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Dairy cow fertility has been declining during since the mid-80s
and this has given rise to numerous scientific studies in which
important parts of the pathogenesis are elucidated. Reduced
oocyte and embryo quality are acknowledged as major factors
in the widely described low conception rates and in the high
prevalence of early embryonic mortality. Apart from the
importance of the negative energy balance (NEB) and the
associated endocrine and metabolic consequences, there is
a growing attention towards the effect of the milk yield
promoting diets which are rich in energy and protein.
Starch-rich diets can improve the energy status and thus the
ovarian activity in the early postpartum period but the oocyte
and embryo quality can suffer from such insulinogenic diets.
Supplementation of dietary fat has a similar dual effect with
a beneficial stimulation of the ovarian steroid production while
the oocyte and the embryo display an altered energy metabo-
lism and excessive lipid accumulation. High-protein diets can
elevate the ammonia and urea concentrations in the blood,
leading to changed intrafollicular, oviductal and uterine
environments. Oocytes and embryos are highly sensitive to
such changes in their microenvironment, possibly leading to
a disturbed maturation, fertilization or early cleavage. Several
nutrition-linked mechanisms, through which oocyte and/or
embryo quality can be affected in modern dairy cows, well
after the period of NEB, are proposed and comprehensively
reviewed in the present report.

Introduction

Studies over the last two decades clearly established
extensive knowledge about the link between nutrition
and ruminant fertility (for review: Robinson et al. 2006).
Dairy cow fertility has been declining, and in addition to
the negative energy balance (NEB), high-protein and
high-energy diets have also been proposed to adversely
affect the finely tuned process of becoming pregnant
(Butler 2003). Dietary changes can cause an immediate
and rapid alteration in a range of humoral factors that
can profoundly alter endocrine and metabolic signalling
pathways known to be crucial for the function of
reproductive mechanisms (O’Callaghan et al. 2000;
Boland et al. 2001; Diskin et al. 2003). Modern dairy

*This manuscript is the second part of a twin review paper. The title of the
companion manuscript is: Reduced Fertility in High-yielding Dairy Cows:
Are the Oocyte and Embryo in Danger? Part I: The Importance of
Negative Energy Balance and Altered Corpus Luteum Function to the
Reduction of Oocyte and Embryo Quality in High-yielding Dairy Cows.

cows are typically fed starch-, or fat- and protein-rich
diets, to maximize milk production. In the present
report, we will overview some of the possible causes
through which such rations may interfere with oocyte
and/or embryo quality. After all, it has been shown that
the competence of an oocyte or embryo to establish
a full-term pregnancy is reduced in lactating animals,
compared to their non-lactating herd mates (Wiltbank
etal. 2001; Sartorietal. 2002). Furthermore, results of our
previous work suggested that, even without taking NEB
into account, the metabolic adaptations sustaining high
milk production, and most probably the typical milk-
stimulating diet, may contribute to inferior embryos
with a significantly darker appearance and higher lipid
content (Leroy et al. 2005a). Most studies linking
nutrition and fertility describe the influence of short-
term changes in feed intake on various types of fertility
parameters. A large portion of these studies try to
establish an optimal diet to stimulate superovulatory
responses to increase the yield of viable oocytes or
embryos. The results of these studies are, therefore, of
limited value in elucidating the specific situation of high-
yielding dairy cows, because in their case, typical milk-
stimulating diets are fed for several months, and
superovulation treatments are generally not applied.
Furthermore, postpartum dairy cows are rarely used in
such experimental designs, because milk production and
the accompanying NEB during the first 5-10 weeks
postpartum are known to confound the possible effects
of nutrition on fertility. Literature focusing on the long-
term effects of milk-driving diets on fertility, and more
specifically, on oocyte or embryo quality in the early
postpartum period, is therefore very limited.

