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Abstract

Nutrient deficiencies cause a variety of problems in animals, including reduced reproductive performance. Macronutrients are the

most important nutrients for dairy cattle reproduction, and they should be given top priority. Micronutrients are required for proper

cellular metabolism, growth, and maintenance, as well as animal fertility and health. For a variety of metabolic activities, including

reproduction and growth, adequate nutritional supplementation and absorption are essential.
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Abbreviations

DMI: Dry Matter Intake; NEB: Negative Energy Balance; IGF: In-
sulin-Like Growth Factor; NEFA: Non-Esterified Fatty Acid; BCS:
Body Condition Score; M]: Mega Joule; ME: Metabolizable Energy;
PHGPx: Phospholipid Hydroperoxide Glutathione Peroxidase; FSH:
Follicle Stimulating Hormone; LH: Luteinising Hormone; PBI: Pro-
tein Bound Iodine; DNA: Deoxyribonucleic Acid; DM: Dry Matter;
BW: Body Weight

Introduction

Nutrition and reproduction are two of the most important as-
pects of profitable dairy production, and nutrition has a key impact
on reproductive performance in dairy animals. Due to diet, man-
agement, and expression and detection of estrus, genetic improve-
ment in dairy cows has resulted in a major increase in milk supply,
which has been linked to a drop in reproductive performance [1-
3]. Increasing dry matter intake (DMI), manipulating carbohydrate
fractions, maintaining adequate effective fiber, feeding supple-

mental fats, avoiding excessive or inappropriate protein, optimiz-

ing mineral and vitamin levels, and minimizing the risk of known
toxins are all examples of nutritional management efforts to reduce
the impact on reproduction. Imbalanced nutrition causes delayed
puberty, the post-partum interval to conception to be longer, nor-
mal ovarian cyclicity to be disrupted and infertility. Low reproduc-
tive performance due to nutritional inadequacies caused by high
output and inadequate feeding. Nutritional measures to maintain
a healthy immune system may have reproductive benefits and en-

hances fertility.

Major nutrients for reproductive performance are Water, Car-

bohydrate, Fat and Fatty Acids, Proteins, Vitamins, and Minerals.

Water

Water is universal nutrients because in the universe each and
every live species require water for their various metabolic activity.
As concern to reproduction, water is a fluid part and is present in
the form of amniotic and allantoic fluid in the amniotic and allan-

toic cavity respectively. In early pregnancy, amniotic and allantoic
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fluid and goes on increase as pregnancy goes advances. Nutrients
are gain from the mother through the placenta that diffuse in amni-
otic and allantoic fluid and get nutrients to the developing fetus and
sometimes the fetus just swallows the fetal fluid for obtaining the
nutrients [4]. The requirement of water to dairy animals is about
3-5 lit/DMI or 38-120 lit/day/head.

Carbohydrate

Carbohydrate is the primary source of energy for animals ob-
tained through feed, and because the carbohydrate component is
larger than other nutrients, it gives energy to animals. Positive and

negative energy balance exists in the body.

Positive energy balance

Excessive energy consumption during late lactation and dry
seasons can result in “fat cow” issues. When cows calve, they are
more likely to have a retained placenta, uterine infections, cystic

ovaries, low fertility, and protracted calving periods.

Negative energy balance and body condition score

Animals’ feed intake drops a few weeks before parturition due
to stress, and it stays low until the fourth week after parturition,
but their energy requirements rise to maintain body condition
and milk production after parturition. When animals are unable to
obtain sufficient energy from rations, they begin to mobilize body
fat reserves to meet their energy demands [5] and enter a state of
NEB. NEB cows exhibit lower plasma glucose, insulin, insulin-like
growth factor I (IGF I), lower plasma progesterone, and diminished
ovarian function [6]. Losses in body condition during the early
postpartum period amplify the incidences of postpartum anovula-

tion and anestrous, as well as diminished fertility [7].

