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This trial was conducted on three Hungarian dairy farms
between March 2003 and April 2004. The aims of this study
were to examine the effect of milk production and milk
contents, the day after calving (DAC) and the sire for the
pregnancy rate (PR) and late embryonic loss (LEL) in dairies.
Five thousand three hundred and eighty insemination was
carried out in this period. Pregnancies (n ¼ 1969) were
detected by BioPrynTM test from 3919 blood samples between
30–36 days post insemination (PI). Retention of pregnancy
was determined by rectal palpation on Day 60. LEL has been
determined by the optical density (OD) of blood samples/
cutoff ratio and the serum progesterone (P4) concentration 30–
36 days PI. According to serum progesterone concentration
the authors predicted a presumed or possible embryonic loss or
maintenance of the pregnancy. The efficiency of the artificial
inseminations (AI) was significantly lower 60 days within post-
partum. Significant positive correlation was found between the
result of early and late PR and DAC and the milk protein/fat
ratio. Significant negative correlation was detected between the
early and late PR the milk protein and fat content. A later
stage (60 days PI) of pregnancy the milk production has
a negative effect for retaining of pregnancy. More data would
be necessary to state that sires can influence the reproduction
ability of their progenies. This is a really important issue,
because the AI bulls have a great impact on the herds and the
one-way selection may cause decreased fertility on breed level
as well.

Introduction

Numerous epidemiological studies have suggested that
environmental, individual cow and management factors
influence reproductive efficiency and, particularly, first
service conception rate post-partum (Buckley et al. 2003;
Lopez-Gatius et al. 2003). Conception rate to first service
is the combined consequence of fertilization, early
embryonic, late embryonic and fetal development, and
each of these steps in establishing pregnancy may be
affected. Some of the reports suggest that, at least in
intensively managed high-yielding cows, the fall in
fertility may be due to a higher increment of both early
(Sartori et al. 2000) and late (Vasconcelos et al. 1997)
embryonic loss. Loss of pregnancy after early diagnosis is
a factor in decreased reproductive efficiency. The factors
for embryonic death in Boyd’s (1965) opinion can be
divided into two main classes: genetics factors (breed,
family, inbreeding and blood groups) and environmental
factors (nutrition, age, infections, hormonal imbalance
and uterine environment). According to Santos et al.
(2004) there are some other factors that can associated
with pregnancy loss: the oocyte quality and persistent
follicles, duration of pro-estrus and subsequent luteal
phase, progesterone and uterine environment, pregnancy
recognition and corpus luteum (CL) maintenance, heat

stress, insemination protocols, effect of resynchroniza-
tion, body condition score, cyclic status, milk yield,
diseases, dietary ingredients and sire effect. Sreenan et al.
(2001) calculated that fertilization rates of 90% and
calving rates of 55% are normal for heifers and moderate
yielding dairy cows, indicating an overall embryonic and
fetal mortality rate of about 40%. In recent studies,
7–33% of pregnancies in lactating dairy cows were lost
between 28 and 98 days of gestation (Smith and Steven-
son 1995; Inskeep 2002; Silke et al. 2002; Nation et al.
2003). Dailey et al. (2002) postulated that most loss of
pregnancy occurs prior to day 45 of gestation.

A combination of oestrous observation, progesterone
and pregnancy-specific protein b (PSPB) assays (Hum-
blot 2001) and/or ultrasonography is necessary to
identify late embryonic/fetal loss. According to Grimard
et al. (2006) a study of the variation factors that may
affect late embryonic/fetal loss could identify specific
sources of variation of late embryonic mortality.

The aims of this study were to examine the effect of
the (i) milk production (including the protein and fat
content); (ii) the day after calving; and (iii) the sire for
the pregnancy rate and late embryonic loss (LEL) in
dairies.

Materials and Methods

This trial was conducted on three Hungarian dairy
farms between March 2003 and April 2004. Five
thousand three hundred and eighty insemination was
carried out in this period. Pregnancies (n ¼ 1969) were
detected from 3919 blood samples between 30–36 days
post insemination (PI) by BioPrynTM. Re-check of the
pregnancy and determination of embryonic loss was
carried out by rectal palpation.

