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Cattle are fed moderate amounts of long chain fatty acids (FA)
with the objective to enhance lactation and growth; however,
recent interest on lipid feeding to cows has focused on
reproduction, immunity and health. Increasing the caloric
density of the ration by fat feeding has generally improved
measures of cow reproduction, but when milk yield and body
weight losses were increased by fat supplementation, positive
effects on reproduction were not always observed. Feeding fat
has influenced reproduction by altering the size of the
dominant follicle, hastening the interval to first postpartum
ovulation in beef cows, increasing progesterone concentrations
during the luteal phase of the oestrous cycle, modulating
uterine prostaglandin (PG) synthesis, and improving oocyte
and embryo quality and developmental competence. Some of
these effects were altered by the type of FA fed. The
polyunsaturated FA of the n-6 and n-3 families seem to have
the most remarkable effects on reproductive responses of
cattle, but it is not completely clear whether these effects are
mediated only by them or by other potential intermediates
produced during rumen biohydrogenation. Generally, feeding
fat sources rich in n-6 FA during late gestation and early
lactation enhanced follicle growth, uterine PG secretion,
embryo quality and pregnancy in cows. Similarly, feeding
n-3 FA during lactation suppressed uterine PG release, and
improved embryo quality and maintenance of pregnancy.
Future research ought to focus on methods to improve the
delivery of specific FA and adequately powered studies should
be designed to critically evaluate their effects on establishment
and maintenance of pregnancy in cattle.

Introduction

Ruminant diets are supplemented with fat primarily to
increase energy concentration and to enhance animal
performance. Dairy and beef cattle diets, without any
supplemental fat, contain approximately 2% long-chain
fatty acids (LCFA) of vegetable origin that are pre-
dominantly polyunsaturated. Because of the high energy
density, fats are usually incorporated into cattle rations
to improve production, growth and reproduction.

During early lactation, when lactating cows undergo a
period of nutrient deficit, it was initially thought that
incorporating supplemental fat to the diet would
enhance energy intake and energy balance, which was
expected to improve reproduction. Because early lacta-
tion cows mobilize large quantities of stored triacylgly-
cerols in adipose tissue, concentrations of fatty acids
(FA) in blood are usually high during the first weeks of
lactation (Drackley 1999). This has been suggested to
cause an unbalance in substrate supply to the cow,
which compromises appetite and overall energy intake
(Drackley 1999). When fat is fed in early lactation, often
cows either consume less diet or production increases,
therefore fat feeding early postpartum seldom alters
energy status even though a more energy dense ration is

consumed. Staples et al. (1998) indicated that feeding fat
did not alter the energy status of dairy cows and
suggested that reproductive responses were the result of
supplying LCFA and altering substrate availability to
the cow rather than simply an energy effect.

As with other nutrients, certain FA are essential for
mammals. In 1929, George O. Burr and his wife were
the first to describe the essentiality of FA in rats
(Burr and Burr 1929, 1930). They observed that growing
rats fed diets low in fat ceased growing and experienced
health problems and irregular ovulation, which were
then reversed after feeding fat sources rich in the
polyunsaturated FA C18:2 n-6 (linoleic acid) and
C18:3 n-3 (a-linolenic acid) (Burr and Burr 1930).
Therefore, the concept of essential FA was established
and later understood that C18:2 n-6 and C18:3 n-3 could
not be synthesized by mammalian cells because of lack
of desaturase enzymes beyond the 9th C in the acyl
chain. Because of the essentiality of FA and the role of
specific FA on reproductive processes, it is possible that
reproduction in cattle may be more influenced by the
type of fat fed than fat feeding per se. This is particularly
important and challenging as ruminants extensively
hydrogenate polyunsaturated FA, thereby limiting the
supply of dietary unsaturated FA for absorption in the
small intestine.

Feeding Fat and Fatty Acids to Cattle

Lipids are important molecules that serve as a source of
energy and are critical components of the physical and
functional structure of cells. Lipids present in cell
membranes such as FA in phospholipids play an
important role in regulating the properties and activities
of cell membranes. Changes in chain length, degree of
unsaturation and position of the double bonds in the
acyl chain of FA can have remarkable impacts on their
function and may play a role in reproduction in cattle
(Staples et al. 1998; Mattos et al. 2000), although the
exact mechanisms are still unclear. Potential mecha-
nisms may include improved dietary energy density
(Ferguson et al. 1990), altered follicle development
(Staples and Thatcher 2005), increased concentrations
of progesterone (Staples et al. 1998), suppressed luteo-
lytic signals around maternal recognition of pregnancy
(Mattos et al. 2000), and improved embryo quality
(Cerri et al. 2004).