Dairy cows are exposed to a high concentration of non-esteri-
fied fatty acids, or NEFA, during the NEB period. These fatty acids
are delivered to numerous organs, most notably the liver, where
they are oxidized for energy or converted to ketone bodies before
being re-esterified to triacylglycerols. If the liver is unable to expel
triacylglycerols - a very low-density lipoprotein - into the blood,
triacylglycerols can build up in the liver, resulting in fatty liver.
Periparturient cows are more prone to metabolic problems, infec-
tions, and infertility as a result of the NEB and its repercussions.
Postpartum ovarian function is harmed by high NEFA blood lev-
els. Ketosis retained the placenta, and changes in blood metabolite
and hormone profiles have all been associated with NEFA [8]. Body
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Condition Score (BCS) can be used to assess the nutritional quality
of dairy animals, and BCS is closely connected to reproductive effi-
ciency [9]. The BCS of dairy cattle is totally affected by balanced nu-
trition and nutritional availability [10], however genuine anestrus
and aberrant ovarian cyclicity in buffaloes are inversely connected
with the BCS [11]. Postpartum anestrus is caused by poor BCS dur-

ing the early stages of lactation.

Energy requirements to support follicle growth, ovulation, and
early pregnancy are extremely low as 3 M] of ME per day and re-
quirements for maintenance and production are about 60-250 M]

ME per day in a lactating dairy cow.

Fat and fatty acids

The substrates for reproductive hormone production are fatty
acids and cholesterol. Increasing the amount of fat in your diet
may raise your reproductive hormone levels (progesterone, pros-
taglandins). Because the secretion of hormones is dependent on an
animal’s energy state, ruminant reproduction is tightly linked to
its availability of energy [12]. Fatty acids are a vital source of en-
ergy, which is why a sufficient amount of fatty acids (2-3 percent)
could help dairy animals reproduce better. Supplemental fat has
been linked to increased dominant follicle diameter, enhanced oo-
cyte and embryo quality, and improved fertility in dairy cows [13].
Progesterone concentrations and prostaglandin production were
higher in supplemented animals [14]. Rumen function is harmed
when dietary fat levels are exceeded. Polyunsaturated fatty acids

may help improve fertility through a variety of mechanisms.

Fatty acids, which are found in both sperm and seminal plasma,
are engaged in a variety of activities that lead to fertilization, in-
cluding sperm energy metabolism [15]. Bulls’ sperm fatty acid pro-
file and sperm quality have been demonstrated to be affected by
PUFA supplementation [16]. Because sperm’s plasma membrane
is rich in polyunsaturated fatty acids (PUFA), particularly the long-
chain PUFA docosahexaenoic acid and docosapentaenoic acid, lipid

peroxidation is quite sensitive to it [17].

Protein

In the majority of rations, protein is the second most important
nutrient. Because a high or low level of protein in the diet lowers
reproductive function in dairy animals, the effect of dietary pro-
tein on reproduction is a complex process. A high urea level can

harm reproduction in a variety of ways. Cows fed excessive pro-
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tein (more than 10-15% above needs) required more services each
conception and calved more frequently [18]. Excessive RDP feed-
ing during the post-parturient phase may aggravate the negative
energy balance and prolong the cyclicity resumption. While some
nutritionists prefer to feed a lot of protein during the post-partum
period to provide more amino acid precursors for gluconeogenesis
and tissue repair, others prefer to feed a lot of protein during the
post-partum period. The maturation of oocytes and subsequent
fertilization or maturation of developing embryos may be ham-
pered if they are exposed to a high level of urea. In dry cows or
heifers, however, providing enough energy for the excretion of ex-
cess urea may avoid fertility loss. Certain amino acids, such as me-
thionine, cysteine, and histidine, appear to play important roles in
improving the structural integrity of the hoof wall and may reduce
the risk of lameness, thereby improving estrus expression, energy

balance, and, presumably, overall reproductive efficiency.

