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INTRODUCTION
In many cultures of the world humans consume cow milk as a food
product. It was reported in 2007 that with increased worldwide
prosperity the demand for milk had substantially increased (Arnold,
2007). The Holstein is a dominant breed of dairy cow, known today as
the world's highest production dairy animal. In spite of several
problems concerning the health and fertility of modern high-producing
Holstein cows, farmers are enthusiastically engaged in breeding this
cow breed. The motive is primarily economic benefit. According to
Dobson et al. (2007) Holstein dairy cows producing 10,000 kg milk in
305-days make 888 euros more profit compared to the Channel island
cow breeds and 562 euros compared to Friesian cows. However, in
most EU countries the returns on investment from dairying are still
unsatisfactory (Beever, 2006). Therefore producers need to focus,
besides milk output, on other factors which affect profitability, mainly
cow health, fertility and longevity. Today in the UK dairy cows
complete on average 3.3 lactations before culling, contrasting with an
average of 4.8 lactations in 1975 (Beever, 2006). The average herd life
of US Holsteins is today fewer than three lactations (Dobson et al.,
2007). In Estonia over 75% of all cows are culled for four main
reasons: infertility, mastitis, lameness and metabolic diseases. Therefore
infertility remains, besides udder diseases, the major reason for
premature culling of cows, impacting on the lifetime milk production
of individual cows (Results…, 2007). As high reproductive efficiency is
necessary for efficient milk production it is widely recognised that
reduced fertility in dairy herds is one of the most important factors
affecting producer profitability (Pryce et al., 2004).
In many countries where genetic selection of cows has focussed
primarily on increased milk production fertility has declined during the
last decades. In the United States the conception rate has been reported
to have decreased by 0.45% per year over a twenty year period (Beam,
Butler, 1999) and the number of AI-s per conception increased from
1.75 to over 3 (Lucy, 2001). In UK (Royal et al., 2000) and Japan
(Nakao, Muhammad, 2008) fertility has been declining at a rate of 1%
per year and first service conception rates often fall below 40%
(Wathes, Taylor, 2002). In the Netherlands, the success rate at first AI
service dropped from 55.5% to 45.5% in 10 years and the number of
cows showing their first heat before day 50 postpartum decreased
9

(Jorritsma, Jorritsma, 2000). This decline in conception rates also leads
to an increase in calving intervals (Hare et al., 2006; Nakao,
Muhammad, 2008). On the other hand, results from Scandinavia,
where fertility traits are included in the breeding goal for selection of
dairy cattle since the 1970s, illustrate that it is possible to select for
improved fertility (Philipsson, Lindhe, 2003; Berglund, 2008; Garmo
et al., 2008). In Estonia selection has been for increased milk yield and
dairy farmers have made marked progress in milk production; from
1996 to 2007 305-day milk production of Estonian Holstein cows has
increased from 4,046 to 7,332 kg due to a combination of improved
feeding, genetics and management. However, during the same period
reproductive performance, being affected by fertility, embryonic and
fetal development, and ultimately by calf survival, has declined; days
open has increased from 113 days in 1996 to 147 days in 2007, calving
interval has increased from 409 days in 1996 to 426 days in 2007
(Results…, 1996; 2007). These outcomes might be even poorer
without more intensive culling; the average productive life of Holstein
cows has decreased from 46 months in 2000 to 39 months in 2007 and
the age at culling from 78 months to 68 months during the same
period (ARC; M. Uba, personal communication). As calving interval
increases, milk yield per day decreases, fewer calves are born per year,
and the length of the dry period increases (Ferguson, 2005). Although
for high yielding cows even economic advantages have been reported
for extended calving intervals (Arbel et al., 2001), most studies
conclude that declining reproductive performance is reducing the
profit of the modern dairy industry (Stott et al., 1999; Royal et al.,
2000). Stott et al. (1999) calculated that poor fertility could reduce
gross margins by approximately 20%. Poor fertility also means that
more cows and non-productive replacement heifers are required per
unit milk produced. This also increases the environmental impact of
dairy farming. It has been estimated that if fertility could be restored to
levels achieved in the 1980s, total emission of methane by dairy herds
would be reduced by 24% and emissions of ammonia by 17%
(Garnsworthy, 2004).
The cause of low fertility in modern Holstein dairy cows is
multifactorial involving high yield, and hence indirect genetic selection
against fertility, poor reproductive management, inadequate nutrition
and increased incidence of disease. Increased herd size and reduced
manpower are also considered (Lucy, 2001; Chagas et al., 2007). It is
10

also important to mention that such a decline in calving rates is not
observed in Holstein heifers; only mature dairy cows’ fertility has
decreased (Kuhn, Hutchinson, 2005). There is a strong link between
nutrition and diminished reproductive performance; nutrient
partitioning to the mammary gland in early-lactation, when dry matter
intake is reduced, results in negative energy balance (NEB) and many
associated disorders (Opsomer et al., 2000; Butler, 2003; Beever,
2006). Alterations in metabolism and concentrations of a range of
metabolites and metabolic hormones during the period of NEB affect
cows’ ovarian function and fertility (Diskin et al., 2003; Leroy et al.,
2005; Wathes et al., 2007). The negative effects of NEB on health and
fertility also seem to depend on the farm and production environment.
Some studies have shown that dairy cows on farms with high milk
production and good management can have a better reproductive
performance than on farms with lower production and poorer
management (Nebel, McGilliard, 1993; Windig et al., 2005; Löf et al.,
2007). A greater understanding of the interactions between nutrition,
management and fertility to better manage the current negative trends
in dairy cattle health and welfare is needed.
The scope of the present thesis is to examine the metabolic and energy
status of Estonian Holstein dairy cows in different environmental
conditions, during early lactation, and to study the relationships
between NEB, ovarian function and fertility.
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1. REVIEW OF LITERATURE
1.1. Energy balance in dairy cows
After calving, the rapid increase in the energy requirements for
lactation and maintenance exceeds the available energy from feed
intake. As a result of breeding for high milk yield, shortly after the
parturition it is common for dairy cows to produce ten times more
milk than that required for offspring (Grummer et al., 2004). Most
cows reach maximal milk production within four to eight weeks after
calving (Bell, 1995; Drackley, 1999). Paradoxically dry matter intake is
lowest when the demand for nutrients is increasing at the greatest rate
(Grummer et al., 2004). A gradual decline in dry matter intake of 20 to
40% already starts at about 3 weeks before calving (Van Saun, 1991;
Bell, 1995; Grummer, 1995). This imbalance in net energy intake and
net energy expenditure for maintenance and milk production during
the early postpartum period is known as NEB, which may last for 6–12
weeks with a nadir usually occurring within three weeks after calving
(Butler, 2003; Jorritsma et al., 2003). Cows mobilize body reserves for
milk production and most cows lose body condition. Several factors
such as parity, age, and BCS at parturition influence the extent of the
NEB (Lucy, 2001; Garnsworthy et al., 2008). Genetic selection for
milk yield has resulted in cows with a greater ability to mobilise body
tissue and, modern dairy cows are more likely to have prolonged NEB
(Veerkamp et al., 2003; Garnsworthy et al., 2008) and suffer increased
metabolic load (Veerkamp, 1998; Buckley et al., 2000). Veerkamp et
al. (2000) also indicated that the increase in genetic merit for feed
intake did not correspond to the increase in genetic merit for milk
yield; the estimated genetic correlation between milk yield and dry
matter intake ranges from 0.44 to 0.65 indicating that the correlated
response in feed intake under normal conditions covers only half of the
extra energy requirements for the increased yield (Veerkamp et al.,
2003). Thus high yielding cows have been selected to produce more
milk, in large part, through their ability to mobilize fat and muscle
protein to support milk production in early lactation, and ongoing
selection for production further decreases the energy balance (EB)
(Veerkamp et al., 2003). According to Tamminga et al. (1997) fat
mobilization prolonged for up to 8 weeks, whereas protein
mobilization only lasted for 2–3 weeks and turned into protein
deposition thereafter. Gibb et al. (1992) equated the portion of
12

mobilized adipose tissue to a nutrient supply sufficient to produce
almost 500 kg of milk over the first eight weeks of lactation by cows of
average production levels. Besides genetic selection nutrition and
management also have an essential role in NEB dynamics. It is
accepted that cows overconditioned at calving are likely to have lower
feed intake postpartum and thereby more extended loss in BCS during
early lactation than cows that have normal bodyweight or normal
condition that leads to greater energy deficit (review by Broster,
Broster, 1998; Garnsworthy, 2006).
1.2. Metabolic changes associated with onset of lactation
Parturition and the onset of lactation impose tremendous physiological
challenges to the homeostatic and homeorhetic mechanisms of the cow
(Bauman, Currie, 1980). The period of transition between late
pregnancy and early lactation is associated with changes in metabolites
and metabolic hormones (Bell, 1995; Van Knegsel et al., 2005, Wathes
et al., 2007). In dairy cows milk production requires large amounts of
carbohydrate for the synthesis of lactose thus metabolic changes in
early lactation are predominantly associated with energy metabolism
(Tamminga, 2006). The primary homeorhetic adaptation of glucose
metabolism to lactation is the concurrent increase in hepatic
gluconeogenesis (Bell, 1995; Reynolds et al., 2003) and decrease in
oxidation of glucose by peripheral tissues to direct glucose to the
mammary gland for lactose synthesis (Overton, Waldron, 2004).
Additionally carbohydrates may be supplemented by amino acid
catabolism stored in skeletal muscle thus increasing urea production
(Bell, 1995). When the use of carbohydrates for energy is restricted, the
majority of the energy requirements of the body must come from
metabolism of fats. Liver, adipose tissue and the mammary gland are
the major sites of fatty acid metabolism (Vernon, 2005) thereby
adipose tissue metabolism is usually in the catabolic mode, but
mammary fatty acid synthesis is increased (Vernon, 2002). As soon as
glucose levels fall, the reduced insulin to glucagons ratio leads to
activation of the hormone-sensitive lipase and as a result triacylglycerol
is hydrolysed to glycerol and non-esterified fatty acids (NEFA; Lewis
et al., 2002). The NEFA-s may be oxidized in liver or extrahepatic
tissues or may be incorporated directly into milk fat (Lucy et al., 2001).
In the liver when oxalacetate levels are sufficient NEFAs are converted
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into acetyl CoA and oxidised in the citric acid cycle to provide energy.
Alternatively, typically when oxaloacetate levels are low due to
increased utilization in gluconeogenesis NEFA-s are partially oxidized
to produce ketone bodies (acetoacetic acid, β-hydroxybutyric acid and
acetone), which are transported for use elsewhere in the body
(Herdt, 2000a). Thus plasma NEFA and BHB levels are also
recognized as indicators for body fat mobilization and NEB in dairy
cattle in early lactation (Grummer, 1993; Reist et al., 2002; Butler,
2003; LeBlanc, 2006). Early lactation (two to four weeks postpartum)
is also characterized by a moderate degree of insulin resistance in
adipose tissue and muscle, thereby promoting the mobilization of
NEFA and amino acids and sparing of glucose (Holtenius et al., 2003;
Oikawa, Oetzel, 2006; Chagas et al., 2009). However, the amount of
fatty acid that can be completely oxidised by the tricarboxylic acid cycle
of the liver or exported from the liver as very low-density lipoprotein is
limited. This may lead to pathological situations such as fatty liver and
ketosis (Andersson, 1988; Bobe et al., 2004).
1.3. NEB influences health and fertility
The peripartum period is of critical importance to subsequent health
and fertility in dairy cows. The early lactation period in dairy cattle has
been clearly identified with increased disease incidence (Radostits et al.,
2000; Goff, 2006; Ingvartsen, 2006). NEB has been indicated as an
important factor involved; the degree of NEB in the early postpartum
period and the recovery rate from NEB are critical for health status and
productivity (Collard et al., 2000). Insufficient energy supply postpartum may result in a higher risk of metabolic disorders within the
first two-weeks of lactation such as ketosis, milk fever, retained
placenta, ruminal acidosis and displaced abomasum (Grohn et al.,
1989; Heuer et al., 1999; Collard et al., 2000). Epidemiological studies
have related NEB directly or indirectly via milk yield to laminitis and
leg problems (Collard et al., 2000). NEB, decreased DMI, stress,
hormonal imbalance, and parturition are important risk factors for
hepatic lipidosis in dairy cattle (Herdt, 2000a; Bobe et al., 2004;
Oikawa, Oetzel, 2006). In addition to metabolic disease, the
overwhelming majority of infectious diseases, in particular mastitis and
endometritis become clinically apparent during the first two weeks of
lactation (Lewis, 1997; Collard et al., 2000). The immune system is
depressed in early lactation, and dairy cows are therefore more
14

susceptible to infection disease, particularly mastitis (Overton,
Waldron, 2004). Cows with mastitis therefore have lower concentrations of the circulating metabolic hormones IGF-I and insulin, and
those with metabolic disorders such as fatty liver have reduced immune
competence (Bobe et al., 2004). Clinical and subclinical mastitis have
also been shown to reduce reproductive performance in lactating dairy
cows (Schrick et al., 2001; Wilson et al., 2008). NEB post partum is
also linked with poor reproductive performance, e.g., a delay in onset of
ovarian cycle, low conception rates (Butler, Smith, 1989; Staples et al.,
1990; Butler, 2000; Reist et al., 2000), and elevated occurrence of
inflammatory disease, e.g. endometritis (Sheldon, 2004). Several studies
reveal that BCS around calving and body condition loss in early
lactation are related to health, fertility and milk yield (Gearhart, Curtis,
1990; Pedron et al., 1993; Markusfeld et al., 1997; Domecq et al.,
1997). Over conditioned cows are more susceptible to metabolic
problems, infections and noninfectious health problems (Gillund et al.,
2001) and are also more likely to have difficulties at calving.
1.3.1. Resumption of luteal activity and ovarian cyclicity postpartum
Ideally the dairy cow resumes regular 21-day oestrous cycles within 3–4
weeks of calving and can be inseminated at observed heat from about
60 days onwards (Ball, Peters, 2004). Early commencement of
postpartum luteal activity has been reported to improve reproductive
efficiency in dairy cows (Staples et al., 1990; Senatore et al., 1996); an
increase in the number of ovulatory cycles before insemination has also
been associated with improvement conception rate (Thatcher, Wilcox,
1973; Beam, Butler, 1999). However, many high-yielding cows do not
follow this ideal pattern of normal cyclicity; in some cows the time to
first ovulation postpartum may be too long, some cows resume the
cycle but then stop again, and some cows may have prolonged luteal
phases between two adjacent ovulations (Lamming, Darwash, 1998;
Taylor et al., 2003; Shrestha et al., 2004; Mann et al., 2005). These
ovarian disturbances postpartum affect dairy cow fertility as cows that
have normal ovulatory patterns commencing before 40 to 50 days
postpartum have better reproductive performance than cows with first
ovulation after 50 days postpartum, or that have prolonged luteal phase
activity (Lamming, Darwash, 1998; Westwood et al., 2002; Taylor
et al., 2003; Shrestha et al., 2004; Mann et al., 2005). On the other
hand, resumption of ovulatory activity too early postcalving has also
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been related with reduced conception rates (Smith, Wallace, 1998),
increased risk for prolonged luteal cycles and increased risk of pyometra
(Opsomer et al., 2000). It has been reported by Royal et al. (2000) that
during the period of twenty years the proportion of cows with ovarian
disturbances has increased from 32% to 44%. About 30% to 70% of
recently calved dairy cows suffer from one or another ovarian
dysfunction during the preservice postpartum period (Lamming,
Darwash, 1998; Opsomer et al., 1998; Taylor et al., 2003; Shrestha et
al., 2004). According to Shrestha et al. (2004) approximately twothirds of high producing cows had delayed resumption of ovarian
cyclicity postpartum. In contrast, nulliparous heifers have few
reproductive abnormalities, and conception rate has been consistently
above 50 to 60% (Spalding et al., 1975; Kuhn, Hutchinson, 2005).
This evidence also leads to the opinion that the decline in fertility may
be related to parturition and the onset of lactation (Lucy, 2007).
After calving follicular development in the ovary must be re-established
leading to first ovulation and oestrous cycles. Follicle development is
controlled primarily by a feedback system involving gonadotropin
releasing hormone (GnRH), follicle stimulating hormone (FSH),
luteinising hormone (LH), oestrogens, androgens, and progestins
(Webb et al., 1999). From the hypothalamus GnRH is transported to
the anterior pituitary where it stimulates the production and release of
gonadotrophins (FSH and LH). FSH and LH act through specific
receptors on the ovary stimulating follicular growth and further
promoting the development of the dominant follicle (DF) into the
preovulatory stage (Webb et al., 1999). Increase of FSH concentration
for 3–5 days between days 7 and 14 postpartum initiates follicular
waves. There are between two and four waves in an oestrus cycle of 21
days (Pryce et al., 2004). Holstein cows tend to have two follicle waves
per 18–23 days cycle (Sartori et al., 2004). In a follicular wave, each
follicle has the potency to acquire dominancy, but the future DF starts
to grow 6 h before the future subordinate ones and, therefore has a
small advantage in size (Ginther et al., 1999). The DF (size >9 mm;
Wiltbank et al., 2002) emerges in response to an increase in plasma LH
concentration and an increase in LH pulse frequency. Ovulation of a
DF depends on triggering a surge of LH by increasing estradiol in the
presence of low serum progesterone (Beam, Butler, 1999; Wiltbank et
al., 2002). The fate of the first postpartum DF is one of the following:
it ovulates in 30–80% of cows; it undergoes atresia in 15–60% of cows;
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it becomes cystic in 1–5% of cows (Beam, Butler, 1999; Sartori et al.,
2004; Roche, 2006). Beam and Butler (1999) observed that 46% of
cows and Royal et al. (2000) 55% of cows ovulated the first DF. The
duration of the post-partum anoestrus interval is highly related to the
fate of the first DF; cows in which the DF ovulated had an anoestrus
interval of 20 days compared to 51 days for cows in which the DF was
non-cystic but failed to ovulate (Beam, Butler, 1999).
1.3.2. Influence of NEB on cyclicity and fertility
The interaction between nutrition and reproduction in cattle has been
found to be very complex as nutrition can influence multiple sites of
the reproductive axis (Butler, 2003; Patton et al., 2007). Two major
aspects of consequence are; the relationship between NEB and the
delayed start of postpartum ovarian cyclicity and the effect of NEB on
oocyte or corpus luteum quality (Jorritsma et al., 2003; Leroy et al.,
2005; Leroy et al., 2008). A negative association between EB and
prolonged postpartum anoestrus interval is well established for dairy
cows (Canfield, Butler, 1990; Staples et al., 1990; Wathes et al., 2007).
NEB is one of the most important risk factors leading to delayed
cyclicity and anovulation (Butler, 2000; Opsomer et al., 2000). The
degree of NEB is a major determinant of time to resumption of oestrus
cyclicity (Butler, Smith, 1989; Beam, Butler, 1999). Ferguson (2005)
summarised results of ten studies and 29 groups of dairy cows and
concluded that time to first ovulation was negatively correlated with
EB nadir (r = –0.57; P<0.008). According to De Vries et al. (1999) ten
MJ of NEL/day lower NEB nadir was associated with a delay to first
ovulation of 1.25 days. Low energy availability may reduce the pulse
frequency of LH in cattle (Beam, Butler, 1999) which, unlike in
monogastric animals (Cameron, 1996), reduce ovarian responsiveness
to LH stimulation (Butler, 2001), and thus impact on the subsequent
fate of the developing follicle. Moreover, the resumption of the normal
FSH secretion patterns during the early postpartum period has been
found not to be a limiting factor for postpartum anoestrus in lactating
dairy cows (Beam, Butler 1999; Gong, 2002).
Body condition score (BCS) at calving and BCS loss following,
reflecting cows energy stores state, have been related with the length of
postpartum anoestrus interval and the likelihood of successful pregnancy (Beam, Butler, 1999; Chagas et al., 2006). Cows that are over17

conditioned at calving, or that loose excess body condition (>1 BCS)
are more likely to have a prolonged interval to first oestrus postpartum,
thereby increasing the number of days open (Beam, Butler, 1999;
Beever, 2006). Cows that calve at a poor BCS (<2.5) and have low
BCS at any time in early lactation, are more likely to have a prolonged
anoestrus period due to low LH pulse frequency and subsequent
reduced concentrations of oestradiol, which are ineffective in inducing
an LH surge and ovulation (Diskin et al., 2003; Roche 2006). Besides
nutritional status several environmental factors such as housing and
season, and also diseases, such as lameness, mastitis and endometritis,
influence interval to first ovulation (Opsomer et al., 2000; Petersson et
al., 2006). The incidence of prolonged luteal phase (P4 levels remain
elevated for ≥20 days without preceding insemination) has also
increased over the past 30 years (Royal et al., 2000; Shrestha et al.,
2004). The incidence also increases with age (>4 lactations) and the
main risk factors for this condition are an abnormal calving, retained
placenta, incomplete uterine involution and endometritis (Opsomer et
al., 2000; Royal et al., 2000; Shrestha et al., 2004).
Whilst early investigations focused on the effect of modulation of
nutrition on the hypothalamic-pituitary axis, more recent studies have
tested the hypothesis that several metabolites and metabolic hormones,
as nutritional signals, also exert a direct effect at the ovarian level
(Diskin et al., 2003; Lucy, 2001). Metabolic factors that may link
nutritional status with hypothalamic and ovarian function, and direct
effects on ovarian follicle growth, oocyte maturation, and early embryo
development include NEFA, BHB, glucose and insulin, IGF-1, growth
hormone (GH) and leptin (Robinson, 1996; Reist et al., 2000; Boland
et al., 2001; Wathes et al., 2007). Lower insulin and IGF-1, increased
growth hormone, and probably also reduced leptin concentrations are
major endocrine pathways through which follicular growth can be
hampered in high yielding dairy cows (Gong, 2002; Webb et al.,
2007). Metabolites such as glucose and NEFA may influence follicle
growth at both the hypothalamic and the ovarian levels (Vanholder
et al., 2005a). Information about metabolic fuel (glucose) availability is
signalled to the hypothalamus and forebrain, through which it affects
GnRH and subsequent LH release. Insulin has, in addition to its role
in carbohydrate metabolism, also a role as a metabolic signal influencing LH release by the anterior pituitary (Monget, Martin, 1997).
Insulin is a potent stimulator of follicle cell steroidogenesis and
18

