vitamin K deficiency in breeding chickens can cause 

increased embryonic mortality. However, both of these provisions are controversial. New roles of Vitamin K have been 

studied, including the role of estrogen in its metabolism, which requires further research (Truong and Booth, 2011).  

Baldoceda-Baldeon et al. (2014) found a positive effect of Vitamin K on the embryonic development of cattle in vitro, 

particularly its addition contributed to the improvement of their morphological quality. 

 

Water soluble vitamins 

Vitamins of group B takes an active part as coenzymes in many enzymatic processes, its deficiency inhibits 

specific metabolic processes. Their deficiency reveals significant disorders of reproductive function, which is consistent 

with the well-known theory of the participation of enzymes in the process of reproduction (Vizner, 1976). All types of 

Vitamins of group B are essential for fetal growth and development, and their deficiency causes abortion (Lewis and 

Everson, 1952; Hurley and Doane, 1989).  

Hertz (1946) reported the effect of Vitamin B on endocrinological aspects of reproduction. Although Vitamin B 

deficiency can affect the reproductive capacity in animals, it is less potent than other vitamins. As the lack of other 

vitamins, B-avitaminosis or hypovitaminosis B in practice may be relevant only for pigs and domestic fowl since they 

are synthesized in the forestomach of ruminants. The uncontrolled use of antibiotics can lead to Vitamin B deficiency in 

ruminants. 

In severe cases, thiamine deficiency leads to impaired development of the embryonic epithelium and reduced 

fertility. In roosters, there is an inhibition of testicular development and degeneration, and in chickens, it leads to ovarian 

atrophy. In pigs, premature births, high infant mortality, and increased ugliness can be observed (Vizner, 1976). 

Dysfunction of reproduction due to lack of riboflavin is described mainly in pigs and domestic fowl. In sows, there 

may be a decrease in fertility as well as infertility due to the resorption of embryos or fetal death and the birth of low-

viability piglets. Skeletal anomalies in the fetus were also reported (shortening of various bones and fusion of ribs). In 

the hens, egg-laying was disturbed, incubation qualities of eggs was deteriorated especially in the second week of 

incubation (period of high embryonic activity), low-viability dwarf chickens hatched with widespread edema and 

characteristic down curl leading to a high mortality rate at an early age (Vizner, 1976).  

The mere violation of the synthesis of sterols and steroids due to the lack of pantothenic acid indicated its 

connection with the processes of reproduction. Young pigs with pantothenic acid deficiency are useless due to 

underdevelopment of the genitals or atrophy and inactivity of the ovaries. Adult females pigs are normally fertilized, but 

the fetuses often die. Infertility occurs due to the resorption of embryos, and later the loss of lactation. Piglets are born 

dead, underdeveloped, or poorly viable. In poultry, a decrease in the content of pantothenic acid in eggs due to its lack in 

the diet is associated with a decrease in hatchability. Chickens are unable to hatch from their own eggs and remain in the 

shell. Egg-laying is also disturbed (Vizner, 1976). 
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Sows that do not receive or receive little choline from feed, give birth to low-viability piglets, most of which have 

gonadal abnormalities and low live weight before weaning. Regarding breeding chickens and laying hens, reduced egg 

production, often the expulsion of some yolks and increased mortality of chickens were often observed (Vizner, 1976). 

Vitamin B12 deficiency is associated with adverse effects on mothers and newborns, including developmental 

abnormalities, miscarriages, preeclampsia, and low birth weight (Reznikoff-Etiévant et al., 2002; Finkelstein et al., 

2015). 

In the absence of cyanocobalamin, pigs and domestic fowl are particularly affected by reproductive disorders, in 

which their own synthesis of Vitamin B12 does not meet the requirements. At the same time, Vitamin B12 supplements 

can reduce embryonic mortality, and increase the vitality of newborn piglets. In domestic fowl with Vitamin B12 

deficiency, egg production was disturbed with a decrease in the incubation qualities of eggs, and there was a report of 

increased embryonic and post-embryonic mortality as well as a decrease in the ability to hatch (Luck et al., 1995). 

Hatched chickens had partial disorders in bone development. Instead, ruminants with sufficient intake of cobalt in the 

feed do not need Vitamin B12 supplements due to their ability to synthesize it in the required amount (Vizner, 1976).  

