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ABSTRACT

Inadequate dietary energy intake and poor body condition can negatively affect reproductive function. Fats in the
diet can influence reproduction positively by altering both ovarian follicle and corpus |uteum function via improved
energy status and by increasing precursors for the synthesis of reproductive hormones such as steroids and
prostaglandins. Supplemental lipids have been used to increase energy density of the diet and may also have direct
positive effects on reproduction in animal. Several fatty acid sources have been studied as they relate to
reproductive function. Common sources include sunflower, safflower, cottonseed, rice bran, soybeans, fishmeal,
animal tallow, and calcium salts of fatty acids. This review will examine dietary fat as a reproductive including the
role of fatty acid content and minimum effective intake. Although the consumption of neutral lipids by ruminants is
limited under natural conditions, the addition of digestible fats to increase caloric content or to positively modify
diet physical characteristicsis a long-standing practice. More recently, fat supplements have been used in attempts
to influence specific metabolic pathways and, ultimately, hormones that directly modulate ovarian cellular
processes. Evidence suggests that the consumption of fat by cattle, particularly polyunsaturated plant oils, can
positively influence ovarian follicular growth, luteal function, and postpartum reproductive performance
independent of caloric effects. Mechanistically, these effects have been attributed to a cascade of events that change
rumen fermentation patterns, heighten lipoprotein-cholesterol synthesis, increase secretion of ovarian steroids,
modify circulating concentrations of insulin and GH, and enhance the synthesis or accumulation of IGF-1 in ovarian
cells. Whole oilseeds, oil milling by-products, and some manufactured products are available to exploit these
physiological concepts.
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INTRODUCTION

Adequate nutrition is critical for successful reguctive function. Inadequate dietary energy intakd poor body
condition can negatively affect reproductive fuoanti Supplemental lipids have been used to incrédasenergy
density of the diet and avoid negative associatiffects [8]. sometimes experienced with cerealrgran high-
roughage diets. Supplemental lipids may also hareetdpositive effects on reproduction in beef leathdependent
of the energy contribution. Lipid supplementatiomshbeen shown to positively affect reproductivecfiom at
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several important tissues, including the hypothailsnmanterior pituitary, ovary, and uterus. The ¢atissue and
reproductive response seems to be dependent umonyples of fatty acids contained in the fat sour€at
supplementation is a common practice in dairy egdtbduction, primarily to increase the energy dgms the diet.
Associated positive and negative effects on reprtidn have been reported [16,37]. Due to the extrdifferences
in DMI and level of milk production, research mayt e directly applicable to beef cattle productidhe objective
of this review is to examine current research figdirelating to fat supplementation and reprodudticbeef cattle.

Fat Defined

Many different types of supplemental fat have bfsehto animals. Some fat sources fed are listethisle 1. Each
fat source is composed of a different mix of indiwal fatty acids. Rendered fats include animabteland yellow
grease (recycled restaurant grease) and are cothpoamly of oleic acid (~43%). Granular fats are diats
prepared commercially and are composed mainly ofiiia acid (36-50%). Examples include Energy Beost00,
EnerG-Il, and Megalac-R. A variety of vegetable @iin be fed as free oil or in the seed form. Tiheeeds contain
from 18% oil (such as soybeans) to 40% oil (sucliieaseed). The selection of a vegetable oil wilhg with it
particular fatty acids. Canola oil is high in olecid. Cottonseed, safflower, sunflower, and sogh#ks are high in
linoleic acid. Flaxseed is high in linolenic acidnoleic acid and linolenic acid are essentialyfattids for the cow
because neither her body nor her ruminal microasgas can synthesize them. Fresh temperate gragstsrcl to
3% fatty acids of which 55 to 65% is linolenic acfgbrn silage lipid contains much more linoleicda(G19%) than
linolenic acid (4%) due to the presence of corringfal]. Both linoleic and linolenic acid in forage&an decrease
during storage. As we have moved our dairy cowsfpastures to barns and fed them stored forage,itieke of
linolenic acid and possibly linoleic acid has likelecreased. The whole oil seed is frequently &lder than the oil
alone. Fish oil is unique that it contains eicosapenoic acid (EPA) and docosahexaenoic acid (DIif)y acids
found in fish tissue due to their consumption ofima plants.