Starch-rich Diets to Augment Dietary Energy
Intake

In an attempt to reduce the extent and the duration of the
NEB, dairy cows are fed high-energy diets (usually based
on high starch content). These high-energy diets (or
insulinogenic or glucogenic diets) can attenuate a severe
drop in insulin and glucose concentrations or can avoid
excessively high non-esterified fatty acid (NEFA) con-
centrations during the period of NEB (Van Knegsel
et al. 2007a). Glucogenic diets have clearly been shown
to be beneficial for fertility as they stimulate the
resumption of normal endocrine signalling leading to
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the early onset of ovarian activity (Gong 2002; Van
Knegsel et al. 2005). In this way, the possible direct
harmful effects of elevated NEFA and reduced glucose
concentrations on oocyte and granulosa cell quality
(Leroy et al. 2005b; Vanholder et al. 2005; Leroy et al.
2006) may be avoided. An in-depth overview on the
effects of a NEB on oocyte and embryo quality is
presented in the companying review paper (Leroy et al.
2008).

Several weeks after calving, when cows resume
a positive energy balance, the amount of energy intake
can affect follicular dynamics and circulating concen-
trations of steroids and growth factors (for reviews see:
O’Callaghan and Boland 1999; Webb et al. 2004) that
can affect oocyte and embryo quality in a direct or
indirect way (Fig. 1). In addition to the favourable
effects on energy balance, high feeding levels increase
liver blood flow and upregulate the steroid catabolism in
the liver which results in reduced circulating progester-
one concentrations, on the one hand (Vasconcelos et al.
2003) but, on the other hand, may result in increased
progesterone production by the corpus luteum (CL;
Armstrong et al. 2001). Reports in the literature about
a possible causal link between energy intake, peripheral
progesterone concentrations and embryo viability are
contradictory (Abecia et al. 1997; Dunne et al. 1999;
McEvoy et al. 2001; Lozano et al. 2003) which neces-
sitates further research.

Wrenzycki et al. (2000) demonstrated more specific-
ally that both energy source and quantity can have
significant effects on the expression of developmentally
important genes in embryos, such as: Cu/Zn super oxide
dismutase (SOD; prevention of oxidative stress), and on
pyruvate utilization in day 6 bovine embryos. Ad libitum
intake of barley-based concentrates, under experimental
circumstances, reduced pyruvate utilization and signifi-
cantly enhanced the expression of Cu/Zn SOD in
embryos. Yaakub et al. (1999a) found similar adverse
effects on embryo quality of a barley-based high

concentrate low fibre diet, fed before superovulation
and embryo recovery. It is possible that a diet induced
shift in the volatile fatty acid profiles in the rumen
(proprionate vs acetate), affects embryo quality
indirectly, via an altered energy metabolism [insulin
and/or insulin-like growth factor I (IGF-I) concentra-
tions] or directly, via compositional changes in follicu-
lar, tubal or uterine fluids (Wrenzycki et al. 2000). This
is an interesting finding because our modern dairy cows
typically receive a high concentrate and low fibre diet.

There is an increasing evidence that possible adverse
effects of high-energy diets on early embryonic devel-
opment may be programmed even before fertilization
during the acquisition of oocyte developmental compet-
ence in the follicle (O’Callaghan and Boland 1999;
McEvoy et al. 2001; Lozano et al. 2003). Oocytes
collected from heifers (McEvoy et al. 1997a; Nolan et al.
1998; Yaakub et al. 1999b) or ewes (Lozano et al. 2003)
that were fed a low-energy diet showed an improved
developmental competence in vitro. Whether altered pre-
and/or post-ovulatory progesterone concentrations,
because of such dietary changes, may explain differences
in oocyte quality remains a point of discussion (McEvoy
et al. 1995; Yaakub et al. 1999b). It is clear from the
above that the interaction between altered steroid
secretions in the ovary and steroid metabolism in the
liver are hard to elucidate and therefore the distinct
effect of each of these factors, induced by nutrition, on
oocyte quality is hardly impossible to investigate in an
in vivo approach.

As explained above, adequate insulin and IGF-I
concentrations are beneficial for follicular growth (Lan-
dau et al. 2000; Armstrong et al. 2002a). However, the
dietary induced higher bioavailability of intrafollicular
IGF-1, through reduced IGF-binding protein (BP)
concentrations, has the potential to interact directly
with the oocyte (Armstrong et al. 2001; Comin et al.
2002). However, an over stimulation of the oocyte, by
dietary-induced high IGF-I, and probably an associated
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increased insulin concentration, may have a negative
effect on the oocyte’s developmental competence (Arm-
strong et al. 2002b). It is important to mention that the
level of energy intake stimulates oestrogen secretion by
granulosa cells, resulting in beneficial effects on oocyte
quality (Armstrong et al. 2002c; Comin et al. 2002). All
mechanisms described above are schematically repre-
sented in Fig. 1.