Vitamin C (ascorbic acid) is an active stimulant of metabolism, participates in blood clotting, stimulates the 

phagocytic activity of leukocytes, reticulocyte system, and the formation of antibodies, and increases the body’s defenses 

against infection (Hurley and Doane, 1989). Ascorbic acid is found in all tissues of the body, but in the pituitary gland, 

adrenal glands, and ovaries, it is much more than in the blood. This suggests that Vitamin C is required for the 

functioning of these incretory glands associated with animal reproduction. Ascorbic acid has long been associated with 

fertility, but any consistent study of the mechanism of its action on the reproductive organs has not been conducted 

(Briggs, 1973; Millar, 1992).  

Three main functions of ascorbic acid that may explain its reproductive effects are considered, namely its 

promotion of collagen synthesis, its role in hormone production, and its ability to protect cells from free radicals. It can 

be concluded that ascorbic acid is a key compound in the physiology of the gonads, which requires further research, and 

that a reassessment of its potential clinical significance in the treatment of various types of male and female infertility 

will be timely (Luck et al., 1995). It is believed low blood ascorbic acid can lead to some functional disorders in the 

genitals of cows, especially the ovaries. Although some researchers claim that Vitamin C supplements can increase the 

fertility of ruminants, there is no experimental evidence (Koshovyj, 2004). Other reports have indicated the effects of 

ascorbic acid on gonadotropic hormone activity (Di Ciо and Schteingart, 1942) and male fertility (Dawson et al., 1990). 

With a normal supply of Vitamin C to the body, a positive effect on the activity of gonadotropic hormones and male 

fertility is expected. In the case of insufficiency, these processes reduce their activity.  

Ascorbic acid is one of the vitamins of the so-called antioxidant complex, similar to Vitamins A and E. With such a 

combined vitamin deficiency, it disrupts not only sexual cycling but also the emerging dysbiotic processes in the 

biotopes of the reproductive tract, which are known to be predictors of inflammatory diseases of the internal genitals, and 

can threaten the loss of reproductive function (Golovanova and Strokova, 2011). In this regard, there are reports of 

beneficial effects of parenterally administered ascorbic acid in various forms of infertility in cattle. Thus, the introduction 

of this vitamin 1-2 times a week at a dosage of 1-2 g per 500 kg of live weight could increase the sexual activity of 

young bulls. In the pituitary gland, adrenal glands, as well as in the testicles and ovaries, Vitamin C is much more than in 

the circulating blood. The content of Vitamin C in semen clearly correlates with its quality. Its presence in the above 

endocrine glands leads to the conclusion that ascorbic acid is necessary for the normal functioning of the most important 

incretory organs associated with the reproductive system (Vizner, 1976).  

Although all vitamins affect reproduction, Vitamins A, D, and E usually play a dominant role. Thus, the use of 

vitamin supplements in the dry and postpartum periods of cows had a positive effect on their reproductive function and 

viability of obtained calves. Administration of Vitamin A, trivitamin, or tetravit oil for dry cows in the second half of the 

winter stall period significantly reduced the number of postpartum diseases, shortened the period of placenta separation, 

increased the fertility from the first insemination, contributed to the reduction of early embryonic mortality, reduced the 

service periods and the periods between calving, and reduced the percentage of the diseases in newborn calves (Manalili 

and Bernardo, 1996; Weiss, 1998). 

Research by Umahanov (2017) indicated the possibility of preventing early embryonic losses and improving the 

results of insemination of cows by injection of Vitamins A, D, and E in the first days after calving. Adding a complex of 

mentioned fat-soluble vitamins to the feed for 1.5-2 months before calving and one to two months after calving provided 

a reduction in the incidence of placental retention and the occurrence of postpartum genital diseases, accelerated the 

onset of hunting, increased the effectiveness of insemination of cows, reduced the period between calving, and sharply 

decreased the morbidity rate of calves.  

 

Minerals 

The influence of minerals (macro- and microelements) on metabolic processes can be judged from the 

consequences that arise from insufficient or excessive intake by animals. These effects are multifaceted and 
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characterized by varying degrees of intensity (Christian, 2003). Among them, it is necessary to allocate the disturbance 

of reproductive ability of animals, reduced viability of newborns, dysfunction of organs and systems and the occurrence 

of nutritional diseases, reduced animal productivity, insufficiently nutrient diets, and increased feed costs for product 

formation (Bohstedt, 1942; Malysheva, 2007).  

Animals are in need of minerals. In addition to sufficient intake, their certain ratio among themselves is also 

required. The value of individual inorganic substances for reproduction varies, but most of them are clearly defined. 