Table 1. Major fatty acid composition of select diary fat sources. Fatty acid

Fat source Cl_4:_0 ClB_:f_J Cl_6:1 . 018:9 018_:1 _C18:_2 _018:3_
Myristic | Palmitic | Palmit-oleic | Stearic | Oleic | Linoleic | Linolenic
Tallow 3 25 3 18 43 3.8 <1
Yellow grease 2 21 4 11 44 14 <1l
Energy Booster 100 3 40 1 41 1 2 <1l
Megalac; EnerG-Il 1 1 50 <1 4 36 8 <1
Megalac-R1 1 36 <1 4 26 29 3
Canola ol <1l 4 <1l 2 63 19 9
Cottonseed oil 1 23 1 3 18 54 1
Flaxseed oil <1 5 < 3 20 16 55
Rapeseed oil <1 5 <1 2 54 22 11
Safflower oil <1 7 <1 2 12 78 <1
Soybean oil <1 11 <1 4 23 54 8
Sunflower oil <1l 7 <1l 5 19 68 1
Menhaden fish oil 2 7 16 8 3 12 1 2
1Commercial preparations considered partially inert in the rumen.
2Also contains 14% C20:5 and 9% C22:6.

Digestion and absorption of fats

Metabolism of Fats in the Rumen

Ruminal micro flora hydrolyze triglycerides and gpbolipids that contain polyunsaturated fatty adkigs of plant
or animal origin contain the unsaturated fatty agidlmitoleic (16:1), oleic (C18:1), linoleic (18r26), anda-
linolenic (18:3n-3) acids (Table 1), all of which are metabolizadhe rumen. Linoleic acid predominates in seed
and seed products, andinolenic predominates in forages. Fats are hyed to their polyunsaturated fatty acid
constituents and to glycerol. A high proportiontioé fatty acids are then partially or completelgifogenated and
much of the glycerol is fermented to propionic agi28]. Estimates of hydrogenation efficiency wfoleic acid
range from 70 to 90% [37]. The consumption of laggentities of ruminally active fat (> 5% of totdly matter
intake) can markedly reduce fiber digestibility amduce dry matter intake in ruminants [8]. Thisws due to the
selection against microorganisms with cellulolyt&pability. However, certain types of fat-contamifeedstuffs
can be fed in quantities that would contributeditevels greater than the 5% limit without suclyateve effects.
For example, whole cottonseeds (approximately 28)&an be fed at much higher levels than woulgbssible if
the free oil were mixed throughout the diet. Appaise this is possible because ruminal metaboligrthe oil is
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slowed by the fibrous seed coat, and a portionadlgtypasses through the rumen intact [8]. Due ® ldck of
reactive double bonds, saturated fatty acids adss through the rumen undegraded and are considgpeds fats
[20]. The effects of animal tallow and other prediaamtly saturated fats on the metabolism and plhygjoof the
ruminant differ somewhat because of this phenomeHomwever, the fatty acid profile of a predomingrghturated
fat such as tallow can vary greatly, with conceittres of linoleic acid constituting from 2 to 9% tife total [8].
Table 1 summarizes the fatty acid content of tlw@amon fat sources (soybean oil, tallow, and fighused in a
study conducted in this laboratory [38].

Ruminal Fermentation

Studies related to effects of fat supplementatiomeproductive processes have for the most part baeful to use
isoenergetic and isonitrogenous control diets. H@arethe consumption of reactive fats by ruminanetsults in
effects on fermentation patterns. Therefore, themqtaal for differences in the efficiency of enengglization and
local energy partitioning cannot be eliminated froomsideration. Changes in ruminal volatile fattidgoroduction
occur in response to increments in dietary fat, tedoroportion of change is dependent on the @egfreaturation
of the fatty acids consumed (e.g., polyunsaturatedturated and highly polyunsaturated) and quafad [20]. As
already noted, consumption of polyunsaturated fatigs increases ruminal propionate production decteases
the acetate: propionate ratio. Highly polyunsataand saturated fats tend to bypass the rumetetediland have
fewer effects on ruminal fermentation. Other effeoh serum cholesterol and triglycerides are gdgesamilar
among the three types of fats, although tallow selodncrease serum triglycerides to a greatemexban the other
fats, and fish oil (highly polyunsaturated fattyid®) tends to produce a lesser increase in bo#i #otd HDL-
cholesterol [38].

