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An increased level of production in dairy cows 
can lead to reduction of time and intensity of estrus 
expression (23, 24). Kurykin et al. (22) reported that 
a  delay in the resumption of cycling in cows after 
calving, weak estrus expression, and low detection 
rates of estrus have been the major factors limiting 
reproductive performance on dairy farms. Similarly, 
Dobson et al. (13) stated that the pattern of estrus 
expression-standing to be mounted in dairy cows with 
high milk production has changed over the past half 
century. Many studies had shown the tendency of the 
dairy cows with high breeding value for milk yield of 
a delayed return to a normal ovarian cycle, reduced heat 
expression, increased silent estrus, poor conception 
rates, and inappropriate timing of insemination (10, 
12, 16, 40). Basically, high yield cows may be better 
adapted to mobilize body energy reserves to ensure 
nutrient availability for milk production, which may 
have a negative effect on fertility (17). At the same 
time, it was observed that the lactation number has 
a  significant effect on reproduction performance in 
dairy cows. It is reported that heifers ovulate a little ear-
lier after the onset of estrus than cows (29). In another 

study it was pointed out that, depending on cattle 
breed, an atypical P4 cycle was less frequent in older  
cows (30).

P4 is an important regulator of events during the 
estrus cycle and a key hormone for successful preg-
nancy in ruminants (2, 11, 18, 38). An increased  
concentration of P4 on the day of AI was related to 
the decreased non-return-rate (4, 37, 39), possibly 
due to a  negative effect of elevated P4 on oocyte 
maturation and ovulation (14). During mid diestrus, 
the P4 concentration in lactating dairy cows fluctuated 
between 4.0 and 5.8 ng/mL (34). It was stated that P4 
monitoring was an indicator for determining errors 
in estrus detection and potential silent heats (19, 27). 
Such a non-invasive method is the measuring of the 
P4 concentration in milk to obtain detailed information 
about the fertility status of a cow (7).
The purpose of this study was to define the effect 

of the milk P4 concentration on estrus expression in 
dairy cows with high milk yield. Another aim was to 
detect the effect of milk yield and the parity on the 
milk P4 concentration and a  cow’s pregnancy after 
insemination.
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Summary
The objectives of this study were to define the effect of the milk progesterone (P4) concentration on estrus 

expression in dairy cows with high milk yield and to identify the effect of milk yield and parity on the milk P4 
concentration and cow’s pregnancy after artificial insemination (AI). In this study, 48 clinically healthy cows 
without reproduction disorders, on day 90-100 after calving were used. At the beginning of estrus and 12 hours 
after the beginning of estrus, the milk P4 concentration in dairy cows with high milk yield (group 3) was higher 
than in group 2 (33.66; 22.36%) and in group 1 (51.60; 65.26%) (P < 0.001). The milk P4 concentration in the 
≥ 3 lactation cows was higher than the second (13.45%; P > 0.05) and the first (28.28%; P < 0.01) lactation 
ones (28.28%; P < 0.01). The milk P4 concentration at the beginning of estrus and 12 hours after the beginning  
of estrus in pregnant and non-pregnant cows was 2.58 and 3.32; 4.20 and 5.00 ng/ml, respectively (P < 0.001). 
As a result, it was concluded that high progesterone concentration affected the expression of estrus and pregnancy 
results in dairy cows, and the measuring of progesterone concentration in milk can be used as a non-invasive 
method to provide detailed information about fertility in high milk yield cows.
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Material and methods
In this study, 48 clinically healthy cows without repro-

duction disorders, on day 90-100 after calving were used. 
Milk yield of the cows was calculated using the herd man-
agement software of the integrated DeLaval DelPro™ 4.2 
dairy farm management system. Milk yield of the cows used 
in the study varied from 13.7 to 61.4 kg per day. Based on 
milk yield, the cows were classified into the following three 
groups: group 1 (< 30), group 2 (30-45) and group 3 (> 45). 
At the same time, the cows were broken into the following 
three lactation categories by parity: the first lactation cows 
(n = 22), the second lactation cows (n = 10), and ≥ 3 lacta-
tions cows (n = 16).

Identification of estrus signs. The cows were moni-
tored for 21 days during their estrus, on a daily basis, for 
half an hour after morning and evening milking. The signs 
of estrus in cows were detected according to the following 
features: the reduced milk yield, liquid mucus (the first 
sign of estrus), mounting behavior, and sticky mucus of the 
vagina. All cows were inseminated within 12 hours from 
the appearance of the first signs of estrus.