proliferation in vitro (Spicer, Echternkamp, 1995; Campbell et al.,
1996) and in vivo (Simpson et al., 1994) thus increasing the
steroidogenic capacity of the DF and providing normal ovarian
function postpartum (Butler et al., 2004). Low plasma concentrations
of insulin during the NEB in the early postpartum period are also
suggested as causes reducing androgen and oestradiol production and
thus compromising the ability of follicles to acquire LH receptors
(Diskin et al., 2003). Low insulin concentrations have also been related
to cystic ovarian follicles in the early postpartum dairy cow
(Pushpakumara et al., 2003; Vanholder et al., 2005a). Insulin-like
growth factor (IGF-1 and 2) produced in the liver is essential for
normal follicular growth and development (Beam, Butler, 1999; Webb
et al., 1999). IGF is stimulatory to thecal (Spicer, Stewart, 1996) and
granulosa cells (Spicer et al., 1993) increasing cell proliferation and
estradiol production. Plasma concentrations of IGF-1 are positively
associated with body condition and nutrient intake (Yelich et al., 1996;
Patton et al., 2007). Both plasma insulin and IGF-1 concentrations are
typically reduced in high yielding dairy cows immediately after calving,
and these concentrations take a number of weeks to recover (Beam,
Butler 1997).
Fertility is more profoundly influenced by the events around calving
and during the initial period of NEB than during the actual service
period, by which time metabolic parameters have often apparently
improved. Britt (1992) hypothesized that the developmental
competence of the oocyte and the steroidogenic capacity of the follicle
in high yielding dairy cows is determined up to 80 days prior to
ovulation. It was suggested that oocytes and embryos are highly
sensitive to any disruption in their environment caused by metabolic,
dietary or other factors, thereby having fatal consequences for final
fertility (McEvoy et al., 2001). In vitro maturation models revealed that
high NEFA and low glucose concentrations that occur during the NEB
are toxic for bovine granulosa cells and disturb follicle development
(Leroy et al., 2005; Vanholder et al., 2005b). Even after the period of
NEB, high yielding cows produced more inferior embryos in
comparison with dairy heifers and beef cows (Leroy et al., 2005).
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2. AIMS OF THE STUDY
Our main hypothesis is that better management, especially energy
balance management, is related to ovarian function and improved
reproductive performance in dairy cows. We also hypothesized that
cows with higher milk production, and better nutritional management,
have less extensive NEB after calving, leading to: a shorter interval to
recurrence of luteal activity postpartum, fewer ovarian dysfunctions
and higher conception rates. Specific aims of the study were:
1. To examine the metabolic and energy status of Estonian Holstein
dairy cows during the post-partum period (I–IV);
2. To characterise ovarian function (I; II); to study the influence of
ovarian dysfunction on subsequent fertility performance in two
situations with different management and milk production levels
(I);
3. To study the relationships between ovarian function and fertility,
related to measured parameters characterizing energy status
postpartum, in cows with high milk yields and good fertility (II);
4. To relate the metabolic and energy status of cows before and after
calving to the resumption of luteal activity postpartum (III);
5. To estimate the relationship of BCS around calving to: body
condition change in early lactation, reproductive performance, milk
yield and culling rate in Estonian Holstein cows in their first
lactation (IV).
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3. MATERIAL AND METHODS
The fieldwork of studies I, II and III was conducted on two dairy
farms (H, L). Data was collected from dairy farm H during the fouryear period and from farm L during two years. Since the first analyses
of the data (Ling et al., 2003) showed that these two dairy farms were
different in several aspects the data collected were not compiled into
one database. Therefore, in the light of the objectives we had set, we
used only farm H database to investigate more closely the relationship
between ovarian function postpartum and fertility (II) and the
influence of the energetic status before calving and at different periods
during early lactation, to recurrence of luteal activity (III). During the
course of the work we learned that despite differences in EB and
traditional fertility parameters between farms H and L the mean onset
of luteal activity and ovarian cyclicity as well as ratio of normal and
abnormal ovarian functions of dairy cows on those two farms was
similar. Thus we could study the influence of ovarian dysfunctions on
subsequent fertility performance in two situations with different
management and milk production levels (I). In order to improve
knowledge about nutrition and management of modern high yielding
dairy cows, extensive study on Põlula experimental dairy farm was
conducted by the Institute of Animal Science during the years 2000–
2005. As monitoring EB for adjusting feed rations is essential part of
modern dairy cattle management the method – body condition scoring
was applied. Based on the data from the experimental farm the relation
of BCS near calving to the body condition change in early lactation,
the reproductive performance, milk yield and culling rate in the first
lactation Estonian Holstein cows was investigated (IV).
3.1. Study sites and subjects
Farm H had 250 and farm L over 500 Estonian Holstein cows. The
cows were housed and managed in tie-stall barns, milked twice a day
and the 305-days milk yield average during the study years was
7,977 kg on farm H and 6,353 kg on farm L. Seasonal effects were
minimized, as only dairy cows that had calved during the indoor period
from December till March were included in the studies (I, II, III). The
ration consisted of haylage, corn meal, rapeseed cake and high moisture
barley on farm H and haylage and compound feed on farm L. Both
rations were supplemented with minerals and water was available
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ad libitum. On farm H cows received on average 245 MJ metabolizable
energy and 2,400 g digestible protein a day and on farm L 183 MJ
metabolizable energy and 2,300 g digestible protein a day during the
period of 100 days after calving. The management practice on both
farms was not to start insemination of cows before 50 days after
calving. On farm H a single trained herdsman observed the herd twice
daily (9.00 and 17.00) for signs of oestrus, including normal and
abnormal vulval discharge, and the data were recorded. On farm L
oestrus detection was performed before and after milking by the
milker. On both farms experienced veterinarians carried out artificial
insemination (AI). Cows detected in oestrus in the morning were
inseminated in the afternoon; cows detected in oestrus in the afternoon
were inseminated in the morning of the following day. On both farms
each year up to 20 cows in their second to eighth lactation (mean 3.5)
were investigated. On farm H the number of cows involved in the final
data analysis was 54 and the number of lactations investigated was 71
(11 cows in two and 3 cows in three consecutive years). On farm L 39
cows were investigated.
Study IV was carried out on Põlula experimental dairy farm during the
years from 2000 to 2005. One hundred and four first lactation
Estonian Holstein dairy cows were involved in the final data analysis.
The cows were kept in a tie-stall barn, milked three times a day and the
average milk yield of the farm was 8,821 kg. Heifers were brought into
the barn and entered the study about two weeks before expected
calving. Cows were fed TMR ad libitum twice a day, at 9.00 and
16.00. The TMR that the first lactation cows were fed from the 10th
day before the expected calving till the 150th day of lactation contained
12.0 MJ metabolizable energy (ME) and 105 g of metabolizable
protein (MP) in one kg dry matter (DM), the crude fiber and acid
detergent fiber (ADF) percentages were at least 13% and 18% in one
kg DM, respectively. The cows more than 150 days in milk were fed
lower energy density TMR that contained 11.0 MJ ME, 95 g MP, at
least 15% crude fiber and 23% ADF in one kg DM. During the
summer period cows were taken out to pasture for four hours a day.
Rations consisted of haylage, corn meal, heat-treated rapeseed cake and
barley meal and were supplemented with minerals, except 10 days
before till two weeks after calving while cows were fed minerals
manually.
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3.2. Body condition scoring, milk yield and composition analyses
Body condition scoring (BCS), on a 5-point scale according to the
chart of Edmonson et al. (1989), was assessed about three weeks before
calving and thereafter after every ten days on farm H by one observer
and every fortnight on farm L by another observer (I–III). Cows were
scored on a five-point scale with quarter point divisions, where score 1
was given to emaciated, score 3 to moderate and score 5 to obese cows.
BCS was assessed based on the appearance of tissue cover over the bony
prominences in the back and pelvic regions via palpation and visual
inspection. The assessment was performed by observation and
palpating individual body parts like spinous processes, the tuber
sacrale, the tuber ischii, the anterior coccygeal vertebrae. The assessors
had trained together before the study to adjust their assessment on the
same level (I–III). On Põlula experimental dairy farm the same
observer performed all body condition scorings fortnightly (IV).
In all three farms during the study milk yield was recorded and its
butterfat and protein measured twice monthly at the Estonian Animal
Recording Centre using an analyzer System 4000 (Foss Electric A/S,
Hillerød, Denmark).Energy corrected milk (ECM) was calculated
according to the formula:
ECM = 0.4 × milk (kg) + 15 × milk fat (kg).
3.3. Analyses of blood serum metabolite concentrations
Blood samples were obtained from the coccygeal vein or artery using
10 ml plain Vacutainer® tubes at four periods: 1–14 days before
calving and at 1–14, 28–42 and 63–77 days after calving (I–III). Blood
samples were kept at room temperature during transportation; after
centrifugation, the serum was stored at 1–4 C and analytes measured
within 2 days using photocolorimeter for the determination of glucose,
ketone bodies and NEFA concentration and UV-Vis Spectrophotometer Helios β with Peltier 1 thermostat for measuring aspartate
aminotransferase (AST) activity and concentration of triglycerides and
cholesterol.
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The glucose concentration in the serum was determined according to
the procedure of Somogyi-Nelson (Nelson, 1944), modified by Lutskii
et al. (1978), based on the reducing nature of glucose: in reaction
mixture Cu(OH)2 is reduced to CuOH that after reaction with
arsenomolybdate forms blue coloured complex; concentration of
glucose is determined by measuring the absorption of formed complex,
stoichiometric with concentration of glucose, in reaction mixture at
670 nm.
To determine NEFA concentration the method based on the formation
of copper soaps giving blue-coloured complex with diethylditiocarbamate described by Lutskii et al. (1978) was used. Concentration
of NEFA, proportional to the concentration of the formed complex,
was determined by measuring the absorption of this complex at
440 nm.
The concentration of total ketone bodies was determined using the
method described by Trubka (1974): ketone bodies are oxidized to
acetone, in reaction with salicylaldehyde a yellow-coloured compound
in concentration stoichiometric to ketone bodies is formed; absorption
of this compound is measured at 490 nm.
AST activity was determined with commercial test kit of company
Human Gesellschaft für Biochemica und Diagonostica GmbH using
enzymatic UV kinetic method based on procedure described by
Bergmeyer et al. (1976).
Concentrations of triglycerides and total cholesterol were determined
with commercial test kits of company Human Gesellschaft für
Biochemica und Diagonostica GmbH using enzymatic-colorimetric
end-point methods. Determination of the triglycerides concentration is
based on the procedure described by Nägele et al. (1985). Determination of total cholesterol concentration is described by Siedel et al.
(1985).
The coefficients of variation of the methods (glucose 9.8%, ketone
bodies 18.9%, NEFA 24.2%, AST 6.5%, triglycerides 7.8% and total
cholesterol 5.7%) were below 25%, the acceptable limit in clinical
chemistry according to Lumsden (2000).
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3.4. Analyses of milk progesterone (P4) concentrations
For the determination of P4 (I–III) pooled quarter milk samples were
obtained from approximately 1 week after calving thrice a week not
later than 1 h after the morning milking. Milk was placed in plastic
tubes containing potassium dichromate as a preservative, stored at 4 C
for 1 week and frozen at –18 C until subsequent analysis. Milk P4
concentrations were measured using enzyme immunoassay
(Waldmann, 1993). The specificity of the monoclonal antibody and
this assay has been described previously (Waldmann, 1999). The interassay and intra-assay coefficients of variations were <10%. The
sensitivity limit, using a 20-μl sample was <0.5 ng/ml.
3.5. Analyses of data
Milk P4≥5 ng/ml was considered as a valid indicator of the occurrence
of luteal activity (I–III). The cows were categorized into four groups
according to their milk P4 concentration, using the criteria described
by Opsomer et al. (1998) (I, II). Cows were categorized as normal if
the interval between calving and the onset of first luteal activity was up
to 50 days, followed by regular cyclicity. If the interval between calving
and the onset of first luteal activity was >50 days, the cows were
categorized as having delayed resumption of ovarian cyclicity (DC).
Cows with a prolonged interluteal interval (P4<5 ng/ml) with a
duration of 14 days or more between two adjacent luteal phases were
categorized as having cessation of luteal activity (CC). Cows, whose P4
levels remained elevated for ≥20 days without preceding insemination,
were categorized as belonging to the prolonged luteal phase (PLP;
Fig. 1).
In study IV for statistical analysis the cows were divided into three
groups based on their BCS at calving; thin, BCS ≤3.0, moderate, BCS
3.25–3.5, and fat, BCS ≥3.75.
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Figure 1. Different types of ovarian cycles in postpartum dairy cows with respective
milk progesterone profiles

All the statistical analyses of the data were implemented with SAS
statistical software system version 9.1. Different general linear models
(I; II; III; IV) and generalized linear models including effects of farm
(I), year (II; III; IV), parity (I; II; III), P4 profile group (II), BCS
group (IV) and time period within parity (II; III) were used for
statistical evaluation of results. Additionally the coherence of values
measured on the same cow was considered with the first-order
autoregressive covariance structure (II) and compound symmetrical
covariance structure (I; II; III). The associations between P4 profile
groups and parity and between P4 profile groups and study year were
tested with Fisher exact test (II). Values are expressed as means SEM
(I; III; IV) or least square means SEM (II; III). A P value of <0.05
was considered significant and <0.1 a trend.
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4. RESULTS
4.1. Comparison of cows on farms H and L
4.1.1. Milk data and body condition score
Milk yield and milk components during the first three months after
parturition on farms H and L (I) are presented on Table 1.
Table 1. Milk yield and milk components during the first three months after
parturition on farms H and L
Month after parturition
Trait/Farm
1
2
3
H
L
H
L
H
L
a
b
ECM kg/day 350.8
381.5
340.8
310.9
320.8
291.0
Milk fat (%) 4.20.07a
5.00.14b 3.90.05 3.80.11 4.00.06 3.90.13
Milk protein 3.10.03
3.10.05 2.90.02 2.90.05 3.10.03 3.00.04
(%)
Fat/protein 1.370.025a 1.650.053b 1.360.02 1.330.045 1.320.02 1.300.052
Values are means  S.E.M. Values marked with different superscripts between the farms within
the same row are different (ab: P<0.01)

During the first month of lactation there was no difference in milk
yield between the two farms but on farm L a higher milk fat content
(P<0.01) led to a milk fat/protein ratio of 1.65 (P<0.01). By the second
month of lactation the ECM production on farm H exceeded the
ECM production on farm L (P<0.01).
There was no difference between the farms in the average BCS 10 to
20 days before calving (3.50.05 on farm L and 3.60.09 on farm H).
However, the distribution of cows by BCS near calving differed: on
farm H 76% of cows and on farm L only 44% of cows investigated had
a body condition score from 3.25 to 3.75, the range traditionally
recommended at calving (Edmonson et al., 1989) (Fig. 2). The ratio of
over-conditioned cows (BCS≥4.0) was 28% on farm L and 16% on
farm H.
There was more pronounced body condition loss during the first
month after calving in cows on farm L: BCS decreased during the 40
days after calving in cows on farm H 0.50.04 and on farm L 0.90.08
BCS units (P<0.01). Reduced BCS loss continued thereafter and by
day 100 cows on farm H had lost 0.90.04, and farm L 1.150.08
BCS units (P<0.01) (Fig. 3).
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Figure 3. Comparison of body condition scores on farms H and L. Values marked
with enlarged points differ between the farms (P<0.01). Comparisons are made
within every time point

4.1.2. Serum metabolites and AST concentrations
Levels of blood metabolites (ketone bodies, NEFA, total cholesterol)
and AST on farms H and L are presented on Fig. 4. The NEFA level
tended to be higher (P<0.1) on farm L. Blood ketone bodies values
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were higher in cows on farm L up to week 2 and between weeks 4–6
after calving compared to farm H (P<0.05). Serum cholesterol
concentrations were higher on farm H before calving and 9–11 weeks
after calving (P<0.01). AST values were higher on farm L 4–6 weeks
after calving compared to farm H (P<0.05).
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Figure 4. Levels of blood metabolites (ketone bodies, NEFA, total cholesterol) and
AST on farms H and L. Values marked with asterisks differ between the farms:
*P<0.1; **P<0.05; ***P<0.01

4.1.3. Progesterone profile analyses and fertility parameters
The commencement of luteal activity postpartum took 40.82.57 days
on farm H and 43.73.71 days on farm L. The first normal length
oestrous cycle (18–24 days) began 46.93.22 days on farm H and
46.64.41 days on farm L post partum. All trial cows losing less than
one BCS unit during the 40 days after calving recorded 38.62.18
days, and cows losing one BCS unit or more 50.64.83 days, prior to
resumption of luteal activity (P<0.05). On Table 2 comparison of
fertility parameters of farms H and L inside normal, delayed
resumption of ovarian cyclicity (DC) and cessation of luteal activity
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(CC) P4 profile category groups is presented. On both farms more
than fifty percent of the cows investigated had normal resumption of
ovarian activity postpartum. The most prevalent abnormal P4 profile
on both farms was delayed first ovulation which occurred in 25% of
cows on farm H and in 28% of cows on farm L.
Prolonged luteal activity and cessation of luteal activity accounted for
one third of atypical ovarian patterns on farm H and L respectively.
While comparing fertility parameters of different P4 categories between
the two farms it is also essential to note that on farm L for 16% of cows
the first insemination was carried out in the luteal phase compared to
only 3% on farm H. Thus first service conception rate was calculated
only for cows inseminated at the low P4 period.
Table 2. Comparison of fertility parameters of farms H and L inside normal, delayed
resumption of ovarian cyclicity (DC), cessation of luteal activity (CC) and prolonged
luteal phase (PLP) P4 profile category groups
P4 profile
Normal
DC
CC
Trait/Farm
H
L
H
L
H
L
Percentage of
55%
53.8% 25.3% 28.2% 4.2% 15.4%
total number
of post-calving
periods
Calving to
301.7 322.5 713.8 735.9 44.35.8 314.1
first P4 rise
(days)
Calving to
29.52.1 333.2 765.4 777.9 51.66.3 486.7
first cycle
(days)
No. of cows
35
21
17
10
3
6
inseminated
Calving to
733.6 712.15 834.5 907.7 682.0 704.6
first service
(days)
0
First service
330.2
620.1 460.1 680.1c 220.15d
conception
rate*
Services per
2.30.30 2.40.27 1.80.30a 3.10.63b 2.00 2.80.74
conception
Service period 388.2c 6516.2d 187.8a 8434.7b 5221.4 5833.1

PLP
H
L
15.5% 2.6%

282.7

38

617.9

–

8

–

746.9

–

380.2

–

2.10.40

–

3513.4

–

Days open (of 1109.3 13616.2 999.9 17438.7 12021.9 12934.8 10914.6
those pregnant)

–

a

b

Values are means  S.E.M. Values marked with different superscripts between the farms within
P4 category groups and within the same row are different (ab: P<0.05; cd: P<0.1). *For first
service conception rate analyses cows inseminated at P4 ≥5 ng/ml were eliminated.
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4.2. Comparison of different P4 groups of cows
4.2.1. Milk yield and milk components
Milk yield and milk components in different P4 groups of cows (100
days of lactation) on farm H (II) are presented on Table 3. All four
groups had similar 100-day milk yield, but there were significant
differences in fat-protein ratio and protein content between normal
and DC groups (P<0.05). In addition, the DC group tended to
produce milk with higher fat content in the first month of lactation
(normal group 4.40.09; DC 4.60.13; P=0.09) and with significantly
lower protein content in the first month (normal profile 3.30.04; DC
3.20.05; P<0.05) and second month (normal group 2.90.04; DC
2.80.05; P<0.001) of lactation compared with normal group.
Table 3. Milk yield and milk components in different P4 groups of cows (100 days of
lactation)
Trait/Group
Normal
DC
CC
PLP
Milk, kg
32.91.14
33.72.05
34.11.28
33.50.88
ECM, kg/day
34.20.92
33.901.18
33.702.12
33.91.32
Fat, %
4.10.10
3.90.19
4.00.12
4.10.08
Protein, %
3.00.05b
3.00.10
3.00.06
3.10.04a
Fat /protein
1.420.036b
1.340.063
1.340.040
1.350.028a
Differences between least square means with different letters in upper indexes in rows are
statistically significant (P<0.05). P4 groups: normal resumption of ovarian cyclicity, delayed
resumption of ovarian cyclicity (DC), cessation of cyclicity (CC) and prolonged luteal phase
(PLP).

Milk fat/protein ratio of four P4 groups on farm H during the first 3
months after calving is presented on Fig 5. Milk fat/protein ratio was
different between normal and DC groups (normal 1.330.034; DC
1.460.046; P<0.01) during the first month of lactation and tended to
be different (P=0.09) between normal and DC groups during the
second month of lactation. Cows of the PLP group had lower
fat/protein ratio in the second month of lactation compared with the
DC group (DC 1.450.04; PLP 1.310.047; P<0.05).
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Figure 5. Milk fat/protein ratio of Estonian Holstein cows with normal resumption,
delayed resumption of ovarian cyclicity (DC), cessation of cyclicity (CC) and
prolonged luteal phase (PLP), during the first 3 months after calving. Values are
expressed as least square mean  S.E.M. Milk fat/protein ratio was different (P<0.01)
between normal and DC groups during the first month of lactation and tended to be
different (P=0.09) between normal and DC groups during the second month of
lactation. There was also a difference (P<0.05) between DC and PLP groups on the
second month of lactation.