The use of fat in diets of dairy cattle usually
increases the energy density of the ration and improves
lactation and reproduction, although improvements in
reproduction occur in spite of provision of calories
(Staples et al. 1998). These effects might be mediated
by the FA composition of the fat source; however, a
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major impediment to the study of FA and reproduc-
tion in cattle is the inability to predict the delivery of
specific lipids, particularly polyunsaturated FA to the
small intestine for absorption, and the specific needs of
different tissues for FA to modulate reproduction.
Microbial activity in the rumen results in lipolysis of
triacylglycerols and biohydrogenation of unsaturated
FA which dramatically reduces the amount of poly-
unsaturated FA reaching the small intestine for
absorption. In fact, Juchem (2007) demonstrated that
more than 70% of the C18:2 n-6 and more than 85%
of C18:3 n-3 fed to lactating cows were biohydro-
genated in the rumen when fed as unprotected oils or
as Ca salts of long chain FA (Ca-LCFA), respectively.
Therefore, if specific unsaturated FA are important for
reproduction in cattle, it is critical that future research
with lipids and reproduction aim to improve the extent
of delivery of unsaturated FA for absorption. In spite
of the difficulties to deliver polyunsaturated FA to
ruminants, studies have generally indicated that the
polyunsaturated FA of the n-6 (linoleic acid) and n-3
[a-linolenic acid; eicosapentaenoic (EPA), C20:5 n-3;
docosahexaenoic (DHA), C22:6 n-3] families are the
most beneficial to improving reproduction in cows.

Fatty Acids and Postpartum Uterine Health

Uterine health is an important risk factor for subsequent
fertility in lactating dairy cows. During the process of
parturition, eicosanoids are produced in substantial
amounts and play an important role in regulation and
control of parturition, and expulsion of the placenta and
uterine contents through opening of the cervix
and contractions of the uterus. Prostaglandin F2a is an
important eicosanoid that regulates CL lifespan and
might influence retention of foetal membranes and
subsequent uterine health. Uterine synthesis of PGF2a

is regulated in part by substrate availability, and
arachidonic acid (AA; C20:4 n-6) is the precursor for
PGF2a synthesis, so it is plausible to suggest that
increments in AA content of endometrial tissue should
enhance uterine PGF2a secretion, which in turn may
influence uterine health.

Burns et al. (2003) fed non-lactating beef cows n-3
FA from fish meal and reduced the endometrial
concentration of AA and increased those of EPA and
total n-3 FA. Similar effects have been observed with
lactating dairy cows fed increasing amounts of fish
meal or Ca-LCFA enriched in fish oil (Bilby et al.
2006b; Moussavi et al. 2007). Because of incorporation
of n-6 and n-3 FA primarily in the phospholipid
component of endometrial tissue, it is possible that
changes in FA content of the endometrial tissue might
modulate endometrial secretion of PGF2a in cows.
Feeding approximately 2% of the ration as fish oil rich
in n-3 FA reduced the peripheral blood concentrations
of PGF2a metabolite (PGFM) indicating reduced
uterine secretion of PGF2a (Mattos et al. 2004). In
contrast feeding supplemental fat pre-partum contain-
ing approximately 30% of FA as C18:2 n-6 increased
uterine secretion of PGF2a based on PGFM in blood
(Cullens et al. 2004). Increased synthesis of PGF2a

when cows were supplemented with n-6 FA pre-partum

might enhance the potential for uterine and immune
cells to secrete eicosanoids which may influence
postpartum uterine health and immuno-competence
of the cow. Collectively, these data indicate that
feeding fat sources differing in FA profile during the
transition period can influence the natural release of
PGF2a by the uterus of the cow.

Three studies examined the effect of feeding fat pre-
partum on postpartum health of dairy cows (Cullens
et al. 2004; Juchem 2007; Silvestre, unpublished data).
When cows were supplemented with Ca-LCFA rich in
n-6 FA pre-partum, incidence of postpartum diseases
including retained placenta, metritis and mastitis was
reduced (8.3% vs 42.9%) compared with cows not fed
fat pre-partum (Cullens et al. 2004). Juchem (2007)
supplemented the diet of 501 pre-partum dairy cows
with 2% Ca-LCFA of either palm oil or a blend of
C18:2 n-6 and trans-octadecenoic FA. Incidence of
retained placenta did not differ between treatments
(6.6%). Risk of uterine disease was similar between
sources of FA, but cows fed the blend of C18:2 n-6
and trans-octadecenoic FA had reduced the odds of
puerperal metritis (8.8% vs 15.1%; adjusted odds
ratio ¼ 0.53). Rate of uterine involution did not differ,
and 91% of the cows had completed uterine involution
at the last ultrasonography on week 6 postpartum
(Juchem 2007). In a similar attempt, Silvestre (unpub-
lished data) fed 1167 pre-partum dairy cows 1.5% of
the ration as Ca-LCFA of either palm oil or safflower
oil. Feeding a fat source rich in C18:2 n6 enhanced
measures of innate immunity; however, incidences of
retained placenta (10.1%), metritis (17.4%), and
purulent cervical discharge (29%) did not differ
between treatments. These data suggest that, although
feeding fat sources rich in n-6 FA may enhance
immune responses and have pro-inflammatory effects,
its impacts on uterine health are subtle.

