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FAT SUPPLEMENTATION ON REPRODUCTION OF BEEF CATTLE

SUPLEMENTACAO COM GORDURA NA REPRODUCAO DE VACAS DE CORTE

R. H. R. FERNANDES", E. H. MADUREIRA?

SUMMARY

Fat supplementation, before and after calving, is a good alternative to increase energy density of the diet. However,
feeding supplemental fat has resulted in varied and inconsistent effects on the reproductive function of cattle.
Furthermore, understanding how fat supplementation can influence the reproductive function has been a difficult
process. Reproductive system and the fat supplementation sources are influenced by management conditions and forage
quality.
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RESUMO

O uso de suplementagdo com gordura no pré e pds-parto mostra-se uma aternativa para incrementar a densidade
energética da dieta. Entretanto, a suplementacdo com gordura resulta em efeitos inconsistentes e variados sobre a
fungdo reprodutiva. Esclarecer como esta suplementagdo pode influenciar a reprodugdo é um processo delicado. A
complexidade do sistema reprodutivo assim como das fontes de suplementagdo com gordura sdo influenciadas pelas

condi¢des de manejo e da qualidade da forrageira.

PALAVRAS-CHAVE: Bovinos de corte. Reprodugdo. Nutrigdo.

INTRODUCTION

Meat production in Brazil has a great potential
to be explored yet. Even today, basic deficiencies
regarding cattle management still limit larger scale
production. Limited dietary energy intake leads to poor
body condition, especialy in the postpartum period and
this is one of the most important factors affecting
reproductive performance, thus contributing to a high
calving interval. Diet supplementation with vegetable
oils from different sources such as cottonseed,
soybeans and others, causes metabolic changes that can
trandate into benefitsin the reproductive area.

Supplementation with lipids in ruminants

Lipid supplementation may favor ruminant
production, being an aternative to raising the energy
density without increasing the intake of soluble
carbohydrates and lowering intake of fiber
(PALMQUIST, 1984). Experimentally, various sources
of fat supplementation were used. However, the fatty
acid profile of most of these sources is extremely
variable (WILLIAMS & STANKO, 1999). Thelinoleic
acid has been described as prevalent in seeds
(STAPLES et al, 1998) while the linolenic acid
predominates in much of forage plants (BELLOWS et
al., 2001). The yellow fat and tallow (lard) contain a
large amount of oleic acid; the granular fat found in
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palm ail in the form of calcium soap, and it isaso rich
in saturated fats, such as stearic acid and palmitic acid
(STAPLES et al, 1998). Fishmeal contains high
percentage of omega3 fatty acid, as well as
eicosapentaenoic and docosahexanoic acids (MATTOS
et al., 2000; BURNS et al., 2002). Qil seeds provide a
unique combination of energy, protein, fiber and fat,
thus congtituting an excellent diet supplementation
(WILLIAMS, 2001).

Lipids composition changes qualitatively during
microbial digestion in the reticulo-rumen, these
changes include: hydrolysis of triglycerides,
gaactoglycerides and other eserified lipids;
hydrogenation of unsatured fatty acids and microbial
biosynthesis of lipids. During biohydrogenation, some
of the double bonds of the unsaturated fatty acids are
reduced and their orientation is aso changed
(MATTOS et al., 2000). Much of glycerol is fermented
to propionic acid, the precursor of glucose. The
supplementary fat increases the proportion of propionic
acid, and the propionate: acetate ratio as well
(WILLIAMS & STANKO, 1999; HOWLLETT et al.,
2003). Normally, the primary objective of
supplemental fat isto increase diet energy supply to the
animal. The source of fat may influence the productive
response through its effects on food intake, ruminal
fermentation and nutrients digestion (HESS et a.,
2008). Fat can be added up to 3% of the total ration;
however, 5% is regarded as beneficial for high
production herds (NRC, 2000).

When supplementing the diet with fat, an
increase in total energy consumption must be observed,
since the decline in dry matter consumption is
independent of energy balance in which we find the
animal and may be related to the fatty acid composition
of the supplement. Changes in ruminal fermentation
can reduce diet intake, due to the fact that the
polyunsaturated fatty acids decrease fiber digestion.
However, despite the fact that supplemental fat
decreases organic matter (OM) digestibility when
compared to corn-rich diets with similar caorie
content, the OM digestibility of animals that were fed
fat supplemented diet was higher than those fed only
forage (HESS et al., 2008).

The moderate increase in fatty acid intake
influences the efficiency of energy use in two ways
(BALDWIN et al, 1980). First, the deposition of
preformed fatty acids on tissues or products, replaces
the metabolic conversion steps of carbohydrates into
fatty acids, eliminating the de novo synthesis from
acetate and reducing the spending with calorie
increment associated with this path. However, the
efficiency is limited by the amount of fat the animal is
ableto use in this process. Second, ATP production via
oxidation of long-chain fatty acids is around 10% more
efficient than the oxidation of acetate. The long-chain
fatty acids have greater potential to increase oxidative
metabolism efficiency in ruminants (PALMQUIST,
1984).