4.2.2. Body condition score
The BCS dynamics of cows classified according to their ovarian
function is given in Fig. 6. On farm H the BCS, 10–20 days before
calving, ranged from 3.5 in DC to 3.75 in PLP and CC groups.
During the first 40 days postpartum, cows lost from 0.5 (normal
group) to 0.75 (CC group) BCS units, and by day 100, cows had lost
from 0.8 (normal group) to 1.0 (DC, CC and PLP groups) BCS units.
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Figure 6. The dynamics of body condition scores of different P4 categories on farms
H and L. Values marked with enlarged points on farm L between normal and DC
groups are different: P<0.01.
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There was no difference in body condition scores between the groups
on farm H. On farm L the DC category cows had lower BCS values
from Day 10 to Day 90 after calving compared to normal cows
(P<0.01) and cows lost more BCS (1.2 units) during the 40 days after
calving than normal resumption cows (0.75 units; P<0.05). The
correlation between the BCS decline 40 days after calving and the
period of resumption of luteal activity was weaker on farm H (r=0.158,
P<0.1) than on farm L (r=0.465, P<0.05).
4.2.3. Serum metabolite and AST concentrations
Comparisons of blood metabolites and AST in P4 profile groups on
farm H (II) are summarized in Table 4.
Table 4. Serum metabolites and aspartate aminotransferase (AST) in
groups pre-calving and 1–14, 28–42 and 63–77 days postpartum
DC
CC
Metabolite
Collection Normal
n=18
n=3
time
na=39
Glucose (mg/dl)
Pre-calving 411.4
402.1
437.3
1–14 days 311.2
331.8
394.4
28–42 days 361.2
351.7
374.4
361.9
414.1
63–77 days 361.2
NEFA μmol/l
Pre-calving 27626.3e 26038.7 434139.5
1–14 days 28322.3 31932.0 21880.5
28–42 days 25421.8c 23832.0 38080.5
63–77 days 20522.6 18334.9 12469.7
Pre-calving 2.30.27 2.10.40 1.81.45
Ketone bodies
2.50.84
1–14 days 3.10.23 3.30.33
(mg/dl)
3.70.84
28–42 days 3.20.23 3.70.33
3.20.73
63–77 days 2.40.24 2.50.36
Triglyceride (mg/dl) Pre-calving 292.0
333.0
2910.0
202.5
165.8
1–14 days 231.6
332.3d
417.1
28–42 days 271.6c
342.5
306.1
63–77 days 321.7
Total cholesterol
Pre-calving 768.2
8013.0
9639.6
(mg/dl)
10310.6 11024.9
1–14 days 1127.0
28–42 days 1827.1c 20810.1d 25329.9
63–77 days 2187.3c 25111.1d 20428.6
AST (IU/dl)
Pre-calving 292.6
283.7
3413.8
503.1b
347.7
1–14 days 372.2a
28–42 days 322.2e
363.1
467.7
63–77 days 402.3
423.4
476.9

different P4
PLP
n=11
402.4
312.3
322.2
372.3
17844.1f
29142.0
16438.7d
21142.0
2.00.46
3.40.44
3.40.40
2.10.44
323.2
233.1
292.9
353.0
7714.0
11313.2
20112.7
24713.0d
304.2
504.1b
413.4f
394.0

Values are least square mean  SEM. Values with different superscripts within rows differ
(ab: P<0.01; cd: P<0.05; ef: P<0.1); na – number of post calving periods examined. P4 groups:
normal resumption of ovarian cyclicity, delayed resumption of ovarian cyclicity (DC),
cessation of cyclicity (CC) and prolonged luteal phase (PLP).
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The DC group had higher AST activity 1–14 days after calving
(P<0.01), higher triglyceride level 28–42 days after calving (P<0.05)
and also higher cholesterol concentration 28–42 days and 63–77 days
after calving (P<0.05) compared with normal profile group. The PLP
group had tendency to lower NEFA level 1–14 days before calving
(P=0.06), higher AST activity 1–14 days after calving (P<0.01) and
significantly lower NEFA level 28–42 days after calving (P<0.05)
compared with normal group.
4.2.4. Parameters of ovarian activity and fertility
Ovarian activity and fertility parameters of different P4 profile groups
within farm H are shown in Table 5 (II). Out of the 71 post-calving
periods examined, 39 (55%) had resumption of ovarian cyclicity within
50 days, 18 (25.3%) showed delayed resumption of ovarian cyclicity
(DC), 3 (4.2%) had cessation of cyclicity (CC) and 11 (15.5%) had a
prolonged luteal phase (PLP). The interval from calving to the first P4
rise and the first normal length estrous cycle were longer for DC group
compared to group with normal resumption of ovarian cyclicity
(P<0.001). The DC group had a high first service conception rate
(64.7%) that led to shorter intervals between calving and pregnancy
(days open 968.9). In addition, the average parity number of PLP
group was 5.00.57 against 3.40.24 of the normal group (P=0.1).
Table 5. Ovarian activity and fertility parameters of different P4 profile groups
Normal
DC
CC
PLP
Progesterone profile
n* = 39
n = 18
n=3
n = 11
Percent of total number of post55%
25.3%
4.2%
15.5%
calving periods
Interval calving to first P4 rise (days)
281.5a
683.5b
445.8c
292.7d
a
b
Interval calving to first cycle (days)
271.9
715.0
526.3
617.9
Number of cows inseminated
n=35
n=17
n=3
n=8
Interval calving to first service (days)
733.4
834.5
682.0
746.9
Service period** (days)
357.4
146.4
5221.4 3513.5
Days open (of those pregnant)
1078.7
968.9 12021.9 10914.6
Services per pregnancy
2.0
2.30.31 1.80.30
2.10.40
First service pregnancy rate (%)
48.6
64.7
0
37.5
1 (4AI)
1 (5AI)
0
0
Cows not pregnant
Cows with abnormal vulval discharges 6 (15%) 3 (17%) 1 (33.3%) 1 (9%)
Values are mean  SEM. Values with different superscripts within the same row are
significantly different (a b; b d: P<0.001; a c; c d: P<0.05). n* – number of post calving periods
examined. P4 groups: normal resumption of ovarian cyclicity, delayed resumption of ovarian
cyclicity (DC), cessation of cyclicity (CC) and prolonged luteal phase (PLP).
** – Service period means time from first insemination to last insemination of those cows that
became pregnant.
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4.3. Relationship of blood metabolites and body condition score with
the recurrence of luteal activity on farm H
The BCS of the cows 20 DBC was 3.6 (within the range 2.75–4.75).
There was a slight prepartum fall (within the range 0–0.5) but a steeper
decrease from calving up to 40 days postpartum (within the range 0–
1.5), followed by a steady decline up to 100 days postpartum, bringing
the figure down to 2.75 (range 2.0–3.59; Fig. 3, Farm H). The time
period influenced the blood metabolites: Table 6 shows the least square
means of the blood parameters and the differences between the values
during the different periods. The GLC minimum occurred during
1–14 DAC with concurrent KB maximum levels during 1–14 and 28–
42 DAC. The TG and NEFA showed trends similar to those of GLC
and KB: the minimum TG level (1–14 DAC) was concurrent with
maximum NEFA. A general increasing trend was evident in the CHOL
concentration during the whole period of study; the AST activity was
the greatest during 1–14 DAC. Parameters measured before calving
had associations with the onset of luteal activity (Table 7): a higher
ketone body concentration was related to shorter period from calving
to first cycle (P=0.007) and tended to be associated with shorter period
from calving to first luteal response (P=0.071); higher AST had a
tendency to be related to longer interval from calving to first luteal
response (P=0.084). No parameter measured 1–14, 28–42 or 63–77
DAC had associations with the recurrence of luteal activity, irrespective
of whether all 60 lactations or only the cows not having had the cycles
before the sampling period were analysed.
Table 6. Least square means (SEM) of metabolites and AST during different
periods of gestation/lactation
Trait/Period
1…14 DBC 1…14 DAC 28…42 DAC 63…77 DAC
Glucose (mg/dl)
39.70.95a
30.90.93b 34.00.91c
36.20.93c
a
b
b
Ketone bodies (mg/dl)
2.10.19
3.30.18
3.30.18
2.40.18a
Triglycerides (mg/dl)
30.61.31ab 21.01.29c 28.11.29a
33.51.29b
ab
a
bc
NEFA (μmol/l)
255.918.93 286.518.63 230.218.50 189.118.84c
Cholesterol (mg/dl)
78.56.33a 112.06.11b 199.36.15c 232.86.14d
AST (U/I)
28.31.81a
42.71.78b 34.71.77c
39.91.82b
a, b, c, d

 least square means with different superscript letters in one row are significantly
different (P<0.05)
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Table 7. Estimates of the regression coefficients of blood metabolites measured 1–14
DBC and maximum prepartum BCS on the number of days from calving to first
luteal response (CCL) and on the number of days from calving to first cycle (CFC)
CCL
CFC
Argument/Trait
Estimate (SEM)
P
Estimate (SEM)
P
AST
0.0150.0086
0.084
0.0120.0097
0.220
Glucose
–0.0120.0133
0.377
0.0040.0150
0.792
Ketone bodies
–0.2460.1315
0.071
–0.4250.1481
0.007
Triglycerides
0.0110.0099
0.261
0.0080.0112
0.500
NEFA10–3
–0.510.584
0.390
–0.910.658
0.177
Cholesterol10–2
0.6250.395
0.124
0.6060.444
0.183
BCS
0.2180.209
0.305
0.2890.236
0.229

4.4. The relation of body condition score near calving to different
functional characteristics
Out of 104 studied cows 29 (28%) were classified as thin, 48 (46%)
moderate, and 27 (26%) fat at parturition. The mean age of all cows at
calving was 26.30.25 months. Average genetic merit index (GMI) of
all cows investigated was 94; thin group had GMI 98 that was
significantly higher (P<0.05) compared to the moderate and fat group
GMI 93.
4.4.1. Body condition dynamics
Mean BCS at calving and the dynamics of BCS of the three different
groups investigated are presented in Figure 7. BCS at parturition
differed significantly among all three groups of cows (P<0.001).
During the first 30 days after calving cows lost on an average
0.490.557 BCS units. Thin cows lost 0.250.06, moderate cows
0.480.043 and fat ones 0.600.062 BCS units (P<0.05 between
moderate and fat groups; P<0.01 between groups thin and moderate,
and thin and fat). The time from calving to the lowest BCS point
(nadir) was significantly shorter (P<0.01) in thin cows compared to the
fat cows, 372.2 and 534.1 days, respectively. For the cows of the
moderate group the length of this period was 493.4 days. On the
whole, during the period from calving to nadir the cows of the thin
group lost 0.410.057, moderate group 0.760.042 and fat group
1.050.049 BCS units (P<0.001), respectively.
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Figure 7. Body condition score (BCS) dynamics relative to calving of the first parity
Estonian Holstein cows grouped by BCS at parturition

4.4.2. Milk production
During the first and second month of lactation the fat cow group had
significantly higher (P<0.05) ECM production and milk fat percentage
(data not shown), and milk fat to protein ratio (Figure 8).
1.50
Fat/protein ratio in milk

1.45
1.40
1.35
1.30
1.25
1.20
1.15
1.10
1.05
1.00
1

2

3

Month after calving
<3

3.25-3.5

>3.75

Figure 8. Milk fat/protein ratio of the first lactation Estonian Holstein cows during
the first 3 months after calving. Values are means  S.E. Milk fat/protein ratio was
different (P<0.05) between BCS 3.0 (thin) and 3.75 (fat) groups during the first
and second months of lactation

37

Data of the 305-day milk production are presented in Table 8. The
ECM production, fat production, and milk fat + protein production
differed significantly between groups thin and fat (P<0.01) and thin
and moderate (P<0.05).
Table 8. 305-day milk yield and milk components of the first parity Estonian
Holstein cows grouped by BCS at parturition
Body condition score at calving
Production characteristics
≤3.0 (n=26)
3.25–3.5 (n=40)
≥3.75 (n=19)
Milk (kg)
8323201a
8718252b
9059258
c
d
ECM (kg)
7759184
8283225
8757257d
Fat (%)
3.570.092
3.690.062
3.790.097
Protein (%)
3.400.034
3.30.032
3.380.035
3209.0b
34211.7d
Fat (kg)
2958.5ac
Protein (kg)
2826.5a
2878.1
3069.2b
ac
b
Fat and Protein (kg)
57813.4
60716.3
64919.6d
Values are arithmetical means  SEM. Values with superscripts differ ab: P<0.05, cd: P<0.01.

4.4.3. Fertility and culling
Fertility data of the three BCS cow categories are presented in Table 9.
Table 9. Fertility parameters of the first parity Estonian Holstein cows grouped by
BCS at parturition
Body condition score at calving
Fertility parameters
3.0 (n=26) 3.25–3.5 (n=39) 3.75 (n=21)
Interval calving to first service (days)
914.1
833.5
885.4
First service conception rate (%)
17
23
0
Service period (days)
8214.4
7213.9
7715.8
Days open (of those pregnant)
17313.7
15514.8
16516.6
Services per conception
3.00.36
3.00.32
3.60.42
Number of cows not pregnant
1
5
5
Values are arithmetical means  SEM

Data of the culling rate and reasons are presented in Table 10. During
the first lactation 27 cows out of 104 (26%) were culled, among them
8 cows were culled during the first 60 days of lactation.

38

Table 10. Culling reasons among the first parity Estonian Holstein cows grouped by
BCS at parturition
Body condition score at calving
Culling reasons
≤3.0 (n=29)
3.25–3.5 (n=48)
≥3.75 (n=27)
Udder diseases
3
4
7
Reproductive disorders
0
2
2
Feet and leg disorders
1
3
0
Other reasons
0
3
2
Total
4 (14%)
12 (25%)
11 (41%)

The percentage of cows culled in the thin group was 14%, in the
moderate group 25% and in the fat cow group 41%, respectively.

39

5. DISCUSSION
5.1. Estimation of energy balance
After calving, dairy cows usually experience a rapid increase in milk
production, but at the same time a slow increase in DMI and increased
mobilization of body reserves; the status described as NEB. Exact
calculation of energy balance on dairy farm is usually not feasible and is
unpractical; therefore we used different methods appropriate for farm
conditions to describe the energy balance in early lactation like body
condition scoring, changes in serum metabolites concentrations and
milk components analysis. BCS has been used for dairy cow’s body
reserves management in many countries since its elaboration by
Wildmann in 1982, but not in Estonia. Bodyweight alone is a poor
indicator of energy reserves because energy stores can vary by as much
as 40% in cows with similar bodyweight (Gibb et al., 1992; Andrew
et al., 1994) and gastrointestinal fill can mask the body tissue loss
(NRC, 2001), BCS system helps to overcome these troubles. NEB may
be quantified also by changes in blood metabolites; increasing need for
glucose after parturition induces higher peripheral blood concentrations of NEFA and ketone bodies (Herdt, 2000b). NEFA reflects the
magnitude of mobilization of fat from storage. BHB reflects the
completeness of oxidization of fat in the liver (LeBlanc, 2006).
Changes in milk composition in response to nutrient deficiency have
also been suggested as indicators of NEB and fertility (Heuer et al.
1999; De Vries, Veerkamp 2000).
The relative breeding values for milk production of cows investigated
were similar on both farms, but there were differences concerning
feeding and management; the energy content of the feed ration was
lower on farm L. However, during the first month of lactation there
was no difference in milk yield between the farms but on farm L a
higher milk fat content led to a milk fat/protein ratio of 1.65. This was
above the critical level indicating energy deficit (Pehrson, 1996; Heuer
et al. 1999). This suggestion was supported by more pronounced body
condition loss during the first month after calving in cows on farm L.
There was no difference between the farms in the average BCS at 10–
20 days before calving (3.50.05 on farm L and 3.60.09 on farm H).
However, the distribution of cows by BCS near calving differed: on
farm H 76% of cows and on farm L only 44% of cows investigated had
a BCS from 3.25 to 3.75, the range traditionally recommended at
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calving (Edmonson et al., 1989). At the same time the ratio of overconditioned cows (BCS≥4.0) was 28% on farm L and 16% on farm
H. It is recognized that cows over-conditioned at calving tend to have a
greater depression in feed intake in the period immediately pre-calving
(Hayirli et al., 2002) and also a slower increase in dry matter intake and
more pronounced BCS loss in the first weeks of lactation compared to
cows in lower condition (Garnsworthy, 2006).
An increased NEFA level during the first two weeks of lactation on
both farms reflected intense body fat mobilization while higher ketone
bodies on farm L, up to 6 weeks postpartum, suggested their more
intensive oxidation. During the 6 weeks after calving on farm L 33%,
and on farm H 10%, of ketone bodies values exceeded the upper
reference level of hyperketonaemia established for the method we used
for ketone body analyses (>6 mg/dL). On farm L the cumulative
incidence of cows with hyperketonaemia at 11 weeks was 54%.
The increased milk fat percentage and fat/protein ratio, decline in body
condition scores and increased concentrations of ketone bodies, lead us
to the suggestion that cows on farm L had a greater energy deficiency
during the first month after calving compared to cows on farm H.
5.2. Resumption of luteal activity and oestrus cycles postpartum
Despite differences in EB on two farms, there was no significant
variation in the commencement of luteal activity (P45ng/ml)
postpartum; on farm H 40.82.57 days (range 16–108 days) and on
farm L 43.73.71 days (range 15–112 days), but on both farms the
mean time to onset of luteal activity and ovarian cyclicity was,
somewhat later than the time reported in other studies (Royal et al.,
2000; Veerkamp et al., 2000; Reist et al., 2003; Mann et al., 2005).
Several risk factors for delayed onset of luteal activity postpartum such
as calving during the housed period, puerperal problems, calving season
etc have been identified (Opsomer et al., 2000). In the same study
Opsomer et al. (2000) also reported that 38% of cows calving in the
winter did not resume ovarian activity during the 50 days after calving.
This statement is important as on both farms (H and L) the cows
calved in the winter season (from December to March).
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Categorizing cows by milk P4 profiles revealed that the proportion of
cows with normal and abnormal ovarian cycles was similar. On both
farms >50% of the cows investigated had normal resumption of
ovarian activity postpartum, the rest exhibited various reproductive
cycle abnormalities. The most prevalent abnormal P4 profile on both
farms was delayed first ovulation (anestrus) that occurred in 25.3% of
cows on farm H and in 28.2% of cows on farm L. This proportion of
cows with delayed resumption of ovarian cyclicity, tallied with the
results found by Shrestha et al. (2004), but was more than two times
higher than that reported by Lamming and Darwash (1998). There
was difference between the farms in the occurrence of two other
ovarian disturbances, prolonged luteal phase and cessation of ovarian
cyclicity that accounted for one third of atypical ovarian patterns on
farm H and L respectively. On farm H prolongation of the luteal phase
in 15.5% of post calving periods examined was similar to that found by
Lamming and Darwash (1998), Opsomer et al. (1998) and
Pushpakumara et al. (2003). The body condition scores and milk
fat/protein ratio were similar in PLP and normal groups indicating that
factors other than metabolic status are related to this abnormality.
Pushpakumara et al. (2003) have found parity to be an important risk
factor for a prolonged luteal phase, cows calved four or more times
were mostly, due to puerperal problems, 2.5 times more at risk than
first parity cows (Opsomer et al., 2000). In addition, problem calvings,
health problems and too early resumption of ovarian cyclicity after
calving significantly increase the risk for PLP before service (Opsomer
et al., 2000). In the present study 54% of PLP group cows were on
their fifth or elder lactation in contrast to 18% of cows in normal
group (II). Thus higher parity and uterine problems might be the cause
of the PLP. Cessation of ovarian cyclicity was low on farm H and
accounted for 4% of all post calving periods examined. However,
differently of farm H, on farm L 15.4% of cows had this ovarian
disorder.
5.3. NEB and resumption of ovarian cyclicity
Deep NEB and related BCS decrease during the first and second
month after calving is considered a major risk factor for the occurrence
of delayed cyclicity (Beam, Butler, 1999; Opsomer et al., 2000;
Shrestha et al., 2005). This is also consistent with our results, all trial
cows losing less than one BCS unit during the 40 days after calving had
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38.62.18 days and cows losing one BCS unit or more had 50.64.83
days prior to resumption of luteal activity (P<0.05) (I). On farm L the
DC category cows had lower BCS values from Day 10 to Day 90 after
calving compared to normal cows (P<0.01) and DC category lost more
BCS (1.2 units) during the 40 days after calving than normal
resumption cows (0.75 units; P<0.05). However, on farm H, neither
BCS at calving nor maximum BCS decline during 40 or 100
postpartum days was associated with onset of luteal activity (II, III).
Also the correlation between the BCS decline 40 days after calving and
the period of resumption of luteal activity was weaker on farm H
(r=0.158, P<0.1) than on farm L (r=0.465, P<0.05). In addition, the
BCS decline (0.5–0.6 units) of the normal, DC and PLP groups during
the 40-day postpartum period on farm H was not different between the
groups (II). Although the BCS loss during the first month of lactation
was moderate, reduced BCS loss continued thereafter and by day 100
cows on farm H had lost 0.90.04 BCS units. According to Beam and
Butler (1999) a delayed EB nadir, even in situations of relatively
modest energy deficits, such as in herd H, would probably result in low
LH pulse frequency, low production of oestradiol, ovulation failure
and atresia of the DF. We may assume that longer BCS decline could
contribute to prolonging the period to onset of luteal activity on farm
H (II).
Comparison of the production data of the P4 profile groups on farm H
displays more pronounced differences in the first two months of
lactation; DC group tended (P=0.09) to produce milk with higher milk
fat content during the first month of lactation, at the same time the
milk protein content in the DC group was lower and the fat/protein
ratio was higher than in the normal group (II). During the first two
months of lactation the milk fat/protein ratio of the DC group was
above 1.4, the threshold of energy deficit, according to Pehrson (1996).
Fulkerson et al. (2001) showed that cows producing milk with lower
milk protein content (2.89%) suffered more severe and prolonged
NEB compared to cows with a milk protein content of 3.1%. These
differences in milk components lead to the inference that cows of the
DC group used more body energy reserves compared to the normal
group during the first month of lactation (II).
Serum NEFA and ketone bodies concentrations are both indirect
measures to the magnitude and adaptation to NEB of the cow
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(Herdt, 2000b). The DC and CC groups, had a highest (although not
statistically significant) serum ketone bodies level 4–6 weeks after
calving, supporting the idea of greater mobilization of body tissue and
NEB in these groups (II). In a field trial Reist et al. (2000) have found
higher ketone body concentrations during the 6 weeks postpartum in
cows ovulating late (>30 days postpartum) than in early ovulating
cows. Mobilization of amino acids is one of the homeorhetic
adaptations during transition from late pregnancy to early lactation
(Bell et al., 2000, review), significantly higher AST values of the DC
group 1–2 weeks after calving suggest increased use of amino acids in
gluconeogenesis compared to the normal group (II).
There was also a tendency for association of higher prepartum AST
with longer interval from calving to first luteal response on farm H,
indicating that increased prepartum use of amino acids in
gluconeogenesis could be related to longer period to resumption of
luteal activity postpartum (III). On farm H we also observed that
higher concentration of ketone bodies 1–14 days before calving was
related to shorter interval from calving to first luteal response and to
first normal cycle (III). According to Drackley et al. (2001) increased
ketogenesis during the transition period may be a strategy to
compensate for insufficient intake of glucose precursors. As higher KB
and AST up to 2 weeks before calving were both related with first
luteal response postpartum we may assume that there were better
chances for a cow to start ovulating earlier if liberated prepartum
NEFA were oxidized and formed acetyl-CoA used for synthesis of KB,
and at the same time gluconeogenesis from amino acids was moderate.
5.4. Fertility of dairy cows
There were considerable differences in fertility parameters between the
farms as well as between different P4 categories. High first service
conception rate and short service period show that on farm H, cows
with a late start of luteal activity (DC) attained reproductive
performance similar to normal profile cows (I, II). This outcome was
somewhat different from other results that have reported declined
fertility in cows with prolonged anestrus periods postpartum (Shrestha
et al., 2004; Taylor et al., 2003). However, Horan et al. (2005) have
also shown that postpartum progesterone profiles did not differ
between cows pregnant and not pregnant from first service. Already
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Britt (1992) hypothesized that severe NEB during the first 2–3 weeks
postpartum may adversely impact preantral follicles and result in low
quality oocytes and decreased progesterone production 60 to 80 days
postpartum. More recently studies have started to focus on the
detrimental effect of deep NEB on oocyte, and subsequent embryo,
quality. It has been shown that high levels of NEFAs that occur with
marked BCS loss might influence the fertility of high yielding dairy
cows by hampering the oocyte maturation process (Leroy et al., 2004).
In our study based on ketone bodies and NEFA values as well as on
milk composition analyses we suggest that on both farms the NEB
started to improve by the second month of lactation, resulting in
initiation of luteal activity, but the NEB nadir was lower on farm L.
Comparison of the dynamics of body condition scores of the different
P4 categories revealed no differences on farm H, while on farm L the
DC category cows had lower BCS values from Day 10 to Day 90 after
calving compared to normal cows (P<0.01). Cows lost more BCS
(1.2 units) during the 40 days after calving than normal resumption
cows (0.75 units; P<0.05). This probably led to reduced conception
rates. The results of the Belgian study (Leroy et al., 2005) demonstrated
that reduced embryo quality on day 7 following AI could be an
important factor in the subfertility problem in modern high yielding
dairy cows. As the typical metabolic adaptations that can be found in
serum of high-yielding dairy cows shortly postpartum are reflected in
follicular fluid Leroy et al. (2004) suggested that oocytes and embryos
are highly sensitive to any disruption in their environment caused by
metabolic, dietary or other factors, which can have fatal consequences
for final fertility. We suggest that on farm H, NEB of the DC group
affected ovarian function and delayed first ovulation postpartum but as
the DC group had high first insemination conception rate there was no
harmful carry over effects to follicles and oocytes.
While comparing fertility parameters of different P4 categories between
the two farms it is also essential to note that on farm L, for 16% of
cows the first insemination was carried out in the luteal phase
compared with only 3% on farm H. With accurate oestrus detection
fewer than 10% of cows bred should have a high milk progesterone
level (Reimers, 1985). Both factors; poor expression of oestrus and lack
of milkers’ skills in detecting oestrus, might contribute. Thus first
service conception rate was calculated only for cows inseminated at the
low-P4 period.
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On farm H there were also higher serum cholesterol concentrations
9–11 weeks after calving, at the time of first insemination. Westwood
et al. (2002) found a positive association between cholesterol concentrations and reproductive performance of dairy cows; however, the
mechanism by which cholesterol may influence fertility of dairy cattle
is unclear.
5.5. Body condition near calving and its relation to production,
fertility and culling
BCS is probably the most useful management tool available to dairy
producers for assessing the nutritional status of cows (Garnsworthy,
2006). Several studies have shown that the duration and magnitude of
condition loss depended primarily on BCS at calving and was greater
for cows that calved with higher condition scores (review by Broster,
Broster, 1998). According to Garnsworty (2006) the relationship
between BCS at calving and loss of BCS in early lactation is very strong
(r2=0.82). Fatter cows exhibit severe NEB, poor reproductive
performance and increased incidence of diseases. To investigate
relationships between BCS near calving and subsequent performance
the cows were divided into three groups based on their BCS near
calving; thin, BCS ≤3.0, moderate, BCS 3.25–3.5, and fat, BCS ≥3.75.
During the first month of lactation fat cows had significantly greater
BCS loss compared to moderate and thin cows and the milk fat/protein
ratio was near to 1.4 indicating an energy deficit. The amount of BCS
loss of fat cows from calving to nadir was more than double and their
BCS decline to nadir lasted significantly longer time compared to the
thin cow group revealing more severe NEB. At the same time
mobilization of adipose tissue and muscle fibre helps to cover the lack
of energy during the early lactation period; based on the amount of
BCS decline, fat and moderate cows used more body reserves and
produced significantly more milk fat and ECM during the 305-day
period compared to the thin cow group. At the same time the GM
index of the thin cow group was higher compared to the fat and
moderate cow groups indicating higher genetic potential for milk
production of this cow group. We assume that the thin cows could not
cover their high need for energy, and they could not realize their
genetic potential for milk production as they had no sufficient amount
of body reserves to sustain quick growth in milk yield at the beginning
of lactation.
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Relationships between reproductive performance, BCS at calving and
body condition loss have been found to be controversial. Some authors
(Senatore et al., 1996) have found no relationships in contrast to others
(Markusfeld et al., 1997; Heuer et al., 1999; Lopez-Gatius et al.,
2003), who have found different relations between aforementioned
characters. Heuer et al. (1999) found that fat cows were less likely to
conceive at first service than were cows in normal condition. This
conclusion is in accordance with the results of our study, fat cows did
not conceive from the first service and this led to higher number of
services per conception in this group compared to the other two
groups. Butler (2000) has also referred to several studies and pointed
out that cows losing one unit or more BCS during early lactation are at
greatest risk for low fertility with conception rates 17 to 38%. Thus,
high BCS of the fat cow group near calving and subsequent BCS loss
more than one unit might be a risk factor for impaired conception in
this group.
Like in the case of reproduction also the relationships between BCS at
calving and health disorders and culling have been found to be
controversial. Ruegg and Milton (1995) found no relationship between
BCS at calving and disease diagnosis, but the proportion of cows
overconditioned at calving (BCS ≥4.0) in that study was less than 7%.
In the study of Heuer et al. (1999) the cows of fat to protein ratio >1.5
had higher risks for ketosis, ovarian cyst, displaced abomasums,
lameness and mastitis. In our study 27 cows out of 104 (27%) were
culled due to various reasons during the first lactation, furthermore, 8
cows (30% of cows culled) left the herd during the first 60 days after
calving. Udder diseases were the major reason for culling. Fat cows had
significantly more cullings (41%) compared to thin cows (14%). Goff
and Horst (1997) have pointed out that immunosuppression increases
with deficiencies of energy, protein, minerals or vitamins, the situation
that the fat dairy cows were most predisposed to in early lactation.
Thus, infections may become clinically apparent during the first weeks
after calving.
While making suggestions about the proper BCS at calving (IV) we
have to bear in mind that the genetic potential, body size and available
feed all need to be considered when interpreting BCS or making
recommendations about desired BCS (McNamara, 2004). In spite of
greater milk production the first lactation cows classified fat in this
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study had also several shortages like high metabolic load, poor first
service conception, and high culling rate during the first month of
lactation. Cows calved in BCS classified thin could not realize their
genetic potential for milk production apparently due to lack of body
reserves.
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6. CONCLUSIONS
1. A range of different criteria; body condition scoring, milk data
analyses and analyses of blood metabolite concentrations
complemented each other, and provided a reliable and feasible method
for assessing energy status during early lactation. Using individual
criteria alone may be not be sensitive enough to give reliable results
(I, II).
2. The occurrence of cows with ovarian dysfunction was high; up to
50% of recently calved dairy cows investigated suffered some ovarian
dysfunction during the postpartum period. Delayed start of ovarian
cyclicity was the most prevalent abnormal P4 profile (I, II).
3. The time to commencement of luteal activity, and the proportion
of normal and abnormal ovarian cycles postpartum, were similar on
both farms (I, II) despite differences in EB during the first month of
lactation. The distribution of other atypical P4 profiles (CC; PLP)
among cows was different on the two farms investigated (I, II).
4. Cows with delayed resumption of ovarian cyclicity had higher
serum AST activity, lower milk protein and higher milk fat/protein
ratio in the first month after calving, compared to cows with normal
resumption of ovarian activity, indicating energy deficiency shortly
after parturition in these cows (II).
5. Metabolic status up to two weeks prepartum was related to time
to resumption of postpartum luteal activity. A higher KB, up to two
weeks before calving, was related to earlier first normal oestrous cycle.
These results suggest that there is an improved likelihood of a cow to
start ovulating earlier if liberated prepartum NEFA were oxidized and
formed acetyl-CoA used for synthesis of KB, and at the same time
gluconeogenesis from amino acids was moderate (III).
6. Despite a long post-calving anoestrus period cows with a delayed
start of ovarian cyclicity sustained high first service conception rates on
the farm with better management and higher milk production (I). The
results suggest that under conditions of moderate NEB, the delayed
start of ovulation postpartum may not impair subsequent reproductive
performance, and it is possible to achieve acceptable levels of fertility
with good management.
49