Usually the lack of not one, but several elements is registered (Vizner, 1976; Ramakrishnan et al., 1999; Christian, 

2003). 

About 70 chemical elements were found in the tissues and organs of animals. Minerals according to Koshovyj 

(2004), made 4-6% of the live weight of animals. Calcium and phosphorus are so closely associated with a metabolism, 

and have many common interactions that need to be considered in conjunction (Ruan et al., 2007). In addition, the 

symptoms of calcium deficiency are partially similar to the symptoms of phosphorus deficiency (Vizner, 1976). To date, 

there is no evidence that calcium and phosphorus imbalances have a significant effect on reproductive function, but at 

the same time, changes in the Ca/P ratio may affect ovarian function (Yasothai, 2014). 

If the reserves of calcium and phosphorus are scarce or already depleted, the activity of the gonads is disrupted, as 

the breast has an advantage in the order to supply minerals. This causes violations of the sexual cycle and fertilization, 

due to which the period between calving is prolonged, and the animal remains temporarily infertile. The period of rest of 

sexual functions is maintained until the lack of minerals is compensated, accordingly, the conditions for the 

physiological course of sexual functions for fertilization and subsequent formation of the zygote in the uterus will not be 

created. Another situation is observed until the end of lactation. When milk production decreases and the body’s mineral 

balance is restored by consuming foods with adequate calcium and phosphorus, the required amounts of these elements 

are used to, and thus, re-create the conditions for normal sexual activity (Vizner, 1976). 

The decrease in reproductive capacity observed in phosphorus deficiency should be considered as a consequence of 

general metabolic disorders, especially lack of energy, as acquired by the neuroendocrine system, the syndrome of 

adaptation to poor feeding conditions. Thus, phosphorus deficiency significantly reduces the body's resistance to 

infectious diseases, fatness, feed intake, and the ability to transform carotene into Vitamin A, which can cause infertility 

(Vizner, 1976). Calcium and phosphorus deficiency or their impaired ratio leads to anaphrodisia or defective sexual 

cycles and other reproductive disorders (Hurley and Doane, 1989; Seyfi et al., 2005; Ruginosu et al., 2011). Their 

connection with Vitamin D is especially important for reproductive processes (Vizner, 1976; Sun et al., 2015). 

Although none of the mineral elements has a strictly specific effect on the function of reproduction, phosphorus, 

based on its outstanding role in the intermediate metabolism, is still effective in the reproduction process. When 

comparing the mineral status of an animal with normal and reduced reproductive capacity, phosphorus deficiency is 

always found in the diets of the latter (Koshovyj, 2004). It has been reported that low phosphorus consumption caused a 

decrease in ovarian function, delayed puberty, and low fertility rates (Yasothai, 2014). 

During sexual hunting and heat in the midbrain, pituitary gland, and ovaries, the organs that control sexual function 

and phosphate metabolism increase (Hurley et al., 1982; Tallam et al., 2005). Sperm also has a lot of phosphorus-

containing proteins. The assumption of the existence of diseases associated with phosphorus deficiency is made. In 

particular, the connection between phosphorus deficiency and cattle disease, accompanied by ataxia, spastic paralysis, 

and severe reproductive disorders was noted by Vizner (1976). 

Vizner (1976) summarized the results and generalizes the negative impact of phosphorus deficiency in cows on the 

manifestations of their reproductive capacity after a general analysis of literature reports. Infertility caused by 

phosphorus deficiency can be eliminated by providing the body with this element – with food or by introducing 

phosphorus-containing drugs (Koshovyj, 2004). 

However, some other observations and research results have indicated that reducing the amount of feed by 30% 

leads to a sharp decline in reproductive capacity in the absence of a difference in the level of phosphorus (Vizner, 1976). 

Pregnant were those animals that later died from phosphorus deficiency or showed clinically pronounced bone changes. 

Prolonged keeping of animals on deficient diets for phosphorus has led to a marked inhibition of their development and 

growth, but the rhythm of sexual cycles has not changed. The study of the uterus and ovaries, conducted after the 

experiments, has not indicated an adverse effect of phosphorus deficiency on genital function. This indicates an indirect 

relationship between phosphorus levels and reproductive dysfunction. 

