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Abstract The postpartum period in high-yielding dairy
cows creates an enormous drain of nutrients in favor of
milk yield which antagonizes the resumption of ovulatory
cycles. Therefore, a study was undertaken to evaluate the
association of changes in postpartum serum metabolites
with resumption of ovarian cyclicity. A total of 24 clinically healthy, freshly parturated primiparous (P-1) and
multiparous (P-2) Holstein Frisian cows was selected.
Cows were further divided on the basis of body condition
score (BCS) 1 and 2 having BCS 3 or above 3, respectively. Weekly blood samples were collected and serum
glucose, cholesterol, triglycerides, progesterone, and cortisol concentrations were determined for a period of
7 weeks. The glucose concentration was significantly
(P \ 0.05) higher in cows in P-2 during week 7. Cows in
parity 2 had significantly (P \ 0.05) high cholesterol during week 6 and 7. The serum triglyceride concentration in
multiparous animals having BCS-2 during week 6 was
increased significantly (P \ 0.05). Serum cortisol was
significantly (P \ 0.05) high in P-1 during week 1 and 2
and significantly (P \ 0.05) high in P-2 during week 7.
Serum progesterone was significantly (P \ 0.05) higher in
cows during week 7 in P-2 having BCS-2. The increased
serum progesterone concentration during postpartum period was associated with decreased levels of serum cortisol
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and more availability of cholesterol and glucose. The
multiparous cows maintained the postpartum blood
metabolite concentration and showed better adaptability to
reproductive cyclicity during the postpartum period as
compared to primiparous cows.
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Introduction
The high-yielding dairy cows are usually in negative
energy balance (NEB) which results in greater physiological stress due to depressed appetite [1] and may badly
impact the reproduction process [2]. In early lactation
stage, the nutrient demand may increase and the body
reserves are usually utilized which ultimately creates a
great problem for reproduction, production, and general
welfare in high-yielding dairy cows [3]. Delayed resumption of postpartum cyclicity (RPC) has been associated
with severe NEB which ultimately negatively affects the
postpartum metabolism and reproductive efficiency [4].
Cow fertility is directly related to health during the early
postpartum period. Factors negatively influencing the
resumption of cyclicity include drastic changes in body
condition during the dry period and early postpartum,
therefore, it is imperative for dairy producers to implement
effective transition cow management program [1].
Blood metabolites are generally monitored to assess the
risk of postpartum disorders. Serum progesterone concentration is a good indicator for the resumption of ovarian
activity [5]. The corpus luteum activity is functionally
considered when the progesterone concentration exceeds
1 ng/dl [6]. In addition to blood metabolites, body
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condition score (BCS) has been closely linked with the
energy balance and risk of postpartum diseases [7]. Further,
BCS may also impact NEB and RPC during the postpartum
period in dairy cattle [8]. In some studies, the incidence of
delay RPC was increased in cows having reduced BCS
during the postpartum period [8, 9]. On the other hand,
Shin et al. [7] concluded that a higher BCS increased
nonesterified fatty acids (NEFAs) and reduced glucose
level, leading to the increased reproductive disorders and
decreased productive performance during the postpartum
period.
Postpartum dairy cows undergo marked changes in
energy status proceeding the time they are returning to
normal restoration of ovarian cycles [10]. Cows calving on
a 365-day cycle are important to the sustainability of a
cattle operation, but the relationship between cow body
condition and the resumption of postpartum reproductive
processes is poorly understood [11]. As demand for nutrients increases in the body, animals start losing their body
weight and if proper feeding is not practiced, the animal
goes into a state of nutritional deficiency leading to
decreased milk production and delayed ovarian cycle [12].
The objective of the present study was to find the effect of
BCS on the blood metabolites and resumption of ovarian
cyclicity in primiparous and multiparous dairy cows.

Materials and methods
Animal selection
A total of 24 Holstein Frisian cows was selected and
divided into primiparous (P-1) and multiparous (P-2).
Cows were further divided into body condition score 1
(BCS up to 3) and 2 (BCS above 3). Cows were fed to meet
the production requirement of NRC (1988).
Blood sampling
Weekly sampling was conducted from the day of parturition up to seventh weeks and the following parameters
were determined. A 5 ml blood sample was collected on
schedule date from the jugular vein of each cow. The blood
sample was put into a sterile vacutainer tube without
anticoagulant and labeled. The collected blood samples
were centrifuged at 3000 rpm for 15 min and serum was
decanted, labeled, and stored at 4 °C until analyzed. Serum
progesterone (P4) and cortisol concentrations were determined through commercially available ELISA kits (AccuBind Lake Forest, CA, USA). Similarly, blood
triglycerides, glucose, and cholesterol were determined
through spectrophotometer using commercially available
kits (Biotech Reagent, Biotechnical Co. Ltd).
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Statistical analysis
The experimental data obtained from postparturient dairy
cows were subjected to the standard method of statistical
analysis. The mean values and standard error of different
parameters were compared using Duncan multiple test.
Interaction between parity, BCS, and week was performed
using general linear model (GLM) using SPSS windows
version 16.0. The differences were considered statistically
significant at P \ 0.05.