Fat Supplementation and Reproductive Function

Metabolic hormone secretion

Dietary fat supplementation causes an array of boditaeffects in cattle. The consumption of polyatwsated plant
oils increases basal serum insulin concentrationsoth dairy [30] and beef cows [32,38]. This phaeoon has
been observed in cycling cattle and in respongeeding during the postpartum period. Thereforis, jifossible that
increased serum concentrations of insulin occurimgesponse to polyunsaturated plant oils playola iin
mediating increased follicular growth, either difgt¢hrough its own receptor or indirectly by modtihg granulosa
cell IGF-I production. Mean serum concentrationsnsfulin also increase gradually in response ts fatwhich
either saturated (animal tallow) or highly polyunsated fatty acids (fish oil) predominate, withrrespondingly
modest increases in populations of medium-sizelices. We speculate that this may be due to tlesgmce of
either linoleic acid or palmitoleic acid (16:1) fallow and fish oil, respectively. All of the fatge have tested
increased serum concentrations of GH in beef cEl82e38]. However, during the postpartum periodeéf cows,
the effect of fat consumption seemed to be maimigrevent a postpartum decline in serum GH. Stucheslucted
during later lactation have demonstrated a sinplaénomenon in high-producing dairy cows [15]. lase@s in
serum GH seem to occur coincident with an increastne accumulation of follicular fluid IGF-I, buithout
effects on peripheral circulating IGF-1 [15,38]. dlbasis for this rather confusing observation has been
determined. However, a recent report indicatesrifaderate doses of porcine somatotropin do noeass growth
rate, serum IGF-I, or IGF-I binding proteins in klieg pigs. Growth hormone receptors, while rare present in
bovine follicles and are abundant in corpora Iig&]; therefore, mechanisms involving IGF-I as adimaéor of local
GH effects may or may not be operative. In eithesec we have observed increases in follicular fIGHB-1 of fat-
supplemented cattle, regardless of type of fat woresl, and a heightened ability of fresh lutealugésfom these
animals to secrete IGF-I in vitro [32,38]. In raBH has been shown to directly stimulate IGF-1 mRN#&hin
granulosa cells and to enhance the production &fllGummarizes the effects of dietary fat suppletaton on
circulating concentrations of GH and insulin, infoflicular concentrations of IGF-1, and lutealdise production of
IGF-I as reported by various laboratories.

LH Secretion and Follicular Development

Secretion of LH from the pituitary and follicularayvth in cattle are regulated partially by the @yestatus of the
animal. Energy provided by fat supplementation éases LH secretion in animals deficient in enemy.
mechanism independent from energy by which didtty acids affect LH secretion has not been eisthbtl [26].
In some studies, LH dynamics were stimulated byséatplementation but were unchanged or decreasethérs
[37]. The mechanism by which supplemental fat watlchulate LH release is not known unless a gluspsging
effect occurs at the mammary gland, providing gneglucose to signal the hypothalamic pituitarytcolrsystem to
secrete more LH [37]. Similarly, fat supplementatinay increase glucose production through increpsgionate
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production. This increase in glucose may have atipeseffect on LH release [14]. Supplemental famsilated

programmed growth of a preovulatory follicle, inesed total number of follicles, and increased tize ©f

preovulatory follicles [26]. Increased size of pratatory follicles may be due in part to increasedcentrations of
plasma LH, which stimulates the latter stage didolar growth. The ovulation of larger folliclesay result in the
formation of larger corpora lutea with increaseéraidogenic capacity and result in greater progeste
production, which has been associated with higheception rates.

Cholesterol-Progesterone Concentrations

Dietary fat supplementation increases circulatiogicentrations of cholesterol [37] and progesterand the
lifespan of induced corpora lute&€l() in cattle [39]. Cholesterol serves as a precufsorthe synthesis of
progesterone by ovarian luteal cells. Progestepoepares the uterus for implantation of the emlanyd also helps
maintain pregnancy. Increased concentrations ofnpda progesterone have been associated with improved
conception rates of lactating ruminants [37]. Iased concentrations of cholesterol from fat supplaation may
lead to an increase in progesterone synthesisdB87¢duced rate of clearance from the blood [1HolEsterol
serves as a precursor for the synthesis of progestdy ovarian luteal cells. Secretion of progeste is the main
function of the corpus luteum. Progesterone noy @népares the uterus for implantation of the embyt also
helps maintain pregnancy by providing nourishmeat the conceptus. The successful establishment and
maintenance of pregnancy (before day 16 post Ajdires the maintenance of progesterone secretimugh the
critical period of the maternal recognition of pnagcy when luteolysis occurs in the non-pregnaithah[23].
Between 25 and 55% of mammalian embryos die inyegdstation. Increased concentrations of plasma
progesterone have been associated with improveception rates of lactating ruminants. Similarilypgesterone
concentration prior to Al has been associated wgithater fertility. In a field study involving 42@dtating dairy
cows, blood was sampled on 58d postpartum for patitbus cows and 72 for primiparous cows and thetyaed