Calcium is essential in mammalian breeding conditions (Baczyk et al., 2011; Correia et al., 2015; Kornbluth and 

Fissore, 2015). First, it promotes critical processes of individual development, such as skeletal formation and 

mineralization, lungs, kidneys, and neural circuits (Leclerc et al., 2011; Riccardi et al., 2013; Kovacs, 2015). Similar to 

phosphorus, this mineral is most often associated with reduced fertility in highly productive dairy cows. Calcium 

violation (deficiency) is usually common during childbirth or for several days after it. Negative calcium balance in the 

first third of lactation often occurs due to the use of its reserve during pregnancy. This can cause a sharp decrease in 

serum calcium, which will create conditions for postpartum paresis (Yasothai, 2014). Catt et al. (1985) found that the 
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processes of activation of gonadotropin secretion receptors strongly depend on the level of calcium supply. The 

connection between the level of calcium metabolism and reproduction in poultry was revealed (Simkiss, 1961; Luck and 

Scanes, 1979). Vizner (1976) concluded that some forms of infertility in cows can be eliminated by introducing carbon 

dioxide into the diet of animals, and by injecting calcium gluconate. 

The biological role of magnesium is multifaceted, as it is an essential element of many biochemical processes. 

Magnesium plays an important role as an enzyme activator, and usually has no direct effect on the reproductive status of 

animals (Linlin et al., 2013). However, its deficiency is associated with some gynecological pathologies and often leads 

to serious complications of pregnancy (Gromova et al., 2008). Sufficient provision of the mother's body with this 

important element creates the basis for full fetal development and the birth of healthy offspring. The need of a pregnant 

females’ organism for magnesium often exceeds its supply, and this fact allows researchers to consider the pregnancy as 

a physiological model of hypomagnesemia. Therefore, magnesium deficiency during pregnancy can cause adverse 

effects on both mother and fetus, impaired embryo implantation, placental pathology, threatened abortion, premature 

birth, and weakness of labor were taken into consideration (Dadak, 2013; Rosner et al., 2016). 

Jeong et al. (2018) found a positive relationship among serum magnesium concentration, peri and postpartum 

disorders, and reproductive performance in dairy cows. There are increasingly recent data on the regulatory role of 

magnesium on hormonal, namely on the reproductive function of the body (Strizhakov et al., 2009). Thus, Chandra et al. 

(2013) described the apparent beneficial effects of magnesium on the male gonadal system, including testicular 

histology, steroidogenesis, and spermatogenesis. Maggio et al. (2011) found a significant direct relationship between 

magnesium levels and serum testosterone levels. However, information about the mechanism of this dependence in the 

scientific literature is not enough. In the body, magnesium remains antagonistic to calcium, and any disturbances in the 

homeostasis of calcium-phosphorus-magnesium may have some effect on the reproduction (Yasothai, 2014).  

Potassium plays an important role in the excitation of nerve and muscle tissue and is involved in carbohydrate 

metabolism. It maintains normal osmotic pressure and is of great importance in the processes of water metabolism. In 

addition, potassium specifically affects the activity of many enzymes (Koshovyj, 2004). Potassium iodide has a positive 

effect on the functional activity of the reproductive system. Potassium iodide preparations have a protective effect for the 

prevention of pathologies of pregnancy and the treatment of breast diseases (Pan'kiv, 2016). 

Pavlova et al. (2014) established the undoubted positive effect of potassium humate on the reproductive system and 

determined that even exposure to it generally leads to positive biological consequences. This was manifested in males in 

an increase in the mass ratio of testes; reduction of pathological forms of sperm, and in females - in the reduction of 

atretic ovarian bodies, and an increase in the number of mature follicles. Karow et al. (1992) noted the positive effect of 

adding K
+
 to media for sperm survival. Brainard et al. (2007) indicated the role of potassium ion channels in the 

regulation of myometrial tone during pregnancy. In particular, during gestation, potassium channels support the uterus at 

rest, promoting membrane resting potential and counteracting contractile stimuli. 

Concerning the effect of potassium on reproductive function, Vizner (1976) reported that during heat or after 

estrogen administration to spayed animals, the potassium content in the endometrium increases, and the sodium 

concentration decreases. The introduction of progesterone causes the opposite effect meaning that a decrease in 

potassium levels and an increase in sodium content were noted. Although no direct effect has been identified, it should 

be assumed that these sex-related changes affect animal reproduction. 

Sodium is needed to build new body tissues and plays an important role in water metabolism. An important 

function of sodium in the body is to maintain normal osmotic pressure in body fluids. This element is the main cation 

that determines the amount of reserve alkalinity of blood plasma and acid-base state of the body (Koshovyj, 2004). 