Finally, a recent study of Adamiak et al. (2005a)
demonstrated that the effect of nutrition on oocyte
quality is dependent on the body condition of the
animal. A high plane of energy intake proved to be
beneficial to oocytes from lean animals, while it was
detrimental to oocytes from animals of moderately high
body condition. Therefore, it can be concluded that the
level of nutrition (energy content) an animal receives has
the potential to influence their oocytes’ developmental
competence, and subsequent embryo viability in a direct
and/or indirect way. The mechanisms described above,
include changes in progesterone, oestrogen, IGF and
insulin concentrations, and alterations in the follicular
and uterine microenvironment. Concerning the specific
reproductive physiology of high-producing dairy cows,
our main assumption is that high-energy diets were
revealed to be beneficial for oocyte quality in the early
postpartum period, most likely by reducing the depth
and duration of the NEB (Kendrick et al. 1999;
Gwazdauskas et al. 2000). Later postpartum, however,
when dairy cows regained a positive energy balance, a
(excessively) high intake of nutritional energy may result
in the production of over stimulated, and thus inferior,
oocytes (Armstrong et al. 2001) and significantly
reduced embryo quality. This may ultimately lead to
decreasing conception rates, and to a higher incidence of
embryo mortality. Hence, diets shown to enhance

follicular growth may not necessarily be advantageous
for ovum quality!

Dietary Fat Supplementation and the Effect on
Oocyte and Embryo Quality

Modern dairy rations are often supplemented with
rumen protected fat to increase the energy intake in the
early postpartum period and to increase fertility (Beam
and Butler 1997; Thatcher et al. 2006). There are several
hypotheses as to how dietary fat could influence repro-
ductive performance (reviewed by Staples et al. 1998;
Fig. 2), but once again, reports of the effects on fertility
are contradictory (Staples et al. 1998; McNamara et al.
2003; Van Knegsel et al. 2005). Attempting to improve
the energy balance (DeFrain et al. 2005), fat supplemen-
tation increases the dietary energy content which stimu-
lates milk production and thus energy loss, ultimately
resulting in even higher NEFA and beta-hydroxibutaric
acid (f-OHB) and lower glucose and insulin concentra-
tions (McNamara et al. 2003; Van Knegsel et al. 2005;
Moallem et al. 2007). Even in a very recent study with
isocaloric diets, Van Knegsel et al. (2007b) found out
that lipogenic diets resulted in a higher energy partition-
ing to milk. Supplemental dietary fat increases the size as
well as the estradiol production of the pre-ovulatory
follicle (Lucy et al. 1991; Beam and Butler 1997; Moal-
lem et al. 2007), most likely via the induction of high
cholesterol concentrations in follicular fluid and plasma.
This increased follicle size may have beneficial effects on
both oocyte quality and CL function, as has been
discussed above (Vasconcelos et al. 2001). The resulting
hypercholesterolaemia also enhances progesterone secre-
tion, thus, supporting early embryo developmental
competence (Ryan et al. 1992; Lammoglia et al. 1996;
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Diagrammatic presentation of the major mechanisms through which high fat diets can affect oocyte and embryo quality in high-