Supplementation with fat and reproductive function
Much of the reproductive performance variation
is due to differences in energy intake as well as the

body condition of the anima (HESS et al, 2005).
Appropriate amounts of nutrients are necessary to
improve reproductive performance; however, it is
difficult to determine exactly the reproductive
nutritional  limits. The beneficial effect of lipid
supplementation on reproduction, in general, seems to
be related to an extra-caloric effect of fat, more
specifically of certain fatty acids (GRUMMER, 2004;
SANTOS et al., 2008). Severa studies report on the
effects of supplemental fat on metabolic hormones.
The principal metabolites that indicate the variation in
lipid metabolism are: total cholesterol, triglycerides, as
well as low and high density lipoproteins (MANCIO et
al. 1999; LUCY, 2003). Supplemental fat supplied to
cows stimulates the synthesis and accumulation of
cholesterol in body tissues and fluids (NOGUEIRA,
2008; WILLIAMS, 2001) while high density
lipoproteins predominate in ruminants (GRUMMER &
CARROLL, 1988). Apparently, these lipoproteins have
access to the intracellular compartment (WILLIAMS,
2001).

The unavailability of glucose reduces the
hypothalamic release of GnRH since this metabolite is
necessary for the central nervous system
(WETTEMAN et al., 2003). The hypothalamus detects
the borderline reduction glucose that hinders the
release of GhnRH (DHUYVETTER & CATON, 1996).
Therefore, increasing the gluconeogenesis of the diet
could stimulate the secretion of GnRH (RANDEL,
1990) since the combination of glucose and insulin
stimulates the release of hypothalamic GnRH (ARIAS
et al., 1992). However, insulin administration by
subcutaneous injection in beef cattle as well as by
intracerebroventricular infusion in ovariectomized
sheep does not change the secretion of LH
(DHUYVETTER & CATON, 1996). Wettemann &
Bossis (2000) demonstrated that insulin is able to
stimulate cell proliferation and ovarian steroidogenesis.
The increase of insulin associated with the decrease of
GH is an important relationship to assess the nutritional
impact on reproduction (HAWKINS et al., 2000).

The somatotrophic pathway also appears to be
related in mediating the metabolic status centraly.
According to Lucy et al. (1999) ovarian follicles do not
have receptors for GH although it can act directly on
luteal cells. GH interacts with insulin to control hepatic
production of IGF-I (MOLENTO et al., 2002) while
the functional relationship between insulin and GH
appears to have anabolic nature. Postpartum anestrous
cows, with energy restriction, did not display increased
concentrations of IGF-I unlike animals who had
returned to cycle (ROBERTS et al., 1997). HESS et al.
(2005) concluded that regardless its origin, IGF-I acts
positively on the hypothalamic-pituitary-ovarian axis.

Williams & Stanko (1999) demonstrated that
the use of polyunsaturated vegetable oil increased the
concentration of insulin and GH in serum of beef and
dairy cattle. Bottger et al. (2002) studied primiparous
beef heifers supplemented with oilseed containing high
amount of either oleic or linoleic acid, and found no
effect on the concentration of glucose, NEFA (Non
Esterified Fatty Acids), GH, IGF-I, insulin, and
proteins bound to IGF-I. Likewise, Bellows et al.
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(2001) reported that IGF-1, glucose and NEFA
concentrations were similar for animals receiving
either no supplementation or primiparous beef cows
supplemented with sunflower seeds in pre-natal period.
Staples et al. (1998) while reviewing several studies
about fat supplementation of dairy cows reported low
concentration of insulin in animals supplemented with
fat. It has been reported that usually NEFA increasesin
cows supplemented with fat; however, the glucose
concentration is rarely influenced by fat supplemented
diet. According to Thomas & Williams (1996) the
intake of vegetable oils increases the basd
concentration of insulin in beef cattle, and this
hormone may mediate the effects on follicular
dynamics, directly on their own receptors, or indirectly,
by modulating IGF-1 in granulosa cells
(YOSHIMURA et al., 1994).

It must be considered that peripheral
concentrations of metabolic hormones may have low
efficiency in demonstrating the metabolic status of the
animal, because such concentrations disregard
clearance rates, as well as cellular usage, which can
occur during fat supplementation.

Cholesterol concentration and its relationship to
progesterone synthesis

In mammals, ovarian luteal cells use cholesterol
as precursor for the synthesis of progesterone through a
pool of lipoproteins, combined with cholesterol
(WILLIAMS & STANKO, 1999). In horses and
ruminants, high density lipoproteins (HDL) are the
major lipoproteins which carry cholesterol to
steroidogenic tissues such as liver, ovary, adrenal gland
and testis and to other tissue for membrane synthesis.
The use of fat has the advantage of increasing plasma
cholesterol concentration, needed for the synthesis of
P,. The success of maternal recognition in bovine is
dependent on a sufficiently elongated embryo able to
produce sufficient quantities of IFN-tau, which is
dependent on the stimulation by circulating
progesterone (BUTLER, 2000; GOFF, 2002;
THATCHER et al. 2001).

Nutrition can affect the reproduction via ovary.
Effects related to the ovaries can be direct: on follicular
growth, oocyte maturation and early embryonic
devel opment; or related to some specific substrates and
nutrients, as well as metabolic hormones, among them,
growth hormone, insulin, IGF and leptin (ROBINSON,
1996, WEBB et al. 1999; BOLAND et al. 2001).