for progesterone. Cows were bred approximately &érlin a synchronized estrus scheme. Conceptitsh ra

increased 1.44% for every 1ng/ml increase in plapamgesterone {= 0.11, [37]). The recovery of embryos 7d
after estrus increased as plasma progesterone ritoab@n increased just prior to Al [5]. In eithassociation,
dietary fat, which stimulates ovarian cyclicity corpus luteum function, would contribute to incexdertility.
Increased progesterone suggests that luteal funitienhanced by dietary fat. Dynamics of matepnayesterone
secretion also appear important for conceptus deweént and secretion of interferonwhich is secreted by the
embryo for gestation recognition by the mothemds been suggested that improved conception rald t@ a
result of increased concentrations in plasma cherels[36], although this hypothesis was not supgubiby our
results. In fact, cows fed formaldehyde-treatecsteed had lower plasma cholesterol concentratieh teeiter

conception rate than those fed Meg&lg&1]. Other studies have reported no relationstepaeen cholesterol
concentrations in blood and reproductive measur2s86]. The fatty acid profile of the dietary fatyninfluence the
propensity of animals to increase plasma progesterdMature ewes were infused intravenously withingal
soybean oil, or olive oil for 5h on d 9 through df8an estrous cycle [6]. Serum cholesterol waseased by fat
infusates, and olive oil was more effective thagbgan oil (127, 141, and 153 mg/dl for saline, sayboil, and
olive oil, respectively). However, soybean oil isfon resulted in greater progesterone responsedidanfusion of
olive oil at 2.5h post infusion. Therefore, theaest concentration of serum cholesterol did nataide with the
greatest concentration of serum progesterone.

Estradiol Concentrations

Estradiol has stimulatory effect on uterine seoretf PGF,, and can increase the sensitivity of the CL to RGF
[19] which may enhance regression of the CL. Thawseld plasma estradiol may help prevent pre-ma@lre
regression and early embryonic mortality. Abomasalsion of tallow or yellow grease reduce concatibns of
plasma estradiol on day 15 to 20 of a synchroniggttious cycle compared with cows infused with ghecaa
response that also has been observed in beef epptemented with lipids [18]. Also, estradiol contration was
reduced in follicular fluid from beef cows fed segm oil [32]. Although a reduction in folliculartesdiol caused
by fat feeding might potentially benefit CL lifespait may be detrimental to expression of estrud aterine
priming during proestrus.

Prostaglandins synthesis

There are two main pathways (Figure 1) used tohegite PG: one is used by most dietary fat (e.on end
soybean, sources of omega-6 fatty acids) and leeslsries 1 and 2 PG while the other one is moeeifip to fish
products and flax (sources of omega-3 fatty acic&) leads to series 3 PG. Thus, depending on thevagp used
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for PG synthesis, the type and role of the resylffG will differ. PG of series 2 are important atving; they
increase platelet agglutination and blood clot fation, they increase salt retention in kidneys,ewagtention, and
blood pressure. PG of series 2 also cause inflammmathich leads to their role of “bad guys” amahg different
PG series.

Omega-6 fatty acids Omega-3 fatty acids
C18:2n6 Linoleic acid C18:3n3 o-Linoleic acid
C18:3n6 y-Linolenic acid C18:4n3 Stearidonic acid
C20:3n6 Dihomo-y-Linolenic acid C20:4n3 Eicosatetraenoic acid
‘ C Series 1 ‘
Prostaglandins
C20:4n6 Arachidonic acid C20:5n3 Eicosapentaenoic acid
cyclooxygenase /
Prostaglandins H, C C A ostaglandin synthase
Series 2 Series 3
PG]E«‘20t Syntm Prostaglandins Prostaglandins