P4 concentration in milk. Milk samples for P4 concen-
tration were taken from the cows on heat after milking and 
stored in plastic containers (50 ml). The samples were taken 
for a second time at the beginning of estrus and 12 hours 
after the beginning of estrus. The P4 concentration in milk 
samples was analyzed 2 hours after sampling, using the 
Hormonost® milk set produced by BioLab GmbH (Munich).

Statistical analysis. The data were analyzed using 
SPSS (Statistical Package for the Social Sciences, 20.0). 
The findings were provided as average value and standard 
error. The Pearson product-moment correlation coefficient 
was calculated and the Chi-square test was performed to 
identify the statistical differences among the groups. The 
differences in mean values of normal distributed traits were 
analyzed by the Student’s t test.

Results and discussion
Milk P4 concentration and estrus time. Expression 

of behavioral estrus depends on several factors, such 
as hormonal concentrations and physiological and 
environmental factors (35). It has been concluded that 
there was a discrepancy relation between fertility, milk 
yield, and milk composition of dairy cows with high 
milk yield (5, 20).

In the present study, average P4 concentration in 
milk was 3.254 ± 0.1279 ng/ml. The concentrations of 
P4 in milk were 2.85 and 3.66 ng/ml at the beginning 
of estrus and 12 hours after the beginning of estrus, 
respectively (P < 0.01).

In the current study, it was found that the milk P4 
concentration was related to increasing milk yield in 
dairy cows (r = 0.738; P < 0.0001), and the P4 con-
centration in milk had an increase according to linear 
dependence equation (Fig. 1).

The dairy cows with high milk yield (group 3) had 
a higher P4 concentration in milk (4.77 ± 0.2922 ng/
ml). The P4 concentration in this group was higher in 

comparison with that in group 1 (2.04 times) and in 
group 2 (1.29 times) (P < 0.001).

At the beginning of estrus (Fig. 2), average milk 
P4 concentration in dairy cows with high milk yield 
(group 3) was higher by 33.66% (P < 0.001) compared 
to that in group 2, and lower by 51.60% (P < 0.0001) 
than the P4 concentration in group 1. It was also defined 
that 12 hours after the beginning of estrus, the milk 
P4 concentration in group 1 was lower by 22.36% 
(P < 0.001) than that in group 2, and lower by 65.26% 
(P < 0.0001) than in group 3 of the researched cows.
A significant correlation was established between the 

milk P4 concentration and milk yield at the beginning 
of the estrus (r = 0.847; P < 0.01) and 12 hours after 
the beginning of estrus (r = 0.743; P < 0.01).
It was defined that the dairy cows with high milk 

yield had a higher milk P4 concentration (P < 0.001). 
The cows a with low milk P4 concentration were more 
likely to express estrus than the ones with a high P4 
concentration. It was identified that the sub-population 
of low P4 cows that expressed estrus had larger pre-
ovulatory follicles and greater P4 concentrations after 
the timed AI (15). According to the observations of 
former researchers, the decrease of milk yield in post-
conception dairy cows is related to hormonal changes 
(1, 3). Khan et al. (21) reported that, as determined 
by the milk P4 profiles, when milk yields increase by 

Fig. 1. Relationship between P4 concentration and milk yield

Fig. 2. P4 concentration in cows with different milk yield
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7%-17%, the incidence of persistent corpora lutea in 
such cows is more frequently observed (26, 32). Nebel 
et al. (28) reported that the time of estrus in lactating 
dairy cows was reduced by 8 hours. High yield cows 
are more likely to have suboptimal concentrations of 
P4 (6).

Milk P4 concentration and lactation number. 
Average milk P4 concentration in the first, the second, 
and the ≥ 3 lactation cows was 2.9 ± 0.15 ng/ml, 3.29 
± 0.24 ng/ml, and 3.72 ± 0.27 ng/ml, respectively. The 
milk P4 concentration in the ≥ 3 lactation cows was 
higher by 28.28% (P < 0.01) than that in the first lacta-
tion ones, and higher by 13.45% (P > 0.05) than in the 
second lactation cattle (Fig. 3). The milk P4 concentra-
tion in the ≥ 3 lactation cows was higher than that in 
the first lactation (5.41%) and in the second lactation 
(9.31%) ones.