Fat supplemented diet increases the levels of
circulating cholesterol (STAPLES et al, 1998),
stimulates the programmed growth of preovulatory
follicle and increases the amount of hair fallicles, as
well as the size of the preovulatory follicle
(LAMMOGLIA et al. 1996; MATTOS et al., 2000).
This effect may be partially due to the increase of LH
concentration in the plasma, which stimulates the final
stage of follicular growth. The ovulation of larger
follicles may lead to the formation of larger corpus
luteum with increased steroidogenic capacity, thus
explaining the increased progesterone production
(HAWKINS et al., 1995; KERBLER et al, 1997,
MANCIO et al., 1999; LAMMOGLIA et al., 2000).

Some polyunsaturated fatty acids such as linoleic
(C18:2), eicosapentaenoic acid (C20:5) and
docosahexaenoic acid (C22:6) increased the size of the
dominant follicle in dairy cows more effectively
(STAPLES et al., 1998).

Lipid metabolism changes when supplemental
fat is added to diet above the recommended limit.
Plasma cholesterol increases due to the larger amount
of precursors to ovarian steroidogenesis since these
higher HDL serum concentrations stimulate 1GF-1
cells and granulosa lutein, as well as progesterone
synthesis, in granulosa and theca cells and
androstenedione in theca cells (GRUMMER &
CARROL, 1988; WILLIAMS, 1989; STAPLES et al.,
1998) or even reduce their blood clearance
(HAWKINS et al, 1995; WILLIAMS & STANKO,
2000). Positive correlation between the concentrations
of progesterone, HDL and cholesterol has been
demonstrated for high fat diets (MANCIO et al., 1999).

Rhodes et al. (1996) induced anoestrus in
heifers via long food restriction and found no effect on
the circulating concentration of FSH, during or after
the restriction period, even while providing twice the
maintenance requirements for heifers during three
weeks (GUTIERREZ et al., 1997). In lactating dairy
cows, the return to the normal pattern of FSH
secretion, soon after birth, was not considered a
limiting factor (BEAM & BUTLER, 1999; GONG et
al. 2002). Severe and prolonged changes in nutritional
status can alter LH pulse in cattle; however, the same
was not observed in monogastric (CAMERON, 1996).
Nevertheless, short period changes in ruminants do not
affect pulsatile secretion of LH (BOLAND et al
2001); the energetic condition of cattle is responsible
for secretion of pituitary LH as well as its follicular
growth. The energy provided by fat supplementation
increases LH secretion in energy-deficient animals.
According to Mattos et al. (2000), the mechanism by
which the energy acts on LH secretion has not yet been
established. Some studies have shown that LH release
was stimulated by fat supplementation while in others
it has not been altered or it has decreased (STAPLES et
al. 1998). Similarly, fat supplementation may increase
the production of glucose by increasing propionate.
According to Funston et al (1995), perhaps the
increased synthesis of glucose is responsible for the
positive effect on the LH release. Modest increases in
basal concentrations of LH have been observed in
lactating cows by Morgan & Williams (1989), in
response to supplementation with polyunsaturated fats.

Some studies demonstrated the ability of insulin
to signal nutritional effects on follicular dynamics in
cattle (WEBB et al, 2004). Gong (2002) while
reviewing the influence of nutrition and metabolic
hormones on follicular development in cattle, reported
that treatment with rGH (recombinant bovine
somatotropin) may enhance the recruitment of small
ovarian fallicles in cattle. This effect of rGH does not
appear to be mediated by changes in gonadotrophin
secretion (GONG et al. 1,997) or the increasing
number of binding sites for ovarian gonadotropin
(GONG et al., 1991) suggesting, perhaps, a direct
effect of GH, IGF-I and/or insulin on the ovarian
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follicles or a synergistic effect thereof with
gonadotropins.

Synthesis of prostaglandin

Unlike many autacoids, prostaglandins are not
stored. Thus its presence in the organism depends
solely on the synthesis from available fatty acids that,
as phospholipid complexes, are part of cell membrane
(NELSON & COX, 2000). Origindly, the
prostaglandins were discovered in semina plasma and
today we know that they are virtually present in all
mammalian tissues, acting as local hormones. They are
synthesized "in vivo", by cyclization of the center of
the carbon chain of 20-carbon polyunsaturated fatty
acid of such as arachidonic acid, forming the
cyclopentane ring. Variations in substituent groups
attached to the rings form different types in each series
of prostaglandins and thromboxanes named A, B, etc.
(MAYES, 2002).

The role of prostaglandins in the restoration of
the estrous cycle immediately after birth and soon after
conception is of great importance. The PGF, is
responsible for uterine involution postpartum. Thus,
higher concentrations of PGF,; during postpartum are
associated with faster uterine involution. The uterine
release of PGF,- in each estrous cycle acts on the
regression of each new corpus luteum and the starting
of a new cycle Concentrations of PGF,; and
progesterone are inversely correlated during regression
of the corpus luteum (FUNSTON, 2004). When the
cow conceives, the release of uterine PGF,, is avoided
in order to preserve the corpus luteum and maintain the
pregnancy since its increased production and release,
before conception, can trigger luteolysis and increased
embryo mortality (NELSON & COX, 2000).