Fatty Acids, Follicle Development and
Resumption of Postpartum Cyclicity

One of the mechanisms by which fat feeding might
improve fertility in cattle is by influencing follicle
growth and ovulation (Lucy et al. 1993). Lucy et al.
(1991) replaced corn with Ca-LCFA in the diet fed to
dairy cows beginning at parturition, and feeding
Ca-LCFA increased the number of medium (6–9 mm)
sized follicles within 25 days postpartum, and that of
follicles >15 mm in a synchronized oestrous cycle. In
addition, diameter of the largest (18.2 vs 12.4 mm)
follicle was greater in cows fed Ca-LCFA. When this
study was repeated with isocaloric diets, similar effects
were observed (Lucy et al. 1993). Staples and Thatcher
(2005) summarized the effects of supplemental fats on
the size of the dominant follicle (Table 1). On average,
dominant follicle diameter was 3.2 mm larger, which
represents a 23% increase in fat supplemented cows.
Several studies have shown that dominant follicle
diameter increased in cows fed diets enriched in
polyunsaturated FA compared with monounsaturated
FA, suggesting differential effects of FA on follicle
growth (Staples et al. 2000; Bilby et al. 2006a). Folli-
cles from cows abomasally infused with yellow grease
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grew faster to a larger diameter than follicles from
cows infused with tallow (Oldick et al. 1997). It
appears that fat feeding, but more importantly type
of fat, stimulates follicle growth in cows. The impact of
larger ovarian follicles on fertility because of fat
supplementation has not been defined, but cows
experiencing earlier postpartum ovulation have been
reported to have larger follicles (Beam and Butler
1997). Therefore, it is possible that increasing the
number and size of larger follicles by feeding fat can
reduce the interval from calving to first postpartum
ovulation, which has been observed for postpartum
beef cows (Lammoglia et al. 1996, 1997; De Fries et al.
1998).

Although some studies have indicated that feeding fat
hastens follicle growth, which might influence resump-
tion of postpartum ovulation (Lammoglia et al. 1996,
1997; De Fries et al. 1998), it is unclear whether
supplemental fats differing in FA profile have any
differential effect on resumption of cyclicity. Juchem
(2007) fed 699 multiparous cows either 400 g of FA
from tallow or from Ca-LCFA containing palm and fish
oils and observed no difference in proportion of cycling
cows at 65 days postpartum (83.2% vs 82.2%, respec-
tively). Subsequently, dairy cows supplemented with
Ca-LCFA of palm oil or a blend of C18:2 n-6 and trans-
octadecenoic FA from 25 days pre-partum to 80 days
postpartum experienced a similar mean interval to first
postpartum ovulation (30.5 and 32.2 days, respectively;
Juchem 2007). Recently, Silvestre (unpublished data) fed
cows (n = 1055) either Ca-LCFA of palm oil or of
safflower oil from 2 weeks pre-partum to 4 weeks
postpartum, and then half of the cows in each transition
treatment group were switched to either Ca-LCFA of
palm oil or fish oil (264 ⁄ treatment). The proportions of
cyclic cows at 63 days postpartum were 84.2%, 79.5%,
79.2% and 77.1% for cows fed palm oil ⁄palm oil, palm
oil ⁄fish oil, safflower ⁄palm oil, and safflower ⁄fish oil,
respectively, and they did not differ. Taken together,
these data demonstrate that type of supplemental FA,
whether more saturated or unsaturated does not influ-
ence resumption of postpartum cyclicity in lactating
dairy cows.

Fatty Acids and Oestradiol

Oestradiol has stimulatory effects on uterine secretion of
PGF2a (Knickerbocker et al. 1986), and can increase the
sensitivity of the CL to PGF2a (Howard et al. 1990)
which may enhance regression of the CL. Thus lowered
plasma oestradiol may help prevent pre-mature CL
regression and early embryonic mortality. Oldick et al.
(1997) reported that abomasal infusion of tallow or
yellow grease reduced concentrations of plasma oestra-
diol on days 15 to 20 of a synchronized oestrous cycle
compared with cows infused with glucose, a response
that also has been observed in beef cows supplemented
with lipids (Hightshoe et al. 1991). Also, oestradiol
concentration was reduced in the follicular fluid from
beef cows fed soybean oil (Ryan et al. 1992). Although a
reduction in follicular oestradiol caused by fat feeding
might potentially benefit CL lifespan, it may be detri-
mental to expression of oestrus and uterine priming
during prooestrus.

Fat and Luteal Function

Improved fertility in cattle has been associated with
increased circulating concentrations of progesterone
during the luteal phase before and after AI. Addition
of fat to cattle diets has consistently shown to increase
plasma cholesterol and cholesterol content in follicular
fluid and in the CL (Staples et al. 1998; Williams 1989;
Ryan et al. 1992; Hawkins et al. 1995; Lammoglia et al.
1996). Cholesterol serves as a precursor for the synthesis
of progesterone by ovarian cells and both high and low
density lipoproteins deliver cholesterol to ovarian tissues
for steroidogenesis (Grummer and Carroll 1991).
Hypercholesterolemia may increase CL steroidogenesis;
however, the increased plasma progesterone concentra-
tions in dairy and beef cows fed fat (Table 2) may be
explained possibly by reduced progesterone clearance,
not by increased synthesis (Hawkins et al. 1995).

Fatty Acids, Oocyte Quality and Membrane
Composition

Competence of the oocyte and embryo is related to FA
composition; specifically, phospholipid content of the
cellular membrane plays a vital role in development
during and after fertilization. The amount of lipid in the
ruminant oocyte is approximately 20-fold greater than
that of the mouse (76 vs 4 ng) and consists (w ⁄w) of
approximately 50% triacylglycerol, 20% phospholipid,
20% cholesterol and 10% free FA (McEvoy et al. 2000).
Previous studies showed that C16:0 and C18:1 were the
most abundant FA in the phospholipid fraction of
oocytes from cattle and may function as an energy
reserve (Kim et al. 2001; Zeron et al. 2001). Polyunsat-
urated FA comprised <20% of total FA, with C18:2
n-6 the most abundant of these.