7. The body condition scoring system used was an easy, practical
and cheap method for evaluating cows' body reserves and changes of
energy balance (I–IV). We consider that while taking into account, in
addition to milk production, aspects of health and fertility, the
optimum BCS at calving of first lactation Estonian Holstein cows
under present management and feeding conditions was that of the
"moderate group" 3.25–3.5 BC units (IV).
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SUMMARY IN ESTONIAN
Energia- ja ainevahetusseisundi näitajate seosed luteaalaktiivsuse
ja sigimisega eesti holsteini lehmadel
Eestis on viimase kümnendi jooksul toimunud lehmade aretuses,
söötmises ja pidamises suured muutused, mille tulemusel on nii
piimatoodang kui ka holsteini tõu osatähtsus pidevalt kasvanud;
holsteini tõugu lehmade 305 päeva toodang suurenes Jõudluskontrolli
Keskuse andmetel 4046 kilogrammilt 1996. a 7332 kilogrammini
2007. aastal. Paraku on sama ajavahemiku jooksul langenud mitmed
lehmade sigimisnäitajad: uuslüpsiperiood on pikenenud rohkem kui
kuu aja võrra (113 päeva 1996. a vs. 147 päeva 2007. a), poegimisvahemik on pikenenud 409 päevalt (1996) 426 päevani (2007). Ka
lehmade karjas püsimise aeg on lühenenud 78 kuult (2000) 68 kuuni
(2007), praakimispõhjustest on udarahaiguste kõrval suur osakaal
ahtrusel. Võttes arvesse põhimõtet, et majanduslikult on kasulik, kui
lehm poegib kord aastas, samuti arvestades karja täienduseks vajaminevate loomade üleskasvatamise kulusid, lubavad eeltoodud näited
järeldada, et sigimisolukorra parandamises on suur ressurss piimatootmise kasumi suurendamiseks.
Piimalehmade sigimishäireid käsitletakse tänapäeval kui multifaktoriaalset probleemi, mis hõlmab aretust, söötmist, loomade
pidamist ja mitmeid teisi aspekte. Samas peamised füsioloogilised
muutused, mis mõjutavad lehmade tervist ja sigimist, toimuvad
poegimisajal või vahetult pärast seda. Sünnitus ja laktatsioon kutsuvad
esile järsu muutuse ainevahetuses, energiatarve ja aminohapete tarve
suurenevad järsult kaks kuni kolm korda. Kuna laktatsiooni alguses
katab söödaga saadav energia vaid osa vajadustest, kohaneb ainevahetus
ümber kehavarude (rasvade ja proteiini) kasutamisele, et toetada
piimatoodangu kiiret kasvu. Negatiivne energiabilanss (NEB), mis
algab juba enne poegimist, võib kesta mõned nädalad, enamasti siiski
10–12 nädalat, seega kuni seemendusperioodi alguseni. NEB ja sellega
kaasnev koormus ainevahetusele on tõukejõuks mitmete haiguste ja
sigimisprobleemide tekkel. Olulisi seoseid on leitud NEB-i, seda
peegeldava ainevahetusseisundi ning ovulatsioonitsüklite taastumise,
folliikulite kasvu, munaraku kvaliteedi ning varases arengujärgus
embrüo arengu vahel. Nende seoste parem mõistmine võiks olla abiks
lahenduste leidmisel lehmade sigimisefektiivsuse parandamiseks. Sellest
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eesmärgist lähtudes püstitasime ka käesoleva doktoritöö hüpoteesi –
lehmade söötmine ja pidamine ning sellest olenev NEB laktatsiooni
alguses on seoses munasarjade funktsioonihäirete ning lehmade sigimisefektiivsusega. Eeldasime, et paremate söötmis-pidamistingimustega on
võimalik ka kõrgema piimatoodanguga farmis vähendada ja lühendada
NEB-i ning sellega lüheneb aeg poegimisest luteaalaktiivsuse taastumiseni, esineb vähem munasarjahäireid ja paraneb tiinestumine.
Eeltoodud hüpoteesist lähtudes seadsime tööle järgmised eesmärgid:
1. Uurida eesti holsteini lehmade ainevahetus- ja energiaseisundit
poegimisjärgsel perioodil (I–IV).
2. Kirjeldada lehmade munasarjade funktsiooni poegimisjärgsel
perioodil kahes erineva piimatoodangu ning söötmis- ja pidamistasemega farmis ning selgitada munasarjade funktsioonihäirete mõju
sigivusnäitajatele (I; II).
3. Uurida munasarjade funktsioonihäireid ja sigivust ning seostada neid
lehmade energiaseisundit iseloomustavate näitajatega kõrge piimatoodangu ja hea sigivusega karjas (II).
4. Uurida poegimiseelse ja -järgse energia- ja ainevahetusseisundi seoseid
poegimisjärgse luteaalaktiivsuse taastumise kiirusega (III).
5. Uurida poegimisaegse toitumushinde seoseid poegimisjärgse
toitumushinde languse, piimatoodangu ja karjast väljaminekuga
esimese laktatsiooni holsteini lehmadel (IV).
Uurimuste I–III jaoks kogusime andmed kahest erineva piimatoodangu ning söötmis- ja pidamistasemega farmist (H ja L). Kuna
tavalistes farmitingimustes ei ole täpne energiabilansi mõõtmine
võimalik ega otstarbekas, siis kasutasime mitmesuguseid kaudseid
meetodeid nagu toitumuse hindamine, piimakomponentide ja rasva/
valgu suhte määramine, samuti mitmete metaboliitide – esterifitseerimata rasvhapete (NEFA), ketokehade jt – sisalduse määramine verest.
Toitumust hindasime kuni kahenädalaste vahedega vastava hindamisskeemi (Edmonson et al., 1989) alusel. Vereproove kogusime 1–2
nädalat enne poegimist, 1–2, 4–6 ja 9–11 nädalat pärast poegimist.
Lehmade sigimise uurimisel kasutasime koos traditsiooniliste sigimis64

näitajatega füsioloogilisi sigimisparameetreid, mis põhinesid piima
progesteroonisisalduse (P4) määramisel. Munasarjade funktsiooni
uurimiseks koguti nelja kuu jooksul kolm korda nädalas piimaproovid
kõikidelt uuritavatelt lehmadelt (farmid H ja L), alustades 5…10 päeva
pärast poegimist. P4 profiilide põhjal moodustasime neli gruppi:
normaalne profiil, pikenenud anovulatoorne periood (DC), innatsükli
katkemine (CC) ja pikenenud luteaalfaas (PLP). Uurimuse IV jaoks
kasutasime Põlula katsefarmist kogutud andmeid.
1. Kõrgem piima rasva/valgu suhe esimesel laktatsioonikuul, suurem
toitumushinde langus teise laktatsioonikuu keskpaigaks, suurenenud
NEFA ja ketokehade kontsentratsioon 1–2 ning 4–6 nädalat pärast
poegimist farmis L uuritud lehmade vereseerumis (n=39) lubasid teha
järelduse, et nende energiadefitsiit on suurem kui kõrgema toodanguga
farmi (H) uuritud lehmadel (n=71). Kasutatud meetodite
kombinatsioon andis lehmade energia- ja ainevahetusseisundist farmi
tingimustes usaldusväärse pildi (I).
2. Munasarjade funktsioonihäirete esinemissagedus oli suur, neid
esines ligi 50% uuritud lehmadel. Kõige sagedamini esinev munasarjahäire oli DC (I; II).
3. Ajavahemik poegimisest luteaalaktiivsuse ja normaalsete ovariaaltsüklite taastumiseni, samuti normaalse P4 profiiliga ja munasarjade
funktsioonihäiretega lehmade suhe oli mõlema uuritud farmi lehmadel
sarnane, seda vaatamata farmide energiabilansi erinevusele esimesel
laktatsioonikuul (I; II). Teiste munasarjade funktsioonihäirete (CC;
PLP) esinemine oli farmides erinev.
4. DC grupil oli normaalse grupiga võrreldes kõrgem AST aktiivsus
vereplasmas, madalam valgusisaldus ja kõrgem rasva/valgu suhe piimas
esimesel laktatsioonikuul, mis viitavad energiadefitsiidile sel perioodil
(II).
5. Ainevahetusseisund kuni kaks nädalat enne poegimist oli seoses
luteaalaktiivsuse taastumisega poegimisjärgsel perioodil. Vereseerumi
kõrgem ketokehade sisaldus kuni kaks nädalat enne poegimist seostus
esimese ovariaaltsükli varasema algusega (III).
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6. Vaatamata pikenenud anestrusele poegimisjärgsel perioodil oli DC
grupi lehmadel hea sigivus kõrgema piimatoodanguga ning paremate
söötmis- ja pidamistingimustega farmis (I). Järeldasime, et mõõduka
NEB korral ei pruugi ovariaaltsüklite hilisema algusega poegimisjärgselt
kaasneda sigivuse langus (I; II).
7. Esimese laktatsiooni holsteini lehmade poegimisaegse toitumushinde, piimatoodangu, karjast väljamineku ja sigimisnäitajate seoste
uurimisel selgus, et sobiv toitumushinne poegimise ajal on vahemikus
3,25–3,5 palli. Toitumuse hindamine osutus kergesti omandatavaks ja
usaldusväärseks meetodiks lehma kehavarude ja energiabilansi
määramisel (IV).
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The objective was to compare the relationships between luteal activity and fertility, and relate
these parameters to metabolic indices and body condition changes in multiparous Estonian
Holstein cows on two commercial dairy farms under different management and levels of
production and nutrition (higher, H, n = 54 (71 lactations) and lower, L, n = 39 (39 lactations)).
For statistical analysis cows were categorized according to their milk progesterone (P4) profiles
as follows: normal ovarian function ; delayed start of cyclicity (DC) (interval from calving to first
luteal response (P4o5 ng/ml up to and more than 50 d respectively, followed by regular
cyclicity) ; cessation of luteal activity (prolonged interluteal interval, P4 < 5 ng/ml, with a duration
of o14 d between two adjacent luteal phases) ; prolonged luteal activity (P4 levels o5 ng/ml for
o20 d without preceding insemination). The Mixed procedure of the SAS system was used to
compare milk production traits, blood metabolites (ketone bodies, non-esterified fatty acids,
total cholesterol) and aspartate aminotransferase, body condition scores (BCS) and fertility
parameters between the two farms, and also fertility parameters between the farms within P4
categories. Differences in milk fat/protein ratio, ketone body levels and BCS indicated a deeper
negative energy balance (NEB) during the first month after calving on farm L. On both farms
nearly 50% of the recently calved dairy cows suffered from ovarian dysfunction during the postpartum period. Delayed start of cyclicity was the most prevalent abnormal P4 profile, 25 % and
28% on farms H and L, respectively. Prolonged luteal activity accounted for one-third of
atypical ovarian patterns on farm H, and cessation of luteal activity on farm L. On farm L, DC
cows had lower BCS values from day 10 to day 90 after calving compared with normal cows
(P < 0.01) and cows lost more BCS (1.2 units) during the 40 d after calving than normal
resumption cows (0.75 units; P < 0.05). On farm H with moderate NEB the delayed start of
ovulation post partum did not impair subsequent reproductive performance.
Keywords: Fertility, milk progesterone, body condition score, blood metabolites.

Increasing milk production has been related to a decline in
the reproductive performance of dairy cows (Royal et al.
2000; Buckley et al. 2003). Physiological adaptations to
high milk production explain part of this decline. For the
majority of lactating dairy cows dry matter intake immediately post partum is insufficient to meet the demands
of milk production. Cows mobilize body tissue and lose
body weight to cover the requirement for energy related to

*For correspondence; e-mail : Jaak.Samarytel@emu.ee

milk production. This status in early lactation, known as
negative energy balance (NEB), is associated with alterations in metabolism and concentrations of a range of
metabolites and metabolic hormones which affect cows’
ovarian function (Diskin et al. 2003). Commencement of
luteal activity post partum is related to the extent and
duration of NEB after calving, ovarian cyclicity post
partum resuming mostly after the nadir of NEB (Canfield &
Butler, 1991; Beam & Butler, 1999). In a large proportion
of lactating cows the complex endocrine signalling between the hypothalamic-pituitary axis and the ovaries is
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disturbed; Opsomer et al. (1998) found that 49% of lactating dairy cows had ovarian disorders during the preservice post-partum period. Royal et al. (2000) observed
an association between an increase in atypical patterns in
milk progesterone profiles and a rapid decline in fertility.
NEB during the first 3–4 weeks of lactation further exerts
carry-over effects on fertility during the insemination
period (Butler & Smith, 1989; Patton et al. 2007). Recent
results indicate that the typical metabolic changes that can
be found in the serum of high-yielding dairy cows shortly
post partum, are reflected in the follicular fluid and,
therefore, may affect the quality of both the oocyte and the
granulosa cells (Leroy et al. 2004).
Despite much study, debate continues regarding the
influence of management and production on the frequency
and character of ovarian disturbances and consequent
conception rates in dairy cows. Some studies have shown
that dairy cows in farms with high milk production and
good management can have a better reproductive performance than in farms with lower production and poorer
management (Nebel & McGilliard, 1993; Windig et al.
2005).
The present study had the following objectives: to
examine the metabolic and energy status of dairy cows
during the post-partum period; to characterise the ovarian
function of dairy cows ; and to study the influence of
ovarian dysfunctions on subsequent fertility performance
in two situations with different management and milk
production levels.