Linoleic acid is the substrate for the synthesis of
PGF,- and this acid can be elongated and desaturated
to form the arachidonic acid (C20: 4), the precursor of
PGF,,[1[1The enzymes that regulate this conversion
include [I[][][Idesaturase and cyclooxygenase.
According to Staples et al. (1998), linoleic acid may
inhibit the synthesis of PGF,, by competitive
inhibition of such regulatory enzymes. Linoleic acid
has inhibitory effects on the synthesis of prostaglandins
by the uterus, both "in vitro" and "in vivo", by
inhibiting the enzyme cyclooxygenase (KADUCE et
al. 1982; STAPLES et al. 1998). This effect could be
responsible, at least in part, by increased pregnancy
rates and Iuteal function registered by Staples et al.
(1998). The arachidonic acid effect, as well as the
essential fatty acids, omega 3, found in fish meal,
seems to have inhibitory activity on cyclooxygenase
(MATTOS et al. 2000). Wamdey et al (1996)
observed that heifers with a low concentration of
progesterone in the luteal phase, supplemented with
fish meal, had a lower concentration of the PGF
metabolite after administration of oxytocin. However,
using fishmeal in heifers with high progesterone levels
during the luteal phase, showed no similar effect.
Linolenic acid was also present in synthesis inhibitor
endometrial  PGF,» (THATCHER et al. 1994).
Linolenic acid was also present in the inhibitor of the
endometrial synthesis of PGF,, (PACE-ASCIAK &

WOLF, 1968). Probably, the amount and type of fatty
acid that reach certain tissues regulate whether the
synthesis of PGF,; will be stimulated or inhibited
(THATCHER & STAPLES, 2000). It was aso
suggested that the reduction in serum and
intrafollicular levels of estradiol associated with fat
supplementation may play an important role in the
modulation of the luteal response to prostaglandin.

Supplementation pre and postpartum

The presence of small ovaries, with no corpus
luteum, is a signal that characterizes the postpartum
anestrus (WILTBANK et al. 2002). In beef cows, the
duration of postpartum anestrus is affected by several
factors including: nutrition (HESS et al. 2005),
breastfeeding (WETTEMANN et al. 2003), uterine
involution, and the number of calvings among others
(YAVAS & WALTON, 2000).

The control mechanisms of postpartum anestrus
involve a complex relationship between the
hypothalamus, pituitary, ovary and uterus (NETT,
1987). The production of large amounts of placental
steroids, especiadly estradiol and P,, during the final
stage of gestation, has a strong negative effect on the
hypothalamus, resulting in low release of GnRH
(SHORT et al. 1990). Between 15 and 30 days
postpartum, E, receptors in the pituitary are
reestablished, thus normalizing  hypothalamic
responsiveness to E, (NETT et al. 1988). Thus in the
postpartum, the stored LH and FSH of the anterior
pituitary are reduced due to negative E, feedback of the
hypothalamus and the presence of P,. However, after
calving, FSH increases rapidly allowing the
recruitment and selection of the dominant follicle
(WILLIAMS, 1990; WETTEMANN et al. 2003) while
this follicle will ovulate only when there is a
restoration of LH pulse frequency (MIHM, 1999).
Typicaly, anestrus is a consequence of a number of
dominant fallicles that fail to ovulate due to low LH
concentrations (ROCHE et al. 1992; JOLLY et al
1995). After about 30 days postpartum, GnRH
discharges increase and consequently, of LH pulses
(GARCIA-WINDER et al. 1986). Increased LH pulse
amplitude makes the follicles to become dominant and
start to secrete large quantities of E,, thus activating the
positive feedback in the hypothalamus.

The pituitary gland of anestrous cows presents
gonadotropin concentrations similar to that of cyclic
cows about 30 days postpartum, responding normally
to exogenous GnRH. Thus, researchers are
concentrating efforts to identify metabolic and
endocrine signals that influence central mechanisms
that act on LH secretion (LUCY, 2003;
WETTEMANN et al 2003). The use of
supplementation pre and postpartum can result in
shorter postpartum anovulatory period. Bellows et al.
(2001) supplemented preffirst calving cows with
different oilseeds and observed a higher pregnancy rate
in the treated animals (91.7 vs. 79%). This same group,
in a second experiment, were fed two diets, the first
supplemented with sunflower seed and the second, a
control diet containing 6.5 and 2.2% fat, respectively,
for 68 days pre-partum; however, the subsequent
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pregnancy rates were similar. After estimating the
qguantity and quality of available forage, it was
concluded that the lack of response of the second
experiment was due to the high quality and abundance
of available forage, which masked any possible effect
of supplementation.

Wehrman et al. (1991) supplemented calved
cows, BCS = 4, with cottonseed and observed an
increase of up to 18% in the number of cyclic cows,
when the mating initiated 30 days after the beginning
of the supplementation period. The response was more
evident when the experimental conditions resulted in
loss of body condition during the postpartum period,
regardless of supplementation.

