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Abstract

Twenty healthy advanced pregnant crossbred (HF x K) cows of 2-4 parity were included in the study
from 2 weeks prepartum to 8 weeks postpartum. They were equally divided in to control (routine
farm feeding-RFF) and treatment (RFF plus area specific multi-minerals @ 50 g/h/d and bypass
fat @ 100-200 g/h/d) groups to evaluate the effect of bypass fat and minerals supplementation
on plasma metabolites and hormonal profile and postpartum fertility. The plasma levels of T3

increased (P<0.01) on the day of calving and then abruptly dropped till day 14 postpartum as
compared to levels at other periods, while T4 decreased (P<0.05) consistently throughout the study
period particularly in control group. However, the influence of nutritional supplementation was found
to be non-significant on both these hormones. The blood glucose levels were at peak concurrent
to highest plasma cortisol on the day of calving. The cows under supplemented group had
significantly (p<0.01) higher mean blood glucose (64.51±3.10 vs 59.13±3.06 mg/dl) and cortisol
(16.19±2.51vs 11.23±1.34 ng/ml)than the control cows. The mean plasma levels of NEFA increased
from day 14 prepartum to the highest (p<0.01) on the day of calving and thereafter reduced in
postpartum days in both the groups with significantly higher  mean value in supplemented than
control group (0.58±0.09 vs 0.47±0.07 mmol/l). The prepartum plasma BHBA also increased as
parturition approached, continued to increase further in the early postpartum period to reach a
peak (1.21±0.09 and 0.87±0.04 mmol/l for control and treatment group) (p<0.01) on day 14, and
thereafter decreased. In general, the plasma NEFA, BHBA, cortisol and glucose levels were found
to be higher in the cows of nutrient supplemented group which had lesser time intervals for
expressing first postpartum estrus and service period with better pregnancy rate. Thus the nutrient
supplementation during transition period was beneficial in maintaining energy status of the cows
and improved reproductive performance postpartum.

Key words: Crossbred cow, Transition period, Nutritional management, metabolic profile, postpartum
fertility.

Introduction

The transitional period, also called peripartum period, is characterized by a decrease in dry matter
intake particularly with onset of lactation leading to sharp decrease in glucose and an increase in
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body fat mobilization in the form of NEFA and results in the accumulation of products of incomplete
oxidation of NEFA such as BHBA (Vazquez-Anon et al., 1994). The circulating NEFA and BHBA are
the commonly used indices of negative energy balance (NEB) or ketosis in transition animals.
Although some elevation of these metabolites is normal as these animals balance energy intake
and energy demands in early lactation, excessive elevation of NEFA or BHBA can indicate poor
adaptation to NEB (Herdt, 2000). At the time of parturition, progesterone and estradiol concentrations
cascade to basal levels facilitating the almost immediate resumption of recurrent transient increase
in FSH within 3–5 days of parturition that occurs in 7- to 10-days interval and produces a dominant
follicle by days 7-10 postpartum (Crowe et al., 1993).

Fats in the diet can influence reproduction positively by altering both ovarian follicle and corpus
luteum function via improved energy status and by increasing precursors for the synthesis of
reproductive hormones such as steroids and prostaglandins (Rahbar et al., 2014). The dietary fat
supplementation has been reported to hasten uterine involution and postpartum first ovulation with
greater follicular population, larger preovulatory follicles and elevated plasma progesterone levels
in cattle (Lammoglia et al., 1997; Khalil et al., 2012) and buffaloes (Hussein et al., 2013). Therefore,
this study was planned to assess the effect of incorporating minerals as well as bypass fat in the
ration of transitional crossbred cows on their plasma metabolic and hormonal profile and postpartum
fertility.

Materials and Methods

Selection and Management of Animals

This investigation was carried out at University Farm in Anand during November 2014 to May 2015
on 20 advanced pregnant HF x Kankrej crossbred cows of 2nd to 4th parity. The experiment was
initiated at two weeks prepartum by randomly dividing the animals equally into control and treatment
groups. All the pregnant cows were maintained in well ventilated hygienic sheds and were stall fed
as per routine farm feeding schedule and had free access to drinking water. The cows approaching
parturition were segregated in calving pen, and calving events were monitored closely to follow
weaning system and machine milking.

Experimental Groups

Control Group (n=10): The cows of control group were maintained on routine farm feeding
schedule (green fodder, hay and compounded concentrate mixture @ 18-20, 4-5 and 3.0-3.5 kg,
respectively, with 50 g of mineral mixture, Amul brand) during last two months of pregnancy and
early postpartum. After calving the level of concentrate fed was @ 40 per cent of milk produced.

