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ABSTRACT

This study was conducted to determine the effects of Bovine somatotropin (rbST) and oxytocin on various health
biomarkers, reproductive performance and milk composition of buffaloes during spring and hot summer. A total of 60
Nili-Ravi buffaloes were randomly divided into three groups based on their milk production. Low (1-2.9 liters/milking),
medium (3-5.9 liters/milking) and High (6-12 liters/milking), with (n=10) animals in each group during spring and summer.
Animals of respective groups received recombinant bovine somatotropin (rbST) (Boostin-250 manufactured by LG Life
Sciences, Ltd, South Korea and distributed by M/S Ghazi Brothers, Pakistan) 35mg on alternate days and oxytocin 10 IU
before each milking, starting on day 70 postpartum till the end of lactation. Blood samples were collected to determine
Total oxidant status (TOS), Total antioxidant capacity (TAC), Serum alanine aminotransferase (ALT) and Aspartate
aminotransferase (AST). Milk samples were analyzed for fat, protein, lactose and SNF contents. Reproductive performance
parameters were assessed by rectal palpation and from farm record. Results revealed that mean ALT, AST and TOS activity
was significantly higher during summer. Milk production was very well correlated with their assigned groups of milk
production during spring. Milk fat, protein and lactose contents decreased due to rbST, oxytocin or rbST+ oxytocin
treatment. In conclusion during summer, milk yield was increased after rbST+ oxytocin treatment, but decreased following
treatment with either hormone.
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INTRODUCTION

In Pakistan, the livestock sector accounts for
approximately 56.3% of the agriculture value added and
11.8% of GDP. Approximately 35-40 million of the rural
population is dependent directly or indirectly on livestock.
Buffalo is the major source of milk production in the
country. Nili-Ravi is the best milk breed of buffalo with an
average milk yield of 2000L/lactation (Agarwal and
Tomar, 1998). Buffalo milk is liked by the population
masses due to its richness, taste and flavor. Buffaloes also
provide beef, hides, traction and tilling power for various
farm operations. Milk production is apparently the greatest
component of economic change of the lower strata of the
farming community, while income from the sale of milk
constituted about 25 per cent of the total farm income in
Punjab. This income also compensates for the negative
income balance from general farming, particularly for
marginal and small farmers. About 98 per cent of buffaloes
in the region are raised by small farmers owning less than
two hectares of land, with less than five buffaloes per
house hold (Anonymous, 2014-15).

There are approximately 35.6 million head of
buffaloes in Pakistan, producing thousand tons of milk
annually for human consumption (Anonymous, 2014- 15).

In spite of this large number, per animal productivity is
low compared with most of the exotic dairy cattle breeds.
The average milk yield per animal is 7-8 liter/day at farm
level, which needs to be increased to make this animal
more profitable, as well as to meet the protein
requirements of the ever-increasing human population in
the country.

Bovine Somatotropin (bST) is a polypeptide
hormone produced by the somatotrophs of the anterior
pituitary gland and consists of a chain of 190 to 191 amino
acids. This hormone induces marked changes in nutrient
partitioning in target tissues and stimulates cell
proliferation mediated by insulin-like growth factor (IGF-
I). In 1982, recombinant bovine somatotropin (rbST) was
produced by recombinant DNA technology that permitted
scientists around the world to observe various aspects of
its biology. In this technique, the genes that produce
somatotropin were identified in bovine tissues and inserted
as a part of plasmid into specific bacteria. With bacterial
replication, the new genes were also replicated and
conceded along to all new bacteria. Purified rbST was
extracted from these freshly grown bacteria (Bauman,
1992). The commercial formula of rbST (Posilac) is
leucine variant-127, having an extra methionine at the
NH2 terminus.
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Low milk production, with lack of persistency, is
the major problem for small dairy farmers in Pakistan.
Breeding and selection have failed to increase the amount
of milk produced in buffaloes as it did in cows. The
application of newly emerging biotechnologies, like
recombinant bovine somatotropin (rbST) supported with
appropriate nutrition and herd management, can be an
alternate option for achieving the goal of high milk
production in buffaloes. It has been reported that rbST is a
production- enhancing technology that allows the dairy
industry to produce milk more efficiently. This means that
each liter of milk produced by cows treated with rbST
requires fewer feed nutrients, results in less animal waste,
and has a reduced carbon footprint, compared with each
liter of milk produced by cows that are not treated with
rbST (Capper et al., 2008). Recombinant bovine
somatotropin hormone (rbST) is one of the
biotechnological products that increase the milk
production per unit of feed intake. Typically, milk yield
increases up to 10-15% through the use of rbST (NRC,
1994). Ludri et al. (1989) reported that administration of
rbST resulted in improvement of 12-25% in milk yield
without any substantial alteration in the composition of
milk.