Animals

Crossbred (R2-R4) Holstein-Friesian cows aged 2–
12.9 years (mean 4 ± 1.78 years) were bred within the
experimental period. Cows calved 1–10 times (mean
2.3 ± 1.55) and number of service was 1–14 (mean
2.46 ± 1.78) respectively. Mean annual milk produc-
tion of the three herds for ranged from 7800 to 9500 kg
per cow in this period. The cows were milked two times
daily.

Pregnancy and LEL detection

BioPrynTM test was used for the early pregnancy
detection (30–36 days PI) (Gábor et al. 2004; Tóth et al.
2004a). Retention of pregnancy was determined by
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rectal palpation on Day 60 [day of artificial insemina-
tions (AI) ¼ 0]. Low serum PSPB level served as a sign
of the LEL (Tóth et al. 2004b). According to serum P4
concentration (measured in affected pregnant cows),
cows were assigned to three categories: high (>4 ng/ml),
medium (2–4 ng/ml) and low (<2 ng/ml) serum pro-
gesterone. The authors predicted a presumed (low) or
possible (medium) embryonic loss or maintenance of the
pregnancy (high).

Examination of sire effect

Data of sires with minimum 11 progenies were selected
for further analysis. Two categories were formed from
the bulls. Sires with positive impact (SPI) for the
reproduction (mean day of progeny’s insemination
>60 and <130 days post-partum, LEL % <12%),
and sires with negative impact (SNI) for the reproduc-
tion (mean day of progeny’s insemination >145 days
post-partum, LEL % >15 %).

Data collection

Milking data of the observed period were obtained from
the Hungarian National Dairy Data Base. All repro-
duction data were collected from our own developed
data base in our ELISA lab.

Statistical analysis

The dependent variables investigated (early and late PR
and embryonic loss) were binary data (0, 1). The
statistical procedure implemented was logistic regression
(variables were early and rectal pregnancy rates, serum
P4 concentration and daily mean milk production/
recorded monthly/, mean milk protein and fat kg and
days after calving).

Results

Pregnancy and embryonic loss data

Both conception (CR; pregnancy data at 30–36 days
PI) and pregnancy rates (pregnancy data at 60 days
PI) were higher than the mean pregnancy results
(Table 1) of the Holstein-Friesian herds in Hungary
(2003: 29.1%; 2004: 28.8%). The distribution and
efficiency of the predicted LEL is shown in Table 2.
Both pregnancy and embryonic loss rates differed
among the farms (PR: farm A: 32.8%, farm B: 43.8%,
farm C: 36.1%; LEL rate: farm I: 18.3%, farm II:
14%, farm III: 15.6%).

Effect of DAC for the CR and LEL

The efficiency of the AI (Fig. 1) was significantly lower
60 days within post-partum (p < 0.001), that’s why
these data were not used later in the statistical analysis.
The number of the successful AI were higher after
300 days post-partum (PR: 45.5 %; p ¼ 0.014).

Significant positive correlation was found between the
result of early (30–36 days PI) and late (60 day PI)
pregnancy results and the days after calving
(p < 0.0001; Fig. 2). Significant negative correlation
was found between the milk protein kg (p < 0.05;
Fig. 2); the milk fat kg (p < 0.0001) and the early and
late pregnancy rate (Fig. 3). Significant positive corre-
lation was detected between the early and late pregnancy
rate and the milk protein/milk fat ratio (p < 0.05;
Fig. 3). A later stage (60 days PI) of pregnancy the milk
production has a negative effect for retaining of preg-
nancy (p ¼ 0.0018; Fig. 4). The LEL has been deter-
mined by the OD/cutoff ratio (p < 0.0001; Fig. 5) and
the serum progesterone concentration (p < 0.0001;
Fig. 5).

Beside the selection criteria some differences were
detected between the sires (with positive and negative
effect for the reproduction parameters) as shown in
Table 3. Mean number of open cows, mean milk
production and mean number of AI of open cows is
higher in SNI group.