Sodium deficiency can cause placental retention in cows and sexual rhythm disorders (Vizner, 1976). Beljaev et al. 

(2007) showed that the use of sodium selenite helps to improve the reproductive functions of sows. The results of the 

research by Posohova (2004) indicated a beneficial effect of sodium humate on the condition of animals, particularly in 

pregnant individuals, which is manifested in the improvement of their reproductive function, the development of more 

complete offspring. 

The sodium humate has a positive effect on the reproductive function of cows in the postpartum period, in 

particular, its use can reduce the level of prenatal and postpartum complications, facilitate the course of labor, and 

increase the safety of offspring (Ushkalov, 2001; Bezuglova and Zinchenko, 2016). An important role in metabolism 

belongs to micronutrients, the deficiency of which differently affects the function of individual organs, including the 

genital organs (Smith and Akinbamijo, 2000; Ballantine et al., 2002; Ojha, et al., 2018). In biogeochemical provinces 

where soil, water, and feed are poor in iodine, manganese, copper, zinc, cobalt, and selenium, animal infertility is often 

observed (Corah and Ives, 1991; Ermakov et al., 2012). 

Iodine is actively involved in the functions of all female genitals. The process of reproduction is significant 

metabolic stress in the genital organs, which can lead to acute iodine deficiency (Abdul-Fadle and Ayoub, 1970; 

Koshovyj, 2004). Iodine affects the synthesis of thyroid hormones, the activity of which during estrus is higher than in 

other phenomena of the sexual cycle (Yasothai, 2014). Therefore, signs of iodine deficiency are delayed puberty, 
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suppressed or irregular estrus (Puls, 1994). Iodine is also important for fetal development (Yasothai, 2014). Infertility, 

abortion, placental delay, stillbirth, or low viability have been reported in animals with iodine deficiency (Keen and 

Hurley, 1989). However, by adding iodine to the diet, these pathological processes can be eliminated relatively quickly 

(Vizner, 1976; Koshovyj, 2004). 

Cobalt is a trace element that the body needs in such small quantities, but its functional impact is significant. The 

physiological role of cobalt is diverse, and infertility due to hypocobaltosis is likely to occur as a secondary consequence 

of impaired overall metabolism (Yasothai, 2014). Hypocobaltosis disrupts the synthesis of nucleic acids, muscle 

proteins, the activity of hydrolytic enzymes which causes delayed puberty, reduced fertility, abortion, hypofunction and 

subinvolution of the uterus, retention of placenta, and the birth of animals with reduced vital activity (Puls, 1988; Hurley 

and Doane, 1989). 

Copper is also considered an important mineral for reproduction (Yasothai, 2014). It is involved in several enzyme 

structures, and is an integral component of redox processes and carbohydrate metabolism, the level of which affects the 

reproductive function and activity of sex hormones (Hurley and Doane, 1989). The activity of some endocrine glands is 

associated with the presence of copper, in particular, the formation of hormones in the pituitary gland that stimulate the 

function of the gonads (Koshovyj, 2004). Copper deficiency is manifested mainly in reproductive disorders of females, 

particularly in the embryonic and neonatal periods of development. Reviewing the works of numerous authors has 

indicated that copper deficiency in cows has a negative effect on reproductive function, such as defective sexual cycles, 

arrhythmia, reduced fertility, embryo resorption, delayed placenta, the birth of calves with low vital activity (Vizner, 

1976; O’Dell, 1990). Furthermore, the addition of copper improves sperm quality (Puls, 1988; Yasothai, 2014). 

Manganese is a part of many enzymes promoting the action of various vitamins. Manganese is necessary for the 

development and functioning of the reproductive system of animals since it accumulates in large quantities in the adrenal 

glands, ovaries, and uterus, especially during pregnancy (Vizner, 1976). Manganese deficiency inhibits the puberty of 

animals, the growth, development, and maturation of follicles in females, as well as irregular sexual cycles or prolonged 

periods of anestrus and abortion (Brown and Casillas, 1986; Corah, 1996; Yasothai, 2014). 