According to Thomas et al. (1997) fat
consumption is able to avoid decreasing GH serum
levels in the postpartum period. Supplementation with
rice grain, 5.2% ether extract (E.E.) in the experimental
diet and 3.7% E.E. in the control diet for 50 days
postpartum showed a trend towards better pregnancy
rate in animals treated with fat (DE FRIES et al. 1998).
Gong (2002) demonstrated that feeding diets that
increase circulating insulin in dairy cows, during early
lactation, may speed up the first postpartum ovulation
and increase pregnancy rate in first service.

However, for some authors, energy
supplementation in postpartum period is costly and
often ineffective to stimulate cyclicity and, therefore,
reduce the interval between births. Filley et al. (2000)
supplied 0.23 kg/d of protected fat for heifers with
ECC = 5; 30 days dfter delivery and found no
difference in pregnancy rate or in the number of days
to first service. Grant et al. (2003) supplemented high
amounts of linoleic acid as safflower seeds for
postpartum beef cows and reported an increase in
metabolite of PGF from postpartum day 25 to 80, as
well as atendency of decreasing pregnancy rate at first
service.

FINAL CONSIDERATIONS

Lipid supplementation effects on reproductive
performance of cows are extensive and there is a clear
need for further studies. The use of diets with higher
fat content for beef cattle, especidly in the post-
partum, has shortened the postpartum anovulatory
period since it improves the functional ability of the
ovaries, as well as steroid production and luteal
hormones activity.

REFERENCES

ARIAS, P.; RODRIGUEZ, M.; SZWARCFARB, B.;
SINAY, I.R.; MOGUILEVSKY, JA. Effect of insulin
on LHRH release by perifused hypothalamic
fragments. Neuroendrocrinology, v. 56, p. 415-418,
1992.

BALDWIN, R. L.; SMITH, J,; TAILOR, J.; SHARP,
.M. Manipulation metabolic parameters to improve rate

and milk secretion. Journal of Animal Science, v. 51, p.
1416, 1980.

BEAM, S. W.; BUTLER, W. R. Energy balance effects
on follicular development and first ovulation in
postpartum cows. Journal Reproduction Fertility, v.54,
p. 411-424, 1999.

BELLOWS, R. A.; GRINGS, E. E.; SIMMS, D. D
GEARY, T. W.; BERGMAN, J. W. Effects of feeding
supplemental fat during gestation to first-calf beef
heifers. Professional Animal Scientist, v. 17, p.81-89,
2001.

BOLAND, M. P.; LONERGAN, P.; O'CALLAGHAN,
D. Effect of nutrition on endocrine parameters, ovarian
physiology and oocyte and embryo development.
Theriogenology, V.55, P. 1323-1340, 2001.

BOTTGER, J. D.; HESS, B. D.; ALEXANDER, B.
M.; HIXON, D. L.; WOODARD, L. F. FUNSTON, R.
N.; HALFORD, D. M.; MOSS, G. E. Effects of
supplementation with high linoleic or oleic cracked
safflower seeds on postpartum reproduction and calf
performance of primiparous beef heifers. Journa of
Animal Science, v.80, p.2023-2030, 2002.

BURNS, P. D.; DOWNING, E. R.;; ENGLE, T. E;
WHITTIER, J. C.; ENNS, R. M. Effects of fishmeal
supplementation on fertility and plasma omega-3 fatty
acid profiles in primiparous, lactating beef cows.
Professional Animal Scientist, v. 18, p.373-379, 2002.

BUTLER, W.R. Nutritional interactions with
reproductive performance in dairy cattle. Animal
Reproduction Science, v. 60-61, p.449-457, 2000.

CAMERON, J. L. Regulation of reproductive hormone
secretion in primates by short-term changes in
nutrition. Reproduction, v. 1, p. 117-126, 1996.

DE FRIES, C. A.; NEUENDORFF, D. A.; RANDEL,
R. D. Fat supplementation influences post partum
reproductive performance in Brahman cows. Journal of
Animal Science, v.76, p.864-870, 1998.

DHUYVETTER, D.V.; CATON, J.S. Manipulation of
reproduction and lactation with supplementation in
beef cattle. In: 3rd Grazing Livestock Nutrition
Conference Proceedings of Western Section. American
Society of Animal Science, 1996.

FILLEY, S. J; TURNER, H. A.; STORMSHAK, F.
Plasma fatty acids, prostaglandin F2a metabolite, and
reproductive response in postpartum heifer fed rumen
by-pass fat. Journal of Animal Science, v.78, p.139-
144, 2000.

FUNSTON, R. N. Fat supplementation and
reproduction in beef females. Journal of Animal
Science, v.82, p.154-161, 2004.

64



FUNSTON, R. N.; ROBERTS, A. J; HIXON, D. L
HALLFORD, D. M.; SANSON, D. W.; MOSS, G. E.
Effect of acute glucose antagonism on hypophyseal
hormones and concentrations of insulin-like growth
factor (IGF-1) and |GF-binding proteins serum, anterior
pituitary and hypothalamus of ewes. Biology of
Reproduction, v. 52, p. 1179-1186, 1995.

GARCIA-WINDER, M.; LEWIS, P. E.; DEAVER, D.
R.; INSKEEP, E.K. Endocrine profiles associated with
life span of induced corpora lutea in post partum beef
cows. Journal of Animal Science, v. 62, p. 1353-1362,
1986.