Materials and Methods
The study was carried out on two Estonian commercial
dairy farms (farm H having about 250 and farm L over 500
dairy cows) where Estonian Holstein dairy cows were
housed in tie-stall barns. On farm H all cows were kept in
one cow barn, farm L consisted of seven cow barns in the
same location. The cows were milked twice a day and the
average 305-d milk yields were 7977 kg on farm H and
6353 kg on farm L. The ration consisted of haylage, corn
meal, rapeseed cake and high-moisture barley on farm H
and haylage and compound feed on farm L. Both rations
were supplemented with minerals and water was available
ad libitum. On farm H cows received on average 245 MJ
metabolizable energy (ME) and 2400 g digestible protein
a day and on farm L 183 MJ ME and 2300 g digestible
protein a day. The management practice on both farms
was to start insemination of cows not < 50 d after calving.
On farm H a single trained herdsman observed the herd
twice daily (9.00 and 17.00) for signs of oestrus, including
normal and abnormal vulval discharge, and the data were
recorded. On farm L oestrus detection was performed
before and after milking by the milker. On both farms experienced veterinarians carried out artificial insemination.
Cows detected in oestrus in the morning were artificially
inseminated in the afternoon ; cows detected in oestrus in

the afternoon were inseminated in the morning of the
following day.
Data were collected from farms H and L for 4 and 2
consecutive years, respectively. On both farms up to 20
cows in their second to eighth lactation (mean 3.5) were
investigated each year. On farm H the number of cows
involved in the final data analysis was 54 and the number
of lactations investigated was 71 (11 cows in 2 and 3 cows
in 3 consecutive years). On farm L 39 cows were investigated. Seasonal effects were minimized as only dairy
cows that had calved during the housed period, from
December to March, were included in the study. The
relative breeding values for milk production were similar
on both farms ranging from 65 to 99 points and from 69
to 98 points (with mean values 81.2 in both farms) respectively on farms H and L.
Energy balance was assessed by indirect methods appropriate for farm conditions such as milk composition,
body condition score (BCS) and blood metabolites. BCS,
on a 5-point scale according to the chart of Edmonson et al.
(1989), was estimated on both farms about 3 weeks before
calving, and thereafter after every 10 d on farm H, and
every fortnight on farm L, by two assessors. The evaluators
had trained together before and during the study period.
Milk yield was recorded and milk composition was analysed to determine milk fat and protein content twice
a month in the milk laboratory of the Estonian Animal
Recording Centre using the analyser System 4000 (Foss
Electric A/S, Hillerød, Denmark).
Blood samples were obtained from the coccygeal vein
or artery using 10-ml plain VacutainerÕ tubes (Becton,
Dickinson and Company, Franklin Lakes NJ, USA) during
four periods : 1–14 d before calving and 1–14, 28–42, and
63–77 d after calving. Blood samples were kept at room
temperature during transportation. After centrifugation
the serum was stored at 1–4 8C and analysed within 2 d.
Concentrations of ketone bodies, non-esterified fatty acids
(NEFA), cholesterol and aspartate aminotransferase (AST)
activity were measured spectrophotometrically. NEFA
concentration was determined using the method described
by Lutskii et al. (1978). Concentrations of ketone bodies
were determined using the Trubka method (Trubka, 1974)
and total cholesterol concentration was determined by the
method described by Siedel et al. (1985). AST activity was
determined using an enzymic u.v. kinetic method and
commercial test kits (Human Gesellschaft für Biochemica
und Diagonostica GmbH, Wiesbaden, Germany). The CV
of the analytical methods (ketone bodies 18.9 %, NEFA
24.2%, AST 6.5 % and total cholesterol 5.7%) was below
25 %, the acceptable limit in clinical chemistry according
to Lumsden (2000).
For the determination of progesterone (P4), from approximately 1 week after calving, pooled quarter milk
samples were obtained thrice a week not later than 1 h
after the morning milking. Milk was placed in plastic tubes
containing potassium dichromate as a preservative, stored
at 4 8C for 1 week and frozen at – 18 8C until subsequent
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Table 1. Milk yield and milk components during the first three months after parturition on farms H and L. Values are means ± SEM
Month after parturition
1

2

3

Traits/Farm

H

L

H

L

H

L

ECM, kg/d
Milk fat, %
Milk protein, %
Fat/protein

35 ± 0.8
4.2 ± 0.07a
3.1 ± 0.03
1.37 ± 0.025a

38 ± 1.5
5.0 ± 0.14b
3.1 ± 0.05
1.65 ± 0.053b

34 ± 0.8a†
3.9 ± 0.05
2.9 ± 0.02
1.36 ± 0.02

31 ± 0.9b
3.8 ± 0.11
2.9 ± 0.05
1.33 ± 0.045

32 ± 0.8
4.0 ± 0.06
3.1 ± 0.03
1.32 ± 0.02

29 ± 1.0
3.9 ± 0.13
3.0 ± 0.04
1.30 ± 0.052

† Values marked with different superscripts between the farms within the same row are different (ab : P < 0.01).

analysis. P4 concentrations were measured using enzyme
immunoassay (Waldmann, 1993). The specificity of the
monoclonal antibody and this assay has been described
previously (Waldmann, 1999). The inter-assay and intraassay CV was < 10%. The sensitivity limit, using a 20-ml
sample was < 0.5 ng/ml. Cows were categorized into four
groups according to their milk progesterone profile using
the criteria described by Opsomer et al. (2000). Milk
P4o5 ng/ml was considered a valid indicator of luteal
activity. Cows were categorized as normal if the interval
between calving and the onset of first luteal activity was
up to 50 d, followed by regular cyclicity. If the interval
between calving and the onset of first luteal activity was
> 50 d, the cows were categorized as having delayed resumption of ovarian cyclicity (DC). Cows with a prolonged
interluteal interval (P4 < 5 ng/ml) with a duration of 14 d or
more between two adjacent luteal phases were categorized as having cessation of luteal activity (CC). Cows
whose P4 levels remained elevated for o20 d without
preceding insemination were categorized as having prolonged luteal phase (PLP).
All the statistical analyses of the data were implemented
with SAS statistical software system version 9.1. Values are
expressed as mean ± SEM. The incidences of different types
of ovarian cycles post partum during the pre-service period
were expressed as percentages. Associations between
parameters were analysed by correlation analysis. To test
the differences of milk production traits, blood metabolites, BCS and fertility parameters between the two farms
and also fertility parameters between the farms within P4
groups (normal and DC) the following model was used :
yij = m + Fi + brPij + eij ;
where yij is the observed value of studied parameter, m is
the model intercept, Fi is the effect of farm (i = 1, 2), b is the
regression coefficient and Pij is the corresponding parity,
eij is the model error. The coherence of values measured
on the same cow in different lactations was considered
with the compound symmetrically structured error covariance matrix. Data for blood serum concentrations of
ketone bodies, total cholesterol, AST and NEFA, also days
to the first P4 rise, interval between calving and the onset
of first luteal activity, interval between calving and the first

service and days open were log-transformed prior to testing. Length of service period and number of services per
conception were modelled with the Poisson generalized
linear model and first service conception rate with the
binomial generalized linear model. In the first service
conception rate analysis only cows inseminated at the
P4 < 5 ng/ml were involved. A P value of < 0.05 was considered significant and < 0.1 a trend.

Results and Discussion
During the first month of lactation there was no difference
in milk yield between the farms (Table 1) but on farm L a
higher milk fat content led to a milk fat/protein ratio of
1.65. This was above the critical level indicating energy
deficit according to Heuer et al. (1999). This suggestion
was supported by more pronounced body condition loss
during the first month after calving in cows on farm L: BCS
decreased during the 40 d after calving in cows on farm H
by 0.5 ± 0.04 and on farm L by 0.9 ± 0.08 BCS units
(P < 0.01). However, reduced BCS loss continued thereafter
and by day 100 cows on farm H had lost 0.9 ± 0.04, and
on farm L 1.15 ± 0.08 BCS units (P < 0.01). There was no
difference between the farms in the average BCS at
10–20 d before calving (3.5 ± 0.05 on farm L and 3.6 ± 0.09
on farm H). However, the distribution of cows by BCS near
calving differed: on farm H 76% of cows and on farm L
only 44 % of cows investigated had BCS of 3.25–3.75, the
range traditionally recommended at calving (Edmonson
et al. 1989). At the same time the ratio of over-conditioned
cows (BCSo4.0) was 28 % on farm L and 16 % on farm H.
It is recognized that cows over-conditioned at calving tend
to have a greater depression in feed intake in the period
immediately pre-calving (Hayirli et al. 2002) and also a
slower increase in dry matter intake and more pronounced
BCS loss in the first weeks of lactation compared with
cows in lower condition (Garnsworthy, 2006).
Serum NEFA and ketone body concentrations are both
indirect measures of the magnitude and adaptation to NEB
(Herdt, 2000; LeBlanc, 2006). An increased NEFA level
during the first 2 weeks of lactation on both farms reflected
intense body fat mobilization. Blood ketone bodies were
higher in cows on farm L up to week 2 and in weeks 4–6
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Table 2. Comparison of fertility parameters of farms H and L inside normal, delayed resumption of ovarian cyclicity (DC), cessation
of luteal activity (CC) and prolonged luteal phase (PLP) P4 profile category groups. Values are means ± SEM
P4 profile

NORMAL

DC

CC

PLP

Trait/Farm

H

L

H

L

H

L

H

L

Percentage of total number
of post calving periods
First P4 rise, d
First cycle, d
Number of cows
inseminated
Interval from calving to
first service, d
First service conception
rate‡
Services per conception
Service period
Days open (of those
pregnant)

55 %

53.8 %

25.3 %

28.2%

4.2 %

15.4%

15.5%

2.6 %

30 ± 1.7
29.5 ± 2.1
35

32 ± 2.5
33 ± 3.2
21

71 ± 3.8
76 ± 5.4
17

73 ± 5.9
77 ± 7.9
10

44.3 ± 5.8
51.6 ± 6.3
3

31 ± 4.1
48 ± 6.7
6

28 ± 2.7
61 ± 7.9
8

38
—
—

73 ± 3.6

71 ± 2.15

83 ± 4.5

90 ± 7.7

68 ± 2.0

70 ± 4.6

74 ± 6.9

—

62 ± 0.1

46 ± 0.1

68 ± 0.1c

22 ± 0.15d†

0

33 ± 0.2

38 ± 0.2

—

2.3 ± 0.30
38 ± 8.2c
110 ± 9.3

2.4 ± 0.27
65 ± 16.2d
136 ± 16.2

1.8 ± 0.30a
18 ± 7.8a
99 ± 9.9a

3.1 ± 0.63b
84 ± 34.7b
174 ± 38.7b

2.0 ± 0
52 ± 21.4
120 ± 21.9

2.8 ± 0.74
58 ± 33.1
129 ± 34.8

2.1 ± 0.40
35 ± 13.4
109 ± 14.6

—
—
—

† Values marked with different superscripts between the farms within P4 category groups and within the same row are different (ab : P < 0.05; cd : P < 0.1).
‡ For first service conception rate analyses cows inseminated at P4o5 ng/ml were eliminated.

NEFA
Farm H
Farm L

**

Farm H
Farm L

420

***

370
μmol/l

mg/dl

KETONE BODIES
9
8
7
6
5
4
3
2
1
0

*

320
270
220
170

–2

2

4–6

9 –11

–2

2

4–6

9 –11

Weeks before and after parturition

Weeks before and after parturition

AST

TOTAL CHOLESTEROL

Farm H
Farm L

300
250

***

50

**

45

200
IU/l

mg/dl

55

Farm H
Farm L

150

***

40
35

100

30
25

50
–2

2

4–6

9 –11

Weeks before and after parturition

–2

2

4–6

9 –11

Weeks before and after parturition

Fig. 1. Levels of blood metabolites (ketone bodies, NEFA, total cholesterol) and AST on farms H and L. Values marked with asterisks
differ between the farms: *P < 0.1 ; **P < 0.05 ; ***P < 0.01.

after calving compared with farm H (P < 0.05). During
these periods on farm L 33%, and on farm H 10%, of
ketone body concentrations exceeded the upper reference
level of hyperketonaemia established for the method we
used (> 6 mg/dl). On farm L the cumulative incidence of
cows with hyperketonaemia at 11 weeks was 54%, and on
farm H 16%. The increased milk fat percentage and fat/
protein ratio, decline in BCS and increased concentrations
of ketone bodies, led us to the suggestion that cows on
farm L had a greater energy deficiency during the first
month after calving than cows on farm H.

Despite differences in energy balance there was no
significant variation in the commencement of luteal activity post partum, on farm H 40.8 ± 2.57 d and on farm L
43.7 ± 3.71 d but on both farms the period was somewhat
longer than reported in several other studies (Butler &
Smith, 1989; Opsomer et al. 2000; Royal et al. 2000;
Mann et al. 2005). Categorizing cows by milk P4 profiles
revealed that on both farms > 50 % of the cows investigated had normal resumption of ovarian activity post
partum (Table 2), this outcome being in accordance with
results reported by Opsomer et al. (1998). The most

Luteal activity and fertility in Estonian Holsteins
prevalent abnormal P4 profile on both farms was delayed
first ovulation which occurred in 25% of cows on farm H
and in 28% of cows on farm L. Prolonged luteal activity
and cessation of luteal activity accounted for one-third of
atypical ovarian patterns on farm H and L respectively.
Deep NEB is considered a major risk factor for the occurrence of delayed cyclicity (Beam & Butler, 1999 ; Opsomer
et al. 2000). This is consistent with our results, all trial
cows losing less than one BCS unit during the 40 d after
calving recorded 38.6 ± 2.18 d, and cows losing one BCS
unit or more 50.6 ± 4.83 d, prior to resumption of luteal
activity (P < 0.05). Butler & Smith (1989) showed that cows
losing 0.5–1.0 BCS unit between calving and first service
had a mean conception rate of 53% compared with only
17 % for cows losing > 1.0 BCS unit. Since the correlation
between the BCS decline 40 d after calving and the period
of resumption of luteal activity was weaker on farm H
(r = 0.158, P < 0.1) than on farm L (r = 0.465, P < 0.05) we
suggest that several other risk factors such as winter season
and tie-stall barn (Opsomer et al. 2000) might also have
contributed to the extent of the delay on both farms.
According to Beam & Butler (1999) a delayed energy
balance nadir, even in situations of relatively modest
energy deficits, such as in herd H, would probably result
in low LH pulse frequency, low production of oestradiol,
ovulation failure and atresia of the dominant follicle.
While comparing fertility parameters of different P4
categories between the two farms it is also essential to note
that on farm L, for 16% of cows the first insemination was
carried out in the luteal phase compared with only 3 % on
farm H. With accurate oestrus detection fewer than 10%
of cows bred should have a high milk progesterone level
(Reimers, 1985). Both factors ; poor expression of oestrus
and lack of milkers’ skills in detecting oestrus, might contribute. Thus first service conception rate was calculated
only for cows inseminated at the low-P4 period (Table 2).
On farm H delayed first ovulation did not impair subsequent fertility performance; cows maintained high first
service conception rate and other fertility parameters. This
result is in accordance with those of Horan et al. (2005),
who also showed that post-partum progesterone profiles
did not differ between cows pregnant and not pregnant
from first service. Comparison of the dynamics of BCS of
the different P4 categories revealed no differences on farm
H (Samarütel et al. 2008), while on farm L the DC category
cows had lower BCS values from day 10 to day 90 after
calving compared with normal cows (P < 0.01). Cows lost
more BCS (1.2 units) during the 40 d after calving than
normal resumption cows (0.75 units; P < 0.05).
Based on values for ketone bodies and NEFA we suggest
that on both farms the NEB started to improve by the
second month of lactation, resulting in initiation of luteal
activity, but the NEB nadir was lower on farm L. This
probably led to reduced conception rates. Recently studies
have started to focus on the detrimental effect of deep NEB
on oocyte, and subsequent embryo, quality. It has been
shown that high levels of NEFA might influence the fertility
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of high yielding dairy cows by hampering the oocyte
maturation process (Leroy, 2004). Serum cholesterol concentrations were also higher on farm H before calving and
9–11 weeks after calving, at first insemination (Fig. 1).
Westwood et al. (2002) found a positive association
between cholesterol concentrations and reproductive performance of dairy cows ; however, the mechanism by
which cholesterol may influence fertility of dairy cattle is
unclear.
In conclusion, our study indicates that, despite differences in energy balance between the farms during the first
month of lactation, the commencement of luteal activity
and the proportion of normal and abnormal ovarian cycles
post partum was similar. On both farms up to 50 % of
recently calved dairy cows suffered some ovarian dysfunction during the post-partum period. However, on farm
H, with moderate NEB, the delayed start of ovulations
post partum did not impair subsequent reproductive performance.
This work was supported by the Estonian Science Foundation
(Grants5422, 6065) and TARPM 0421. We would also like to
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Resumption of luteal activity postpartum and fertility were
investigated in an Estonian Holstein high milk production and
good fertility dairy herd. Body condition was scored after
every 10 days in 54 multiparous dairy cows (71 lactations)
calving inside from December to March during 4-year period.
Blood samples were taken 1–14 days before calving and 1–14,
28–42 and 63–77 days after calving: analytes estimated were
serum aspartate aminotransferase (AST), glucose, ketone
bodies, total cholesterol, non-esteriﬁed fatty acids and triglycerides. The general linear mixed model was used to compare
the data for cows with diﬀerent characteristics in luteal activity
postpartum based on their milk progesterone proﬁles. Fortyﬁve per cent of cases had abnormal proﬁles; delayed resumption of ovarian cyclicity postpartum (DC) was the most
prevalent abnormality. There was no diﬀerence in body
condition scores between the groups. The DC and prolonged
luteal phase groups had higher serum AST activity (p < 0.01)
1–14 days postpartum compared with normal group. The DC
group also had higher cholesterol and triglyceride values
(p < 0.05) 28–42 days postpartum and higher milk fat/protein
ratio (p < 0.01) on the ﬁrst month of lactation compared with
normal proﬁle group. Despite long post-calving anoestrous
period (71 ± 5.0 days; mean ± SEM) DC group had 64.7%
ﬁrst service pregnancy rate (normal group 48.6% and PLP
group 37.5%). This study did not ﬁnd any detrimental eﬀect of
prolonged anovulatory period postpartum on subsequent
fertility.

Introduction
Increased selection for milk yield in modern dairy cows
has been linked with an increased metabolic load and
decline in general health and fertility. A number of
factors have been identiﬁed with this trend; physiological
adaptations to high milk production, larger herds and
higher inbreeding percentages explain part of this decline
(Lucy 2001; Veerkamp et al. 2003). Modern dairy cows
can present with extended intervals from calving to ﬁrst
ovulation and are more likely to have an extended luteal
phase than traditional unimproved Friesian cows (Opsomer et al. 1998; Royal et al. 2000). Postpartum ovarian dysfunction has an adverse eﬀect on the subsequent
reproductive performance of cows (Lamming and Darwash 1998). There is a positive relationship between the
conception rate and the early resumption of ovulatory
cycles postpartum (Butler 2001).
Resumption of ovarian activity postpartum relates
more closely to energy balance than to milk yield (Butler
and Smith 1989). Cows mobilize body tissue and lose
body weight to meet demand for glucose related to milk
production; the state is known as negative energy balance
which may last from 40 to 60 days postpartum (Sutter and

Beever 2000) or even longer (De Vries and Veerkamp
2000). Cows that lose more than one body condition score
(BCS) during the ﬁrst month postpartum experience a
longer interval to their ﬁrst ovulation in comparison with
cows that lose <1 score (Beam and Butler 1999), hence,
negative energy balance is one of the major risk factors for
delayed cyclicity (Opsomer et al. 2000).
Negative energy balance may be quantiﬁed by changes in blood metabolites; increasing need for glucose
after parturition induces higher peripheral blood concentrations of non-esteriﬁed fatty acids (NEFA) and
ketone bodies (Herdt 2000). Changes in milk composition in response to nutrient deﬁciency have also been
suggested as indicators of energy balance and fertility
(Heuer et al. 1999; De Vries and Veerkamp 2000).
Recent results indicate that the typical metabolic adaptations which can be found in serum of high yielding
dairy cows shortly postpartum, are reﬂected in the
follicular ﬂuid and, therefore, may aﬀect the quality of
both the oocyte and the granulosa cells (Leroy et al.
2004). Several modern studies indicate that the prepartum metabolic status aﬀects the recurrence of ovarian
activity postpartum and subsequent fertility (Ling et al.
2007; Wathes et al. 2007).
An increase in production does not always cause more
health and fertility problems in a herd (Nebel and
McGilliard 1993). However, Windig et al. (2005) found
that within high producing herds increased production
of individual cows always led to lower fertility. We
hypothesized that the cows in the herd with high milk
yield and good fertility have early resumption of ovarian
cyclicity and low incidence of ovarian dysfunctions that
is associated with high conception rate. The objectives of
this ﬁeld study were to examine ovarian function of
dairy cows postpartum and to study the relationship
between ovarian function and fertility related to some
parameters characterizing energy balance postpartum.

Materials and Methods
Animals and housing
The study was carried out in a dairy farm of 250
Estonian Holstein cows during four consecutive years,
from 1999 to 2002. Seasonal eﬀects were minimized, as
in all 4 years dairy cows that had calved during the
indoor period from December to March were included
in the study. The cows were housed and managed in
a tie-stall barn, milked twice a day and the 305 days
milk yield average was 8149 kg (range 5846–13 193).
The body weight was evaluated with measuring tape; the
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average cow weight at calving was 646 kg (range 499–
778). The cows were fed a diet calculated to supply
energy and protein according to the Estonian feeding
standard, the cows received on average, 245 MJ metabolizable energy and 2400 g digestible protein a day. The
ration consisted of haylage, corn meal, rape seed cake
and high moisture barley supplemented with minerals;
water was available ad libitum. The management decision was to start insemination of cows not <50 days
after calving. The same skilled herdsman observed two
times daily (9.00 and 17.00 hours) cows for heat signs,
including both, normal and abnormal vulval discharge
and the data were recorded. No oestrus detection aids
were used. The cow was considered to be in oestrus
when typical changes in behaviour, swollen lips of the
vulva or clear mucus were noticed. The same experienced veterinarian did all AI. Cows detected in oestrus
in the morning were artiﬁcially inseminated in the
afternoon; cows detected in oestrus in the afternoon
were inseminated in the next day morning.
The commission of the university on the ethics of
animal experiments approved the study as it corresponds to the speciﬁcations of the convention No 123 of
the European Council.
Body condition scoring, milk yield and composition
analyses
Body condition scores (Edmonson et al. 1989) were
estimated by the same observer starting from 3 weeks
before calving and thereafter every 10 days during
a 120-day period post-calving. Milk yield was recorded
and its butterfat and protein measured twice monthly at
the Estonian Animal Recording Centre using an analyzer
System 4000 (Foss Electric A/S, Hillerød, Denmark).
Analyses of blood serum metabolite concentrations
Blood samples were obtained from the coccygeal vein or
artery using 10 ml plain Vacutainer tubes (Becton,
Dickinson and Company, Franklin Lakes, NJ, USA) at
four periods: 1–14 days before calving and at 1–14, 28–
42 and 63–77 days after calving. Blood samples were
kept at room temperature during transportation; after
centrifugation, the serum was stored at 1–4C and
analytes measured within 2 days using photocolorimeter
KUK-2 (‘ZOMZ’, Zagorsk, Russia) for the determination of glucose, ketone bodies and NEFA concentration and UV-Vis Spectrophotometer Helios b with
Peltier1 thermostat (Unicam Ltd, Cambridge, UK) for
measuring aspartate aminotransferase (AST) activity
and concentration of triglycerides and cholesterol.
The glucose concentration in the serum was determined according to the procedure of Somogyi-Nelson,
(Nelson 1944) modiﬁed by Lutskii (1978), based on the
reducing nature of glucose: in reaction mixture Cu(OH)2
is reduced to CuOH that after reaction with arsenomolybdate forms blue coloured complex; concentration
of glucose is determined by measuring the absorption of
formed complex, stoichiometric with concentration of
glucose, in reaction mixture at 670 nm.
To determine NEFA concentration the method based
on the formation of copper soaps giving blue-coloured