Temperature modulates the physical properties of
lipids in cell membranes and changes in lipid composi-
tion of the membrane. Zeron et al. (2001) reported that
oocyte membrane fluidity and FA composition were
affected by season. Furthermore, a relationship was
documented between decreased polyunsaturated FA

Table 1. Effect of supplemental fat on the diameter of the dominant
ovarian follicle of lactating dairy cows (from Staples and Thatcher
2005)

Reference

Fat

source

Experimental diets

Control (mm) Fat (mm)

Ambrose et al. (2006) Rolled flaxseeds 14.1 16.9

Beam and Butler (1997) Tallow, yellow grease 11.0 13.5

Bilby et al. (2006a) Ca-LCFA or flaxseed oil 15.0 16.5

Lucy et al. (1991) Ca-LCFA 12.4 18.2

Lucy et al. (1993) Ca-LCFA 16.0 18.6

Oldick et al. (1997) Yellow grease 16.9 20.9

Robinson et al. (2002) Protected soybeans 13.3 16.9

Staples et al. (2000) Soybean oil, fish oil 14.3 17.1

Average 14.1 17.3

Ca-LCFA = Ca salts of long chain fatty acids from palm oil or a blend of palm

and soyabean oils.

Control vs fat was P < 0.10 for each study.
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content, a change in biophysical behaviour of oocytes,
and low fertility of dairy cows during summer. Zeron
et al. (2001) documented that monounsaturated and
polyunsaturated FA contents were reduced in oocytes
and granulosa cells in the summer compared with
those from cattle in the winter season. The number of
high quality oocytes increased in ewes fed poly-
unsaturated FA compared with those not fed fat
(74.3% and 57.0%, respectively), and polyunsaturated
FA supplementation increased the proportion of
LCFA in the plasma and cumulus cells (Zeron et al.
2002). However, these FA changes were relatively small
indicating that uptake of polyunsaturated FA by the
oocyte is either selective or highly regulated, which
might limit potential impacts of nutrition on FA
composition of oocytes.

Fatty Acids and Embryo Quality and Development

Few studies have investigated the effects of fat supple-
mentation on embryo quality and development in
lactating dairy cattle. Fouladi-Nashta et al. (2007) fed
lactating dairy cows either 200 or 800 g ⁄day of
Ca-LCFA of palm oil, and follicles were transvaginally
aspirated, then matured, fertilized and cultured in vitro.
A greater percentage of oocytes developed into blast-
ocysts from cows fed the high fat diet and those
blastocysts had more total cells, because of increased
trophectoderm cell population. Although in vitro studies
have shown an improvement in embryo development
with dietary fat supplementation, it is not clear which
particular FA is most beneficial. Bilby et al. (2006a)
were unable to demonstrate differential effects of dietary
FA on embryo quality after IVM and IVF with lactating
cows in the summer. In vitro systems may not necessarily
mimic in vivo responses, which might mask potential
effects of source of FA on subsequent embryo develop-
ment. Furthermore, cows were exposed to heat stress,
which might compromise oocyte and subsequent

embryo quality, thereby limiting potential benefits from
different sources of FA (Bilby et al. 2006a).

When super-stimulated lactating cows were fed fat
sources rich in saturated, n-6 or n-3 FA, fertilization rate
and number of transferable embryos did not differ;
however, embryo development was enhanced in cows fed
the unsaturated compared with saturated FA (Thangav-
elu et al. 2007). Embryos from non-super-stimulated
lactating cows had increased number of accessory
spermatozoa and cells, percentage of live cells, and they
were of better quality when cows were fed Ca-LCFA rich
in C18:2 n-6 and trans-octadecenoic FA compared with
cows fed Ca-LCFA of palm oil (Cerri et al. 2004).
Embryos from gilts supplemented with a high-fat diet
rich in C18:2 n-6 had increased number of nuclei after
cryopreservation compared with gilts fed a low-fat diet
(Kojima et al. 1996). Therefore, in vivo studies suggest
that supplementing cows with unsaturated FA may
improve embryo quality and development.

Fatty Acid Receptors and Intracellular
Responses

Peroxisome proliferator-activated receptors (PPAR) are
a family of nuclear receptors activated by selected LCFA,
eicosanoids and peroxisome proliferators. Three PPAR
isoforms, encoded by separate genes, have been identified
thus far: PPARc, PPARa and PPARd which upon ligand
binding, can affect transcription of target genes. The
PPARd is expressed in a wide range of tissues and cells
including the endometrium, which is vital for normal
fertility serving as a regulator of PG production and
required for implantation in rodent models (Lim et al.
1999).MacLaren et al. (2006) reported similar expression
of PPARa and PPARd mRNA in bovine endometrium
from cyclic and pregnant Holstein cows. Agonists of
PPARd ⁄a had a dramatic stimulatory effect on PGH
synthase (PGHS-2) mRNA levels and synthesis of PGF2a

and PGE2, which appeared to be mediated at least in part
through PPARd (MacLaren et al. 2006). The authors
hypothesized that PPARd is involved in the pregnancy
recognition process of cattle and that it mediates at least
some of the beneficial effects of n-3 FA on fertility. Also,
Balaguer et al. (2005) reported an inverse relationship
between endometrial PPARd mRNA concentration and
that of oestrogen receptor-a and PGHS-2 in lactating
dairy cows. The inverse relationship between these genes
spawned further speculation that PPAR, PPARd in
particular, are mediators of uterine PGF2a biosynthesis
in dairy cattle. Therefore, it is possible that feeding FA
that influence PPAR may regulate PGF2a synthesis and
possibly implantation owing to the beneficial effects of
certain fat supplements on cattle fertility.