Treatment Group (n=10): These cows, in addition to routine farm feeding, were supplemented daily
with extra 50 g of area-specific chelated multi-minerals (developed by AAU) and 100 g of bypass
fat (Sunegry, Polchem) with compounded concentrate mixture (Amul brand) for 2 weeks each before
and after calving. The level of bypass fat was then increased as per the milk production @ 15 g
per litre of milk produced until 60 days postpartum limiting to maximum of 200 g/day.

Blood Sampling, Lab Assay and Reproductive Events

Blood samples were collected from jugular vein in heparinised vacutainers on days -14, -3, 0, 3,
14, 28 and 42 of calving from all the cows. The level of blood glucose was estimated immediately
in fresh blood by direct strip technique using Accu-Chec Integra Kit (Roche Diagnostics India Pvt
Ltd).Then the plasma was separated out by centrifugation of blood samples and stored at -20°C
with a drop of merthiolate until analyzed. The levels are plasma non-esterified fatty acids (NEFA)
were estimated by colorimetric method (DeVries et al., 1976) using diagnostic kits (Randox, India),
and those of plasma betahydroxybutyrate (BHBA) using ELISA assay kits (Cayman Chemicals, USA)
(Galan et al., 2001). The plasma levels of hormones cortisol, T3 and T4 were estimated by employing
standard RIA techniques. Labelled antigen (with I125), antibody coated tubes and standards were
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procured from Immunotech, France. The sensitivities of the assays were 0.10, 0.24 and 0.50 ng/
ml for three hormones, respectively.The occurrence of first estrus and fertile estrus postpartum
and conception rates were also recorded. Cows showing estrus 60 days after calving were
inseminated and pregnancy was confirmed 45 days after last AI.

Statistical Analyses

The periods for first estrus postpartum and fertile estrus were compared between two groups using
‘t’ test. The data on plasma hormones and metabolites within group were analyzed using ANOVA
and DNMRT, and between groups by ‘t’ test for each trait employing SPSS software version 20.00
(Snedecor and Cochran, 1994).

Results and Discussion

Plasma Tri-iodothyronine (T3) and Thyroxine (T4) Profile

The mean plasma concentrations of tri-iodothyronine (T3) among both nutrient treated and control
cows increased significantly (p<0.01) on the day of calving as compared to values on day 14
prepartum, and dropped suddenly on days 3 to 14/28 postpartum with gradual recovery in
subsequent periods. However, no significant difference was noted between control and treatment
groups at any of the intervals including overall values (Table 1). As regards thyroxine (T4), among
control group a gradual and significant decrease was observed in the values throughout the study
period while in treatment group the decline was not significant and no significant difference was
noted between groups at any of the intervals. These observations with respect to trend and levels
of thyroid hormones (T3& T4) agreed well with the reports of Lohan et al. (1989) and Garg et al.
(1997),who showed that serum T3 and T4 levels were low from day 1 to 28 after calving compared
with advance pregnancy, and again increased on day 35 and 42 postpartum indicating a role of
thyroid hormones in the resumption of postpartum ovarian activity. Aruga et al. (2001) observed
a decreasing trend of serum T4 and T3 levels 2 weeks before calving reaching the minimum values
by 35 days after calving and thereafter both recovered by about 2 months postpartum in HF cows.
The serum thyroid hormone levels are also shown to be influenced significantly by the stage of
estrous cycle (Borady et al., 1985) and stage of lactation (Garg et al., 1997). The relatively low

Days pre- and 
postpartum 

Thyroxine (ng/ml) Tri-iodothyronine (ng/ml) 

Control group 
(n=10) 

Treatment group 
(n=10) 

Control group 
(n=10) 

Treatment group 
(n=10) 

-14 35.84±3.22b 31.58±3.33 1.15±0.10b 1.12±0.08b 

-3 35.07±3.10b 32.17±3.35 1.10±0.11b 1.08±0.13ab 

0 33.53±3.18ab 29.98±2.94 1.48±0.13c 1.40±0.15c 

3 30.68±2.27ab 27.88±1.72 1.03±0.13ab 0.94±0.18a 

14 30.58±1.96ab 27.59±2.00 0.87±0.11a 0.91±0.09a 

28 29.31±1.81ab 28.23±2.17 0.96±0.10a 1.16±0.13b 

42 26.83±1.39a 27.38±1.41 1.21±0.14b 1.33±0.12bc 

Overall 31.69±0.98 29.26±0.94 1.11±0.05 1.12±0.05 
 

Table 1: Mean plasma thyroxine and tri-iodothyronine levels during peripartum periods in crossbred
cows under control and nutrient supplemented (treatment) groups

The means bearing different superscripts within columns differ significantly (p<0.01).
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levels of T3 and T4 observed around 3-5 weeks postpartum followed by a rise in the present study
might be related with resumption of ovarian follicular activity and first estrus postpartum as observed
by Lohan et al. (1989) and Garg et al. (1997).