GOFF, A.K. Embryonic signa and survival.
Reproduction of Domestic Animal, v.37, p.133-139,
2002.

GONG, J. G.; BAXTER, G.; BRAMLEY, T. A,
WEBB, R. Enhancement of ovarian follicle
development in heifers by treatment with recombinant
bovine somatrotopin: a dose-response study. Journa of
Reproduction and Fertility, v.110, p. 91-97, 1997.

GONG, J. G.; BRAMLEY, T.; WEBB, R. The effect of
recombinant bovine somatotropin on ovarian functions
in heifers. follicular populations and peripheral
hormones. Biology of Reproduction, v. 45, p. 941-945,
1991

GONG, J. G.; LEE, W. J;; GARNSTWORTHY, P. C,;
WEBB, R. Effect of dietary induced increases in
circulating insulin concentrations during the early
postpartum period on reproductive function in dairy
cows. Reproduction, v. 123, p. 419-427, 2002.

GRANT, M. H. J,; HESS, B. W.; BOTTGER, J. D.;
HIXON, D. L.; VAN KIRK, B. M.; ALEXANDER, T.
M.; NETT, T. M.; MOSS, G. E. Effect of feeding high-
linoleate safflower seeds on reproductive endocrine
dynamics in postpartum beef cows. Proceedings of
Western Section American Society of Animal Science,
v. 53, p. 436-439, 2003.

GRUMMER, R. R. Gordura na dieta: Fonte energética
e/ou regulador metabdlico? In: Novos enfoques na
produgao e reproducdo de Bovinos. p. 83-94. 2004.

GRUMMER, R. R.;; CARROLL, D. J. A review of
lipoprotein cholesterol metabolism: Importance to
ovarian function. Journal of Animal Science, v.66, p.
3160-, 1988.

GUTIERREZ, C. G.; OLDHAM, J; BRAMLEY, T.
A.;GONG, J. G.; CAMPBELL, B. K.; WEBB, R. The
recruitment of ovarian follicles is enhanced by
increased dietary intake in heifers. Journa of Animal
Science, v.75, p.1876-1884, 1997.

HAWKINS, D. E.; PETERSEN, M .K.; THOMAS, M.
G.; SAWYER, J. E.;; WATERMAN, R. C. [2000]. Can
beef heifers and young postpartum cows be
physiologically and nutritionally manipuled to

optimize reproductive efficiency? Disponivel em:
http://www.journal of animal science.org/content/77/E-
Suppl/1.45 Acesso em 17/05/2013.

HAWKINS, D.E.; NISWENDER, K.D.; OSS, G.M.;
MOELLER, C.L.; ODDE, K.G.; SAWYER, H.R;
NSWENDER, G.D. An increase in serum lipids
increases luteal lipid content and alters the
disappearance rate of progesterone in cows. Journal of
Animal Science. v. 73, p. 541-545. 1995.

HESS, B. W.; LAKE, S. L.; SCHOLLJEGERDES,
E.J.; WESTON, T. R.; NAYIGIHUGU, V.; MOLLE, J.
D. C.; MOSS, G. E. Nutritional controls of beef cow
reproduction. Journa of Animal Science, v. 83, p. 90-
106, 2005.

HESS, B.W.; MOSS, G.E.; RULE, D.C. A decade os
developments in the area of fat supplementation
research with beef cattle and shep. Journal of Animal
Science, v. 86, p. 188-204, 2008.

HOWLLETT, C. M.; VANZANT, E. S.; ANDERSON,
L. H.; BURRIS, W. R. ; FIESER, B. G.; BAPST, R. F.
Effect of supplemental nutrient source on heifer growth
and reproductive performance, and on utilization of
corn silage-based diets by beef steers. Journa of
Animal Science, v. 81, p. 2367-2378, 2003.

JOLLY, P.D.; MCDOUGALL, S,; FITZPATRICK,
L.A.; MACMILLAN, K.L.; ENTWISTLE, K.W.
Physiologiacl effects of under nutrition on postpartum
anoestrum in cows. Journal of Reproduction and
Fertility, v. 49, p. 477-92,. 1995.

KADUCE, T. L.; SPECTOR, A. A;; BAR, R. S
Linoleic acid metabolism and prostaglandin production
by cultured bovine pulmonary artery endothelia cells.
Arteriosclerosis, v.2, p.380-9, 1982.

KERBLER, T. L.; BUHR, M. M.; JORDAN, L.
T,LESLIE, K. E.;WALTON, JS. Reationship
between maternal plasma progesterone concentration
and interferon-tau synthesisbyconceptus in cattle.
Theriogenology, v.47, p. 703-714, 1997.

LAMMOGLIA, M. A.; BELLOWS, R. A.; GRINGS,
E. E.; BERGMAN, J. W.; BELLOWS, E.; SHORT, R.
E.; HALLFORD, D. M.; RANDEL, R. D. Effects of
dietary fat and sire breed on puberty, weight, and
reproductive traits of F1 beef heifers. Journal of
Animal Science, v.78, p.2244-2252, 2000.