Uterine Prostaglandin Synthesis and Conceptus
Interactions

Appropriate cross-talk of hormonal signals between
maternal and conceptus tissues are required for success-
ful establishment and maintenance of pregnancy. The
endometrium plays a critical role in regulating the
oestrous cycle and establishment of pregnancy primarily
through processing of AA and synthesis of PGF2a.

Table 2. Effect of supplemental fat on plasma progesterone concen-
trations in dairy and beef cattle

Measurement

Progesterone,

ng ⁄ ml

p < ReferenceControl Fat

Dairy cows

Peak concentration 6.0 8.1 0.08 Garcia-Bojalil et al.

(1998)

Week 2 to 12 postpartum 4.2 4.8 0.05 Son et al. (1996)

Week 5 to 12 postpartum 4.5 6.0 0.05 Spicer et al. (1993)

Day 1 to 12 of oestrous cycle 4.2 5.2 0.05 Lucy et al. (1993)

Day 9 to 15 of oestrous cycle 6.6 7.7 0.05 Carroll et al. (1990)

Beef cows and heifers

Peak concentration 15.5 14.2 NS De Fries et al.

(1998)

Days 12 to 13 of the EC 5.8 11.8 0.02 Hawkins et al.

(1995)

Day 5 of the second EC <2.6 >4.0 0.01 Lammoglia et al.

(1997)

Weekly samples 7.6 10.3 0.01 Lammoglia et al.

(1996)

Day 5 of FSH-induced EC 21.5 24.1 NS Thomas and Williams

(1996)

NS, not significant; EC, oestrous cycle.

26 JEP Santos, TR Bilby, WW Thatcher, CR Staples and FT Silvestre

� 2008 The Authors. Journal compilation � 2008 Blackwell Verlag



Feeding n-3 FA can attenuate endometrial PGF2a

production. Feeding fish meal to dairy cows attenuated
the decrease in plasma progesterone concentrations
2 days after PGF2a injection suggesting changes in CL
regression because of fish oil FA (Burke et al. 1996).
Mattos et al. (2002) demonstrated that FA from fish
meal reduced plasma PGFM concentrations compared
with unsupplemented cows after an oestradiol ⁄oxytocin
challenge. Dairy cows fed fish oil during the transition
period had greater EPA and DHA concentrations in
caruncular tissues and reduced postpartum concentra-
tions of PGFM compared with cows fed olive oil
(Mattos et al. 2004). Conversely, feeding fat sources rich
in n-6 FA increased plasma PGFM after an oxytocin
challenge (Robinson et al. 2002; Petit et al. 2004). Thus
supplemental lipids can either inhibit or stimulate PG
secretion depending upon the specific FA.

Incubation of bovine endometrial cells with AA stim-
ulated PGF2a production compared with cells not sup-
plemented with FA. On the other hand, cells
supplemented with n-3 FA had reduced secretion of
PGF2a (Mattos et al. 2003). Themechanism by which n-3
FA inhibit PGF2a secretion may involve decreasing the
availability ofAAprecursor, increasing the concentration
of FA that compete with AA for processing by PGHS-2,
or inhibition of PGHS-2 (Mattos et al. 2000). Bilby et al.
(2006b) concluded that n-3 FA supplementation to
lactating dairy cows had little effect on the endometrial
components that regulate the PG cascade. Instead EPA
and DHA exerted their regulatory effects as alternative
substrates that reduced the lipid pools of AA. In support
of these conclusions, Burns et al. (2003) demonstrated
that feeding fish meal reduced the endometrial concen-
tration of AA and increased those of EPA and total n-3
FA. Therefore, different FA can alter PGF2a secretion by
influencing FA availability in the endometrial tissue, and
supplying FA that inhibit PGF2a release by the uterus
might improve the mechanism of embryo preservation,
which may benefit embryonic survival in cattle.

Fatty Acids and Fertility of Cows

Studies evaluating the effects of supplemental fat on
reproductive performance of beef cattle are limited. To
our knowledge, no controlled trials have been conducted
with adequate number of animals to evaluate the
potential for fat supplementation to impact establish-
ment and maintenance of pregnancy of beef cows. De
Fries et al. (1998) observed a tendency (p = 0.09) for
increased pregnancy in Brahman cows fed 5.2% fat
compared with cows fed 3.7% fat in the diet; however,
the number of cows used in this study was limited to
only 20 per treatment.

Feeding fat to dairy cattle might improve pregnancy
per AI (Table 3), although responses have not been
consistent. When fat feeding increased postpartum body
weight loss, primiparous cows fed fat had reduced
pregnancy at first AI (Sklan et al. 1994). However,
Ferguson et al. (1990) observed a 2.2-fold increased odds
(odds ratio = 2.2) of becoming pregnant at first and all
AI in lactating cows fed 0.5 kg ⁄day of fat, which tended
(p = 0.08) to enhance the proportion of pregnant cows
at the end of the study (93% vs 86.2%). In grazing cows,

supplementation with 0.35 kg of FA improved preg-
nancy after the first postpartum AI, although the
proportion of cows pregnant at the end of the study did
not differ (McNamara et al. 2003). Feeding Ca-LCFA of
palm oil improved pregnancy of dairy cows (Schneider
et al. 1988; Sklan et al. 1991), but the authors did not
report statistical significance. On the other hand, others
did not observe improvements on fertility of dairy cows
supplemented with Ca-LCFA (Sklan et al. 1994; Scott
et al. 1995) or oilseeds (Schingoethe and Casper 1991),
which might be attributed to increased milk yield and
body weight losses (Sklan et al. 1991, 1994).