complex with diethylditiocarbamate described by Lutskii (1978) was used. Concentration of NEFA, proportional to the concentration of the formed complex, was
determined by measuring the absorption of this complex
at 440 nm.
The concentration of total ketone bodies was determined using the method described by Trubka (1974):
ketone bodies are oxidized to acetone, in reaction with
salicylaldehyde a yellow-coloured compound in concentration stoichiometric to ketone bodies is formed;
absorption of this compound is measured at 490 nm.
Aspartate aminotransferase activity was determined
with commercial test kit of company Human Gesellschaft für Biochemica und Diagonostica GmbH (Weisbaden, Germany) using enzymatic UV kinetic method
based on procedure described by Bergmeyer et al.
(1976): oxaloacetate formed in the course of L-aspartate
transamination is reduced to malate with concomitant
oxidation of NADH to NAD+ catalysed by malate
dehydrogenase; the oxidation rate is proportional to
decrease in absorbance, measured at 340 nm and
stoichiometric with AST activity.
Concentrations of triglycerides and total cholesterol
were determined with commercial test kits of company
Human Gesellschaft für Biochemica und Diagonostica
GmbH using enzymatic-colorimetric end-point methods. Determination of the triglycerides concentration
is based on the procedure described by Nägele et al.
(1985): after hydrolysis of triglycerides the liberated
glycerol is phosphorylated with ATP and glycerol
kinase to glycerol-3-phosphate, which is oxidized by
glycerol-phosphate oxidase to dihydroxyacetone phosphate and hydrogen peroxide. The concentration of
triglycerides is determined measuring at 500 nm the
absorption of violet coloured quinoneimine, formed
from hydrogen peroxide, 4-aminoantipyrine and
4-chlorophenol, in stoichiometric concentration with
triglycerides.
Determination of total cholesterol concentration,
described by Siedel et al. (1985), is also based on
measuring absorption of quinoneimine, formed from
hydrogen peroxide, 4-aminoantipyrine and 4-chlorophenol; preceding reactions include hydrolysis of esteriﬁed
cholesterol to cholesterol and its oxidation in the
presence of cholesteroloxidase to cholestene-3-one and
hydrogen peroxide.
The coeﬃcients of variation of the methods (glucose
9.8%, ketone bodies 18.9%, NEFA 24.2%, AST 6.5%,
triglycerides 7.8% and total cholesterol 5.7%) were
below 25%, the acceptable limit in clinical chemistry
according to Lumsden (2000).
Analyses of milk progesterone (P4) concentrations
Starting from 1 week after calving pooled quarter milk
samples were obtained three times weekly not later than
1 h after the morning milking. Milk was placed in plastic
tubes containing potassium dichromate as a preservative, stored at 4C for 1 week and frozen at )18C until
subsequent analysis. P4 concentrations were measured
using enzyme immunoassay (Waldmann 1993). The
speciﬁcity of the monoclonal antibody and this assay
has been described previously (Waldmann 1999). The
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inter-assay and intra-assay coeﬃcients of variations
were <10%. The sensitivity limit, using a 20-ll sample
was <0.5 ng/ml.
Analyses of data
Every year up to 20 multiparous cows in their second to
eighth lactation were investigated, the number of cows
involved in the ﬁnal data analysis was 54 and the
number of lactations investigated was 71 (11 cows in two
and three cows in three consecutive years). Cows were
grouped according to their milk P4 proﬁles, (Opsomer
et al. 2000). The ﬁrst day with P4 ‡ 5 ng/ml was taken
as the interval to the onset of luteal activity. Cows were
categorized as normal if the interval between calving
and the onset of ﬁrst luteal activity was up to 50 days,
followed by regular cyclicity. If the interval between
calving and the onset of ﬁrst luteal activity was more
than 50 days, the cows were categorized as having
delayed resumption of ovarian cyclicity (DC). Cows
with prolonged interluteal interval (P4 < 5 ng/ml) with
duration of 14 or more days between two adjacent luteal
phases were categorized as those with cessation of
cyclicity (CC). Cows whose P4levels remained elevated
for >20 days without preceding insemination, were
categorized as belonging to the prolonged luteal phase
(PLP). To compare the P4 proﬁle characteristics and
fertility parameters of diﬀerent P4 proﬁle groups the
following model was used:
yijkl ¼ l þ Yi þ Pj þ Gk þ eijkl ;
where yijkl is the observed value of studied parameter,
mu is model intercept, Yi is the eﬀect of the year (i ¼
1…4), Pj is the eﬀect of parity (j ¼ 2…8), Gk is the eﬀect
of the group (l ¼ 1,…,4), eijkl is the model error with the
ﬁrst-order autoregressive covariance structure modelling
the coherence of values measured on the same cow in
diﬀerent parities.
To compare the blood metabolites, BCS and milk
yield and milk constituents of diﬀerent groups measured
on diﬀerent periods, the following model was used:
yijklmn ¼ l þ Yi þ Pj þ RjðkÞ þ Gl þ Tm þ ðG  T Þlm
þ bm  dijklmn þ eijklmn ;

Table 1. Ovarian activity and fertility parameters of diﬀerent P4
proﬁle groups

where yijklmn is the observed value of studied parameter,
l is model intercept, Yi is the eﬀect of the year (i ¼
1…4), Pj is the ﬁxed eﬀect of parity (j ¼ 2…8), Rj(k) is
the random eﬀect of parity j nested to the cow k
modelling the coherence of values measured on the same
cow in diﬀerent lactations with the compound-symmetry
covariance structure, Gl is the eﬀect of the group (l ¼
1…4), Tm is the eﬀect of the time period (in blood
metabolites analyses m ¼ 1…4, in BCS analyses m ¼
1…12 and in milk yield analyses m ¼ 1…3), (G · T)lm is
the interaction eﬀect of group and time period, bm is the
regression coeﬃcient nested to the time period m
considering the wide variation of sampling times within
the periods and dijklmn is the corresponding sampling day
in relation to calving (term bm · dijklmn missed in BCS
analyses), eijklmn is the model error. Additionally the
coherence of values measured on the same cow and
parity in diﬀerent periods or days in milk was considered
with the ﬁrst-order autoregressive error covariance
structure (in BCS analyses) or with the spatial power
error covariance structure (in blood metabolites and
milk yield analyses). Comparing the milk yield and milk
constituents of diﬀerent groups over whole time periods
the same model was used without the factors modelling
the eﬀects of time period and days in milk inside the
time periods.
Data for P4 proﬁle characteristics and for blood
serum concentrations of ketone bodies, triglycerides,
AST and NEFA were log-transformed prior to the
hypothesis testing. The associations between P4 proﬁle
groups and parity and between P4 proﬁle groups and
study year were tested with Fisher-exact test. All the
statistical analyses of the data were implemented with
SAS statistical software system version 9.1. Values are
expressed as mean values or least square mean ± SEM.
A p-value of <0.05 was considered signiﬁcant and <0.1
tendency.

Results
Progesterone proﬁle analyses and fertility parameters
Parameters of ovarian activity and the fertility of
diﬀerent groups of cows are shown in Table 1. Of the
71 post-calving periods examined, 39 (55%) had
resumption of ovarian cyclicity within 50 days, 18

Progesterone proﬁle
Per cent of total number of post calving periods
Interval calving to ﬁrst P4 rise (days)
Interval calving to ﬁrst cycle (days)
Number of cows inseminated
Interval calving to ﬁrst service (days)
Service periodb (days)
Days open (of those pregnant)
Services per pregnancy
First service pregnancy rate (%)
Cows not pregnant
Cows with abnormal vulval discharges

Normal
na ¼ 39

DC
n ¼ 18

CC
n¼3

PLP
n ¼ 11

55%
28 ± 1.5a
27 ± 1.9a
n ¼ 35
73 ± 3.4
35 ± 7.4
107 ± 8.7
2.3 ± 0.31
48.6
1 (4 AI)
6 (15%)

25.3%
68 ± 3.5b
71 ± 5.0b
n ¼ 17
83 ± 4.5
14 ± 6.4
96 ± 8.9
1.8 ± 0.30
64.7
1 (5 AI)
3 (17%)

4.2%
44 ± 5.8c
52 ± 6.3
n¼3
68 ± 2.0
52 ± 21.4
120 ± 21.9
2.0
0
0
1 (33.3%)

15.5%
29 ± 2.7d
61 ± 7.9
n¼8
74 ± 6.9
35 ± 13.5
109 ± 14.6
2.1 ± 0.40
37.5
0
1 (9%)

Values are mean ± SEM. Values with diﬀerent letters within the same row are signiﬁcantly diﬀerent. (ab; bd: p < 0.001;
ac; cd: p < 0.05). an-number of post-calving periods examined. P4 groups: normal resumption of ovarian cyclicity,
delayed resumption of ovarian cyclicity (DC), cessation of cyclicity (CC) and prolonged luteal phase (PLP). bService
period means time from ﬁrst insemination to last insemination of those cows that became pregnant.
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(25.3%) showed delayed resumption of ovarian cyclicity
(DC), 3 (4.2%) had CC and 11 (15.5%) had a PLP. The
ﬁrst rise of P4 (P4 ‡ 5 ng/ml) for all four groups of cows
occurred at 41 ± 2.6 days (range 16–108) postpartum
and the ﬁrst normal length oestrous cycle (18–24 days)
at 46.9 ± 3.22 days (range 11–118) postpartum. The
interval from calving to the ﬁrst P4 rise and the ﬁrst
normal length oestrous cycle were longer for DC group
compared with group of normal resumption with
ovarian cyclicity (p < 0.001). The DC group had
a high ﬁrst service conception rate (64.7%) that led to
shorter intervals between calving and pregnancy (days
open 96 ± 8.9). The average parity number of PLP
group was 5.0 ± 0.57 against 3.4 ± 0.24 of the normal
group (p ¼ 0.1), 54% of cows in the PLP group were on
their ﬁfth or elder lactation in contrast with 18% of
cows in normal group. There was no relationship
between the distribution of cows to P4 proﬁle groups
and study year.
Body condition score and serum metabolite concentrations
The BCS dynamics of cows classiﬁed according to their
ovarian function is given in Fig. 1. The BCS, 10–20 days
before calving, ranged from 3.5 in DC to 3.75 in PLP
and CC groups. During the ﬁrst 40 days postpartum,
cows lost from 0.5 (normal group) to 0.75 (CC group)
BCS units, and by day 100, cows had lost from 0.8
(normal group) to 1.0 (DC, CC and PLP groups) BCS
units, there was no diﬀerence between the groups.
Comparisons of blood metabolites and AST in P4
proﬁle groups are summarized in Table 2. The DC
group had higher AST activity 1–14 days after calving
(p < 0.01), higher triglyceride level 28–42 days after
calving (p < 0.05) and also higher cholesterol concen-

Metabolite
Glucose (mg/dl)

NEFA (lmol/l)

Ketone bodies (mg/dl)

Triglyceride (mg/dl)

Total cholesterol (mg/dl)

AST (IU/dl)

Collection
time
Pre-calving
1–14 days
28–42 days
63–77 days
Pre-calving
1–14 days
28–42 days
63–77 days
Pre-calving
1–14 days
28–42 days
63–77 days
Pre-calving
1–14 days
28–42 days
63–77 days
Pre-calving
1–14 days
28–42 days
63–77 days
Pre-calving
1–14 days
28–42 days
63–77 days

Normal
na ¼ 39
41
31
36
36
276
283
254
205
2.3
3.1
3.2
2.4
29
23
27
32
76
112
182
218
29
37
32
40

±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±

1.4
1.2
1.2
1.2
26.3e
22.3
21.8c
22.6
0.27
0.23
0.23
0.24
2.0
1.6
1.6c
1.7
8.2
7.0
7.1c
7.3c
2.6
2.2a
2.2e
2.3

DC
n ¼ 18
40
33
35
36
260
319
238
183
2.1
3.3
3.7
2.5
33
20
33
34
80
103
208
251
28
50
36
42

±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±

2.1
1.8
1.7
1.9
38.7
32.0
32.0
34.9
0.40
0.33
0.33
0.36
3.0
2.5
2.3d
2.5
13.0
10.6
10.1d
11.1d
3.7
3.1b
3.1
3.4

4.00
normal (n = 39)
DC (n = 18)
CC (n = 3)
PLP (n = 11)

3.75
Body condition score
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Fig. 1. Body condition score of Estonian Holstein cows with normal
resumption (– –), delayed resumption of ovarian cyclicity (––),
cessation of cyclicity (–D–) and prolonged luteal phase (– –) at
diﬀerent time intervals before and after calving. Values are least square
mean ± SEM

tration 28–42 days and 63–77 days after calving
(p < 0.05) compared with normal proﬁle group. The
PLP group had tendency to lower NEFA level 1–
14 days before calving (p ¼ 0.06), higher AST activity
1–14 days after calving (p < 0.01) and signiﬁcantly
lower NEFA level 28–42 days after calving (p < 0.05)
compared with normal group.
Milk yield and composition
All four groups had similar 100-day milk yield, but there
were signiﬁcant diﬀerences in fat protein ratio and
protein content between normal and DC groups

CC
n¼3
43
39
37
41
434
218
380
124
1.8
2.5
3.7
3.2
29
16
41
30
96
110
253
204
34
34
46
47

±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±

7.3
4.4
4.4
4.1
139.5
80.5
80.5
69.7
1.45
0.84
0.84
0.73
10.0
5.8
7.1
6.1
39.6
24.9
29.9
28.6
13.8
7.7
7.7
6.9

PLP
n ¼ 11
40
31
32
37
178
291
164
211
2.0
3.4
3.4
2.1
32
23
29
35
77
113
201
247
30
50
41
39

±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±

2.4
2.3
2.2
2.3
44.1f
42.0
38.7d
42.0
0.46
0.44
0.40
0.44
3.2
3.1
2.9
3.0
14.0
13.2
12.7
13.0d
4.2
4.1b
3.4f
4.0

Table 2. Serum metabolites and
aspartate aminotransferase (AST)
in diﬀerent P4 groups pre-calving
and 1–14, 28–42 and 63–77 days
postpartum

Values are least square mean ± SEM. Values with diﬀerent letters within rows diﬀer (ab: p < 0.01; cd: p < 0.05; ef:
p < 0.1); an-number of post-calving periods examined. P4 groups: normal resumption of ovarian cyclicity, delayed
resumption of ovarian cyclicity (DC), cessation of cyclicity (CC) and prolonged luteal phase (PLP).
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Table 3. Milk yield and milk components in diﬀerent P4 groups of
cows (100 days of lactation)
Traits/group
Milk, kg
ECM, g/day
Fat, %
Protein, %
Fat/protein

Normal
33.5
34.2
4.1
3.1
1.35

±
±
±
±
±

0.88
0.92
0.08
0.04a
0.028a

DC
32.9
33.9
4.1
3.0
1.42

±
±
±
±
±

CC

1.14
01.18
0.10
0.05b
0.036b

33.7
33.7
3.9
3.0
1.34

±
±
±
±
±

2.05
02.12
0.19
0.10
0.063

PLP
34.1
33.9
4.0
3.0
1.34

±
±
±
±
±

1.28
1.32
0.12
0.06
0.040

Diﬀerences between least square means with diﬀerent letters in rows are
statistically signiﬁcant (p < 0.05). P4 groups: normal resumption of ovarian
cyclicity, delayed resumption of ovarian cyclicity (DC), cessation of cyclicity
(CC) and prolonged luteal phase (PLP).

Fat/protein ratio in milk

1.60

normal

DC

CC

PLP

1.50
1.40
1.30
1.20
1.10
1.00

1

2
Month after calving

3

Fig. 2. Milk fat/protein ratio of Estonian Holstein cows with normal
resumption, delayed resumption of ovarian cyclicity (DC), cessation of
cyclicity and prolonged luteal phase (PLP), during the ﬁrst 3 months
after calving. Values are expressed as least square mean ± SEM. Milk
fat/protein ratio was diﬀerent (p < 0.01) between normal and DC
groups during the ﬁrst month of lactation and tended to be diﬀerent
(p ¼ 0.09) between normal and DC groups during the second month
of lactation. There was also a diﬀerence (p < 0.05) between normal
and PLP groups on the second month of lactation

(Table 3). The DC group tended to produce milk with
higher fat content in the ﬁrst month of lactation (normal
group 4.4 ± 0.09; DC 4.6 ± 0.13; p ¼ 0.09) and with
signiﬁcantly lower protein content in the ﬁrst month
(normal proﬁle 3.3 ± 0.04; DC 3.2 ± 0.05 p < 0.05)
and second month (normal group 2.9 ± 0.04; DC
2.8 ± 0.05 p < 0.001) of lactation compared with
normal group. Cows of the DC group had higher fat/
protein ratio (normal 1.33 ± 0.034; DC 1.46 ± 0.046;
p < 0.01) in the ﬁrst month of lactation compared with
the normal group (Fig. 2). Cows of the PLP group had
lower fat/protein ratio in the second month of lactation
compared to the DC group (DC 1.45 ± 0.04; PLP
1.31 ± 0.047; p < 0.05).

Discussion
The ﬁrst P4 rise above P4 ‡ 5 ng/ml in whole milk,
considered valid as a sensitive parameter indicating the
onset of luteal activity (Waldmann 1993), occurred on
average, 41 ± 2.6 days postpartum (range 16–
108 days). This is longer than the time reported in other
studies (Royal et al. 2000; Veerkamp et al. 2000; Mann
et al. 2005). In the current study, 55% of the cows
investigated were categorized as normal; the rest (45%)
exhibited various reproductive cycle abnormalities. The

incidence rate of abnormal milk P4 proﬁles was similar
to the ﬁndings of Opsomer et al. (2000), but less than
that reported by Shrestha et al. (2004) in multiparous
cows. The proportion of cows with delayed resumption
of ovarian cyclicity (25%) tallied with the results found
by Shrestha et al. (2004), but was more than two times
higher than that reported by Lamming and Darwash
(1998). Opsomer et al. (2000) also reported that 38% of
cows calving in the winter did not resume ovarian
activity during the 50 days after calving. This statement
is important as the cows in the present study calved in
the winter (from December to March). Prolongation of
the luteal phase in 15.5% of post-calving periods
examined was similar to that found by Lamming and
Darwash (1998); Opsomer et al. (1998) and Pushpakumara et al. (2003). Cessation of luteal activity was low
and accounted for 4% of all post-calving periods
examined.
In our study delayed resumption of ovarian cyclicity
postpartum was the most prevalent abnormality, but it
did not impair fertility of the investigated cows. DC
group required, on an average, 71 ± 5.0 days from
parturition to the onset of ﬁrst luteal activity. Delayed
start of luteal activity did not give the DC group enough
time to have several cycles before breeding: seven cows
of 17 were inseminated at the ﬁrst oestrus, postpartum.
At the same time, the 64.7% ﬁrst service conception rate
and short service period show that in this study, cows
with a late start of luteal activity attained good
reproductive performance. This outcome was somewhat
diﬀerent from other results that have reported declined
fertility in cows with prolonged anoestrus periods
postpartum (Taylor et al. 2003; Shrestha et al. 2004).
After calving, dairy cows usually experience a slow
increase in dry matter intake, a rapid increase in milk
production and increased mobilization of fat tissue – the
status described as negative energy balance. Energy
balance nadir during the early postpartum period has
high correlation with the interval to ﬁrst ovulation,
(Beam and Butler 1999). In our study 100-day milk
production in the four P4 groups was not diﬀerent, but
the DC group produced milk with lower protein content
that led to higher fat/protein ratio compared with
normal group. Fulkerson et al. (2001) showed that cows
producing milk with a lower milk protein content
(2.89%) suﬀered more severe and prolonged negative
energy balance, compared to cows with a milk protein
content of 3.1%. Comparing the production data of the
P4 proﬁle groups during ﬁrst 3 months of lactation
displays more pronounced diﬀerences in the ﬁrst
2 months of lactation; DC group tended (p ¼ 0.09) to
produce milk with higher milk fat content during the
ﬁrst month of lactation, at the same time the milk
protein content in the DC group was lower and the fat/
protein ratio was higher than in the normal group.
During the ﬁrst 2 months of lactation the milk fat/
protein ratio of the DC group was above 1.4, the
threshold of energy deﬁcit, according to Pehrson (1996).
These diﬀerences lead to the inference that cows of the
DC group used more body energy reserves compared to
the normal group during the ﬁrst month of lactation.
However, BCS measurements, as an indirect indicator of
energy balance were not sensitive enough to support it in
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our study; the BCS decline (0.5–0.6 units) of the normal,
DC and PLP groups during the 40-day postpartum
period was not diﬀerent between the groups. During the
100-day period, the BCS decline in all four groups was
moderate – cows lost 0.8–1.0 units. Heuer et al. (1999)
also pointed out that the milk yield and the fat to
protein ratio are more reliable indicators of disease,
fertility and milk yield than the BCS loss.
Changes in blood metabolites and metabolic hormones related to negative energy balance can act as
signals to the reproductive system to reduce fertility
(Beam and Butler 1999; Diskin et al. 2003). In our
study, metabolic changes followed the pattern observed
in previous studies (Ruegg et al. 1992; Koller et al. 2003;
Ling et al. 2007). Serum NEFA and ketone bodies
concentrations are both indirect measures to the magnitude and adaptation to negative energy balance of the
cow (Herdt 2000). The DC and CC groups, had a highest
(although not statistically signiﬁcant) serum ketone
bodies level, 4–6 weeks after calving, supporting the
idea of greater mobilization of body tissue and negative
energy balance in these groups. Mobilization of amino
acids is one of the homeorhetic adaptations during
transition from late pregnancy to early lactation (Bell
et al. 2000, review), signiﬁcantly higher AST values of
the DC group 1–2 weeks after calving suggest increased
use of aminoacids in gluconeogenesis compared to the
normal group. Zurek et al. (1995) has found that AST
correlated negatively with the LH pulse frequency
during the post-parturient period in anoestrous cows.
As the increase in plasma LH concentration and LH
pulse frequency aﬀect the emergence of the dominant
follicle (Beam and Butler 1999), higher AST activity
could be related to the delayed ﬁrst ovulation of DC
group. AST activity was also higher in the PLP group,
but at the same time NEFA levels were lower compared
to normal group. The body condition scores and milk
fat/protein ratio were also similar in PLP and normal
groups indicating that factors other than metabolic
status are related to this abnormality. Pushpakumara
et al. (2003) have found parity to be an important risk
factor for a PLP, cows calved four or more times were
mostly, due to puerperal problems, 2.5 times more at
risk than ﬁrst parity cows (Opsomer et al. 2000). In the
present study 54% of PLP group cows were on their
ﬁfth or elder lactation in contrast to 18% of cows in
normal group. Higher parity and uterine problems
might be the cause of the PLP.
Serum cholesterol concentrations were signiﬁcantly
higher in the DC and PLP groups compared to normal
group. Westwood et al. (2002) have found positive
association between cholesterol concentrations and
reproductive performance of dairy cows. The mechanisms by which cholesterol may inﬂuence the fertility of
dairy cattle are unclear, but higher cholesterol concentrations were also associated with a shorter interval
from calving to conception (Ruegg et al. 1992).
Already Britt (1992) hypothesized that severe negative
energy balance during the ﬁrst 2–3 weeks postpartum
may adversely impact preantral follicles and result in
low quality oocytes and decreased P4 production 60–
80 days postpartum. The results of the Belgian study
(Leroy et al. 2005) demonstrated that reduced embryo

quality on day 7 following AI could be an important
factor in the subfertility problem in modern high
yielding dairy cows. As the typical metabolic adaptations that can be found in serum of high-yielding dairy
cows shortly postpartum are reﬂected in the follicular
ﬂuid of dominant follicle it is suggested that oocytes and
embryos are highly sensitive to any disruption in their
environment caused by metabolic, dietary or other
factors, which can have fatal consequences for ﬁnal
fertility (Leroy et al. 2004). We suggest that in our
study, negative energy balance of the DC group aﬀected
ovarian function and delayed ﬁrst ovulation postpartum
but as the DC group had high ﬁrst insemination
conception rate there was no harmful carry over eﬀects
to follicles and oocytes.
In conclusion, despite of moderate negative energy
balance the incidence rate of abnormal ovarian cycles of
postpartum periods investigated was high. Delayed
resumption of ovarian cyclicity postpartum was the
most prevalent abnormality; the group with delayed
resumption of ovarian cyclicity had higher serum AST
activity, lower milk protein and higher milk fat/protein
ratio on the ﬁrst month after calving compared to
normal group. These results suggest that more pronounced energy deﬁciency shortly after parturition
could be the cause of a prolonged anovulatory period
of the group; however, unlike in several other studies, in
our study it did not impair the fertility of cows.
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zivotnõh. Zinatne Riga, Russian, pp. 5–11.
Veerkamp RF, Oldenbroek JK, Van Der Gaast HJ, Van Der
Werf JHJ, 2000: Genetic correlation between days until start
of luteal activity and milk yield, energy balance, and live
weights. J Dairy Sci 83, 577–583.
Veerkamp RF, Beerda B, Van Der Lende T, 2003: Eﬀects of
genetic selection for milk yield on energy balance, levels of
hormones and metabolites in lactating cattle, and possible
links to reduced fertility. Livestoc Prod Sci 83, 257–265.
Waldmann A, 1993: Enzyme immunoassay (EIA) for milk
progesterone using monoclonal antibody. Anim Rep Sci 34,
19–30.
Waldmann A, 1999: Monoclonal antibodies to progesterone:
characterization and selection for enzyme immunoassay in
bovine milk. Hybridoma 18, 289–296.
Wathes DC, Bourne N, Cheng Z, Mann GE, Taylor VJ,
Coﬀey MP, 2007: Multiple correlation analyses of metabolic
and endocrine proﬁles with fertility in primiparous and
multiparous cows. J Dairy Sci 90, 1310–1325.
Westwood CT, Lean IJ, Garvin JK, 2002: Factors inﬂuencing
fertility of holstein dairy cows: a multivariate description.
J Dairy Sci 85, 3225–3237.
Windig JJ, Calus MPL, Veerkamp RF, 2005: Inﬂuence of herd
environment on health and fertility and their relationship
with milk production. J Dairy Sci 88, 335–347.
Zurek E, Foxcroft GR, Kennely JJ, 1995: Metabolic status
and interval to ﬁrst ovulation in postpartum dairy cows.
J Dairy Sci 78, 1909–1920.