LAMMOGLIA, M.A.; WILLARD, S.T.; OLDHAM, J.
R.; RANDEL, R. D. Effects of dietary fat and season
on steroid hormonal profiles before parturition and on
hormonal, cholesterol, triglycerides, follicular patterns
and postpartum reproduction in Brahman cows. Journal
of Animal Science, v.74, p.2253-2262, 1996.

LUCY, M. C. Mechanisms linking nutrition and
reproduction in  postpartum cows. Reproduction
Supplement, v.61, p. 415-427, 2003.

65


http://www.journalofanimalscience.org/content/77/E-

LUCY, M. C,; BILBY, C. R; KIRBY, C. J; YUAN,
W.; BOYD, C. K. Role of growth hormone in
development and amintence of follicles and corpora
lutea. Journal Reproduction Fertility Suplement, v.54,
p.49-59, 1999.

MANCIO A.B., LONDONOHERNANDEZ, F L;
FONSECA, F.A.; ANGULO L.M. Fontes lipidicas
dietéticas associadas ou ndo a gonadotrofina coridnica
humana (hCG) na fungdo reprodutiva e no
metabolismo de lipides de novilha.Arquivo Brasileiro
de Medicina Veterinaria e Zootecnia, v.51 no.2, p.163-
170, 1999.

MATTOS, R.C.; STAPLES, C.R.; THATCHER, W.W.
Effects of dietary fatty acids on reproduction in
ruminants. Rev. Reproduction, v.5, p. 38-45, 2000.

MAYES, P. E. Lipideos de Importancia Fisioldgica. In:
HARPER: Bioquimica. 9° ed. Sio Paulo: Atheneu,
Cap. 16, p. 160-170, 2002.

MIHM, M. Delayed resumption of ciclicity in
postpartum dairy and beef cattle Reproduction
Domestic Animal, v.34, p.277-284, 1999.

MOLENTO, C. FM; BLOCK, E.; CUE, Rl
PETICLERC, D. Effects of insulin, recombinant
bovine somatotropin, and their interaction on insulin-
like growth factor | secretion on milk production in
dairy cows. Journal of Dairy Science, v. 85, p. 738-
747, 2002.

MORGAN, A. R.; WILLIAMS, G. L. Effect of body
condition and postpartum dietary lipid intake on lipid
metabolism and GnRH-induced luteal function in
postpartum beef cows. Journal of Animal Science,
v.67, 1989.

NELSON, D. L.; COX, M. M. LEHNINGER:
Principles of biochemistry cell.New York: Worth
Publishers, 2000. 937 p.

NETT, T. M. Function of the hypothalamic-
hypophysial axis during the postpartum period in ewes
and cows. In; G.D. NISWENDER (Ed.) Reproduction
in Domestic Ruminants. p.201-13, 1987.

NETT, T. M; CERMARK, D.; BRADEN, T,;
MANNS, J.; NISWENDER, G.Pituitary receptor for
GnRH and estradiol and pituitary content of
gonadotrophins in beef cows I[l.Domestic Animal
Endocrinology, v.5, p.81-89, 1988.

NRC, NATIONAL RESEARCH COUNCIL. Nutrient
requirements of beef cattle, 7.ed.Washington DC:
National Academic press. 2000.

NOGUEIRA, E.Efeitos da suplementagdoenergética e
lipidica no perfil metélico, desenvolvimento foular e
produgido in vitro de embrides em novilhas da raga
Nelore (bostaurusindicus). 2008.87f. Tese (Doutorado

em Medicina Veterinaria), Universidade Estadual
Paulista, Jaboticabal, SP, 2008.

PACE-ASCIAK, C.; WOLF, L.S. Inhibition of
prostaglandin synthesis by oleic, linoleic, and linolenic
acids. BiochimistryBiophys. Acta, v. 152, p. 784-787,
1968.

PALMQUIST, D. L. The Feeding Value of Fats. In: J.
Wiseman, Fats in Animal Nutrition.
Boston:Butterworths, p. 357-381, 1984.

RANDEL, R. D. Nutrition and postpartum rebreeding
in cattle. Journal of Animal Science, v.68, p.853-62,
1990.

RHODES, F. M., ENTWISTLE, K. W.; KINDER, J. E.
Changes in ovarian function and gonadotropinsecretion
preceding the onset of nutritionally induced anestrus in
Bosindicus heifers. Biology of Reproduction, v.55,
p.1437-43, 1996.

ROBERTS, A. J; NUGENT, R. A.; KLINDT, J;
JEKINS, T. G. Circulating insulin-like growth factor I,
insulin-like growth factor binding proteins, growth
hormone, and resumption of estrus in postpartum cows
subjected to dietary energy restrition. Journal of
Animal Science, v.75, p.1909-1917, 1997.

ROBINSON, J. J. Nutrition and reproduction. Animal
Reproduction Science, v. 42, p.25-34, 1996.

ROCHE, J. F.; CROWE, M. A.; BOLAND, M. P.
Pospartum anoestrus in dairy and beef cows. Animal
Reproduction Science, v. 38, p. 371-8, 1992.

SHORT, R. E,; BELLOWS, R. A.; STAIGMILLER,
R. B.; BERARDINELLI, J. G.; CUSTER, E. E.
Physiologicadl mechanisms controlinganestrus  and
infertility in postpartum beef cattle. Journal of Animal
Science, v.68, p.799-816, 1990.