producing dairy cows. Fat-supplemented diets have no positive effect on energy balance. However, they promote follicular growth and steroid
secretion (higher availability of the substrate cholesterol). Polyunsaturated fatty acids are said to have a positive effect on oocyte quality and can
support early embryonic survival via reduction of the prostaglandin F2« secretion in the endometrium. Saturated fatty acids may have opposite
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McNamara et al. 2003). Apart from rations supplemen-
ted merely with saturated or monounsaturated fatty
acids (to increase energy intake), also polyunsaturated
fatty acids are becoming increasingly popular; partic-
ularly as a way to increase milk concentrations of
omega-3 (n-3) fatty acids. Supplementation with these
polyunsaturated fatty acids can reduce prostaglandin
secretion by the endometrium, and hence support the
lifespan of the CL (Staples et al. 1998; Cheng et al. 2001;
Thatcher et al. 2006), an effect which would be beneficial
for embryo survival. It was only recently that Bilby et al.
(2006) illustrated the mechanism behind this observa-
tion, showing that diets rich in fish oil (n-3 polyunsat-
urated) have the potential to reduce the expression of
endometrial cyclo-oxygenase-2, an essential enzyme for
prostaglandin biosynthesis (Bilby et al. 2006; Thatcher
et al. 2006). Hinckley et al. (1996), on the other hand,
demonstrated that fish oil is also capable of inhibiting
progesterone production by luteal cells cultured in vitro.
The latter was confirmed in vivo by a study in which cows
were fed a linseed-rich diet (linolenic acid, C18:3, n-3)
leading to significantly reduced plasma progesterone
concentrations (Robinson et al. 2002). Mattos et al.
(2002) were not able to corroborate this negative effect
on progesterone production in synchronised cows fed
either eicosapentaenoic acid (EPA; C20:5, n-3) or
docosahexaenoic acid (DHA; C22:6, n-3). In other
words, it is important to consider the exact type of the
supplemented fat (length of the carbon chain and degree
of saturation) when estimating the effect on fertility.
Clearly, a conclusive result of the effects of fat supple-
mentation in dairy rations on the reproductive outcome,
awaits further investigation (Fig. 2).

It is generally accepted that the quality of an oocyte
and embryo is closely related to their fatty acid
composition, in particular the composition of the
phospholipid fraction (McEvoy et al. 2000). Focussing
on possible direct effects of fat-rich diets on oocyte and
embryo quality, it has recently been demonstrated that
addition of 6% protected fat (saturated and monoun-
saturated) can alter the fatty acid profile, both in serum
and in follicular fluid (FF) (Adamiak et al. 2004).
Whether this will also hold true for the tubal and/or
uterine microenvironment is still unknown. Further-
more, the change in FF fatty acid composition is also
reflected in the fatty acid content and profile of the
cumulus—oocyte complex (Adamiak et al. 2005b; Rooke
et al. 2006). Fatty acid composition, and thus membrane
fluidity, of an oocyte or embryo can be affected by the
microenvironment (Zeron et al. 2001). The triglycerides,
stored in lipid droplets, are proposed to be an important
energy store (Kim et al. 2001). During pre-maturation
and maturation in vivo, there seems to be a physiological
lipid accumulation in the oocyte (Fair 2003). Sata et al.
(1999) and Kim et al. (2001) demonstrated that oocytes
and embryos in vitro are able to accumulate fatty acids
from their environment. Such an excessive lipid accu-
mulation is, however, known to impair the quality of the
embryos by increasing their sensitivity to oxidative
stress, chilling and cryopreservation (Abe et al. 1999;
Reis et al. 2003). In addition, an increased lipid
accumulation has been associated with suboptimal
mitochondrial function and a deviation in the relative

abundance of developmentally important gene tran-
scripts from stress responsive genes, thus hampering the
quality and hence the viability of the embryo (Abe et al.
2002; Rizos et al. 2003; Fig. 2). As mentioned earlier, we
recently described extremely high lipid concentrations in
embryos collected from high-producing dairy cows,
when compared to the lipid content of maiden dairy
heifer or beef cow embryos (Leroy et al. 2005a). The
high-lipid content coloured the dairy cow embryos dark,
and they appeared very similar to in vitro produced
embryos when cultured in the presence of serum (Leroy
et al. 2005a). The causal reason for this observation is as
not yet known, and at present this interesting finding is
under further investigation. It is hypothesized that
physiological adaptations sustaining high milk produc-
tion alter the microenvironment of the oocyte and/or
embryo, ultimately resulting in a changed lipid metabo-
lism and/or an excessive lipid uptake.

