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ABSTRACT

Nutrition plays a major role on enhancing reproduetefficiency in all animals. Energy and proteire the major
nutrients required in the greatest amounts and &hbe in the topmost priority in order to optimimproduction in

dairy cattle. Minerals and vitamins also cannotrisglected and must be balanced in the diet. Irother hand, the
nutrient should not be over-fed as this may alspaiins the reproduction. This article generally feed on the
effect of various nutrients on reproductive efficig of dairy cattle. Furthermore, article also debes the negative
effects of nutrition when they are over fed.
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INTRODUCTION

The relationship between nutrition and reproduct®ra topic of increasing importance and conceroragrdairy
producers, veterinarians, feed dealers and extemgiokers. The interaction between nutrition arteduction has
long been known to have important implications thee reproductive performance [45]. Under nutritr@sults in
the loss of body weight and body condition, delflys onset of puberty, increases the post-partuervat to
conception, interferes with normal ovarian cyclidity decreasing gonadotropin secretion and incseadertility

[6,5]. A more complete understanding of how and mwhatrition affects reproduction may provide areaiative
approach to managing reproduction in commercialesys that do not depend on the use of exogenousdnas
[35].

NUTRITIONAL FACTORS AFFECTING REPRODUCTION

Energy

Insufficient intakeof energy, protein, vitamins, and micro- and/or raminerals has all been associated with sub-
optimal reproductive performance. Of these numgiloeffects on reproduction, energy balance is gbgbthe
single most important nutritional factor relatedpimor reproductive function in animals [36, 37].08hand Adams
prioritized the metabolic use of available energy ruminants ranking each physiological state ineordf
importance, as follows: 1) basal metabolism, 2ivagt 3) growth, 4) energy reserves, 5) pregnar@yactation, 7)
additional energy reserves, 8) estrous cycles wmitidtion of pregnancy, and 9) excess energy resef40]. Based
on this list of metabolic priorities for energy preductive function is compromised because avalaiergy is
directed towards meeting minimum energy reserveab railk production. Restricting energy intake durilage
gestation increases the length of postpartum anes{i3] and reduces subsequent pregnancy rateinijact of
insufficient energy intake during late gestatiomruat be overcome by increasing energy intake postpa[38].
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The impact of a short-term increase in energy mtdkishing) on the numbers of cows cycling or piaatcy rate
may be dependent on the previous nutritional stafutie cow. Reduction of energy demands by skort(48
hour) calf removal combined with flushing can regldays to estrus and improve conception rates [31].

Excessive energy intake during late lactation amg dry period can cause “fat cow” problems whiclvdo
reproductive efficiency in the next lactation. Whegifers are fed inadequate amounts of energy, ibagh sexual
maturity later [22,26]. If energy deficient ratioage fed to heifers that have begun to have noasiabus cycles,
they may stop cycling. An example is heifers feetslicomposed mainly of poor quality hay. They oftéih not
show signs of estrus during late winter. If grairprovided, or they are put on good pasture, nogsbus cycle
activity will resume as they begin to consume adégamounts of energy [41]. Caution should be usith
feeding excessive amounts of nutrients before ter &klving. Not only is it costly, but animals fviexcess body
condition (BCS >7) have lower reproductive perfonce and more calving difficulty than animals in recate
body condition (BCS 5-6) [13]. Excessive energwkas during the late lactation and dry periodslead to “fat
cow” problems. Cows that are over-conditioned wttey calve have a higher incidence of retainedguite; more
uterine infections and more cystic ovaries. Thespadlave a higher incidence of metabolic disorders lzave a
greater tendency to go off feed. All of these peofd can result in poor reproductive performancé [13

High feed intake

!

High blood flow to digestive tract

!

High blood flow to the liver

!

Estrogen and progesterone removed from liver

!

Low estrogen and progesterone level in the blood

Changes in reproduction
» Decreased duration of estrus (Standing heat)
* Increased double ovulation rate (Increased twining)
» Decreased conception rate
* Increased Pregnancy loss

Figure 1 Schematic representation of the poteptigkiological pathway that may produce the chamipserved in
high-producing lactating dairy cows [51].

Protein

The effect of dietary protein on reproduction isnmbex [48]. Prolonged inadequate protein intake theen reported
to reduce reproductive performance. More receritiyias been found that reproductive performance tmay
impaired if protein is fed in amounts that greakgeed the cow’s requirements.