Results
The mean values of serum glucose concentration at different
weeks after parturition are given in Table 1. The table shows
that parity, BCS, and postpartum intervals have a significant
effect on serum glucose concentration (P \ 0.05). The
interaction effect of Parity 9 BCS 9 Week was found
nonsignificant (P [ 0.05). The glucose concentration was
significantly higher in cows in P-2 during week 7.
The mean values of serum cholesterol concentration at
different weeks after parturition are given in Table 2. The
table showed that parity and postpartum intervals have a
significant effect on serum cholesterol concentration
(P \ 0.05) while BCS has a nonsignificant effect on serum
cholesterol concentration (P [ 0.05). The interaction effect
of Parity 9 BCS 9 Week was also found nonsignificant
(P [ 0.05). Cows in parity 2 had significantly (P \ 0.05)
high glucose during week 6 and 7.
The mean values of triglyceride concentration at different weeks after parturition are given in Table 3. The
results showed that the BCS and postpartum intervals have
a significant effect on serum triglyceride concentration
(P \ 0.05) while parity has nonsignificant effect on serum
triglyceride concentration (P [ 0.05). The interaction
effect of Parity 9 BCS 9 Week was also found nonsignificant (P [ 0.05). The serum triglyceride concentration in multiparous animals having BCS-2 during week 6
had significantly (P \ 0.05) higher triglyceride.
The mean values of serum cortisol concentration at different weeks after parturition are given in Table 4. The
results showed that parity, BCS, and postpartum intervals
have a significant effect on serum cortisol concentration
(P \ 0.05). The interaction effect of Parity 9 BCS 9 Week
was found nonsignificant (P [ 0.05). Serum cortisol was
significantly (P \ 0.05) high in parity 1 during week 1 and 2
and significantly (P \ 0.05) high in parity 2 during week 7.
This decreasing trend in serum cortisol concentration toward
the commencement of the trial also clearly showed that the
multiparous cows are comparatively chasing stress
condition.
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Table 1 Mean ± SE blood
glucose (mg/dl) concentration at
different postpartum weeks

P.P weeks

Parity-1

Parity-2

BCS-1
Week-1
Week-2
Week-3

BCS-2

47.29e ± 0.01
de

52.24

± 0.01

d

56.12 ± 0.04

50.17de ± 0.02
de

53.60

cd

58.46

BCS-2

51.89de ± 0.01

± 0.04

58.28

± 0.05

± 0.04

60.80c ± 0.04

bc

± 0.02

65.67bc ± 0.02

62.70

55.22

± 0.04

60.98 ± 0.02

69.54 ± 0.03

72.78ab ± 0.01

Week-5

58.04cd ± 0.03

60.14c ± 0.02

67.28bc ± 0.02

72.38ab ± 0.03

bc

65.21

± 0.05

ab

c

55.58de ± 0.05

cd

Week-4
Week-6

de

BCS-1

bc

66.21

ab

b

ab

± 0.04

± 0.04

79.37ab ± 0.01

84.59 ± 0.01

85.76a ± 0.03

76.75

a

Week-7

72.15

P-Value

Parity = 0.000, BCS = 0.041, Week = 0.000, Parity*BCS*Week = 0.998

± 0.03

71.52

± 0.02

Values with different superscripts differ significantly (P \ 0.05)
PP postpartum, Parity-1 primiparous, Parity-2 multiparous, BCS-1 body condition score up to 3 and BCS-2
body condition score above 3

Table 2 Mean ± SE blood
cholesterol (mg/dl)
concentration at different
postpartum weeks