Submitted: 12 May 2007
Author’s address (for correspondence): Jaak Samarütel, Institute of
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Summary
Associations of body condition scores and blood metabolites,
measured before calving and at diﬀerent periods during early
lactation, with recurrence of luteal activity were investigated in a
250-head commercial dairy farm during a 4-year period (1999–
2002). The study was conducted on 48 dairy cows (60 lactations)
with average 305-day milk yield of 8149 kg per cow. Blood
samples taken 1–14 days before calving and 1–14, 28–42 and 63–
77 days after calving were analysed for aspartate aminotransferase, glucose, ketone bodies, triglycerides, non-esteriﬁed fatty
acids and cholesterol. Milk progesterone (P4) proﬁles (samples
collected twice a week, P4 levels measured in whole milk by
enzyme immunoassay) were used to evaluate the interval from
calving to ﬁrst luteal response, P4 >5 ng/ml, and the interval
from calving to ﬁrst normal cycle. The MIXED procedure of the
sas system was used to study the association of investigated
parameters. A higher concentration of ketone bodies before
calving was associated with shorter interval to recurrence of ﬁrst
normal cycle (P ¼ 0.007) and tended to be related to shorter
interval from calving to ﬁrst luteal response (P ¼ 0.071).
A lower prepartum aminotransferase activity showed a
tendency to be associated with shorter interval from calving
to ﬁrst luteal response (P ¼ 0.084).Results suggest metabolic
status up to 2 weeks prepartum to be related to the resumption
of postpartum luteal activity in Estonian Holstein dairy cows.

Introduction
Several factors and the interactions of these factors, such as
nutrition, metabolic and body condition state, production,
health and management aﬀect fertility in dairy cows, as
reported in a number of studies (Kruip et al., 1998; Clark
et al., 2000; Mwaanga and Janowski, 2000, review). Early
return to cyclicity postpartum has been considered to be
beneﬁcial to overall reproductive performance of the dairy
cow, fertility has been better in cows that have displayed
oestrus once or more before the start of breeding compared
with cows inseminated at their ﬁrst oestrus (Thatcher and
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Wilcox, 1973; Beam and Butler, 1999). Already in the dry
period and even more so in early lactation, changes take place
in the endocrine system of cows, intensifying gluconeogenesis,
lipolysis and ketogenesis. To compensate the diﬀerence
between energy uptake and energy requirements in a state of
negative energy balance, high-producing cows intensively
utilize their fat deposits. Ketone bodies (KB) synthesized in
the liver in the course of incomplete oxidation of released fatty
acids, particularly acetoacetic and b-hydroxybutyric acids, are
essential energy sources in many tissues and save glucose
(GLC) for lactose synthesis (Herdt, 2000). In addition to the
blood metabolites that indicate the metabolic status of dairy
cows, the body reserves of cows, expressed as the body
condition score (BCS) and BCS change, are used to monitor
the amount and mobilization of body adipose tissue. It has
been reported that health and fertility parameters are related
to the BCS at calving or BCS change during early lactation or
both (Broster and Broster, 1998, review).
The relationship between repeatedly measured blood
metabolites and interval from calving to resumption of luteal
activity has been evaluated in several studies. Taylor et al.
(2003), Shrestha et al. (2005) and Mann et al. (2005) evaluated
metabolite diﬀerences between progesterone (P4) proﬁle groups
at speciﬁc time points post-calving; Clark et al. (2000) trial ran
from calving to 10 weeks post-calving; Zurek et al. (1995) and
Reist et al. (2000,2003) focused their analyses on early lactation.
The objective of the present study was to relate metabolic
and energetic status of the cows, measured through blood
metabolites and BCS before calving and at diﬀerent periods
during early lactation, to recurrence of luteal activity. To our
knowledge, the relationships between blood metabolites measured up to 2 weeks before calving and interval to resumption
of luteal activity postpartum have not yet been studied.

Materials and Methods
The study was conducted in a 250-head commercial tiestall dairy farm during a 4-year (1999–2002) period. The
www.blackwell-synergy.com
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multiparous Estonian Holstein dairy cows (average weight at
parturition 651 kg) without clinical signs of puerperal disorders (n ¼ 48; second to eighth lactation; 10 animals in two
consecutive years, one in three consecutive years; 60 lactations)
were milked twice a day, their average 305-day milk yield being
8149 kg. Seasonal eﬀects were minimized as cows that calved
during a 90-day period from January to March were selected
for the trial.
The cows were fed according to Estonian feeding standards
(Põllumajanduslooomade söötmisnormid koos söötade
tabelitega, 1995) and they received on average 260 MJ ME
and 2548 g digestible protein a day. The ration consisted of
silage, hay, straw, minerals and 350–400 g concentrates of
ensiled, crushed grain or ray bran per kilogram of milk
produced.
Starting about 20 days before the expected calving, cows
were scored using a ﬁve-point scale with quarter-point
divisions according to Edmondson et al. (1989) BCS chart
every 10 days.
Blood samples were taken from the coccygeal vein or artery
into a plain tube at four periods: 1–14 days before calving
(DBC) and 1–14, 28–42 and 63–77 days after calving (DAC).
Blood samples were kept at 15–20C during transportation;
after centrifugation, serum was refrigerated (at 4C) and
analysed within 2 days.
The concentrations of metabolites and the activities of
enzymes [aspartate aminotransferase (AST), GLC, KB, triglycerides (TG), non-esteriﬁed fatty acids (NEFA), cholesterol
(CHOL)] were measured spectrophotometrically. The GLC
concentration in blood serum was determined following the
procedure of Somogyi–Nelson (Lutskii, 1978), the NEFA
concentration was determined using a modiﬁed LiunggereniPerason procedure (Lutskii, 1978), and the KB concentration
was determined using the Trubka method (Trubka, 1974). The
AST activity was determined using an enzymatic-UV-kinetic
method (Human Gesellschaft für Biochemica and Diagonostica GmbH test kits; Human GmbH, Wiesbaden, Germany).
Concentrations of TG and total CHOL were determined using
the enzymatic-colorimetric end-point method (Human Gesellschaft für Biochemica and Diagonostica GmbH test kits).
The inter-assay and intra-assay coeﬃcients of variation of the
methods (range 5.7–24.2%) were below 25%, the acceptable
limit in clinical chemistry according to Lumsden (2000).
Starting about 1 week after calving until conﬁrmed pregnancy or culling, milk samples were obtained twice a week for
determination of the P4 concentration. To avoid the eﬀect of
time of milk extraction on P4 concentration, samples were
collected not later than 1 h after milking (Waldmann et al.,
1999). Milk sample (10–15 ml) was drawn by hand stripping
into plastic tubes containing potassium dichromate as a
preservative. Samples were refrigerated, transported to the
laboratory, and then frozen at )18C until P4 analysis. The P4
concentration in milk was measured using an enzyme immunoassay (Waldmann, 1993) that was modiﬁed using the second
antibody technique. The speciﬁcity of the monoclonal antibody and the assay have been described previously (Waldmann, 1999). The inter-assay and intra-assay coeﬃcients of
variation were <10%. The limit of sensitivity, using a 20-ll
sample, was <0.5 ng/ml. The P4 concentration in milk was
used to determine the number of days to ﬁrst luteal response
and the number of days to ﬁrst normal cycle postpartum. The
days to ﬁrst luteal response was deﬁned as the ﬁrst measure-
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ment of the P4 concentration >5 ng/ml. The days to ﬁrst
normal cycle was deﬁned as the number of days until the P4
level was >5 ng/ml for eight to 14 consecutive days.
The statistical analysis of the data was implemented with
Mixed Model procedure of sas (SAS Institute Inc., Cary, NC,
USA) system. At ﬁrst the analysis of variance was carried out
to study the eﬀects of parity and year of the study to measured
parameters. As the parity had no signiﬁcant eﬀect in further
analyses it was used only to separate the repeated measurements of the same cow and to build up the correct variancecovariance structure of the observations. The year of the study
had signiﬁcant eﬀect on blood metabolites, BCS and recurrence of luteal activity, and was further included in the models
as confounding eﬀect measuring the inﬂuence of diﬀerent
feeding and keeping conditions in diﬀerent years.
To compare the blood metabolite values measured at diﬀerent
time periods, the following model was used (Model 1):
yijkl ¼ l + Yi + Pj + Ck+eijkl, where yijkl is the observed
value of studied parameter, l is model intercept, Yi is the eﬀect of
the year (i ¼ 1,…,4), Pj is the eﬀect of time period (j ¼ 1,…,4),
Ck is the random eﬀect of the cow enabling to consider non-zero
covariance between repeated measurements of the same cow
(k ¼ 1,…,48), eijkl is the model error. Additionally the coherence
of values measured on the same cow and at the same time period
in diﬀerent lactations was considered with the compound
symmetrically structured error covariance matrix.
The associations of BCS parameters (maximum prepartum
BCS, BCS decline during 40 postpartum days, BCS decline
during 100 postpartum days) and blood metabolites, measured
at diﬀerent time periods, with interval from calving to ﬁrst
luteal response and with interval from calving to ﬁrst cycle,
were studied separately for each period (1–14 DBC and 1–14,
28–42 and 63–77 DAC) by the model (Model 2):
yij ¼ l + Yi + Rk(bk xijk)+eij, where yij is the observed value
of the studied interval, Yi is the eﬀect of the year (i ¼ 1,…,4),
bk is the regression coeﬃcient corresponding to the kth
continuous argument and xijk is the corresponding argument
(blood metabolite measured at studied period or BCS parameter; according to the period k ¼ 1,…,7 or k ¼ 1,…,8). The
maximum prepartum BCS (in most cases 10–20 days prepartum) was analysed together with prepartum metabolites, the
maximum BCS decline during 100 postpartum days together
with the metabolites of periods 1–14, 28–42 and 63–77 DAC,
and the maximum BCS decline during 40 postpartum days
together with the metabolites of periods 1–14 and 28–42 DAC.
Analogous to the Model 1 the coherence of values measured
on the same cow and at the same time period in diﬀerent
lactations was considered with the compound symmetrically
structured error covariance matrix.
For positively skewed parameters (days to ﬁrst luteal
response and days to ﬁrst cycle postpartum), a logarithm
transformation was used. Signiﬁcance was determined at
P < 0.05, tendency (trend) to signiﬁcance at P < 0.1.

Results
Table 1 provides an overview of BCS parameters, days from
calving to ﬁrst luteal response and days from calving to ﬁrst
normal cycle in 60 lactations of 48 Estonian Holstein
multiparous cows. The BCS of the cows 20 DBC was 3.6
(within the range 2.75–4.75). There was a slight prepartum fall
(within the range 0–0.5) but a steeper decrease from calving up
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Table 1. Body condition score (BCS) parameters, days from calving to
ﬁrst luteal response and days from calving to ﬁrst normal cycle in 60
lactations of 48 Estonian Holstein multiparous cows
Value (x  SEM; Median)

Item

Table 3. Estimates of the regression coeﬃcients of blood metabolites
measured 1–14 DBC and maximum prepartum BCS on the number of
days from calving to ﬁrst luteal response (CCL) and on the number of
days from calving to ﬁrst cycle (CFC) based on Model 2
CCL

Maximum prepartum BCS
BCS decline during 40 postpartum days
BCS decline during 100 postpartum days
Days from calving to ﬁrst luteal response
Days from calving to ﬁrst normal cycle

3.6 ± 0.05; 3.50
0.5 ± 0.04; 0.5
0.9 ± 0.05; 0.8
41.0 ± 2.84; 36.5
48.6 ± 3.58; 40.0

Argument/Trait

to 40 days postpartum (within the range 0–1.5), followed by a
steady decline up to 100 days postpartum, bringing the ﬁgure
down to 2.75 (range 2.0–3.59).
The time period inﬂuenced the blood metabolites: Table 2
shows the least square means of the blood parameters and the
diﬀerences between the values during the diﬀerent periods. The
GLC minimum occurred during 1–14 DAC with concurrent
KB maximum levels during 1–14 and 28–42 DAC. The TG and
NEFA showed trends similar to those of GLC and KB: the
minimum TG level (1–14 DAC) was concurrent with maximum NEFA. A general increasing trend was evident in the
CHOL concentration during the whole period of study; the
AST activity was the greatest during 1–14 DAC. Parameters
measured before calving had associations with the onset of
luteal activity (Table 3): a higher ketone body concentration
was related to shorter period from calving to ﬁrst cycle
(P ¼ 0.007) and tended to be associated with shorter period
from calving to ﬁrst luteal response (P ¼ 0.071); higher AST
had a tendency to be related to longer interval from calving to
ﬁrst luteal response (P ¼ 0.084). No parameter measured
1–14, 28–42 or 63–77 DAC had associations with the recurrence of luteal activity, irrespective of whether all 60 lactations
or only the cows not having had the cycles before the sampling
period were analysed.

Discussion
Large variations in the interval to postpartum ovulation and
resumption of ovarian cyclicity have been reported in the
literature. In many studies, the ﬁrst postpartum P4 rise was
noted to occur earlier (average number of days from calving to
ﬁrst ovulation: 30.1, Francisco et al., 2002; 23.9, Reist et al.,
2003) than measured in the present study. According to Zurek
et al. (1995) the ﬁrst ovulation (deﬁned as plasma P4 >0.5 ng/
ml followed by P4 >1 ng/ml for at least 6 days), always
occurring after the energy balance nadir and at various
negative energy balances, was observed on average 24 days
postpartum. Our results on the timing of the P4 rise (average
41 days, range 16–108 days) are closer to those reported by

Table 2. Least square mean values
(±SEM) of metabolites and
aspartate aminotransferase (AST)
during diﬀerent periods of
gestation/lactation based on
Model 1

Trait/period
Glucose (mg/dl)
Ketone bodies (mg/dl)
Triglycerides (mg/dl)
NEFA (lmol/l)
Cholesterol (mg/dl)
AST (U/I)

CFC

Estimate
(±SEM)

P

AST
0.015 ± 0.0086
Glucose
)0.012 ± 0.0133
Ketone bodies
)0.246 ± 0.1315
Triglycerides
0.011 ± 0.0099
)0.51 ± 0.584
NEFA · 10)3
)2
0.625 ± 0.395
Cholesterol · 10
BCS
0.218 ± 0.209

Estimate
(±SEM)

0.084 0.012 ± 0.0097
0.377 0.004 ± 0.0150
0.071 )0.425 ± 0.1481
0.261 0.008 ± 0.0112
0.390 )0.91 ± 0.658
0.124 0.606 ± 0.444
0.305 0.289 ± 0.236

P
0.220
0.792
0.007
0.500
0.177
0.183
0.229

Opsomer et al. (2000) (ﬁrst signiﬁcant P4 rise at day 37 ± 27
postpartum) and Mann et al. (2005) (ﬁrst P4 rise in 36.6 days,
range 17–113 days); still, we have to admit that in our ﬁeld
trial the average period to resumption of luteal activity was
rather long.
In commercial dairy herd situations, direct assessment of the
energy balance in individual cows is not feasible, but changes
in the BCS provide an indirect measure. In our study, the
average BCS close to calving (3.6) was comparable with the
recommended value of 3.5 (Wattiaux, 1996). The overall
decline in BCS in 100 postpartum days (0.83 units) falls in the
range of typical (from 0.5 to 1.0) changes in the BCS (NRC,
2001) although there are several indications of smaller falls
(Broster and Broster, 1998, review; Busato et al., 2002). In the
duration of BCS fall, our study supersedes those of others
(Broster and Broster, 1998, review; NRC, 2001); we may
assume that longer BCS decline could contribute to prolonging
the period to onset of luteal activity in our study.
In our study, neither BCS at calving nor maximum BCS
decline during 100 or 40 postpartum days was associated with
onset of luteal activity. At the same time results from a study
by Markusfeld et al. (1997) on Holstein cows suggest that a
low BCS at calving reduces fertility mainly by delaying the
onset of luteal activity. In that study, the mean BCS at calving
was lower (3.35 for multiparous cows) than that in our results
and 15.4% of the cows versus 3% in our study, had BCS <3.0.
In contrast with these ﬁndings are the results from a Belgian
study (breed not mentioned) indicating that instead of BCS at
calving, a decrease in BCS during the ﬁrst and second month
after calving is an important risk factor for delayed (more than
45 days postpartum) ovulation (Opsomer et al., 2000).
According to Shrestha et al. (2005) the same applies to BCS
loss ‡1 unit at 7 weeks postpartum and later in Holstein cows.
In our study, there were only three cows with BCS decline

1…14 DBC

1…14 DAC

28…42 DAC

63…77 DAC

39.7 ± 0.95a
2.1 ± 0.19a
30.6 ± 1.31ab
255.9 ± 18.93ab
78.5 ± 6.33a
28.3 ± 1.81a

30.9 ± 0.93b
3.3 ± 0.18b
21.0 ± 1.29c
286.5 ± 18.63a
112.0 ± 6.11b
42.7 ± 1.78b

34.0 ± 0.91c
3.3 ± 0.18b
28.1 ± 1.29a
230.2 ± 18.50bc
199.3 ± 6.15c
34.7 ± 1.77c

36.2 ± 0.93c
2.4 ± 0.18a
33.5 ± 1.29b
189.1 ± 18.84c
232.8 ± 6.14d
39.9 ± 1.82b

Least square mean values with diﬀerent superscript letters in one row are signiﬁcantly diﬀerent
(P < 0.05).
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more than one point during 40 postpartum days, which may
explain why we did not ﬁnd any signiﬁcant inﬂuence of BCS
change on the onset of luteal activity. A study on Norwegian
cattle identiﬁes a BCS loss between weeks 4 and 5 as
potentially indicative of a delayed (more than 24 days postpartum) luteal response (Reksen et al., 2002). Our results also
indicate the importance of that particular period as we found
that the cows not having shown luteal activity 30 days
postpartum and losing 0.25 BCS units or more from the
30th day to the 40th day postpartum had a tendency to longer
interval from calving to ﬁrst cycle (on average 67.4 days) than
the cows losing <0.25 units (on average 54.9 days; P ¼ 0.094)
during the 10-day period.
Blood metabolite values of the cows studied, except GLC,
were within physiological range/reference values (Raid, 1980;
Ling, 1992; Jaakson and Ling, 2002). The reason for the low
GLC level of the whole population could be in vitro glucolysis
due to transportation of samples at 15–20C as several experiments have shown GLC to be the most sensitive to storage of
clotted blood (Ono et al., 1981; Rehak and Chiang, 1988). The
other investigated analytes have not been reported to be sensitive
to storage below 23C (Ono et al., 1981). In general, the
dynamics of all the blood parameters studied followed the
pattern observed in previous investigations, expressing an
excessive need for GLC and hence a decrease in its concentration
as well as increase in lipid mobilization, ketone body formation
and gluconeogenesis postpartum (Clark et al., 2000; Reist et al.,
2000; Busato et al., 2002; Koller et al., 2003).
In our study we observed that higher concentration of KB
1–14 DBC was related to shorter interval from calving to ﬁrst
luteal response (P ¼ 0.07) and interval from calving to ﬁrst
normal cycle (P ¼ 0.007). According to Drackley et al. (2001)
increased ketogenesis during the transition period may be a
strategy to compensate for insuﬃcient intake of GLC precursors. In addition, ketogenesis and gluconeogenesis from
alanine, lactate or pyruvate may be mutually supportive
processes during the periparturient period. At the same time,
our study suggested lower concentration of CHOL before
calving to be associated with shorter interval from calving to
ﬁrst luteal response (P ¼ 0.124). The association, together
with our ﬁnding that higher KB prepartum is related to earlier
resumption of luteal cycles, may suggest that canalizing acetylCoA towards ketone body formation instead of CHOL
synthesis prepartum could be related to an earlier resumption
of luteal function. In a ﬁeld trial, Reist et al. (2000) have found
higher ketone body concentrations during the ﬁrst 6 weeks
postpartum in cows ovulating late (>30 days postpartum)
than in early ovulating cows. In that study average maximum
b-hydroxybutyrate concentration of the late ovulating group
during the 6 week study period overcomes the level for
subclinical ketoses (1200 lmol/l; Enjalbert et al., 2001), in
our study average maximum ketone body concentration of the
cows during 6 postpartum weeks (3.9 mg/100 ml) was far
below the upper reference level (6 mg/100 ml) established for
the method we used for ketone body analyses (Lutskii, 1978;
Raid, 1980). Low maximum ketone body concentration
postpartum in our study together with the reasonable BCS
decline of the cows suggest that the animals could adapt to the
moderate negative energy balance.
Mobilization of amino acids is one of the homeorhetic
adaptations during transition from late pregnancy to early
lactation (Bell et al., 2000, review). In our study, the tendency
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for association of higher prepartum AST with longer interval
from calving to ﬁrst luteal response indicated that increased
prepartum use of amino acids in gluconeogenesis could be
related to longer period to resumption of luteal activity. Zurek
et al. (1995) have shown that AST values decrease signiﬁcantly
from 9 and 12 days before ovulation until ovulation, indicating a decreased need for amino acids in gluconeogenesis. In
the present study, the AST activity decrease during the 28–42
DAC period coincided with the average number of days to ﬁrst
ovulation (35) as the estimated time interval from ovulation to
milk P4 rise to 5 ng/ml was 6 days in a previous study
(Waldmann et al., 2006). However, the AST activity during
the period was not related to the duration of the anovulatory
interval.
Our study did not ﬁnd associations between GLC, triglyceride and NEFA concentrations and recurrence of luteal
activity although there are investigations implying that high
postpartum NEFA concentrations (Ljøkjel et al., 1995; Kruip
et al., 1998; Shrestha et al., 2005) could be related to
prolonged anovulatory period.
In conclusion, our ﬁeld study indicated metabolic status up
to 2 weeks prepartum to be related to the resumption of
postpartum luteal activity in Estonian Holstein dairy cows.
Based on our results – higher KB up to 2 weeks before calving
related to earlier ﬁrst normal cycle, higher KB and lower AST
tended to be related to earlier luteal response – we may assume
that there were better chances for a cow to start ovulating
earlier if liberated prepartum NEFA were oxidized and formed
acetyl-CoA used for synthesis of KB, and at the same time
gluconeogenesis from amino acids was moderate.
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Opsomer, G., Y. T. Gröhn, J. Hertl, M. Coryn, H. Deluyker, and A.
De Kruif, 2000: Risk factors for post ovarian dysfunction in high
producing dairy cows in Belgium: a ﬁeld study. Theriogenology 53,
841–857.
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Reist, M., D. K. Erdin, D. Von Euw, K. M. Tschümperlin, H. Leuenberger, H. M. Hammon, C. Morel, C. Philipona, Y. Zbinden, N.
Künzi, and J. W. Blum, 2003: Postpartum reproductive function:
association with energy, metabolic and endocrine status in high
yielding dairy cows. Theriogenology 59, 1707–1723.
Reksen, O., Ø. Havrevoll, Y. T. Gröhn, T. Bolstad, A. Waldmann, and
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EFFECT OF BODY CONDITION SCORE AT PARTURITION ON THE PRODUCTION
PERFORMANCE, FERTILITY AND CULLING IN PRIMIPAROUS
ESTONIAN HOLSTEIN COWS
Jaak Samarütel, Katri Ling, Hanno Jaakson, Tanel Kaart, Olav Kärt
Institute of Veterinary Medicine and Animal Sciences, Estonian University of Life Sciences, 1 Kreutzwaldi St,
51006, Tartu, Estonia, tel.  372-7-313-476; fax:  372-7-313-477; e-mail: Jaak.Samarytel@emu.ee
Summary. The objective of this study was to estimate the relation of body condition score (BCS) near calving to
the body condition change in early lactation, the reproductive performance, milk yield and culling rate in the first
lactation Estonian Holstein dairy cows. Cows were divided into three groups based on their BCS at calving; thin, BCS
3.0 (n=29); moderate, BCS 3.25–3.5 (n= 48); and fat, BCS 3.75 (n=27). During the first and second month of
lactation the fat cow group had significantly higher (P<0.05) fat corrected milk (FCM) production, milk fat percentage,
and milk fat to protein ratio compared to thin cows. Thin cow group had significantly (P<0.05) higher genetic merit
index (GMI) compared to the moderate and fat group, but they could not realise their genetic potential as the 305-day
fat corrected milk production, fat production, and milk fat + protein production was significantly higher (P<0.01) in fat
cows compared to thin cow group. No cows in the fat group conceived from the first service. In the thin group 14%, in
the moderate group 25% and in the fat group 41% cows were culled during the first lactation respectively. We
concluded that while taking into account besides milk production the aspects of health and fertility, the reasonable BCS
at calving of first lactation Estonian Holstein cows in the present management and feeding conditions was 3.25–3.5 BC
units.
Key words: body condition score, milk yield, fertility, primiparous Estonian Holstein cows.