Over-feeding of DIP either as protein or urea hesnbassociated with decreased pregnancy ratesnalefedairy
and beef cattle [4,45]. It appears that exposut@gh levels of ammonia or urea may impair matorabf oocyte
and subsequent fertilization or maturation of depi#lg embryos. However, supplying adequate enedgy f
excretion of excess ammonia or urea may prevenedses in fertility in dry cows or heifers [14]. &ddition, not
all studies have observed negative effects of &deVBUN concentrations on embryo quality or pregyarates
[24]. Overfeeding protein during the breeding seaaad early gestation, particularly if the rumeceiges an
inadequate supply of energy may be associated detheased fertility [12]. This decrease in festilihay result
from decreased uterine pH during the luteal phéskeoestrous cycle in cattle fed high levels ofm@eable protein.
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Research at Oregon State University and in Israitated that cows fed excess protein (more thah520 above
requirements) required more services per concemimh had longer calving intervals. Other researal hot
indicated a harmful effect of feeding high levelgpmotein. Thus, it appears that excessive prat@ght be harmful
in some situations, but not in others. Some offdllewing effects have been demonstrated to expth@ poor
reproduction sometimes observed with excessivddeferotein in the diet:

* High levels of blood urea may occur, which hasxcteffect on the sperm, the ova, and the devetppmbryo.

» The balance of hormones may be altered—progestdemets are low when the blood contains high lesls
urea.

* In the early lactating cow, high levels of proteiay exacerbate the negative energy balance and thelaeturn
of normal ovarian function [48].

Because forages, especially pasture, contain mBsRy there has been interest in the use of undefta intake
protein (UIP) or rumen by-pass protein to enhareef Iproduction. Missouri researchers reported dlaition of
0.2 Ibs. of blood meal increased average dailygairstocker steers. Work with gestating or eaabtdting cows
indicates that addition of rumen by-pass proteinallg decreases weight loss, slightly increasesgitegain,
enhances milk production, and alters blood mettdmliLactation and body weight effects of UIP irsgpartum
cows may be dependent on amount of UIP added tdi¢gheparity, and/or protein content of the for§8g].

However, regardless of a possible effect on repstiel performance, overfeeding protein should tsealiraged
simply on an economic basis. It is costly and wakt&Jrea is added to some dairy rations as a soafaitrogen
which the rumen bacteria can convert into protEgeding protein and urea, such that early lactatowgs have a
diet containing 16% protein and late lactating cévrse a diet containing 12% protein, should optanitze fertility
of the cows [48]. Extensive research has shownréabduction is not affected when urea is fedeabmmended
levels [41].

Fats

The impact of fats on reproduction in cattle isoaus of considerable research [13, 19]. Becausg daids and
cholesterol are substrates for hormone synthescseasing fat in the diet may increase levels pfaductive
hormones (progesterone, prostaglandins) or fats anadirectly on the reproductive axis. Therefdhe, effects of
fat may be independent of or additive to thosenoféased energy availability. Cattle diets usuedigtain less than
2 or 3% fat. Supplementing fat to improve reproducivas initially attempted to increase the enatgysity in the
diet. High fat diets for cattle contain 5% to 8 #i.fExceeding these dietary fat levels impairs nurhenction.
Lactating cows are the primary animals to be suppleed because of their increased energy requitsiremd the
difficulty involved with getting these cows rebrdtl.is important to note that in all the studiesalissed in this
section, fat —fed animals and control animals weeiving the same amount of energy. Early stuffiés 50]
indicated that feeding high fat diets to cyclingféies and postpartum cows increased progesterasguption and
the lifespan of the corpus luteum (CL). Higher mstgrone levels during the luteal phase generakylt in
improved fertility. Increasing dietary fat also uéts in increased follicular growth. More small amedium follicles
are present in cows and heifers fed high fat J#fs37,26]. In addition, this increased folliculgmowth is often
accompanied by increased estrogen and/or progastepooduction. These changes in follicular growtid a
hormone production may enhance reproduction[19247,5

Minerals

Minerals are important for all physiological proses in animals including reproduction [13]. Minedaficiencies
and imbalances are often cited as causes of ppordection. It is clear that adequate amounts ofengils must be
provided, but little is known about the effectsnadrginal deficiencies and imbalances. The sameésdf excessive
intakes of minerals which may indeed be harmfubdacers should avoid overfeeding minerals. If telibit is
enough, twice as much will not be better and maén cause problems [41].