Increased blood urea nitrogen concentrations are usually linked
to infertility [19] which affect oviductal, uterine, and vaginal fluids;
altered amounts of magnesium, potassium, phosphorus, or zinc
in uterine secretions; or maybe changes in uterine pH and cause
the loss in fertility [20]. High blood urea levels can be harmful to
sperm, ovarian follicle development, and embryo development also
hormone imbalance. When the blood contains a lot of urea, proges-
terone levels are low. High protein levels in the early lactating cow
may exacerbate the negative energy balance and delay the return of

normal ovarian function.

If the whole cottonseed is included gossypol at 15% of the diet
dry matter, seminiferous tubule damage and mid-piece abnormali-
ties in sperm have been observed in bulls following the consump-
tion of 8 g/day of free gossypol [21-23], resulting in poor sperm
motility, morphology, and depressed fertility. Feeding protein and
urea, such that early lactating cows have a diet containing 16%
protein and late lactating cows have a diet containing 12% protein,

should optimize the fertility of the cows.

Vitamins
Vitamin A

Vitamin A is needed to keep reproductive tract tissue healthy.
Its metabolites have an impact on ovarian follicular development,
uterine microenvironment, and oocyte maturation [24]. Delay

in sexual maturity, miscarriage, the birth of dead or weak calves,
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retained placenta, and metritis have all been documented in defi-
cient cattle. Diets lacking in 3-carotene cause uterine involution to
be delayed, initial estrus after calving to be delayed, ovulation to be

delayed, and cystic ovaries to be more common.

In the male, vitamin A insufficiency is linked to the degradation
of the testicular germinal epithelium, which leads to spermatogen-
esis decrease or stoppage [25]. Bulls fed low-vitamin A diets had
delayed puberty, decreased libido, and slowed spermatogenesis
[26]. Supplementation before and after calving has been shown to
improve conception rates. For dairy cows, daily supplementation
0f 30,000-50,000 units is advised.

Vitamin D

Normal calcium and phosphorus metabolism necessitate vita-
min D. Defects, on the other hand, are uncommon in commercial
herds. When cows are exposed, they may not display signs of heat.
Anoestrus, metritis, and retained placenta in dairy cows, and impo-
tentia coeundi (normal or slightly diminished libido but unable to
copulate due to a malfunction in the locomotory system) in bulls,
are all symptoms of vitamin D deficiency. Supplemental vitamin
D is present in most commercial concentrates in proportions ad-

equate to meet the cow’s daily requirement of 10,000 IU [27].

Vitamin E

Vitamin E is an antioxidant that works within cells. Several pro-
cesses related to the synthesis of steroids, prostaglandins, sperm
motility, and embryo development are disrupted in vitamin E and
selenium insufficiency. Negative effects of vitamin E and selenium
deficiency in reproductive events, such as ovulation rate, uterine
motility, sperm motility, and transport, conception rate and post-
partum activities, fetal membrane expulsion embryo survival, and

postnatal growth, are not surprising [28].

Vitamin B- complex

B,, deficiency causes a decrease in appetite and feed intake,
which leads to delayed sexual maturity and atrophy of the ovaries
and uterus in cows. The likelihood of a deficit is reduced because
cows manufacture this vitamin in their rumen. Cobalt is required
for the production of vitamin B,,. Biotin supplementation is re-
quired in the event of biotin insufficiency. A daily dose of 200 mg

lowers the number of days it takes to conceive [29].
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Vitamin C

In roughly 60% of cows that had problems maintaining preg-
nancy, ascorbic acid medication helped. It was assumed that the
high quantity in the blood during oestrus stimulated the produc-
tion of ascorbic acid-rich CL after ovulation [30]. In the treatment
of sterility in growing bulls or heavily used bulls with a reduction in
their ability to impregnate cows, ascorbic acid therapy was found
to be effective. Ascorbic acid appears to play a role in virile sperm
production. Vitamin C supplementation of 20-40 g/day or 54 mg/
kg BW/day.