Oxytocin is a polypeptide hormone synthesized
in the supraoptic and paraventricular nuclei of the
hypothalamus and stored in the posterior pituitary gland,
from where it is released in response to neuroendocrine
reflexes. Oxytocin stimulates uterine smooth muscle
contractions during parturition and mammary gland
muscles during milk ejection. In addition, its receptors are
present in the oviduct, and the hormone is released during
mating of female goats. It also effects the blood pressure
(Ayad et al. 1990). It is believed that oxytocin has some
effects on the central nervous system such as memory,
learning capability, nursing, sexual and feeding behavior
(Argiolas and Gessa, 1991). It is also involved in the
luteolytic mechanism in cows.

In Pakistan at present, rbST is commonly used to
increase milk production in dairy animals, while oxytocin
is also used for milk letdown in cattle and buffaloes. The
present study was designed as there is little information
available in the literature regarding the effects of rbST and
oxytocin on health indicators, reproductive performance
and milk composition of Nili-Ravi buffaloes (Bubalus
bubalis) during spring and summer seasons.

MATERIALS AND METHODS

The present study was performed in 2015, at a
private (S. B. dairy farm) in Faisalabad. The laboratory
work was completed in the Department of Physiology and
Pharmacology, University of Agriculture, Faisalabad.

Experimental animals and treatments: In this study, a
total of 60 multiparous milking buffaloes in their 2nd or

3rd lactation and maintained under same management and
housing conditions were divided randomly into three
groups, based on their milk production, i.e low (1-2.9
liters/milking), medium (3-5.9 liters/milking) and high (6-
12 liters/milking), with (n=10) buffaloes in each group
during spring and summer. The rbST (Boostin-250™
manufactured by LG Life Sciences, Ltd, South Korea and
distributed by M/S Ghazi Brothers, Pakistan) was injected
at 35 mg on alternate days by s/c route at croup region,
while oxytocin was used at the dose rate of 1 ml (10 I.U),
I/m before each milking. The treatments were started on
day 70 postpartum and continued till the end of lactation.

About 10 ml blood samples were collected once
in the middle of each season from each animal in a
sterilized test tube, serum was separated and stored at -
20°C for further analysis. Similarly, about 100 ml milk
was collected from each animal of all groups during each
season. These milk samples were stored at -20°C. Serum
samples collected from animals were analyzed for Total
Oxidant Status (TOS) and Total Antioxidant Capacity
(TAC) were determined using the protocol of Erel (2005)
and Erel (2004), respectively. Activities of Alanine
Aminotransferase (ALT) and Aspartate Aminotransferase
(AST) enzymes were determined using commercially
available kits (Randox Lab. Ltd. UK). Reproductive
performance parameters including, calving to estrus
interval, service period and calving interval were recorded.
Reproductive disorders including endometritis and vaginal
prolapse were recorded. Ovarian activity like, cyclic and
non-cyclic ovaries was observed by rectal palpation. Milk
samples were analyzed for fat, protein, lactose and solid-
not-fat (SNF) contents. Milk fat and protein contents were
determined by the procedure described by David (1977).
Milk lactose contents were estimated by using Fehling’s
solution titration method, as described by Egan et al.
(1981) and SNF was determined by Fleischman formula.
Data collected on various parameters were tabulated to
show means and standard error of mean for group.
Analysis of variance was applied to extract the difference
between and within groups. Duncan multiple range test
was applied for multiple means comparison, where
necessary. However, Pearson’s Chi square test was used
for the statistical analysis of data in percentage.