At the beginning of estrus, the milk P4 concentra-
tion in the first lactation cows was less than that in the 
second (8.87%; P > 0.05) and the ≥ 3 lactation ones 
(38.71%; P < 0.01). Similarly, 12 hours after the begin-
ning of estrus, the milk P4 concentration in group 3 was 
higher compared with group 2 (16.87%) and group 1 
(20.48%). However, the differences among those lacta-
tion levels were statistically insignificant (P > 0.05).
The fertility level of the first lactation cows may be 

lower than that of older cows (42). On the other hand, 
the effect of parity on peripheral P4 production is still 
unclear (5). Nevertheless, it was generally acknowl-
edged that the increase in lactation number leads to 
reproductive issues and metabolic disorders (8).
In this study it was defined that the P4 concentration 

in ≥ 3 lactation cows was higher than in the second 
(P > 0.05) and the first lactation ones (P < 0.01). In 
contrast, Petersson et al. (30) reported that the risk of 
atypical profiles for P4 concentration in dairy cows 
was 0.5 and 0.7 times lower for older cows compared 
with the first lactation ones. It was noticed that heif-
ers’ pregnancy rate (PR) during the first insemination 
was higher (67.9%) (P < 0.05) compared to that of the 
first (42.9%), the second (20.0%) and the ≥ 3 lactation 
cows. In the same study it was reported that between 

lactation levels of cows there were no differences 
for P4 concentration. In the study, the analyses of P4 
concentration had shown that one of 10 heifers (10%) 
was omitted unanalyzed, whereas 3 of 10 (30%) in 
the first, the second and the ≥ 3 lactation cows were 
omitted unanalyzed due to short cycles or prolonged 
low P4 concentrations (5).

This study clearly demonstrated that parity had a sig-
nificant effect on PR. The finding was in agreement 
with the related studies provided in the literature (9, 
31), where it was reported that compared to heifers the 
PR of mature cows was lower. Similarly, Wolfenson 
et al. (41) reported that there were significant differ-
ences in peripheral P4 concentration between heifers 
and cows.

Milk P4 concentration and pregnancy. The con-
ception rate in dairy cows used in this study was 79.2%. 
The milk P4 concentrations at the beginning of estrus 
and 12 hours after the beginning of estrus in pregnant 
cows were 2.58 and 3.32 ng/ml, respectively. The 
milk P4 concentrations at the beginning of estrus and 
12 hours after the beginning of estrus in non-pregnant 
cows were 4.20 and 5.00 ng/ml, respectively. There 
were significant differences between pregnant and 
non-pregnant cows in terms of milk P4 concentration 
(P < 0.001).

At the same time, milk yield in non-pregnant and 
pregnant cows in relation to pregnancy results is pre-
sented in Table 2.
Table 2 shows that there are significant differences 

between non-pregnant and pregnant cows in terms of 
milk yield (P < 0.001). The findings of this study have 
clearly shown that a high P4 concentration in dairy 
cows causes silent estrus. Similar findings were pro-
vided by Samad et al. (33), who reported that to achieve 
higher pregnancy levels, cattle and buffalo should be 
inseminated when the progesterone concentration is 
lowest, while López-Gatius et al. (25) reported that 
in all cows plasma progesterone levels on the day of 

Fig. 3. P4 concentration based on lactation number

Tab. 2. Milk yield (kg) based on results of pregnancy
Results of pregnancy     X ± SE

Non-pregnant 44.800 ± 3.011

Pregnant 30.316 ± 1.544

Explanation: *** – P < 0.001

Tab. 1. P4 concentration (ng/ml) in dairy cows according to 
results of pregnancy

P4 concentration at the beginning of estrus   X ± SE

Non-pregnant 4.20 ± 0.29

Pregnant 2.58 ± 0.15

P4 concentration 12 hours after the beginning of estrus   X ± SE

Non-pregnant 5.00 ± 0.40

Pregnant 3.32 ± 0.20

Explanation: *** – P < 0.0001
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AI were lower than 0.5 ng/ml. On the other hand, an 
adequate concentration of P4 is required for a  suc-
cessful pregnancy of cows. Siregar et al. (36) clearly 
indicated that a low concentration of P4 is one of the 
main factors causing the death of embryos.

Finally, the conclusion was made that the milk P4 
concentration and lactation number predetermine the 
expression of estrus and pregnancy results of high milk 
yield dairy cows. Additionally, it was asserted that 
measuring the P4 concentration in milk can be used as 
a non-invasive method to provide detailed information 
on high milk yield cows.
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