Because the benefits of feeding fat may originate from
specific FA (Staples et al. 1998; Staples and Thatcher
2005), and absorption of unsaturated FA is limited in
ruminants because of microbial biohydrogenation in the
rumen (Juchem 2007), studies have evaluated whether
feeding FA differing in the degree of saturation might
influence fertility of dairy cows (Table 4). When cows
were fed 0.75 kg of fat from flaxseed, a source rich in
C18:3 n-3, or sunflower seed, a source rich in C18:2 n-6,
pregnancy tended (p = 0.07) to be greater for cows fed
n-3 FA (Ambrose et al. 2006). However, a similar
response to flaxseed was not observed by others (Petit
and Twagiramungu 2006; Fuentes et al. 2008). Simi-
larly, feeding n-3 FA from fish oil as Ca-LCFA did not
improve pregnancy at first postpartum AI when com-
pared with feeding beef tallow (Juchem 2007) or with
Ca-LCFA of palm oil (Silvestre, unpublished data),
although pregnancy at second postpartum AI was
greater for cows fed n-3 FA (Silvestre, unpublished
data). Juchem (2007) evaluated the effect of feeding pre-
and postpartum cows Ca-LCFA of palm oil or a blend
of C18:2 n-6 and trans-octadecenoic FA. Cows fed
unsaturated FA were 1.5 times more likely to be
pregnant at 27 or 41 days after AI compared with cows
fed palm oil. Improvements in pregnancy when cows
were fed Ca salts of a mix of C18:2 n-6 and trans-
octadecenoic FA were supported by increased fertiliza-
tion and embryo quality in non-superovulated lactating
dairy cows (Cerri et al. 2004).

Table 3. Effect of fat supplementation on pregnancy at first post-
partum AI in lactating dairy cows

Reference Cows

Fat

source and

amount

Pregnancy per

AI, %

Control Fat

Ferguson et al. (1990) 253 0.5 kg of saturated

free FA

42.6 59.1*

McNamara et al. (2003) 201 0.32 to 0.36 kg

of FA from

Ca-LCFA

35.5 51.1*

Schingoethe

and Casper (1991)

153 Oilseeds 46.5 42.0

Schneider et al. (1988) 181 0.5 kg of Ca-LCFA 43.1 60.5

Scott et al. (1995) 443 0.45 kg of Ca-LCFA 49.3 45.7

Sklan et al. (1991) 99 2.6% of ration

as Ca-LCFA

41.5 39.2

Sklan et al. (1994) 102 2.5 of ration as

Ca-LCFA

Primiparous 73.7* 33.3

Multiparous 42.1 33.3

FA = fatty acid; Ca-LCFA = Ca salts of long chain fatty acids from palm oil.
*Within a row, effect of supplemental fat (p < 0.05).
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Because n-3 FA can suppress uterine secretion of
PGF2a (Mattos et al. 2002, 2003, 2004), it may improve
embryonic survival in cattle (Mattos et al. 2000). In
three of five experiments, feeding the n-3 FA C18:3 n-3
(Ambrose et al. 2006; Petit and Twagiramungu 2006) or
EPA and DHA (Silvestre, unpublished data) reduced
pregnancy losses in lactating dairy cows (Table 5). On
the other hand, when n-6 FA were fed as Ca-LCFA,
pregnancy losses were similar to those observed for cows
fed Ca-LCFA of palm oil (Juchem 2007; Silvestre,
unpublished data).

Collectively, these data suggest that feeding fat to dairy
cows generally improves fertility and responses are
observed with the energy increment in the diet; also, these
data suggest that fertility responses to fat feeding are
altered according to the type of dietary FA, although
responses are not always consistent. Feeding n-3 FA from
flaxseeds or as Ca-LCFA improved pregnancy per AI in
some, but not all studies. Similarly, feeding Ca-LCFA
rich in n-6 FA improved pregnancy per AI in one of two
experiments with lactating dairy cows. Although feeding
n-3 FA has not consistently increased the risk of
pregnancy, it has reduced pregnancy losses in dairy cows.

Conclusions

Fat is recommended to be incorporated into dairy cattle
diets at moderate amounts. Feeding fat to cattle

generally improved establishment and maintenance of
pregnancy, but benefits to fertility can be negated when
weight losses are exacesbated by fat feeding. Potential
improvements in fertility of cows caused by fat feeding
have generally been associated with enhanced follicle
development postpartum, increased diameter of the
ovulatory follicle, increased progesterone concentrations
during the luteal phase of the cycle, altered uter-
ine ⁄ embryo cross-talk by modulating PG synthesis,
and improved oocyte and embryo quality. Some of
these effects have been more influenced by the type of
fatty acid than by fat feeding per se. Differential
responses in vivo to FA feeding suggest that unsaturated
FA of the n-6 and n-3 families were most beneficial.
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J, 2008: Effect of extruded linseed on productive and
reproductive performance of lactating dairy cows. Livest
Sci 113, 144–154.