Figure 1. Metabolic pathway of series 1,2 and 3 pataglandins

PG of series 1 improve the immune system of T cplisvent platelet agglutination and heart attadktribute to
remove the excess of Na and water in kidneys, dser¢he inflammatory response and contribute irirating
arthritis and decreasing cholesterol production.dP@e series 3 have a very weak platelet aggitibn power and
they prevent fabrication of PG of the series 2ythiso prevent heart attack, water retention, afldrnmation. PG
of the series 1 and 3 are thus considered as cpitrahose of the series 2. In fact, some immus@imeters were
affected by the type of dietary fatty acids at time of embryo implantation. Some polyunsaturatattyfacids
(PUFA) can serve as a substrate for the synthesis ogaPlBﬂfese include cis-linoleic acid (C18:2) thatdsmnonly

found in natural fat sources. It can be desaturatedi elongated to form arachidonic acid which seras an
immediate precursor for the series 2 PG of whichg(B a key member. Key regulatory enzymes for these

conversions includ@ six desaturase and cyclooxygenase. These samjeéatis also can inhibit PG synthesis by
competitive inhibition with these key enzymes. l&io acid has been shown to be an inhibitor of P@hesis that

is produced by the endometrium in response to thsegmce of a conceptus in order to preserve tegriby of the
conceptus. Other fatty acids besides linoleic &eid play inhibitory roles. EPA and docosahexanaid éC22:6)
have been shown to inhibit cyclooxygenase activtyich is an enzyme involved in the synthesis oFg;G

Effects of prostaglandins on ovulation

Prostaglandins E2 and &2re important mediators of the ovulatory proc@$eir concentration in follicular fluid
increases sharply before ovulation. The adminisinatf inhibitors of prostaglandin synthesis sushirmlomethacin
blocks ovulation in rats, rabbits, pigs, sheep, kega and humans through the reductions of both PEBEPGF2
[35]. When rats were fed diets containing high eorirations of eicosapentaenoic acid and docosaheiaacid,
the number of corpora lutea found after the fiesttous was reduced. Since the release of GnRReimatthas been
associated with activation of PGE2- dependent paysw11,22,29,40], eicosapentaenoic and docosahexae
acids may have caused a decrease in hypothalamtitesjs of PGE2, which prevented GnRH release anckdsed
the frequency of ovulations. Experiments have ne¢rbdesigned to examine specifically whether fepdih
supplemental fats, such as fish meal or fish oilerferes with ovulation of the preovulatory foléicin cattle.
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However, after injection of GhRH and PGF3jiven 7 days apart, oestrous detection and coiocepdtes to the
synchronized service were normal in cows that iedefish meal [6].

Mechanisms of inhibition of prostaglandin secretion

Dietary PUFAs can decrease P@F&/nthesis by different actions, which include éesing the availability of
precursor arachidonic acid, increasing the coneéintr of fatty acids that compete with arachidoaid for
processing by PGHS, and inhibiting PGHS. Reducedlahility of arachidonic acid in the uterine phbstipid
pool for conversion to prostaglandins of the 2esedan occur through a reduction in the synthesisachidonic
acid or through displacement of existent arachidaeid from the phospholipid pool by other fattydaq(Fig. 2).

Diet . i Nucleus
Supplementation with Y, AR g . Responswe genes: PGHS? PLA,?
n-3 fatty acids G -
Inhibition of
desaturation and

) \\ Endometrial
preferential : . cell
desaturation of OT OTr /‘ ~~_, Other PUFAs /

n-3 fatty acids LA, LNA, DH%)

l .’WVW\,\.\ EPA —— =

s e )
Yo wePLC N B
: [ e «vvv‘. + ¥ Sal = 1
Reduced synthesis of &5 A W. DAG 'f
Arachidonic acid ‘\,'"“WW "‘,\f;. AA
Al
A A . PGH,
Increased L, &L AR ¥
incorpcrat.ion _of :’}gj” m PG2 PG3
n-3 fatty acud_s into :::\\( ,W\% series series
membrane lipids W P
ey ,\,N:

Figure 2. Proposed schematic model of the effect afdiet rich in n-3 fatty acids on the synthesis aicosanoids
The n-3 fatty acids inhibit desaturase activity and undergo preferential desaturation at the expense of desaturating n-6 fatty acids. Thisresultsin
increased incorporation of n-3 fatty acids and reduced incorporation of arachidonic acid (AA; C20:4, n-6) into plasma membrane lipids.
Decreased availability of arachidonic acid and increased availability of eicosapentaenoic acid (EPA; C20:5, n-3) in the plasma membrane result
in decreased synthesis of prostaglandins of the 2 series (indicated by dotted lines) and increased synthesis of eicosanoids of the 3 series.
Eicosapentaenoic acid competes with arachidonic acid for processing by prostaglandin H synthetase (PGHS). Eicosapentaenoic acid and other
polyunsaturated fatty acids released into the cytoplasm by phospholipase activity, such aslinolenic (LNA; C18:3, n-3), linoleic (LA; C18:2, n-6)
and docosahexaenoic (DHA; C22:6, n-3), can inhibit PGHS activity. The fatty acids may activate nuclear transcription factors such asthe
peroxisome proliferator activated receptor (PPAR) to repress transcription of genes encoding phospholipase A2 (PLA2) and PGHS. The PPARs
bind to the peroxisome proliferator response elements (PPRES) in the regulatory region of target genes. DAG, diacylglycerol

Effect of fat supplementation on pregnancy rate

Incorporation of lipids in rations for dairy cattlsually increases energy density of ration andravgs lactation
and reproductive performance [14]. However, wheeythre supplied in early lactation, frequently thés a
reduction in feed intake due to a reduction in drgtter digestibility and to an increase in enerfygeater
availability, so when lipids are supplied in thelg@ostpartum period, there is little alteratiorthe energy status of
the animal even when a higher energy density ras@monsumed [33]. Then, if dietary fat does ne¢rathe energy
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status of dairy cows, reproductive response resutte from the supply of some fatty acids, thamfithe effect of
the energy supply per se [37, 39]. There are skstrdies that report a better reproductive pertoroe in cows fed
supplementary lipids. In this respect, Stapled.g8@], showed that lipid consumption exerted aifive effect on
reproductive aspects in dairy cows (Table 2). laftmattle, the same trend has been observedirttlis context
that, de Fries et al. [9] reported that Brahmansoansuming 5.2% lipids in the ration showed adrenwards an
increase in pregnancy rate than those cows whiaswued only 3.7% lipids in the ration. Fergusoraleff12]
observed a 2.2 times increase in the possibilitgrefinancy in lactating cows consuming 0.5 kg Bpiér day. In
another study, it was demonstrated that grazingscgwpplemented with fat, pregnancy rate at firstise was 16%
higher than in cows which did not receive fat ie thtion [4]. Also supplementation with saffloweles, soybeans,
or sunflower seed (4.7, 3.8 and 5.1% fat in theonatrespectively) for the last 65 days before icavincreased
subsequent pregnancy rates (94%, 90% and 91%,ctasgg) of first-calf beef heifers compared withet control
(79 %) that received only 2.4 % fat in the ratibmanother study using good quality forage andghdi amount of
fat in the ration (6.5%) during 68 days before oay was unable to improve pregnancy rates relatva control
ration (2.2% fat), this result indicates that wiaglequate nutrients are available, the effect oplempental fat may
be masked. Grazing Holstein cows which were suppiged for 103 days, as from day 10 post-parturm wio
sources of bypass fat Megalac plus 3% (MP; 0.4d&g/dontaining Ca salts of palm fatty acids ands@ls of
methionine hydroxy analogue) and Megapro Gold (MR kg/day, containing Ca salt of palm fatty acids
extracted rapeseed meal and whey permeate), MR€ased (P<0.05) conception rate to first servicapared to
control group (CG). Conception rate to first seevigas similar (P=0.14) on MP compared to CG. Fegpancy to
second service, CG had a higher (P<0.05) concepgitenthan MP. There were no significant differenbetween
treatments in overall pregnancy rate, servicexpeception, number of cows served in the firstehseeks of the
breeding season or the 6- weeks in-calf rate. Coimgpahe combined fat treatments to CG resulted inigher
(P<0.05) conception rate to first service for thetfeatments but no significant difference in allgoregnancy rate
[27]. In another full study, Asgari et al [41] thasing CSFA with different profiles indicated inase metabolite

levels related to reproductive, also using CSFApsempentation in flushing period was effective oprogluctive
performance of Iranian Afshari ewes.