The consequences of feeding polyunsaturated fatty
acid-rich diets on the subsequent quality of the oocyte or
embryo have been scarcely considered. Bilby et al.
(2006) found a negative effect on the oocyte’s develop-
mental capacity when dairy cows were fed linoleic acid
(C18:2, n-6)-rich diets. Studies in sheep, on the other
hand, revealed a favourable effect on oocyte quality of
dietary supplementation with rumen protected fish oil
(Zeron et al., 2002). Furthermore, Zeron et al. (2002)
were able to demonstrate changes in the fatty acid
composition of the oocyte, resulting in a positive effect
on oocyte membrane integrity following chilling. Only
recently, Pereira et al. (2007) were able to reduce lipid
accumulation during in vitro culture and to improve the
cryosurvival of bovine blastocysts by supplementing the
serum containing culture medium with conjugated
linoleic acid (C18:2, trans-10 cis-12). Further research
is certainly needed.

High Milk Production via an Elevated Crude
Protein Intake and Possible Consequences on
Oocyte and Embryo Quality

One of the strategies to sustain a high milk production
in early lactation is increasing dietary crude protein
levels (up to 19% or higher on a dry matter basis; Butler
1998). A great deal of attention has been paid to the
portion of the protein that is quickly degradable by the
rumen bacteria and protozoa. An excessive intake of
such degradable protein and a relative shortage of
energy (carbohydrates) to synthesize bacterial proteins
will result in an accumulation of excessive ammonia in
the rumen (Sinclair et al. 2000a). This is absorbed
through the ruminal wall and will be converted into urea
in the liver. This detoxification process consumes energy
and thus may exacerbate NEB early postpartum,
thereby reducing fertility (Butler 1998; Fig. 3). A second
source of urea produced by the liver is the deamination
and catabolism of amino acids.

In spite of the milk-stimulating features, high dietary
protein levels have been associated with inferior repro-
ductive performance in most, but not all, studies
(reviewed by Butler 2003; Melendez et al. 2003).
Furthermore, the possibility of confounding effects of
protein intake and lactation-induced NEB on reproduc-

© 2008 The Authors. Journal compilation © 2008 Blackwell Verlag



Dairy Nutrition and Ovum Quality

627

| HIGH CRUDE PROTEIN DIETS |

UREA
? Energy
Balance
+
FH ——
et Follicular
Prima Growth
follicle
+

2N 4

Oocy- e Quality

Fig. 3.

NH4+ Corpus luteum

Quality

Endometrium

Progesterons -More PGF2a
- - Reduced pH

Oviduct  —
Embryo Quality

Interferon tau

Diagrammatic presentation of the major mechanisms through which rations with a high crude protein content can affect oocyte and

embryo quality in high-producing dairy cows. Diets rich in crude protein can result in elevate blood ammonia and urea concentrations which are
paralleled in the follicular fluid and which can harm the oocyte proper. Also, an altered oviductal and uterine environment has been demonstrated
to have a direct toxic on the embryo. The deamination process and urea synthesis in the liver needs energy and therefore can exacerbate the

negative energy balance

tive performance can make the correct interpretation of
some study results difficult (Butler 1998; Gath et al.
1999; Kenny et al. 2001, 2002). High crude protein levels
in the diet do not appear to have a deleterious impact on
the reinitiation of ovarian cyclicity in the postpartum
dairy cow. However, reduced conception rates (up to
30% and 20% decrease in lactating cows and heifers,
respectively) in animals with serum wurea nitrogen
concentrations exceeding 20 mg/dl (or milk urea nitro-
gen concentrations >19 mg/dl) have frequently been
reported (Butler et al. 1996; Westwood et al. 1998;
Sinclair et al. 2000b; Melendez et al. 2003). The major
pathogenesis suggested for this conception failure (or
early embryonic mortality) is the potential toxicity of
the direct by-products of protein catabolism (ammonia
and urea) for the oocyte and the embryo (Fig. 3). For
example, murine embryos cultured in the presence of
high NH, " concentrations displayed morphological,
metabolic and genetic abnormalities (Gardner and Lane
1993; Lane and Gardner 2003). However, it is known
that the lactating dairy cow can metabolically adapt to a
prolonged high intake of quickly degradable protein, by
opposing possible adverse effects of long-term high urea
concentrations on embryo growth (Dawuda et al. 2002;
Laven et al. 2004). This, however, could not be
confirmed in ewes (McEvoy et al. 1997a,b). In one
Finnish study, a long-term very moderate increase in
dietary crude protein content from 14% to 18% turned
out to be advantageous to the quality of Ayrshire heifer
embryos despite the concomitant elevated blood urea
concentrations (Mikkola et al. 2005).