Blood Glucose and Plasma Cortisol Profile

The mean blood glucose levels of animals varied significantly between different intervals peripartum
in both control and treatment groups, but not between groups at any of the intervals studied (Table
2).The mean blood glucose value spiked up (p<0.01) to reach an apex of 70.20±5.24 and
80.20±6.35 mg/dl on the day of calving in control and treatment groups, respectively, and reduced
back to normal levels within the third day postpartum. The values, thereafter, fluctuated non-
significantly between other postpartum intervals. The overall mean blood glucose in treatment group
was higher (p<0.01) than the control group (64.51±3.10 vs. 59.13±3.06 mg/dl), which can be
attributed to the effect of bypass fat supplementation in the diet of treatment group. The mean blood
glucose levels observed in cows during pre- and postpartum periods corroborated with the findings
of Arieli et al. (2008), Cerri et al. (2009) and Garverick et al. (2013). The increased mean blood
glucose concentration obtained on the day of parturition also corroborated with the observations
of Hadiya (2006), who reported higher blood glucose concentrations at the time of parturition, which
might be due to sudden increase in demand for rapid influx of energy for lactation to start with
multiple physiological demands and increased cortisol levels noted at calving leading to
gluconeogenesis. In contrast to this, Setia et al. (1992) recorded gradual and significant rise in blood
glucose level with advancing lactation from calving till 12th week postpartum in cows due to increased
cortisol which leads to the production of glucose by gluconeogenesis. The mean blood glucose levels
found in the cows under both the groups were within the normal limit (42-75 mg/dl) and concurred
with the findings of Kumar (2000), Sivaraman et al. (2002) and Arieli et al. (2008). The blood glucose
level gives an indication of the energy status of an animal. Oxenreider and Wagner (1971) found
that both energy intake and lactation had a significant effect on plasma glucose levels during the
first 8 weeks postpartum in cows, with negative correlation between plasma glucose and postpartum
interval to ovulation.

Table 2: Mean blood glucose and plasma cortisol levels during peripartum periods in crossbred
cows under control and nutrient supplemented (treatment) groups

The means bearing different superscripts within columns differ significantly (p<0.01) between the
time intervals; ** (P<0.01) between groups.

Days pre- and 
postpartum 

Glucose concentration (mg/dl) Cortisol concentration (ng/ml) 

Control group 
(n=10) 

Treatment group 
(n=10) 

Control group 
(n=10) 

Treatment group 
(n=10) 

-14 59.60±2.08a 63.60±1.98a 9.92±1.76a 6.68±1.02a* 

-3 58.70±3.00a 64.20±2.46a 8.87±1.96a 10.06±2.07ab 

0 70.20±5.24b 80.20±6.35b 30.66±1.44b 28.60±2.09d 

3 58.30±2.73ab 58.90±2.24a 7.10±0.45a 19.89±4.59bcd* 

14 56.50±2.93a 60.10±2.50a 8.49±1.42a 13.90±3.75abc 

28 54.20±3.51a 62.60±3.06a 6.90±1.21a 21.05±3.52cd* 

42 56.40±1.92a 62.00±3.10a 6.46±0.71a 13.19±2.91abc* 

Overall 59.13±3.06p 64.51±3.10q** 11.23±1.34 16.19±2.51** 
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The mean plasma cortisol concentrations (ng/ml) in cows of both the groups were at the basal
level between day 14 and 3 prepartum, but increased rapidly to nearly 3 times (p<0.01) on the
day of parturition to reach a peak of 30.66±1.44 and 28.60±2.09 ng/ml for control and treatment
groups, respectively. Thereafter, the levels decreased significantly on day 3 postpartum in control
cows and non-significantly fluctuated in treatment group for all the subsequent days postpartum
(Table 2). The nutrients supplemented cows tended to have significantly (p<0.01) higher cortisol
values than the control cows for most of the days, both pre- and postpartum, with an exception
on day of parturition. The observed levels and trend of changes in cortisol values were in accordance
with the findings of Chaiyabutr et al. (2000) and Vannucchi et al. (2015). Ahmed et al. (2013) opined
that the levels of cortisol postpartum had effects on luteal activity. It is suggested that cortisol may
play a role in the corpus luteum as an anti-apoptotic factor in the bovine luteal cells (Rueda et al.,
2000) and that the CLs have the potential to respond to a locally generated cortisol (Michael et
al., 2003). The higher blood glucose noted on the day of calving was positively associated with
significant rise in plasma cortisol concentration, a stress/gluconeogenic hormone.