Minerals
Macro minerals

e Calcium: The role of Calcium in reproduction is to aid
in parturition, muscular contractibility, uterine muscle
tone maintenance, and uterine involution. Low blood cal-
cium levels cause involution to be delayed, as well as an
increased risk of retained placenta, dystocia, and uterine
prolapse [31]. Increased calcium concentration can also
reduce cow conception rates by generating a secondary
deficit of P, Mg, Zn, Cu, and other trace elements in the
intestine, preventing their absorption [32,33]. Ca plays a
role in sperm motility and viability, as well as antioxidant
status by protecting sperm cells from oxidative damage,
depending on the stage of sperm maturation [34,35]. On
a dry matter basis, the calcium-to-protein ratio for dairy
cows should be 0.75 to 0.80 percent [27].

e Phosphorus: Phosphorus is found in ATP, which is the
primary energy source for most metabolic processes.
Phosphorus shortage is usually linked to reproductive
insufficiency, which results in decreased ovarian activ-
ity, irregular or anestrous periods, and lower conception
rates. On a dry matter basis, the ratio should contain a
minimum of 0.45-0.50 percent phosphorus [27].

Trace minerals

e Copper (Cu): Cu and Zn are linked to reproductive hor-
mones in a substantial way (progesterone and estradiol).
Even if estrus is normal, reproductive difficulties caused
by copper deficiency present themselves in a decreased
conception rate. Early embryonic mortality, resorption of
the embryo, increased retained placentas, and placenta
necrosis are all symptoms of copper deficiency. There

have been reports of weak and silent heaters. Copper de-
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ficiency in males causes decreased libido, poorer quality
sperm, and severe destruction to testicular tissue, which
can make the bull sterile [36,37]. Copper supplementa-
tion is required for quality semen generation in dairy
calves at a level of 10 ppm whereas a level of 100 ppm is

harmful to dairy cows [38].

Selenium (Se): Selenium is required for proper sper-
matogenesis. PHGPx appears to play a role in proper
sperm motility as a structural protein. Retained placenta,
abortion, stillbirth, abnormal estrous cycle, early embry-
onic mortality, cystic ovaries, and metritis are all repro-
ductive problems in cattle that can be minimized by sele-
nium supplementation [39]. The testes have a high level
of selenium, which is necessary for testicular function. In
selenium-deficient animals, low sperm production and
poor sperm quality, including reduced motility and fla-
gella abnormalities predominantly in the mid-piece, has
been a constant finding. Se supplementation has been
shown to help cattle retain sperm motility. For ruminants,
the diet should contain 0.1 ppm selenium on a dry matter
basis [40].

Zinc: Zinc has a significant role in the repair and main-
tenance of uterine lining following parturition and early
return of post-partum estrus [41]. In animals, zinc is re-
quired for the production of testosterone and gonado-
trophin-releasing hormone. It stimulates Leydig cells of
the testis to produce testosterone. Zn deficiencies have
been associated with abortion, fetal mummification, low-
er birth weight. Delayed puberty and lower conception
rates, failure of implantation is also found [36]. In males,
Zn deficiency causes have lower concentrations of FSH
and LH chiefly in males [42] and cause atrophy of semi-
niferous tubule and inefficient testicular development in
young ones, leading to reduced testicular size, lack of libi-
do, and can adversely affect spermatogenesis [43,44]. For
all classes of beef cattle, including bulls, the Zn require-
ment in the diet is 40 ppm [45], and the toxic Zn dietary
concentration is 500 ppm.