An important concept surrounding macromineral bedaims dietary cation-anion difference (DCAD). DCAD
measures the level of four macrominerals: sodiuchgtassium, which are cations and carry a positinege, and
chloride and sulfur, which are anions and carrggative charge. The equation for calculating DCAdllahce is:

(Sodium + potassium) — (chloride + sulfur) = DCADMEQ/100g of ration dry matter

Research shows that a negative DCAD prior to cglVielps cows successfully join the milking stridgcreasing
the incidence of metabolic disorders postpartuminackasing early lactation production. By helpaoyvs mitigate
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the challenges of the transition period, a negdli@AD helps maintain reproductive integrity for du¢ lactations

[8].

» Phosphorus (P)

There has been much debate and research conduct@thasphorus supplementation effects on reprodectiv
function [13]. Decreased fertility rate, feed ingakmilk production, decreased ovarian activityegular estrous
cycles, increased occurrence of cystic ovariesyagel sexual maturity and low conception rates lesen reported
when phosphorus intakes are low [8]. In a fielddgtuwvhen heifers received only 70-80% of their plasps
requirements and serum phosphorus levels wereflatility was impaired (3.7 services per concepfiddervices
per conception were reduced to 1.3 after adequaisphorus was supplemented. In another experinmenéasing
phosphorus supplementation from 0.4% to 0.6% ofr#tien had no effect on days to first estrus ovises per
conception. However, in some instances, responseg& tbeen reported in the field when phosphorus
supplementation was increased to 0.5% or 0.6%.r&ason for these differences in response is unddeamay be
related to the availability of the phosphorus ikatdded to the ration or the actual amount of phorus consumed.
Caution should be used to not overfeed phosphoituis -costly, of potential environmental conceamd does not
positively influence reproduction in beef [11] oaid/ cattle [27]. The ration containing 0.45 to @.percent
phosphorus on dry matter basis should be providdigh producing cows [41].

» Calcium (Ca)

Most experimental work relating calcium to reproiifuc has centered on the effect of the calcium:sphorus
ratio. Controlled experiments demonstrated no efféé@ltered ratios on reproduction in heifers acthting cows.
Ratios (Ca:P) between 1.5:1 and 2.5:1 for lactatmgs should not result in problems. Milking cow®sld always
be provided adequate amounts of calcium to maximpizeuction and minimize health problems. One @& th
functions of calcium is to allow the muscle contiat. Clearly a reduction in muscle contractilitylliead to a
decrease in dry matter intake (DMI) as rumen funmctiecreases, leading to severe Negative energpde(NEB).
As consequences, there is an increase in fat matidn that may result in fatty liver syndrome dadosis. An
excess of ketone bodies can further suppress &pfpg}i it has been shown that plasma calcium cotnaton of
5mg/ml reduce abomasal motility by 70% and the ngfife of the contraction by 50% [9]. Low calcium
concentrations also prevent insulin productionthferr exacerbating this situation [16]. Ultimatetyilk yield will be
reduced and fertility will suffer. Muscle tone ihet uterus will also be adversely affected with c@xperiencing
prolonged calving and retained placenta. Uterinelirtion may also be impaired giving rise to fatyijproblems. A
major concern in the mineral feeding of dry cowates to providing optimum levels of calcium andgphorus in
order to decrease the occurrence of milk fever. itien containing 0.75 to 0.80 percent calciumdoy matter
basis should be provided to high producing cowstdase calcium to 0.9 to 1.0 percent and magnesmum 0.25
to 0.30 percent when feeding supplemental fat [41].

e Selenium (Se)

Selenium is important for normal spermatogenesis langely as a component of seleno-proteins phdgptio
hydroperoxide glutathione peroxidase (PHGPx/GPX#) &eleno-protein V. Most of the selenium foundtie
testis is associated with PHGPx/GPX4. It servesa aswerful antioxidant protecting cells from oxidat stress.
PHGPx also appears to be involved as a structucdéip to provide normal sperm motility[19]. It hatso been
shown that a variant to this protein is necessary nformal chromatin condensation and subsequenhalor
spermatozoa head formation. Both deficiency aneé&sige selenium have been demonstrated to be detahto
normal spermatogenesis [55].