Garcia-Bojalil CM, Staples CR, Risco CA, Savio JD, Thatcher
WW, 1998: Protein degradability and calcium salts of long-
chain fatty acids in the diets of lactating dairy cows:
productive responses. J Dairy Sci 81, 1374–1384.

Grummer RR, Carroll DJ, 1991: Effects of dietary fat on
metabolic disorders and reproductive performance of dairy
cattle. J Anim Sci 69, 3838–3852.

Hawkins DE, Niswender KD, Oss GM, Moeller CL, Odde
KG, Sawyer HR, Niswender GD, 1995: An increase in
serum lipids increases luteal lipid content and alters the
disappearance rate of progesterone in cows. J Anim Sci 73,
541–545.

Hightshoe RB, Cochran RC, Corah LR, Kiracofe GH,
Harmon DL, Perry RC, 1991: Effects of calcium soaps of
fatty acids on postpartum reproductive function in beef
cows. J Anim Sci 69, 4097–4103.

Howard JJ, Scott RG, Britt JH, 1990: Associations among
progesterone, estradiol-17b, and prostaglandin in cattle
treated with hCG during diestrus to extend corpus luteum
function. Prostaglandins 40, 51–70.

Juchem SO, 2007: Lipid Digestion and Metabolism in Dairy
Cows: Effects on Production, Reproduction and Health.
PhD thesis, University of California Davis.

Kim JY, Kinoshita M, Ohnishi M, Fukui Y, 2001: Lipid and
fatty acid analysis of fresh and frozen-thawed immature and
in vitro matured bovine oocytes. Reproduction 122, 131–
138.

Knickerbocker JJ, Thatcher WW, Foster DB, Wolfenson D,
Bartol FF, Caton D, 1986: Uterine prostaglandin and blood
flow responses to estradiol-17b in cyclic cattle. Prostaglan-
dins 31, 757–776.

Lammoglia MA, Willard ST, Oldham JR, Randel RD, 1996:
Effects of dietary fat and season on steroid hormonal
profiles before parturition and on hormonal, cholesterol,
triglycerides, follicular pattern, and postpartum reproduc-
tion in Brahman cows. J Anim Sci 74, 2253–2262.

Lammoglia MA, Williard ST, Hallford DM, Randel RD,
1997: Effects of dietary fat on follicular development and
circulating concentrations of lipids, insulin, progesterone,
estradiol-17b, 13,14-dihydro-15-keto-prostaglandin F2a and
growth hormone in estrous cyclic Brahman cows. J Anim Sci
75, 1591–1600.

Lim H, Gupta RA, Ma WG, Paria BC, Moller DE, Morrow
JD, BuBois RN, Trzaskos JM, Dey SK, 1999: Cyclo-
oxygenase-2-derived prostacyclin mediates embryo implan-
tation in the mouse via PPARd. Gene Dev 13, 1561–1574.

Lucy MC, Staples CR, Michel FM, Thatcher WW, Bolt DJ,
1991: Effect of feeding calcium soaps to early postpartum
dairy cows on plasma prostaglandin F2a, luteinizing hor-
mone, and follicular growth. J Dairy Sci 74, 483–489.

Lucy MC, De La Sota RL, Staples CR, Thatcher WW, 1993:
Ovarian follicular populations in lactating dairy cows
treated with recombinant bovine somatotropin (sometribo-
ve) or saline and fed diets differing in fat content and energy.
J Dairy Sci 76, 1014–1027.

MacLaren LA, Guzeloglu A, Michel F, Thatcher WW, 2006:
Peroxisome proliferator-activated receptor (PPAR) expres-
sion in cultured bovine endometrial cells and response to
omega-3 fatty acid, growth hormone and agonist stimula-
tion in relation to series 2 prostaglandin production. Dom
Anim Endocr 30, 155–169.

Mattos R, Staples CR, Thatcher WW, 2000: Effects of dietary
fatty acids on reproduction in ruminants. Rev Reprod 5, 38–
45.

Mattos R, Staples CR, Williams J, Amorocho A, McGuire
MA, Thatcher WW, 2002: Uterine, ovarian, and production
responses of lactating dairy cows to increasing dietary
concentrations of menhaden fish meal. J Dairy Sci 85, 755–
764.

Mattos R, Guzeloglu A, Badinga L, Staples CR, Thatcher
WW, 2003: Polyunsaturated fatty acids and bovine inter-
feron-s modify phorbol ester-induced secretion of prosta-
glandinF2a and expression of prostaglandin endoperoxide

Factors Influencing Reproduction in Cattle 29

� 2008 The Authors. Journal compilation � 2008 Blackwell Verlag



synthase-2 and phospholipase-A2 in bovine endometrial
cells. Biol Reprod 69, 780–787.

Mattos R, Staples CR, Arteche A, Wiltbank MC, Diaz FJ,
Jenkins TC, Thatcher WW, 2004: The effects of feeding fish
oil on uterine secretion of PGF2a, milk composition, and
metabolic status of periparturient Holstein cows. J Dairy Sci
87, 921–932.

McEvoy TG, Coull GD, Broadbent PJ, Hutchinson JSM,
Speake BK, 2000: Fatty acid composition of lipids in
immature cattle, pig and sheep oocytes with intact zona
pellucida. J Reprod Fertil 118, 163–170.