High systemic urea concentrations have been associ-
ated with a reduction in uterine pH (7.1 to 6.8) and an

alteration in the ionic composition of uterine fluid, both
of which create a hostile environment for the developing
embryo (Jordan et al. 1983; Elrod and Butler 1993). This
has recently been confirmed in vitro by Ocon and
Hansen (2003). Additionally, endometrial cell cultures
incubated with urea secreted significantly higher
amounts of PGF,x compared to controls (Butler
1998). Finally, it has been suggested that such uterine
environments are also hostile for the viability and
motility of spermatozoa (Westwood et al. 1998). Inter-
estingly, Fahey et al. (2001) found reduced embryo
quality in donor ewes fed high-protein diets, but the diet
of the embryo recipients had no effect on survival of
transferred embryos. Hence, they suggested that the
adverse effects of urea on embryo quality are likely to be
due to deleterious alterations in the environment of the
follicle and/or oviduct, rather than due to a changed
uterine environment (Fahey et al. 2001; Papadopoulos
et al. 2001). This finding was very recently confirmed in
a study of lactating dairy cows (Rhoads et al. 2006).
Transfer of embryos, collected from dairy cows with
elevated plasma wurea nitrogen concentrations
(24 mg/dl) for several weeks, resulted in a significantly
reduced pregnancy rate. It is important to mention that
this was irrespective of the urea nitrogen status of the
recipient (Rhoads et al. 2006). Oocytes recovered from
beef heifers that experienced elevated ammonia concen-
trations, both in serum and in FF, indeed showed
a compromised developmental competence in vitro (Sin-
clair et al. 2000b). Hammon et al. (2000a) demonstrated
that effects of ammonia on bovine oocytes in vitro
depend on timing and duration of exposure (Hammon
et al. 2000b). Furthermore, as ammonia is also toxic for
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granulosa cells in vitro, they lose their ability to support
in vitro oocyte maturation (Rooke et al. 2004).
Leroy et al. (2004) and also Hammon et al. (2005)
found a very good correlation between urea concentra-
tions in plasma and follicular or uterine fluid in high-
producing dairy cows in the early postpartum period.
De Wit et al. (2001) reported a retarded nuclear
maturation and reduced fertilization and cleavage rates
in bovine oocytes matured in the presence of 6 mm urea,
probably through inhibition of the polymerization of
tubulin into microtubules (De Wit et al. 2001). Similar
toxic effects on oocyte maturation have been documen-
ted by Ocon and Hansen (2003).

In conclusion, it can be said that notwithstanding the
wide variation in experimental design, and the some-
times conflicting results, there is enough evidence to
assume that diets inducing excessively high urea and
ammonia concentrations in blood can have detrimental
effects on oocyte and embryo quality. This adverse effect
can act at the level of both the embryo (especially
through ammonia) and oocyte (particularly through
urea). The duration of exposure to such high-protein
diets is, however, also important because cows are able
to compensate for negative effects when such diets are
fed over a period of weeks.

Other Possible Factors Affecting Oocyte and
Embryo Quality in Modern Dairy Cows

For decades, dairy cows have primarily been selected for
high milk yield. Some studies suggest that this genetic
selection itself could have an adverse effect on oocyte
quality (Fig. 4). Snijders et al. (2000) collected oocytes
from high and low genetic merit cows and observed
a significantly lower developmental competence in vitro
for oocytes originating from high merit cows irrespective
of milk yield. Moreover, a greater number of high than
of medium genetic merit cows were not pregnant at the
end of the breeding season. Surprisingly, there were no
obvious differences in NEFA concentrations in these
two groups indicating no significant differences in EB
(Snijders et al. 2001). Also, in the pregnancy study, no
differences were found in postpartum follicular devel-
opment, suggesting therefore, that the quality of the
oocyte itself may be impaired in cows of high genetic
merit. In contrast with the findings of Snijders et al.
(2001), Veerkamp et al. (2003) and Horan et al. (2005)
suggested that high genetic merit for milk production is
also associated with a more severe NEB. This higher
metabolic stress may explain poorer oocyte quality and
unsatisfactory reproductive performance. Silke et al.
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(2002) did not find any significant association between
the extent or pattern of late embryonic loss and genetic
merit for milk production. Possible influences of genetic
selection are, therefore, thought more likely to operate
on the oocyte or on the early embryo (within 2 weeks of
fertilization).