Discussion

It was observed several times that the recommended
minimum of 50 days between calving and first service

Table 1. Pregnancy and LEL data of Farm A, B, C

No. %

AI 5380

Pregnant (30–36 days PI) 1969 36.6

Pregnant (60 days PI) 1649 30.7

LEL (30–60) 320 16.3

Predicted true LEL (30–60) 79 24.7

LEL, late embryonic loss; AI, artificial inseminations; PI, post insemination.

Table 2. Distribution of the predicted embryonic loss based on serum
progesterone level

Serum P4

concentration

Number of

predicted LEL

Number of

determined LEL

Efficiency of

diagnosis

<2 ng/ml 38 26 68.4

2–4 ng/ml 80 39 48.7

>4 ng/ml 76 28 63.1a

LEL, late embryonic loss.
aEfficiency % is calculated on the number of pregnant remained cows.

Fig. 1. Effect of day after calving for the pregnancy rate
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allow the completion of uterine involution. Additional
delay before first AI for high yielding cows might have
enhanced reproductive efficiency (Grimard et al. 2006).

Espinasse et al. (1998) reported that fertility was lower
when AI was earlier than 50 days post-partum and
particularly so before 30 days post-partum and concep-
tion rate increased as post-partum interval became
longer. Some authors suggested that first service con-
ception rate increased after 90 days post-partum as
reported previously (Espinasse et al. 1998; Seegers et al.
2001). According Westwood et al. (2002) higher pro-
duction of FCM during early lactation was associated
with a longer interval from calving to first ovulation and
with a reduced likelihood of expression of estrus and
successful pregnancy by day 150.

In our examinations close relationship was found
between the DAC and early PR and it looks reasonable
because the time duration since the parturition does not
allow successful early breeding and the increased milk
production has a negative impact for the fertility.
Pregnancy data of almost 5400 cows (Fig. 1) demon-
strates the importance of the voluntary waiting period.

In our experiments no significant negative correlation
was found between the milk production and the early
PR (30–36 days) over 60 days post-partum, but a well
characterized trend-line could be fitted for the data.
Several results and hypothesis were published in this
topic, but the most of the authors examined the
pregnancy at a later stage than 30–36 days PI. Hodel
et al. (1995) found antagonistic genetic relationships of
0.6 and 0.7 between (female) fertility and milk produc-
tion. In several examinations (Moate and Harris 1983;
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Fulkerson 1984; Buckley et al. 2003) positive correlation
or no correlation was found (Villa-Godoy et al. 1988;
Raheja et al. 1989), but the most of the authors stated
negative correlation (Hoekstra et al. 1994; Beam and
Butler 1999; Darwash et al. 1999; Royal et al. 2000)
between the milk production and fertility. Buckley et al.
(2003) demonstrated that the rapidly increased milk
production has negative effect for the PR followed the
first AI because of the physiological stress. High feed
intake increases liver blood flow and the metabolism of
progesterone and estradiol in dairy cattle (Sangsrit-
avong et al. 2002). In this trial significant negative
correlation was found between the milk production and
PR 60 days PI. This negative significant correlation
(Fig. 4) probably means that increased milk production
between 30 and 60 days PI does not influence auspi-
ciously the retaining of pregnancy. The milk production
itself probably does not have the same effect that’s why
no correlation was found between the early (30–36 days)
PR and the LEL. Grimard et al. (2006) stated that the
milk production effect might be the consequence of the
combined effects of genetic (negative genetic correlation
between milk production and conception rate) and
nutritional effects (lower energy balance and longer
post-partum period of negative energy balance in high
producing cows). In the opinion of Pryce and Veerkamp
(2001) the genetic background is the responsible for the
decreased fertility. Similar results were published by
Hoekstra et al. (1994): the 56 days non return rate

(NRR) and the fertility of the first service have been
decreased in parallel by the increasing of the Holstein-
Friesian blood ratio.

According to Heuer et al. (1992) both the fat/protein
ratio and the percentage fat (de Vries and Veerkamp
2000) are good predictors of fertility. In this trial
significant negative correlation was found (Figs 2 and 3)
between the early (30–36 days PI) and late (60 days PI)
pregnancy rates and milk protein kg (p < 0.05) and the
milk fat kg (p < 0.0001).