Manganese deficiency was observed mainly in ruminants, birds, and less often in pigs. In ruminants, they are 

characterized by low fertility, abortion, and other disorders of reproductive function. With manganese deficiency in the 

body, there is a slowdown in sexual development in females, and the birth of calves with various abnormalities 

(Koshovyj, 2004). Manganese is important in the synthesis of cholesterol (Keen and Zidenberg-Cheer, 1990), which in 

turn is required for the synthesis of steroids such as progesterone, estrogen, and testosterone. Decreased concentrations 

of these steroids in the circulation due to manganese deficiency can lead to related reproductive pathology (Yasothai, 

2014). Summarizing the above, it can be maintained that manganese plays a significant role in the body and that the 

deficiency of this element in the diet leads to significant violations of all parameters of reproduction (Plumlee et al., 

1956; Hurley and Doane, 1989). Molybdenum belongs only to the micronutrients that are conditionally necessary for 

animals (Wirth and Mijal, 2010). Zhai et al. (2013) found a positive effect of molybdenum on human sperm quality, 

Zhang et al. (2013) reported the good quality of oocytes, and Bi et al. (2013) revealed findings about the impact of 

molybdenum on the development of preimplantation embryos. Reproductive disorders due to molybdenum deficiency 

are described, in males as decreased libido, impaired spermatogenesis, and sterility, and there were reports of delayed 

puberty, reduced fertility, and anestrus in females (Yasothai, 2014). However, molybdenum deficiency is a rare 

phenomenon, and its excess with toxic effects is more often registered (Corah and Ives, 1991). 

Selenium is involved in aerobic oxidation by regulating the rate of redox reactions and is considered an essential 

biologically active microelement. It is effective in treating many diseases and infertility in animals (Mehdi and Dufrasne, 

2016). In addition, it regulates the absorption and consumption of Vitamins A, C, K, and, especially Vitamin E, in the 

body, enhancing their effect. In terms of its effect on the body, this microelement is similar in its effect on Vitamin E. It 

is believed that the mechanism of action of Vitamin E and selenium on the fertility and reproductive health of animals is 

based on the detection of antioxidant properties of these compounds. By protecting cells from reactive oxygen species, 

Vitamin E and selenium prevent damage to sperm, ovicells, and embryos, and are involved in supporting the immune 

function of animals (Hurley and Doane, 1989; Gabryszuk and Klewiec, 2002; Albanes et al., 2014).  

The safety margin (difference between a normal requirement and toxic dose) for selenium is so narrow that its 

deficiency in farm animals is quite rare than its toxicity, but causes weak, latent, or irregular estrus, early embryonic 

mortality, birth of weak offspring, and abortions in females, inhibition of spermatogenesis and deterioration of sperm 

quality in males (Hurley and Doane, 1989; Yasothai, 2014; Ojha et al., 2018). Selenium deficiency in diets leads to 

resorption of embryos, delayed placenta, infertility, and mastitis. There is evidence indicating that selenium deficiency 

increases the frequency of abortions (Hedstrom et al., 1986). The use of selenium drugs reliably prevents these 

pathological processes (Giadinis et al., 2016; Khalili et al., 2020). 

Among the essential microelements, a special place is occupied by zinc, which is present in all cells of the body, 

and participates in various metabolic processes in the active centers of more than 200 enzymes (Prasad, 2003; Beleckaja 

and Onul, 2014). Zinc is necessary for the body for the respiratory process, activating the function of many enzymes, 
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affecting the metabolism and activity of sex and gonadotropic hormones of the pituitary gland, and playing an important 

role in optimizing fertilization and reproduction of animals (Koshovyj, 2004). Zinc is known to be important in puberty 

(development of secondary sexual characteristics), reproductive capacity in males (gonadal cell development and sperm 

quality), and all reproductive events (heat, pregnancy, and lactation) in females (Maas, 1987). In addition, zinc plays a 

crucial role in the restoration and maintenance of the uterine mucosa after childbirth and the early period of return to 

normal reproductive function and estrus (Greene et al., 1998; Yasothai, 2014). A large number of studies have described 

the effect of zinc deficiency in males, in particular, its importance for normal spermatogenesis and steroidogenesis (Keen 

and Hurley, 1989). Zinc is also involved in the gestational health of the newborn and mother, and its deficiency is a 

factor in the increased risk of placental abruption, premature rupture of membranes, premature birth, and weakness of 

labor (Jameson, 1993; Scholl et al., 1993; Christian, 2003). In addition, its insufficiency leads to suppression of gonadal 

function and estrogenic activity. This condition in animals causes a decrease in reproductive activity although it has been 

reported infrequently (Jameson, 1976; Keen and Hurley, 1989). 