Marginally selenium deficient animals will abort; calves will be weak and unable to stand or sudRlesearch
indicates that selenium supplementation reducesnitidence of retained placentas, cystic ovarieastitis and
metritis [34]. In addition, cattle that maintaineapglate blood selenium levels have reduced incidehedortions,
still births and peri-parturient recumbency [29prpromised selenium status has also been assoevitegoor
uterine involution, and weak or silent heats. Inesaselenium supplementation has been shown tease semen
quality [34]. Symptoms of chronic selenium toxiciticlude lameness, sore feet, deformed claws as&l db hairs
from tail. In pregnant animals, selenium toxicityilygroduce abortions, stillbirth and weak and katic calves as
selenium accumulate in the fetus at the expengeeafow [34].

Diets should contain at least 0.1 ppm selenium amyamatter basis [30]. In some herds, feed souncest be
supplemented with selenium injections to maintdood levels above the recommended 8-10 mg/100 mtherds
where selenium levels are extremely low, injectians often required to rapidly return blood selemilevels to
normal. After injection, feed supplements may pdevenough selenium to maintain adequate blooddawethe
cow. Blood tests are recommended to confirm seterstatus when questions arise.
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e Zinc (Zn)

Zinc is an essential component of over 200 enzyyatems of which the metabolic action include casfuvhte and
protein metabolism, protein synthesis, nucleic angtabolism, epithelial tissue integrity, cell repand division,
and vitamin A and E transport and utilization [50].addition, zinc plays a major role in the immuwystem and
certain reproductive hormones [6]. Zinc is knowrb®essential for proper sexual maturity, reprddaatapacity,
and more specifically, onset of estrus. Zinc hasitical role in the repair and maintenance of therine lining
following parturition, speeding return to normapreductive function and estrus [16]. In bulls, aczdeficiency
results in poor semen quality and reduced testicsilee and libido [10]. Zinc has also been showrintbease
plasma beta carotene levels. Increased plasmachetéene has been directly correlated to improvatteption
rates and embryonic development [46]. Improved status also improves fertility by reducing lamenessulting
in cows more willing to show heat and improved niibbiand performance of bulls. Inadequate zinc
supplementation results in mild to severe claw thd@orders, including weak claws that are morsceptible to
inter-digital and digital dermatitis and foot r&4]]. The recommended dietary content of zinc farydeattle is
typically between 18 and 73ppm depending upon thgesof lifecycle and dry matter intake [31]. Coppe
Cadmium, Calcium and iron reduce zinc absorptiahiaterfere with zinc metabolism [34].

A recent study investigating level and source ot zin a limited number of crossbred bulls (n=16ndestrated
that zinc supplementation increased mean ejacutdtame, sperm concentration, percent live and perowtility.
Studying fertile and infertile male, it was obsehtbat seminal zinc levels were lower for infertitale than fertile
male and researchers suggested that poor zinctiomtnmay be a risk factor for infertility in mal&Zinc
supplementation was shown to reduce asthenozoogparmmale by reducing oxidative stress, DNA fragmation
and apoptosis. However, there is conflicting evadeas to the importance of zinc concentrationfhiénsemen and
infertility of male.

» Copper (Cu)

Copper is a necessary component of number of ereynatuding superoxide dismutase, lysyl oxidase tmiol
oxidase [7]. These enzymes function to eliminate fradicals that increase tissue susceptibilitypoaaterial
infections, increase structural strength and e@liégtdf connective tissues and blood vessels aakase strength of
horn such as in the claw (Hoof), minimizing lameng532]. Reproductive problems that relate to evmeficiency
manifest themselves in inhibited conception ratenethough estrus may be normal. Symptoms of a coppe
deficiency include early embryonic death, resomptad embryo, increased retained placentas and siscod the
placenta [34, 29]. Weak and silent heats have lbeparted. Dairy cows with higher serum copper Isvehd
significantly less days to first service, fewervéegs per conception and fewer days to open [28Jp& copper
supplementation of the sire is needed for prodaatioquality semen [34].

e Manganese (Mn)