P.P weeks

Parity-1

Parity-2

BCS-1

BCS-2

BCS-1

BCS-2

Week-1

150.50ef ± 0.06

151.06ef ± 0.01

Week-2

e

155.02 ± 0.02

e

155.15 ± 0.03

c

168.08 ± 0.02

171.40bc ± 0.01

Week-3

160.33de ± 0.03

159.47de ± 0.03

172.77bc ± 0.01

178.77b ± 0.04

Week-4

c

Week-5
Week-6
Week-7
P-Value

169.15 ± 0.02
164.49

cd

171.66

bc

165.89

cd

± 0.02

162.93 ± 0.04

± 0.04

c

180.30 ± 0.04

168.88 ± 0.02

ab

177.17 ± 0.03

cd

± 0.03

± 0.01

182.57ab ± 0.04

179.07 ± 0.04

181.26ab ± 0.02

a

189.29a ± 0.01

a

200.52a ± 0.05

188.88 ± 0.02

b

165.07

b

181.91

d

± 0.01

b

163.32d ± 0.04

199.51 ± 0.01

Parity = 0.000, BCS = 0.888, Week = 0.000, Parity*BCS*Week = 1.000

Values with different superscripts in a column differ significantly (P \ 0.05)
PP postpartum, Parity-1 primiparous, Parity-2 multiparous, BCS-1 body condition score up to 3 and BCS-2
body condition score above 3

Table 3 Mean ± SE blood
triglycerides (mg/dl)
concentration at different
postpartum weeks

P.P weeks

Parity-1

Parity-2

BCS-1
Week-1
Week-2

BCS-2

d

11.79 ± 0.04
de

10.91

± 0.01

Week-3

14.42b ± 0.06

Week-4

16.70ab ± 0.02

Week-5

ab

15.60

bc

± 0.01

BCS-1
e

9.81 ± 0.02
de

± 0.01

cd

± 0.05

10.39
12.96

14.06bc ± 0.05
ab

16.70

ab

BCS-2

12.52

cd

12.44

cd

12.74

± 0.01

14.79 ± 0.05
13.84bc ± 0.01

cd

± 0.01

13.76bc ± 0.02

15.16 ± 0.03

17.58ab ± 0.03

b

ab

± 0.02

18.45a ± 0.04

13.21cd ± 0.04

15.19b ± 0.01

14.06

Week-7

13.91bc ± 0.05

P-Value

Parity = 0.214, BCS = 0.055, Week = 0.000, Parity*BCS*Week = 0.578

17.06

± 0.01

13.49c ± 0.02

± 0.05

b

Week-6

± 0.03

cd

10.03de ± 0.04
12.89

± 0.04

± 0.02

16.26

Values with different superscripts differ significantly (P \ 0.05)
P.P postpartum, Parity-1 primiparous, Parity-2 multiparous, BCS-1 body condition score up to 3 and BCS2 body condition score above 3

The mean values of serum progesterone concentration at
different weeks after parturition are given in Table 5. The
results showed that parity, BCS, and postpartum intervals
have a significant effect on serum progesterone concentration

(P \ 0.05). The interaction effect of Parity 9 BCS 9 Week
was also found significant (P \ 0.05). Serum progesterone
was significantly (P \ 0.05) higher in cows during week 7 in
parity 2 having BCS-2.
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Table 4 Mean ± SE blood
cortisol (lg/dl) concentration at
different postpartum weeks

P.P weeks

Parity-1
BCS-1

Week-1
Week-2
Week-3
Week-4
Week-5
Week-6

BCS-2

5.35a ± 0.02
a

5.24 ± 0.02
4.74

ab

4.50

bc

Parity-2

± 0.04

4.77ab ± 0.02
4.59

bc

4.02 ± 0.01

± 0.01

3.71

4.62b ± 0.02

3.92

cd

4.08 ± 0.01
cd

± 0.03

c

cd

c

BCS-1

3.55

cd

3.09

cd

BCS-2

2.33d ± 0.04

1.82de ± 0.03

d

1.74de ± 0.04

d

1.57de ± 0.03

2.24 ± 0.04
2.07 ± 0.05

± 0.02

1.87

± 0.02

1.45e ± 0.01

± 0.03

1.57de ± 0.01

1.12e ± 0.02

± 0.04

de

e

1.16e ± 0.03

f

0.42f ± 0.01

1.32 ± 0.04

Week-7

3.56

P-Value

Parity = 0.000, BCS = 0.000, Week = 0.000, Parity*BCS*Week = 0.996

± 0.03

± 0.05

0.55 ± 0.01

Values with different superscripts differ significantly (P \ 0.05)
P.P postpartum, Parity-1 primiparous, Parity-2 multiparous, BCS-1 body condition score up to 3 and BCS2 body condition score above 3