Iodine: lodine has an effect on reproduction because of
its effects on the thyroid gland. lodine deficiency impairs
fertility and raises the rate of abortion [46], retained pla-
centa, and postpartum uterine infections [47]. Thyroid
dysfunction lowers the rate of conception and ovarian

activity. Puberty delay, fertilization failure, libido decline,
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and semen quality deterioration in bulls (Kumar, 2003).
Higher PBI, the number of services required, and the time
delay between first breeding and conception were all
linked to improved reproductive performance [48]. The
dietary requirement of iodine is 0.25 ppm [45]. Its maxi-

mum toxicity level is 50 ppm.

e  Cobalt: Vitamin B, is essential for the conversion of
propionate to glucose as well as the metabolism of folic
acid. The production of thymine, which is essential for
DNA synthesis, requires cobalt. As a result, cobalt plays
a crucial role in cell division and has a significant impact
on animal growth and reproduction. Reduced fertility
and poor conditioning of the developing fetus, extended
uterine involution, irregular estrous cycle, reduced con-
ception rates, and early calf mortality are all symptoms
of cobalt deficiency in dairy cows [38,44]. Dietary cobalt
requirement for lactating cow 0.11 ppm [40], while toxic
dietary concentration for all cattle classes, including bulls
is 10 mg/kg of DM.

e Manganese: Manganese is important for reproduction
and is essential for cholesterol synthesis [49]. Choles-
terol synthesis is required for the synthesis of the steroid
hormones estrogen, progesterone, and testosterone. It
protects bull sperm from lipid peroxidation and oxida-
tive stress, as well as facilitating capacitation and the
acrosome response after ejaculation of semen, which is
crucial for sperm fertilization with the oocyte. Infertility,
fetal development retardation, cystic ovaries, poor fol-
licular growth, delayed ovulation, increased embryonic
mortality, and reduced conception rates are all symptoms
of manganese deficiency [36,50,51]. Manganese supple-
mentation in dairy animals’ feed promotes early postpar-
tum estrous and a higher conception rate. In males, Mn
deficiency causes a lack of libido, decreased spermatozoa
motility, and an aberrant or reduced amount of sperms in
the ejaculate [44]. Dietary Mn supplementation is 40 mg/
kg DMI, with a hazardous dose in the feed of 1000 mg/kg

DMI for all cattle classes.

e  Chromium: Chromium is required for the secretion of
pregnancy-specific proteins by the uterine endometrium,
which aids in the prevention of early embryonic mortal-
ity. Follicular maturation and LH release are both influ-

enced by chromium. It may cause a drop in sperm count
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and fertility, as well as affect embryonic growth and de-
velopment [52].

e Iron: Iron is present in cells and tissues in the male re-
productive system, within Sertoli and Leydig cells are im-
portant reservoirs of ferritin. The molecule acts as a read-
ily available source of Fe for the developing spermatozoa
while providing an extra layer of protection to the testicu-
lar tissue [53]. Fe plays an important role in the synthesis
of nucleic acids and proteins, electron transport, cellular
respiration, proliferation, and differentiation [54| which
are ultimately lead to spermatogenesis and spermatozoa
metabolism [53]. Iron deficient animals may be anae-
mic, which becomes repeat breeders and requires an in-
creased number of inseminations per conception and oc-
casionally may abort. The dietary requirement of iron is

50 ppm and its dietary toxic concentration is 1000 ppm.

e Molybdenum: In males, molybdenum deficiency causes
decreased libido, spermatogenesis, and sterility; in fe-
males, it causes delayed puberty, reduced conception
rate, and anestrus [44]. The deficiency of molybdenum is
rare because of widely distributed in feeds. The dietary
requirement of molybdenum is 10 ppm and cattle and

sheep are least tolerant to molybdenum toxicity.

Conclusion

Nutrition is directly related to reproduction in the dairy cow.
Energetic status modulates the secretion of hormones plays key
roles in the growth of ovarian follicles, ovulation, corpus luteum
formation, and oocyte competence. FA improves reproductive
function and fertility. Excess protein reduced reproductive perfor-
mance through disturbing reproductive hormones in dairy cows.
Vitamins improve pregnancy rates. Mineral provides an important
role in the fertility of animals to avoid the chances of reproductive
failure and other reproductive disorders. Nutrients are either defi-
cient or in excess or capable of altering reproduction, hence there
is aneed to provide a feeding program for dairy animals that is bal-

anced for all nutrients and meets all known nutrient requirements.
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