Manganese is an activator of enzyme systems inmi@bolism of carbohydrate, fats, protein and naceids
[34]. Manganese appears to have a vital role inoghction. It is necessary for cholesterol synth§a4], which in
turn is required for synthesis of the steroidsioggn, progesterone and testosterone. Insuffisiemobid production
results in decreased circulating concentrationthe$e reproductive hormones resulting in abnorpairs in males
and irregular estrus cycles in females. The cohpiesim has high manganese content and may be edfégt level
of manganese supplementation. Also, vaginal marsgagencentration is higher in cycling than in atoes
ruminants. A deficiency in manganese may be assstiaith suppression of estrus, cyclic ovaries esdliced
conception rate [34].

» Cobalt (Co)

Cobalt is needed for proper vitamin,Bynthesis. Maintaining adequate vitamig, 8&atus benefits both the dam
and offspring. When adequate, sufficient amountsit@imin By, cross the placenta and are present in colostrums
[29]. Milk and colostrums in particular, containghilevels of vitamin B, which is required for the conversion of
propionate to glucose and for folic acid metabolidbepletion of cobalt and vitamin,;Bat parturition causes
depressed milk production and colostrums yield quality [34]. Reduced fertility and sub-optimal clitioning of

the offspring are noted in a cobalt deficiency.deguate cobalt levels in the diet have been cadeclavith
increased early calf mortality. A cobalt deficienalfimately results in a vitamin |B deficiency. Manganese, zinc,
iodine and monensin may reduce cobalt deficiendy.[8he required dietary content of cobalt for gatattle is
0.11ppm [30].

* lodine (1)
lodine is required for synthesis of thyroid hormptig/roxin, which regulates the rate of metabol[{&1)] . Prior to
regulation of the feeding rate of Ethylenediamiileydriodide (EDDI), many producer fed iodine compds to
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cattle in excess of the nutritional requiremenptevent foot rot [28]. Reproduction is influencédulaugh iodine’s

action on the thyroid gland. Inadequate thyroidcfion reduces conception rate and ovarian activitys, iodine

deficiency impairs reproduction and iodine suppletatton has been recommended when necessary tie ittsat

cows consume 15-20 mg of iodine each day. Receahiyeffects of excessive iodine intakes have beeognized.

Excessive iodine intakes have been associated waitltous health problems including abortion and eased

resistance to infection and disease. Signs of Bubal iodine deficiency in breeding females inatusuppressed
estrus, abortions, still births, increased freqyenicretained placentas and extended gestatiomggefP1]. Calves
born to cows that are marginally deficient in icgliare weak and may be hairless [34]. Furthermarienas that

have a subclinical iodine deficiency will also hawmereased incidence of foot rot and respiratogedse due to
suppressed immune responses. One notable chastictefia clinical iodine deficiency is an enlargarh of the

thyroid gland, often termed as goiter [21].

e Potassium (K)

Limited research suggests that feeding high legélgotassium may delay the onset of puberty, delaylation,
impair corpus luteum (yellow body) development ancrease the incidence of anestrous in heifersttSamd
Chase [41] reports lower fertility in cows fed witigh levels of potassium or diets in which thegsstum-sodium
ratio was too wide.

» Chromium (Cr)

Chromium potentiates insulin action, resultingrioreased uptake of glucose and amino acids by icelte body
[43]. A chromium deficiency in lactating cows magsult in increased incidence of ketosis and deeckasilk
production. Improved energy balance in early lagtamay improve reproduction [34].

 Salt (Sodium and Chloride)

Salt deficiencies can affect the efficiency of digen and indirectly the reproduction performanéecawvs [25].
Sodium and chloride normally do not appear in fagés in adequate amounts to meet animal requirésnend
should be provided free choice at all times [13].

Vitamins

The vitamin requirements of dairy cows are met lgpmbination of rumen and tissue synthesis, nafesds and
feed supplementation [41,13]. Most commercial coirgges contain supplemental vitamins so the pritibabf
infertility due to a vitamin deficiency is greatleduced. When commercial concentrates are not Vigamin
supplements should be provided. Proper vitaminraimeéral balance must be provided in dry cow ratwhen feed
intake is restricted and (or) low quality foragdad to control or reduce body condition. To ensaglequate intake,
vitamins and minerals should be fed in small amewftlow energy concentrates or mixed in a complieyecow
ration [41].