Table 5 Mean ± SE blood P4
(ng/ml) concentration at
different weeks

P.P weeks

Parity-1
BCS-1

Week-1

Parity-2
BCS-2

0.76e ± 0.01
e

BCS-1

0.74e ± 0.02
e

BCS-2

0.87d ± 0.01
c

0.88

cd

± 0.01

0.90

cd

± 0.01

Week-2

0.79 ± 0.01

0.75 ± 0.02

0.91 ± 0.02

Week-3

0.84d ± 0.02

0.80de ± 0.03

0.94c ± 0.02

0.92c ± 0.01

0.85d ± 0.01

0.97bc ± 0.01

0.96bc ± 0.02

Week-4
Week-5
Week-6
Week-7
P-Value

0.89

cd

± 0.01

c

0.93 ± 0.01
0.96

bc

0.98

bc

± 0.03
± 0.05

0.90

cd
cd

0.90

bc

0.96

± 0.01
± 0.02
± 0.06

bc

± 0.06

1.02bc ± 0.02

b

1.12 ± 0.02

1.15b ± 0.01

b

1.39a ± 0.04

1.00

1.17 ± 0.04

Parity = 0.000, BCS = 0.004, Week = 0.000, Parity*BCS*Week = 0.011

Values with different superscripts differ significantly (P \ 0.05)
P.P postpartum, Parity-1 primiparous, Parity-2 multiparous, BCS-1 body condition score up to 3 and BCS2 body condition score above 3

Discussion
In the present study, glucose concentration increased with
an increasing postpartum period. Moreover, multiparous
cows showed a higher glucose profile at the end of the
study period suggesting that multiparous cows are comparatively resistant to postpartum stress condition. The
findings of many authors [13, 14] suggest that normal
blood levels of various biochemical constituents are
indispensable for normal function of various systems of the
body including the reproductive system. The data showed
that the increasing trend in serum glucose during the
postpartum period increased the probability of first ovulation after calving in lactating dairy cows, because glucose
certainly provides energy regarding resumption of reproductive function [2]. Theera [15] revealed that postpartum
glucose level was greater in normal cycling dairy animals
as compared to non-cycling because glucose may maintain
the homeostatic process of the body, furthermore, when its
concentration in the blood increases the stress may reduce.

123

Block et al. [1] reported detrimental effect of undernutrition and low blood glucose concentrations on postpartum
cyclicity of dairy cows which is a strong argument for the
present study.
In our study, the parity and postpartum intervals have a
significant effect on serum cholesterol concentration. The
serum cholesterol concentration is comparatively higher in
multiparous cows. The serum cholesterol concentration
was found to steadily increase after parturition. Cholesterol
gradually increases after calving reflecting fat mobilization
that occurs during this time. However, average cholesterol
concentrations between weeks 5 and 6 were comparatively
less in cyclic cows. Jeong et al. [4] reported that non-cyclic
cows had lower total cholesterol than the cyclic cows.
Cholesterol is a precursor of ovarian steroidogenesis. The
increase in progesterone concentration was due to decrease
in cortisol level and more availability of cholesterol [1].
The result of the present study is relevant to the findings of
Chalmeh et al. [16] who argued that body fat does not have
a direct causal role in regulating reproductive cyclicity.
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Increased triglyceride is due to the mobilization of fatty
acids from adipose tissue that occurs in times of NEB or
stress. The liver always takes up a constant proportion of
fat and oxidizes it in accordance with the need for ATP, the
rest are esterified to triglycerides creating a disposal sink
and a condition known as fatty liver. Primiparous cows are
immature and present unbalanced endocrine metabolic
profiles compared to multiparous. Cholesterol and triglycerides in our study showed an increasing trend during the
postpartum period. The results indicated that high-yielding
cows are more prone to NEB, therefore, the loss in body
weight and marked decrease in BCS during postpartum
period are associated with delay in ovarian resumption. The
higher cholesterol and triglyceride in the multiparous cows
with higher BCS is due to the fact that the overconditioned
cows exhibit decreased appetite and develop more NEB,
ultimately undergo pronounced mobilization of fat and
probably accumulate more triglyceride and cholesterol [9].
Cortisol which is produced by the adrenal glands is the
major stress hormone [17]. The serum cortisol concentration decreases during postpartum weeks. In addition, the
stress level is more severe in the primiparous cows than
multiparous. The reduced cortisol level with the increasing
period may be the adaptability potential of the cows. Furthermore, the higher level of cortisol in the primiparous
cows indicates that these cows experience more stress than
multiparous cows during the postpartum period.
In the present study, serum progesterone is increasing
with the increasing postpartum period in both types of
cows, however, the increase was higher in multiparous
cows during week 7. A close association between glucose
availability, serum progesterone profile, and reproductive
function has been previously reported [1]. In our study,
multiparous cows with higher BCS had higher progesterone concentration at the end of the 7th week. In the
study of [9, 17], the cows with lower BCS resumed ovarian
cyclicity later than the cows with higher BCS. Poor BCS is
associated with NEB which adversely affects the development of ovarian follicles leading to lower progesterone
concentration [9]. The results of the present revealed that
the multiparous cows are better in maintaining the postpartum stress and resumption of ovarian cyclicity as
compared to primiparous cows.
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