Table 2. Reproductive performance of beef cows sufgmented with fat in the ration. 1First inseminatian
(Adapted from Thatcher & Staples[37])

Reference Fat source Percent inclusio Pregnancytea

[34] Ca-Palm oil 2.6 % 82

[31] Flaxseed 17% 87

[2] Flaxseed 9% 481

[2] Flaxsee 9% 261

[13] Extruded Linseed 1.7 kgd-1 39
[27] MegaPro Gold 3.3lbd-1 54

[21] Soy + Trans C18:1 1.5% 341

[1] ByFat ® 1.8% 33

[6] Fish meal 2.8 41

In another study, Aguilar-Pérez et al[1] observeat {oregnancy rate of F1 (Holstein x Zebu) cowsiggunder
tropical conditions in Mexico, was not affected saypplementation with bypass fat (33.3%), relativeatcontrol
group (41.7%) at 90 days postpartum. In conclusiansupplementation increased conception ratér$b gervice
but did not significantly affect the proportion cbws pregnant at the end of the breeding seasese tresults
suggest that the higher quality of the forage siegpin the different seasons that the trial lastedy have been a
factor that masked the effect of fat supplementatiuchem et al. [21] evaluated the effect of seimegintation
before and after parturition with Ca-LCFA of palihar with a mixture of linoleic antrans-octadecenoic acids and
observed that cows fed PUFAs showed a higher prayrrate than those supplemented with palm oil7aard 41
days (37.9vs 28.6% and 35.%s 25.8%, respectively) after artificial inseminatidRecently, Lopes et al. [24] fed
Nellore cows with 0.1 kg cow-1day-1 of PUFAs andg@lyed that pregnancy rate was improved. In tripeaet,
Mattos et al. [26] suggested that the positive atffef fat on fertility may not be due to improvenhén energy
balance of the cows but rather to the specific ctffef some dietary fatty acids on the physiology tbé
hypothalamus-hypophysis ovary axis and even theusitdn a review of previous studies in which cagjted
linoleic acids (CLA) were supplemented to dairy sosuring early lactation, de Veth et al. [10] destoated that
the probability of pregnancy increases in 26% wlki\ are increased in the ration and that the optin@LA
amount is 10.0 g d-1, after which the beneficidéef are reduced. It is possible that the posiiffect of lipid
supplementation may be due to specific fatty af8@$ and the absorption of unsaturated FA in ruamts is limited
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due microbial bio hydrogenation in the rumen [ZBdme studies have evaluated the possibility theatumated FA
intake, particularly those of the6 (linoleic acid) andh-3 (a- linolenic, eicosapentaenoic, docosahexaenoicsicid
families, may have some influence on reproductiorcows, even when reports in the literature areahwhys
consistent [33]. In this respect, when cows wetk(e&'5 kg of linseed rich in-linolenic acid (-3), or sunflower
rich in linoleic acid §-6), pregnancy rate tended to increase in cows®fitst treatment [2]. In other studies, no
response was observed with linseed [13]. Simildegdingn-3 fatty acids from fish oil in the form of Ca-LCFd&d
not improve pregnancy rate postpartum at firstiserin beef cows when compared to supplementatiitim peef
tallow [21] or with Ca-LCFA from palm oil (Silvestr quoted by Santos et al[33]), even when pregnaaiey at
second service postpartum was higher in cowsfddatty acids (Silvestre, quoted by Santos et3)[3dn grazing
F1 (Bostaurus x Bos indicus) cows, Aranda-Avila et al [3] observed a 15.4%@ase in pregnancy rate when cows
were supplemented with corn oil, relative to a confgroup (54.5vs. 41.7 % respectively) after 35 day
supplementation; however, differences were notissiedlly significant. It is possible that the pooesponse
observed in those studies may be due to an incieasgk production along with a loss of body weigkwhich
occurs in greater or lesser degree in cows duhiagetrly postpartum period [34].

CONCLUSION

Fat is recommended to be incorporated into farrmahdiets at moderate amounts. Feeding fat toecgéherally
improved establishment and maintenance of pregndnutybenefits to fertility can be negated whenghieiosses
are exacerbated by fat feeding. Potential improvamia fertility of cows caused by fat feeding haemnerally been
associated with enhanced follicle development @otim, increased diameter of the ovulatory follicgtereased
progesterone concentrations during the luteal pbasgcle, altered uterine/ embryo cross-talk bydulating PG
synthesis, and improved oocyte and embryo qudityne of these effects have been more influencetebtype of
fatty acid than by feeding per se. Differentialp@sses in vivo to FA feeding suggest that unsatdr&®A of the n-6
and n-3 families were most beneficial.
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