* Vitamin A

Vitamin A is one of the fat soluble vitamins andwell known to regulate the development, cellulesvgh and
differentiation, and tissue function. Its metalegitaffect ovarian follicular growth, uterine enviments and oocyte
maturation [38]. Vitamin Ais required for maintaining healthy tissue in te@roductive tract. In deficient cattle,
delayed sexual maturity, abortion, the birth of dlea weak calves, retained placenta and metritige Haeen
reported. A deficiency of vitamin A has a directeef on the structure and function of pituitaryrglagonads and
uterus. Livestock, particularly ruminants, conswitamin A, mainly in inactive form, the caroteneasprovitamin
A, except when it is fed as a supplement in cdvaakd concentrates. Provitamin A is convertedaotive vitamin
A in small intestine and together with preformethmiin A stored in liver [33].

Supplementation before and after calving can ise&onception rates [20]. The recommended daily
supplementation for dairy cows is 30,000-50,00Gsurdry cows fed only poor quality hay for extendestiods
without additional supplementation may benefit freitamin A injections-carotene is a substance found in many
plants. The cow converts this into vitamin A. Ikisown to be in high concentrations in fresh gremmhages while
grains contain relatively low amounts. Silageseegly alfalfa, contain moderate levels while cailage is a poor
source. Dry hays, especially alfalfa, are excelwmirces of carotene. Despite high levels at hgrflesarotene
levels decrease during storage, with the extedesfruction being dependent on storage conditidhls [

The interest irp-carotene deficiency as a cause of reproductiveleness comes from research done in Germany.
Their results suggested that dairy cows and hedensuming diets deficient if -carotene suffered the following
reproductive problems:
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» Delayed uterine involution

Delayed first estrus after calving
 Delayed ovulation

* Increased incidence of cystic ovaries

 Vitamin D

Vitamin D is required for normal calcium and phosphorus nwdisim. However, deficiencies are seldom
encountered in commercial herds. Animals with vitad deficiency symptoms have a stiff gait, labolkedathing,
weakness and possibly convulsions. Swollen knedshanks can also occur. Bones may be soft (ricletde re-
absorbed in older animals. Calves may be born deedk or deformed. Cows may not show heat whensego
Recent research has implicated Vitamin D with héadlth, cancer and infectious diseases [25]. éasawhere
sunlight is limited or on operations where animale housed indoors, supplemental vitamin D is reguilf an
animal is losing weight or has a poor body conditszore, vitamin D can be deficient Cows receivdngormal
amount of natural light manufacture their own VitanD. Most commercial concentrates contain suppteaie
vitamin D in amounts sufficient to meet the coweguirement of 10,000 IU per day [41].

* Vitamin E

Vitamin E functions as an intra-cellular antioxitiaoavenging for free reactive oxygen and lipidoperoxidases,
and converting them to non-reactive forms, thusntaéiing the integrity of membrane phospholipidsiasgt
oxidative damage and peroxidation [44, 53]. Theestigation for the role of vitamin E in reproductioontinues.
To date there is no documented evidence that witdinileficiency is a significant cause of reprodigfiailure in
dairy herds [54]. Moreover, the vitamin E requiren®f milking cows is not known with certainty. lone
experiment, cows were fed low vitamin E rations four generations. There were no measurable effests
reproduction [41]. In vitamin E and selenium definty condition, these free radicals accumulate ratdonly
damage cell membranes, but also disrupt severakpses linked to the synthesis of steroids [42]staglandins
[18], sperm motility and the development of the eyol16]. It is not surprising therefore that negatimpacts of
vitamin E and selenium deficiencies have been eksewon various components of the reproductive eyent
including ovulation rate [17], uterine motility, espn motility and transport [39], conception ratel grost-partum
activities [2], fetal membrane expulsion [49], eptosurvival, milk production, post natal growth [1]

CONCLUSION

It is clear that nutrition is directly related teproduction in the dairy cow. Nutrient either irfident amount or in
higher amount has been shown to be capable ofrgjtegproduction. The basic problem is that therdegf the
excess, deficiency or imbalance which is requiedlter reproduction is still unclear. The bestoramendation at
present is to provide a feeding program for daibwg which is balanced for all nutrients and meditkrsown
nutrient requirements.
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