SANTOS, JE.P.; BILBY, T.R,; THATCHER, W.W.;
STAPLES, C.R.; SILVESTRE, F.T. long chain fatty
acids of diet as factors influencing reproduction in
cattle. Reproduction in Domestic Animals, v.43, p.23-
30, 2008.

STAPLES, C. R,; BURKE, J. M.; THACTHER, W. W.
Influence of supplemental fats on reproductive tissues
and performance of lactanting cows. Journal of Dairy
Science, v.81, p.856-871, 1998.

THATCHER, W.W.; GUZELOGLU, A.; MATTOS,
R.; BINELLI, M.; HANSEN, T.R,; PRU, JK. Uterine-
conceptus interactions and reproductive failure in
cattle. Theriogenology, v.56, p.1435-1450, 2001.

THATCHER, W.W.; STAPLES, C. R. DANET-
DESNOYERS, G.; OLDICK, B.; SCHMITT, E.P.
Embryo helth and mortality in sheep and cattle, v. 72,
p.16-30, 1994.

66



THATCHER, W.W.; STAPLES, C. R. Effects of
dietary fat supplementation on reproduction in lactating
dairy cows. Adv. Dairy Technology, v. 12, p.213-232,
2000.

THOMAS, M. G.; BAO, B.; WILLIAMS, G. L.
Dietary fats varying in their fatty acid composition
differentialy influence follicular growth in cows fed
isoenergetic diets. Journal of Anima Science, v.75, p.
2512-9, 1997.

THOMAS, M. G.; WILLIAMS, G. L. Metabolic
hormone secretion and FSH-induced superovulatory
responses of beef heifers fed dietary fat supplements
containing predominatlysatures or polyunsatured fatty
acids. Theriogenology, v.45, p.451-8, 1996.

WAMSLEY, N. E; BURS, P. D.; ENGLE, T. E.
ENNS, R.M Effect of fishmeal supplementation on
endometrial sensitivity to oxitocin in beef heifers
having low luteal phase progesterone. Proceedings of
Western Section of American Society of Animal
Science, 1996.

WEBB, R.; CAMPBELL, B. K.; GARVERICK, H. A ;
GONG, J. G.; GUTIERREZ, C. G.; ARMSTRONG, D.
G. Moalecular mechanisms regulating follicular
recruitment and selection. Journal Reproduction
Fertility, Suplement, v.54, p.33-48, 1999.

WEBB, R.; GARNSWORTHY, P. C.; GONG, J. G;
ARMSTRONG, D. G. Control of fallicular growth:
Local interactions and nutritional influences. Journal of
Animal Science, v.82, p.63-74, 2004.

WEHRMAN, M. E.; WELSH, T. H.; WILLIAMS, G.
L. Diet induced hyperlipidemia in cattle modifies the
intrafolicular cholesterol environment, modulated
ovarian follicular dynamics, and hasten the onset of
postpartum luteal activity. Biology of Reproduction, v.
45, p. 504-514, 1991.

WETTEMANN, R. P.; LENTS, C. A.; CICCIOLI,
N.H.; WHITE, F.J; RUBIO, I. Nutritional and suckling
mediated anovulation in beef cows. Journal of Animal
Science, v.81, p.48-59, 2003.

WETTEMANN, R. P.; BOSSIS, |. Energy intake
regulates ovarian function in beef cattle. [2000].
Disponivel em:
http://www.journal of animal science.org/content/77/E-
Suppl/1.29 Acessado em: 17/05/2013.

WILLIAMS, G. L. Modulation of luteal activity in
postpartum beef cows throug changes in dietary lipid.
Journal of Animal Science, v.67, p.785-93, 1989.

WILLIAMS, G. L. Suckling as a regulator of
postpartum rebreeding in cattle; a review. Journalof
Animal Science, v.68, p.831-52, 1990.

WILLIAMS, G. L. Suplementagdo de gordura na dieta
como estratégia para aumento da eficiéncia reprodutiva

em bovinos. In: Novos enfoques na producdo e
reproducdo de bovinos. Anais. Uberlandia. Minas
Gerais. 2001.

WILLIAMS, G. L.; STANKO, R. L. Dietary fats as
reproductive nutraceuticals in beef cattle. Proceedings
of the American Society of Animal Science. 1999N.
Acesso 19/05/2005 Internet:
www.asas.org/jas/symposi a/proceedings/0915. pdf

WILTBANK, M. C.; GUMEN, A.; SARTORI, R.
Physiological classification on anovulatory conditions
in cattle. Theriogenology, v. 57, p. 21-52, 2002.

YAVAS, Y; WALTON, J.S. Postpartum acyclicity in
suckled beef cows: A review. Theriogenology, v.54, p.
25-55, 2000.

YOSHIMURA, Y.; IWASHITA, M.; KARUBE, M.;
ODA, T.; AKIBA, M.; SHIOKAWA, S.;; ANDO, M,;
YOSHINAGA, A.; NAKAMURA, Y. Growth
hormone stimulates follicular  development by
stimulating ovarian production of insulin-like growth
factor-1. Endocrinology, v. 135, p. 887-894, 1994.

67


http://www.journalofanimalscience.org/content/77/E-