The significant positive correlation between the early
and late pregnancy rates and the milk protein/milk fat
ratio (p ¼ 0.013; Fig. 3) might be caused by lower milk
production, because it usually associates with higher
milk-protein content. Distl et al. (1989) showed that
ketonaemia in high-yielding cows is associated with
a depressed milk-protein content. Opsomer et al. (2000)
showed that cows suffering ketonaemia and cows with
depressed milk-protein content were at significantly
higher risk to suffer from inactive ovaries after calving.

Milk–protein content and protein/fat ratio is often
used as an indicator of energy balance. Because the
milk-protein concentration is influenced by the level of
energy supply to the cows (Coulon and Remond 1991),
milk-protein concentration might predict the time to
first insemination and be useful to track down fertility
problems. Fulkerson et al. (2001) showed that cows with
the lowest milk-protein content suffered the most severe
and prolonged negative energy balance (NEBAL),

Fig. 5. Correlation between the
OD/cutoff ratio or serum P4
concentration and LEL

Table 3. Sire effect for pregnancy
rate and the LELSires with positive

impact (n ¼ 7)

Sires with negative

impact (n ¼ 17)

Mean number of progenies 22.6 25.5

Mean number of pregnant cow 20.6 19.9

Mean number of open cow 2.3 5.6

Mean embryonic loss of the cows 7.7 22.8

Mean milk of progenies 30.4 30.8

Mean milk of the pregnant cows 30.6 30.4

Mean milk of the open cows 25.5 32.1

Mean day of insemination after calving 118.3 162.3

Mean day of insemination after calving of pregnant cows 117.5 167.0

Mean day of insemination after calving of open cows 129.5 145.9

Mean number of AI of the examined pregnancy 1.5 2.0

Mean number of AI of the examined pregnancy in pregnant cows 2.2 3.1

Mean number of AI of the examined pregnancy in open cows 2.1 2.7

LEL, late embryonic loss; AI, artificial inseminations.
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� 2007 The Authors. Journal compilation � 2007 Blackwell Verlag



compared with cows with milk-protein content more
than 3%.

Determination of LEL by the OD/cutoff ratio prob-
ably means that the most of the cases low PSPB serum
concentration means a decreasing tendency – and it
probably caused by the dying of embryo (Fig. 5).

The negative significant correlation between the
serum P4 concentration and LEL is well known because
the progesterone is responsible for maintaining the
pregnancy and any decrease of it can cause embryonic
loss. Franco et al. (1987) showed that cows suffering
pregnancy loss from gestation day 24 to 63 had lower
milk progesterone concentration on days 21 and 24 after
insemination. Other authors (Lopez-Gatius et al. 2002)
agreed with these findings: in cows undergoing preg-
nancy loss the CL may show depressed progesterone
secretion during the late embryonic and early fetal
period.

More data would be necessary to state that sires can
influence the reproduction ability of their progenies.
Coulter and Foote (1979) published that the larger testis
size of the bulls correlated with younger age at puberty
and higher conception rate in related females. Starbuck
et al. (2004) stated that one of the most-frequently used
sires had a lower pregnancy retention rate, and other AI
sires had lower pregnancy rates 9 weeks PI than the
natural-service sire. Although pregnancy rates were
comparable among the AI sires, pregnancy retention
varied. Lopez-Gatius et al. (2002) reported that the
particular bull providing the inseminate may also be
a risk factor for pregnancy loss, cows bred to one of six
sires had a 3.4 times greater risk of pregnancy loss
between 38 and 90 days of gestation than those bred to
the other five sires. Humblot and Denis (1986) found an
effect of the sire on the distribution of return to estrus
after service, but they did not find evidence of sire effects
on late embryonic death. In this study the most of the
examined parameters (not statistically) differed among
the data of the two groups of sires (sires with negative
and/or positive impact for their daughter’s fertility;
Table 3). But Hodel et al. (1995) grouped of bulls
according to their breeding value estimates for male
fertility and found significant effects of service bull on
the fertility. Although in this study we could not state
the sire effect for the LEL, further investigations are
necessary to examine this area, because there are several
observations and data what support that idea. This is
a really important issue, because all of AI bulls have
a great impact on the herds and the one-way selection of
bulls (milk production) may cause decreased fertility on
breed level as well.
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