The value of cadmium for reproduction should be sought primarily in its antagonistic action on zinc. An even 

stronger antagonism is attributed to cadmium relative to copper, a deficiency of which is noted for cadmium overdose 

(Vishnjakov and Lebedev, 2011; Zhegalova et al., 2018). However, as theory and practice show, cadmium toxicosis of 

alimentary origin in animals is unlikely (Vizner, 1976). In addition, there is a piece of evidence to negate the negative 

effects of cadmium on reproductive function (Lafuente et al., 2002). Moreover, the results of research by Thomas (1993) 

suggested that cadmium can have a direct effect on the level of the pituitary gland by altering gonadotropins. The data of 

Lafuente et al. (2003) declared that cadmium differently affects the secretory mechanisms of the studied pituitary 

hormones depending on the dose. Keck et al. (1995) found no significant correlation between sperm cadmium 

concentration and normal sperm parameters or between cadmium concentration and fertility status. 

Iron deficiency anemia is a well-known risk factor for pregnancy complications, such as intrauterine growth 

retardation and fetal development, preterm birth, low birth weight, postpartum hemorrhage, maternal and infant mortality 

(Baker, 2000; Georgieff, 2020). In the first months of life, the main source of iron for a neonatal animal is the iron 

transferred via the utero of the mother to the fetus, so a pregnant female must receive a sufficient amount of this 

microelement (Cetin et al., 2010; Berger et al., 2011; Caserta et al., 2013). Data from Murray-Kolb and Beard (2009) 

suggested that iron deficiency in the mother adversely affects the mother-child interaction, and iron supplementation 

protects them against these adverse effects. 

Saliy et al. (2013) noted the importance of iron deficiency in the formation of reproductive disorders in 

hypothalamic dysfunction of puberty, the extreme expression of which is the hypothalamic syndrome of puberty, leading 

to infertility and miscarriage in the reproductive age. Saliy et al. (2013) noted that this nature of the changes may have 

clinical and diagnostic value in assessing the severity of the reproductive dysfunction in this pathology. Siemons and 

Mahler (1987) reported the role of iron deficiency in the development of hypogonadotropic hypogonadism, manifested 

by a lack of libido and aspermia. The use of iron supplements helped to restore reproductive function. 

Chromium is one of the "young" microelements, as its functions in the animal body are still not fully disclosed, but 

the undeniable importance of this element for health has been proved (Kisljakova and Lomaeva, 2017). Chromium is a 

vital microelement that is a constant component of cells of all organs and tissues, one of the functions of which is to 

participate in the regulation of fat synthesis and carbohydrate metabolism. Increased costs are observed during 

pregnancy, and one of the main manifestations of its deficit is a violation of the reproductive function in males (Reutina, 

2009). In particular, Anderson and Polansky (1981) reported that male chromium-deficient rats had reduced sperm and 

sperm cell counts and reduced fertility. 

Chromium has a significant effect on follicle maturation and the release of luteinizing hormone (Sheela and Ajay, 

2004). In addition, chromium enhances the effects of insulin by increasing the absorption of glucose and amino acids 

through the body’s cells, and thereby, improving energy balance, which leads to improved reproductive function 

(Stoecker, 1990). It is confirmed that the addition of chromium propionate to the basic diet of cows can improve the 

reproductive functions of animals, in particular, to reduce the percentage of abnormal births, cases of the delayed 

placenta, and the duration of the service period (Kisljakova and Lomaeva, 2017).  

The data obtained by Serjakov and Judina (2014) indicated that the introduction of sows into the diet could increase 

fertility, litter weight at birth, average live weight of piglets at birth, milk yield, weight of piglets, and litter during 

weaning and storage of piglets during suckling. 

 

CONCLUSION  

 

Thus, vitamins, micro-, and macroelements are alimentary-deficient factors of disturbance of reproductive function of 

animals, the influence of which is observed in all reproduction processes, from fertilization to the postpartum period and 

the preservation of young animals. The pathogenesis of their insufficiency is associated with a violation of 

steroidogenesis, gametogenesis, and embryogenesis and the emergence of ante, intra, neo, and postnatal pathologies. 
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Therefore, treatment and prevention measures should be aimed at providing animals with biologically complete balanced 

feeding and replenishment of the body with vitamins and minerals. However, all these issues remained incompletely 

studied and further research of their impact on the manifestation of animal reproductive functions are needed.  
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