Plasma Non-Esterified Fatty Acids and Beta-Hydroxy Butyrate Profile

The data on mean plasma NEFA concentration in cows under control group (Table 3) evinced that
there was an increase in the value from 0.38±0.06 mmol/l on day 14 prepartum to the highest
0.72±0.09 mmol/l on the day of calving and thereafter the values declined subsequently from days
3 to 42 postpartum to reach 0.28±0.03 mmol/l. Similar trend was also observed in the cows under
treatment group. The mean plasma concentration of NEFA in fat supplemented group was higher
than in control at both pre- and postpartum periods with significant (p<0.01) difference in overall
mean values (0.58±0.09 vs. 0.47±0.07 mmol/l). This was also substantiated by the findings of Staples
et al. (2005). Peripartum supplementation of bypass fat probably reduces the process of lipogenesis
by adipose tissues which caused increased lipolysis resulting into the higher NEFA values (Staples
et al., 2005). The present findings corroborated with the observations of Cerri et al. (2009), Garverick
et al. (2013), Benzaquen et al. (2015) and Shin et al. (2015). All these workers observed NEFA
values to be higher at parturition and the early postpartum days.

Table 3: Mean plasma non-esterified fatty acids and beta-hydroxybutyrate levels during peripartum
periods in crossbred cows under control and treatment groups

The means bearing different superscripts in columns differ significantly (p<0.01) between the time
intervals; ** (p<0.01) between groups.

Days pre- and 
post-partum 

Non-esterified Fatty Acids (mmol/l)  Beta-hydroxybutyrate (mmol/l) 

Control group 
(n=10) 

Treatment group 
(n=10) 

Control group 
(n=10) 

Treatment group 
(n=10) 

-14 0.38±0.06abc 0.53±0.06 0.51±0.05ab 0.46±0.05a 

-3 0.43±0.05abc 0.61±0.10 0.60±0.06ab 0.60±0.06ab 

0 0.72±0.09c 0.70±0.08 0.70±0.05bc 0.67±0.14ab 

3 0.62±0.11c 0.63±0.08 0.90±0.05c 0.63±0.05ab 

14 0.57±0.08bc 0.62±0.07 1.21±0.09d** 0.87±0.04b 

28 0.29±0.03a 0.51±0.11 0.36±0.04a 0.51±0.08a 

42 0.28±0.03ab 0.46±0.10 0.42±0.06ab 0.54±0.12a 

Overall 0.47±0.07 0.58±0.09** 0.67±0.06 0.61±0.08 
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In the present study, the mean plasma BHBA values in both the groups increased as parturition
approached. The values tended to increase further in the early postpartum period to reach a peak
of 1.21±0.09 and 0.87±0.04 mmol/l for control and treatment group, respectively (p<0.01) on day
14 postpartum, and thereafter decreased (Table 3). The BHBA values tended to be higher in control
group than in treatment group particularly during early postpartum indicating negative energy
balance; however the difference was non-significant and none of the animals evinced signs of
ketosis. The increasing trend of mean BHBA levels observed corroborated with the findings of
Wathes et al. (2007), Cerri et al. (2009) and Benzaquen et al. (2015). The transition period is
characterized by a decrease in dry matter intake leading to a sharp decrease in glucose and an
increase in body fat mobilization in the form of NEFA and results in the accumulation of products
of incomplete oxidation of NEFA such as BHBA (Vazquez-Anon et al., 1994). The circulating NEFA
and BHBA are the commonly used indices of NEB or ketosis in transition animals. Although some
elevation of these metabolites is normal as these animals balance energy intake and energy
demands in early lactation, excessive elevation of NEFA or BHBA can indicate poor adaptation to
NEB (Herdt, 2000).

The present findings in general concurred with Rahbar et al. (2014), who opined that the
supplemental fat may increase glucose production, which in turn may have a positive effect on LH
release. Supplemental fat stimulated programmed growth of preovulatory follicle, increased total
number of follicles and increased the size of preovulatory follicle.NEB delayed the time of first
ovulation postpartum through inhibition of LH pulse frequency and low level of blood glucose (Butler
et al., 2000). In the present study, the nutrients treated cows had higher blood glucose, cortisol,
NEFA and lower BHBA profile and had initiated postpartum ovarian activity comparatively earlier
than the control cows (38.00±1.95 vs. 42.32±4.14 days), with shorter service period (85.22±7.17
vs. 100.67±5.60 days) and improved conception rate (80 vs 60 %).Therefore, it would be worth
to infer that peripartum nutrients supplementation might have played its positive contributory role
in view of early exhibition of postpartum first and fertile estrus through preventing NEB.
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