McNamara S, Butler T, Ryan DP, Mee JF, Dillon P, O’Mara
FP, Butler ST, Anglese D, Rath M, Murphy JJ, 2003: Effect
of offering rumen-protected fat supplements on fertility and
performance in spring-calving Holstein–Friesian cows.
Anim Reprod Sci 79, 45–56.

Moussavi AR, Gilbert RO, Overton TR, Bauman DE, Butler
WR, 2007: Effects of feeding fish meal and n-3 fatty acids on
ovarian and uterine responses in early lactating dairy cows.
J Dairy Sci 90, 145–154.

Oldick BS, Staples CR, Thatcher WW, Gyawu P, 1997:
Abomasal infusion of glucose and fat-effect on digestion,
production, and ovarian and uterine function of cows. J
Dairy Sci 80, 1315–1328.

Petit HV, Twagiramungu H, 2006: Conception rate and
reproductive function of dairy cows fed different fat sources.
Theriogenology 66, 1316–1324.

Petit HV, Germiquet C, Lebel D, 2004: Effect of feeding
whole, unprocessed sunflower seeds and flaxseed on milk
production, milk composition, and prostaglandin secretion
in dairy cows. J Dairy Sci 87, 3889–3898.

Robinson RS, Pushpakumara PGA, Cheng Z, Peters AR,
Abayasekara DEE, Wathes DC, 2002: Effects of dietary
polyunsaturated fatty acids on ovarian and uterine function
in lactating dairy cows. Reproduction 124, 119–131.

Ryan DP, Spoon RA, Williams GL, 1992: Ovarian follicular
characteristics, embryo recovery, and embryo viability in
heifers fed high fat diets and treated with follicle-stimulating
hormone. J Anim Sci 70, 3505–3513.

Schingoethe DJ, Casper DP, 1991: Total lactational response
to added fat during early lactation. J Dairy Sci 74, 2617–
2622.

Schneider P, Sklan D, Chalupa W, Kronfeld DS, 1988:
Feeding calcium salts of fatty acids to lactating cows. J
Dairy Sci 71, 2143–2150.

Scott TA, Shaver RD, Zepeda L, Yandell B, Smith TR, 1995:
Effects of rumen-inert fat on lactation, reproduction, and
health of high producing Holstein herds. J Dairy Sci 78,
2435–2451.

Sklan D, Moallem U, Folman Y, 1991: Effect of feeding
calcium soaps of fatty acids on production and reproductive

responses in high producing lactating cows. J Dairy Sci 74,
510–517.

Sklan D, Kaim M, Moallem U, Folman Y, 1994: Effect of
dietary calcium soaps on milk yield, body weight, repro-
ductive hormones, and fertility in first parity and older cows.
J Dairy Sci 77, 1652–1660.

Son J, Grant RJ, Larson LL, 1996: Effects of tallow and escape
protein on lactational and reproductive performance of
dairy cows. J Dairy Sci 79, 822–830.

Spicer LJ, Vernon RK, Tucker WB, Wettemann RP, Hogue
JF, Adams GD, 1993: Effects of inert fat on energy balance,
plasma concentrations of hormones, and reproduction in
dairy cows. J Dairy Sci 76, 2664–2673.

Staples CR, Thatcher WW, 2005: Effects of fatty acids on
reproduction of dairy cows. In: Garnsworthy PC, Wiseman
J(eds), Recent Advances in Animal Nutrition. Nottingham
University Press, Nottingham, UK, pp. 229–256.

Staples CR, Burke JM, Thatcher WW, 1998: Influence of
supplemental fats on reproductive tissues and performance
of lactating cows. J Dairy Sci 81, 856–871.

Staples CR, Wiltbank MC, Grummer RR, Guenther J, Sartori
R, Diaz FJ, Bertics S, Mattos R, Thatcher WW, 2000: Effect
of long chain fatty acids on lactation performance and
reproductive tissues of Holstein cows. J Dairy Sci 83(Suppl.
1), 278 (Abstr.)

Thangavelu G, Colazo MG, Ambrose DJ, Oba M, Okine EK,
Dyck MK, 2007: Diets enriched in unsaturated fatty acids
enhance early embryonic development in lactating Holstein
cows. Theriogenology 68, 949–957.

Thomas MG, Williams GL, 1996: Metabolic hormone secre-
tion and FSH-induced superovulatory responses of beef
heifers fed dietary supplements containing predominantly
saturated or polyunsaturated fatty acids. Theriogenology
45, 451–458.

Williams GL, 1989: Modulation of luteal activity in post-
partum beef cows through changes in dietary lipid. J Anim
Sci 67, 785–793.

Zeron Y, Ocheretny A, Kedar O, Borochov A, Sklan D, Arav
A, 2001: Seasonal changes in bovine fertility: relation to
developmental competence of oocytes, membrane properties
and fatty acid composition of follicles. Reproduction 121,
447–454.

ZeronY, SklanD,AravA, 2002: Effect of polyunsaturated fatty
acid supplementation on biophysical parameters and chilling
sensitivity of ewe oocytes. Mol Reprod Dev 61, 271–278.

Author’s address (for correspondence): JEP Santos, LE ‘‘Red’’ Lasson
Building, Department of Animal Sciences, University of Florida,
Gainesville, FL, 32611 USA. E-mail: jepsantos@ufl.edu

Conflict of interest: All authors declare no conflict of interests.

30 JEP Santos, TR Bilby, WW Thatcher, CR Staples and FT Silvestre

� 2008 The Authors. Journal compilation � 2008 Blackwell Verlag