PIRMAVERŠI ESTIJOS HOLŠTEIN ORGANIZMO BKLS VERŠIAVIMOSI METU
TAKA PRODUKCIJAI, VAISINGUMUI IR BROKAVIMUI
Jaak Samarütel*, Katri Ling, Hanno Jaakson, Tanel Kaart, Olav Kärt
Veterinarins medicinos ir gyvulininkysts institutas, Estijos gyvulininkysts universitetas, 1 Kreutzwaldi g.,
51006, Tartu, Estija; tel. 372 7 313 476; faks. 372 7 313 477; el. paštas: Jaak.Samarytel@emu.ee
Santrauka. Šio tyrimo tikslas buvo nustatyti bendros organizmo bkl s (BOB) pobd prieš veršiavim si ir
ankstyvos laktacijos laikotarpiu, reprodukcijos galimybes, pieno produkcij ir brokavimo lyg Estijos holštein
pirmaverši organizme. Karv s buvo suskirstytos tris grupes pagal BOB veršiavimosi metu: liesos – BOB 3,0
(n=29), vidutinio riebumo – BOB 3,25–3,5 (n= 48), ir riebios – BOB 3,75 (n=27). Pirm j ir antr j laktacijos m nes
riebi karvi grup je buvo nustatytas patikimai didesnis pieno riebal kiekis ir pieno riebal bei protein santykis
palyginti su liesomis karv mis (p<0,05). Lies karvi grupei buvo bdingas aukštesnis genetini savybi indeksas
(p<0.05) negu vidutinio riebumo ir riebi karvi grupi , bet jos negal jo panaudoti savo genetini galimybi , mat po
305 dien pieno produkcijos riebal korekcijos koeficientas, riebal kiekis ir pieno riebal + baltym kiekis buvo
didesnis riebi karvi organizme (p<0,01). N viena karv riebi karvi grup je netapo veršinga pirmo aps klinimo
metu. 14 proc. lies karvi , 25 proc. vidutinio riebumo ir 41 proc. riebi karvi buvo brokuotos jau pirmosios laktacijos
metu. Galima teigti, kad, vertinant ne tik pieno produkcij , bet sveikatos bkl bei vaisingum , reikiamas kno svorio
indeksas Estijos Holšteino veisl s karvi veršiavimosi ir pirmosios laktacijos metu, esant dabartin ms š rimo s lygoms,
yra 3,25–3,5 BOB vienet .
Raktažodžiai: organizmo bkl s indeksas, pieno produkcija, vaisingumas, pirmaverš s Estijos Holšteino veisl s
karv s.

has grown, the average number of lactations per cow has
decreased to 3.6 (Results of Animal Recording in Estonia,
2005). Therefore farmers are more motivated to focus on
management and feeding practices enabling them to
overcome the problems. New strategies are especially
important during the early lactation period when dietary
intake is unable to meet the demands of high milk
production. Cows mobilize body tissue energy and lose
body weight to balance the deficit between food energy
intake and milk energy output (Bauman and Currie,
1980). This leads to a negative energy balance (NEB),
which may last from 40 to 60 days postpartum (Sutter and

Introduction. Estonian dairy farming has changed a
lot over the last decade; the number of cows and farms
has decreased, the yearly milk production per cow has
improved, cows are fed total mixed rations (TMR), and
new free stall barns have replaced old type buildings.
Average annual milk yield per cow has increased from
4232 kg in 1990 to 6509 kg in 2005. Semen is imported
from different countries and Holstein cow population has
replaced Estonian Red cows to a great extent. However,
several problems have arisen with these changes - average
days open has increased from 108 in 1995 to 136 in 2005,
the proportion of cows culled for udder and feet disorders
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divisions, where score 1 was given to emaciated, score 3
to moderate and score 5 to obese cows. BCS was assessed
based on the appearance of tissue cover over the bony
prominences in the back and pelvic regions via palpation
and visual inspection; the scorer had no knowledge of the
previous BCS of the cow.
Analysis of data
For statistical analysis the cows were divided into
three groups based on their BCS at calving; thin, BCS
d3.0, moderate, BCS 3.25–3.5, and fat, BCS t3.75. The
BCS and body weight at calving were defined as the
closest measurement in relation to calving, but not more
than ten days after parturition. Fat corrected milk (FCM)
was calculated according to the formula: FCM=0.4 x milk
kg + 15 x milk fat kg. The SAS procedure GLM and the
Bonferroni method were used for the multiple
comparisons of the average values of studied traits in
different BCS groups. The results are presented as
arithmetical means and standard errors (S.E.). Statistical
significance was declared at P<0.05.
Results. The total number of cows entered the study
was 104, out of them 29 cows (28%) were classified as
thin, 48 cows (46%) moderate, and 27 cows (26%) fat at
parturition. The mean age of all cows at calving was 26.3
r 0.25 months. Average genetic merit index (GMI) of all
cows investigated was 94; thin group had GMI 98 that
was significantly (P<0.05) higher compared to the
moderate and fat group GMI 93. Cows' weight near
calving averaged 553 r 6.3kg. Fat cow group was the
heaviest, 576 r 7.1 kg (n=21), and differed significantly
(P<0.05) from the moderate group, 542 r 9.1 kg (n=26),
and thin group, 547 r 9.7 (n=15).
Mean BCS at calving and the dynamics of BCS of the
three different groups investigated are presented in
Figure.1. BCS at parturition differed significantly among
all three groups of cows (P<0.001). Cows of the thin
group had BCS 2.85 r 0.068, moderate group 3.36 r
0.025 and fat cows 3.91 r 0.055 at calving, respectively.
During the first 30 days after calving cows lost on an
average 0.49 r 0.557 BCS units. Thin cows lost 0.25 r
0.06, moderate cows 0.48 r 0.043 and fat ones 0.60 r
0.062 BCS units (P<0.05 between moderate and fat
groups; P<0.01 between groups thin and moderate, and
thin and fat). The time from calving to the lowest BCS
point (nadir) was significantly shorter (P<0.01) in thin
cows compared to the fat cows, 37 r 2.2 and 53 r 4.1
days, respectively. For the cows of the moderate group
the length of this period was 49 r 3.4 days. On the whole,
during the period from calving to nadir the cows of the
thin group lost 0.41 r 0.057, moderate group 0.76 r 0.042
and fat group 1.05 r 0.049 BCS units (P<0.001),
respectively.
Average 305-day milk production of all the cows
investigated was 8836 r 147.1 kg and FCM production
8353 r 137.3 kg. Milk fat and protein production was 321
r 5.8, and 282 r 4.8 kg, respectively. Milk fat percentage
was 3.64 r 0.051 and protein percentage 3.35 r 0.024.
During the first and second month of lactation the fat cow
group had significantly higher (P<0.05) FCM production

Beever, 2000) or even longer (De Vries and Veerkamp,
2000).
Body condition scoring (BCS) is an easy and reliable
method to estimate the nutritional status and the
efficiency of a feeding system for dairy cows. Dairymen
and their advisors can use changes in BCS to assess the
level and change of body fat stores as an indicator of
energy balance and metabolic load (Edmonson et al.,
1989; Fergusson et al., 1994). Moreover, research has
shown that BCS has value as a potential selection tool for
improving fertility (Pryce et al., 2001). Several studies
reveal that BCS at calving and body condition loss in
early lactation are related to health, fertility and milk yield
(Gearhart, 1990; Pedron et al., 1993; Markusfeld et al.,
1997; Domecq et al., 1997). Regular body condition
scoring has been used in dairy cattle management in
several countries for a long time. In Estonia, however, it
is a relatively new method and has been used mostly for
research purposes so far. Therefore the objective of this
study was to estimate the relation of BCS near calving to
the body condition change in early lactation, the
reproductive performance, milk yield and culling rate in
the first lactation Estonian Holstein dairy cows.
Materials and Methods.
Cows and housing
The study was carried out on an experimental dairy
farm of about 90 cows of three different breeds during the
years from 2000 to 2005. One hundred and four first
lactation Estonian Holstein dairy cows were involved in
the final data analysis. The cows were kept in a tie-stall
barn, milked three times a day and the average milk yield
of the farm was 8821 kg. Heifers were brought into the
barn and entered the study about two weeks before
expected calving. Cows were fed TMR ad libitum twice a
day, at 9.00 and 16.00. The TMR that the heifers were fed
from the 10th day before the expected calving till the 150th
day of lactation contained 12.0 MJ metabolizable energy
(ME) and 105g of metabolizable protein (MP) in one kg
dry matter (DM), the crude fiber and acid detergent fiber
(ADF) percentages were at least 13% of and 18%,
respectively. The cows more than 150 days in milk were
fed lower energy density TMR that contained 11.0 MJ
ME, 95g MP, at least 15% crude fiber and 23% ADF in
one kg DM. During the summer period cows were taken
out to pasture for four hours a day. Rations consisted of
haylage, corn meal, heat-treated rapeseed cake and barley
meal and were supplemented with minerals, except 10
days before till two weeks after calving while cows were
fed minerals manually. The cows were weighed on a scale
once a month; milk recording was carried out bimonthly,
and milk analyses to determine milk fat and protein
content were performed in the milk laboratory of the
Estonian Animal Recording Centre using an analyzer
System 4000. The herd veterinarian recorded all diseases
and culling reasons.
Body condition scoring
During the five-year study the same observer
performed body condition scoring fortnightly using the
technique developed by Edmonson et al. (1989). The
cows were scored on a five-point scale with quarter point
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fat production, and milk fat + protein production differed
significantly between groups thin and fat (P<0.01) and
thin and moderate (P<0.05).

and milk fat percentage (data not shown), and milk fat to
protein ratio (Figure.2). Data of the 305-day milk
production are presented in Table1. The FCM production,
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Figure 1 Body condition score (BCS) dynamics relative to calving of the first parity Estonian Holstein cows
grouped by BCS at parturition
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Figure 2 Milk fat/protein ratio of the first lactation Estonian Holstein cows during the first 3 months after
calving. Values are means r S.E. Milk fat/protein ratio was different (P<0.05) between BCS d3.0 (thin) and t3.75 (fat)
groups during the first and second months of lactation
cows out of 104 (26%) were culled, among them 8 cows
were culled during the first 60 days of lactation. The
percentage of cows culled in the thin group was 14%, in
the moderate group 25% and in the fat cow group 41%,
respectively.

Fertility data of the three BCS cow categories are
presented in Table 2. No cows in the fat group conceived
from the first service. Other fertility parameters are not
significantly different among the three groups
investigated (P>0.05). Data of the culling rate and reasons
are presented in Table 3. During the first lactation 27
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Table 1. 305-day milk yield and components of the first parity Estonian Holstein cows grouped by BCS at
parturition
Production characteristics
Milk (kg)
FCM (kg)
Fat (%)
Protein (%)
Fat (kg)
Protein (kg)
Fat and Protein (kg)

3.0 (n = 26)
8323 ± 201a
7759 ± 184c
3.57 ± 0.092
3.40 ± 0.034
295 ± 8.5ac
282 ± 6.5a
578 ± 13.4ac

Body condition score at calving
3.25 – 3.5 (n = 40)
3.75 (n = 19)
8718 ± 252b
9059 ± 258
8283 ± 225d
8757 ± 257d
3.69 ± 0.062
3.79 ± 0.097
3.3 ± 0.032
3.38 ± 0.035
320 ± 9.0b
342 ± 11.7d
287 ± 8.1
306 ± 9.2b
b
607 ± 16.3
649 ± 19.6d

Values are arithmetical means ± S.E., values with superscripts differ ab P<0.05, cd P<0.01.
Table 2. Fertility parameters of the first parity Estonian Holstein cows grouped by BCS at parturition
Fertility parameters
Interval calving to first service (days)
First service conception rate (%)
Service period (days)
Days open (of those pregnant)
Services per conception
Number of cows not pregnant

d3.0 (n = 26)
91 r 4.1
17
82 r 14.4
173 r 13.7
3.0 r 0.36
1

Body condition score at calving
3.25–3.5 (n = 39)
t3.75 (n = 21)
83 r 3.5
88 r 5.4
23
0
72 r 13.9
77 r 15.8
155 r 14.8
165 r 16.6
3.0 r 0.32
3.6 r 0.42
5
5

Values are arithmetical means ± S.E.
Table 3. Culling reasons among the first parity Estonian Holstein cows grouped by BCS at parturition
Culling reason
Udder diseases
Reproductive disorders
Feet and leg disorders
Other reasons
Total

3.0 (n = 29)
3
0
1
0
4 (14%)

Body condition score at calving
3.25 – 3.5 (n = 48)
3.75 n = (27)
4
7
2
2
3
0
3
2
12 (25%)
11(41%)

decline to nadir lasted significantly longer time compared
to the thin cow group revealing more severe negative
energy balance (NEB) in fat cows. At the same time
mobilization of adipose tissue and muscle fibre helps to
cover the lack of energy during the early lactation period,
a 1-unit decrease in BCS for a cow weighing 650 kg at
calving would provide the amount of energy to support
the production of 564 kg of 4 percent fat-corrected milk
(NRC, 2001). Pedron et al. (1993) reported that although
BCS at calving did not affect milk production, net
decrease of 1 unit BCS corresponded to a 422 kg increase
in 305-day milk production. These results point out the
importance of having adequate body reserves available to
support high milk yield. However, several studies dealing
with relations between BCS at calving and milk yield
have been conflicting (review by Broster and Broster,
1998). Markusfeld et al. (1997) reported better milk fat
and protein production during the first 90 days of
lactation in cows calving in higher body condition. In
contrast, Ruegg and Milton (1995) found that BCS at
calving affected neither peak nor 305-day milk yield.

Discussion. In this study the objective was to
investigate the performance of the first lactation Estonian
Holstein cows in relation to their BCS near calving. BCS
is an animal characteristic that reflects feeding and
management, in addition BCS before calving influences
dry matter intake. According to the review of Broster and
Broster (1998) the majority of experiments have showen a
reduction in dry matter intake (DMI) with the increase in
BCS at calving; intensive use of body reserves leads to
high plasma NEFA levels that inhibit cows' appetite and
lead to low DM intake (Overton and Waldron, 2004).
Because cows in higher body condition eat less, they are
likely to be in a more negative energy balance compared
with cows having lower body condition score and fed the
same diet (Grummer et al., 2004). Several studies have
shown that the duration and magnitude of condition loss
depended primarily on BCS at calving and was greater for
cows that calved with higher condition scores (review by
Broster and Broster 1998). This conclusion is in
accordance with the results of our study; the amount of
BCS loss of fat cows was more than double and their BCS
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group compared to the other two groups. Butler (2000)
has also referred to several studies and pointed out that
cows losing one unit or more BCS during early lactation
are at greatest risk for low fertility with conception rates
17 to 38 %. According to Britt (1992) the long-term effect
of NEB might impair the health of preovulatory oocytes
and follicles and reduce progesterone concentrations after
ovulation. Thus, high BCS of the fat cow group near
calving and subsequent BCS loss more than one unit
might be a risk factor for impaired conception in this
group. Other fertility parameters like interval from
calving to first service, service period, and days open did
not differ significantly among the three groups
investigated, but a more complete analysis of the reasons
of overall low fertility of the three groups of cows
remains out of the scope of this study.
Research results concerning the relationships between
BCS at calving and health disorders and culling are
controversial. Ruegg and Milton (1995) found no
relationship between BCS at calving and disease
diagnosis, but the proportion of cows overconditioned at
calving (BCS 4.0) in that study was less than 7%. In the
study of Heuer et al., (1999) the cows of fat to protein
ratio >1.5 had higher risks for ketosis, ovarian cyst,
displaced abomasums, lameness and mastitis. In our
study 27 cows out of 104 (27%) were culled due to
various reasons during the first lactation, furthermore, 8
cows (30% of cows culled) left the herd during the first
60 days after calving. Udder diseases were the major
reason for culling. Fat cows had significantly more
cullings (41%) compared to thin cows (14%). Goff and
Horst (1997) have pointed out that immunosuppression
increases with deficiencies of energy, protein, minerals or
vitamins, the situation that the fat dairy cows were most
predisposed to in early lactation. Thus, infections may
become clinically apparent during the first weeks after
calving.
While making suggestions about the proper BCS at
calving we have to bear in mind that the genetic potential,
body size and available feed all need to be considered
when interpreting BCS or making recommendations about
desired BCS (McNamara, 2000). In spite of greater milk
production the first lactation cows classified fat in this
study had also several shortages like poor first service
conception, high culling rate, and high metabolic load
during the first month of lactation. Cows calved in BCS
classified thin could not realise their genetic potential for
milk production due to lack of body reserves. Thus, we
consider that while taking into account besides milk
production the aspects of health and fertility, the
reasonable BCS at calving of first lactation Estonian
Holstein cows in the present management and feeding
conditions was that of moderate 3.25–3.5 BC units.
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Waltner et al. (1993) found that 3.5% FCM production to
90 days postpartum was maximised at a score of 3.5-4 for
first lactation animals. In our study, based on the amount
of BCS decline, fat and moderate cows used more body
reserves and produced significantly more milk fat and
FCM during the 305-day period compared to the thin cow
group.
A number of studies indicate that the severity and
duration of the NEB may be influenced by the genetic
merit for milk yield (Veerkamp et al., 1994, Buckley et
al., 2000). In our study the GM index of the thin cow
group was significantly higher compared to the fat and
moderate cow groups. At the same time thin cows had the
lowest and shortest BCS decline revealing to the less
intensive use of body reserves after calving. During the
first and second month of lactation the milk fat percentage
and FCM production of fat cows exceeded the thin cow
production significantly. We assume that the thin cows
could not cover their high need for energy, and they could
not realize their genetic potential for milk production as
they had no sufficient amount of body reserves to sustain
quick growth in milk yield at the beginning of lactation.
Additional body energy reserve might be needed to
support the milk yield.
During the postpartum NEB, changes in milk
composition in response to nutrient deficiency can be
used as indicators of energy balance and fertility
prognosis; the fat to protein ratio can reflect inadequate
energy intake (Heuer et al., 1999; De Vries and
Veerkamp, 2000). In our study the milk fat/protein ratio
of the fat cow group was near to 1.4 during the first
month of lactation indicating an energy deficit, according
to Pehrson (1996). This leads to the inference that cows of
the fat group used more body energy reserves during the
first month of lactation and had a more severe NEB
compared to the other two groups. This conclusion is also
in accordance with the significantly greater BCS loss of
the fat cows during the 30-day period after calving.
Senatore et al. (1996) report that NEB during the 1st
month of lactation is detrimental for the recovery of
ovarian function in first lactation Holstein dairy cows. In
the same study it was found that BCS at calving and body
condition loss were not significantly related to the days to
first ovulation. The authors assume that manual BC
scoring might not be sensitive enough to reveal changes
in energy balance. However, Markusfeld et al. (1997)
found in primiparous cows a reduction of six open days
for each additional unit of body condition at calving.
Lopez-Gatius et al. (2003) found in a meta-analysis that
BCS at parturition was associated with the relative risk
for conception only in cows showing a low BCS at
parturition, and BCS change during the early lactation
period was not associated with the relative risk for
conception: cows in good BCS at calving had
significantly reduced days open. In contrast, Heuer et al.
(1999) found that fat cows were less likely to conceive at
first service than were cows in normal condition. This
conclusion is in accordance with the results of our study,
fat cows did not conceive from the first service and this
led to higher number of services per conception in this
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