Along with genetic selection towards higher milk
production, modern dairy cows became more sensitive
to heat stress, as their metabolism and thus internal heat
production has also significantly increased (reviewed by
Kadzere et al. 2002). It has been observed that heat
stress is injurious to reproduction (reviewed by De
Rensis and Scaramuzzi 2003). In addition to its
detrimental effects on energy balance, follicular dynam-
ics, and hypothalamus—pituitary—ovarian axis, it has
also been suggested that high body temperatures can be
directly toxic to the oocyte and the pre-implantation
embryo (Edwards and Hansen 1997; Rocha et al. 1998;
Hansen 2007). Heat stress occurring 20-50 days prior to
artificial insemination (AI) can result in drastically
reduced conception rates (Chebel et al., 2004). This
indicates that there is a long-term effect of heat stress
that impacts the ultimate quality of the oocyte to be
ovulated several weeks later. Heat stress is also able to
induce degeneration of granulosa and theca cells, and
thus, to compromise steroidogenesis (Chebel et al.
2004). An excellent overview on the effect of heat stress
on embryo quality is presented by Hansen (2007).

It is generally accepted that high-yielding dairy cows
are more vulnerable to attack from metabolic and
infectious diseases. Postpartum diseases are even sug-
gested to be a more important risk factor for reproduc-
tive failure compared to NEB (Loeffler et al. 1999). Both
the incidence and the severity of clinical mastitis are
significantly increased in modern dairy cows, probably
because of a depressed immune system early after
parturition (Ingvartsen et al. 2003; Burvenich et al.
2003). Mastitis in the early postpartum period, but also
intramammary infections occurring at the time of Al,
are significantly associated with reduced conception
rates (Loeffler et al. 1999), and more specifically with
higher risks of abortion within the first 90 days (Risco et
al. 1999). The possible mechanisms involved in the link
between infectious diseases and embryonic mortality
have been extensively reviewed by Hansen et al. (2004)
and are beyond the scope of this review. A summariza-
tion of all the mechanisms discussed herein, is depicted
in Fig. 4.

Conclusions

Milk yield maximization per cow remains preferable
from an economical and environmental point of view.
However, fertility in modern dairy cows has been
declining, and one wonders whether we have reached
the boundaries of what is physiologically achievable.
Currently, there is increasing scientific evidence that
suggests that diminished oocyte and embryo quality are
two major factors in the complex pathogenesis of
reproductive failure. The oocyte and embryo are
vulnerable to various types of endocrine and metabolic
changes in their microenvironment. It is only recently
that an increasing number of studies are being per-

formed in an attempt to expand our understanding of
the specific composition of the microenvironments in the
follicle, oviduct and uterus.

Several mechanisms, through which oocyte and/or
embryo quality can be affected in modern dairy cows,
well after the period of NEB, have been proposed and
are comprehensively reviewed in the present report. The
standard milk-stimulating diet can be associated with
significant endocrine and metabolic alterations that
probably have the capacity to endanger the quality of
the female gamete or embryo in either a direct or an
indirect way. Dietary recommendations for optimal
follicular growth appear to be different from those that
promote ovum quality. Therefore, complex and intricate
formulations are required and practically applicable
management advices for the dairy industry and the dairy
farmer are a real challenge to develop. In addition to the
dietary concerns, also genetic factors, infectious disecases
and heat stress are among the factors that can endanger
oocyte and embryo quality. It is obvious that extensive
further research is indispensable to elucidate the various
clues, and answer the questions which have been raised.
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