RESULTS AND DISCUSSION

Health biomarkers: Differences in serum ALT and AST
activity due to milk production potential, two seasons, as
well as their interaction were non-significant. Overall
mean ALT activity was lower during spring as compared
to summer. However, mean serum AST activity was
significantly (P≤0.05) higher during summer than in spring
(Table I). Mean serum TOS showed significant (P≤0.01)
difference between spring and summer seasons. However,
difference due to milk production potentials of animals and
interaction between season × milk productions was non-
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significant. Overall mean serum TOS of buffaloes was
significantly higher during summer than in spring (Table
I). Serum TAC did not reveal any significant difference,
while variation due to seasonal effect was significant
(P≤0.01). Overall serum TAC was significantly higher
during spring as compared to summer season (Table 1).

Liver functions in relation to milk production
potential of dairy buffaloes treated with rbST and oxytocin
were measured in terms of ALT and AST activities, TOS
and TAC. Buffaloes with low, medium and high milk
production did not show any difference in serum ALT and
AST levels, and TOS and TAC values following treatment
with rbST. These results of the milk production potential
groups are similar to those of Chaiyabutr et al., (2011),
who used three injections of rbST (500 mg per dose) at
early, mid and late stages of lactation in cooled and non-
cooled cows and found that the activities of plasma AST
and ALT were not affected by rbST supplementation. It is
generally observed that milk yield of cows usually varies
at early, mid and late stages of lactations (Fontes et al.,
1997). Similarly, Abdel-Rahman et al., (2010) reported
that the levels of AST and ALT revealed non-significant
changes in cows when given 250 and 500 mg of rbST after
every 15 days for 5 months. These results indicate that
buffaloes were not under any stress due to rbST and/or
oxytocin treatments during study period; they were in good
health and were producing milk according to their
potential.

Reproductive performance: During spring season,
53.3% (n=8) buffaloes in low, 46.6% (n=7) in medium and
6.6% (n=1) in high milk yielding group were cyclic based
on ovarian status. The buffaloes (60.0%; n=9) were
pregnant in high milk production potential group, followed
by low (46.6%; n=7) and lowest was seen in medium
group (33.3%; n=5). (Table II). During summer ovarian
status determined by rectal examination showed that in
low milk producing buffaloes, 50.0% (n=5) were cyclic in
contrast to medium milk producer that showed 30.0%
(n=3) were cyclic. In high milk producing buffaloes, there
was 10.0% (n=1) were cyclic, However, these differences
were not statistically significant (Table II). Reproductive
status of buffaloes showed that 40.0% (n=4) buffaloes
were pregnant in low milk yield group as compared to
medium which showed 10.0% (n=1) pregnant. In high
milk producing group 20.0% (n=2) buffaloes were
pregnant. These differences were not significant in present
study during summer. Endometritis was found to be
present in 30.0% (n=3) in low yielding as compared to
medium milk yielding animals (10.0%; n=1) and in high
yielding animals (20.0%; n=2), statistically the differences
were non-significant.

The incidence of endometritis was not affected
significantly in buffaloes of low, medium and high milk
yield. These results are supported by those of Silvia et al.,
(2002). Gohary et al., (2014) reported that incidence of

endometritis was not different between groups when
monitored after 42 days of first treatment of rbST.  In the
present study, the incidence of endometritis in various
groups ranged from 3.44 to 37.5%. Previous studies based
on clinical data have shown the prevalence of endometritis
in buffaloes from 16.73% to 42% (Hanafi et al., 2008).
However, it does not seem to be possible to relate hormone
treatments to animal’s health status under field condition,
as a wide range of environment as well as management can
influence the results.

The frequency of cyclic animals of three milk
yield groups given rbST and oxytocin was not affected
significantly. Previous studies have shown the presence of
somatotropin receptors in the granulosa cells of Graafian
follicles (Lucy, 2000). It was expected that rbST treatment
would stimulate follicular development and increase in
number of cyclic animals. Lucy (2000) reported that rbST
treatment to lactating cows increased the blood
concentration of ST and IGF-1.

Milk composition: Difference in milk fat and protein
contents of buffaloes did not show any significant
difference. Overall mean milk fat contents were non-
significantly higher during spring (Table III). Overall
mean milk protein and lactose was significantly (P≤0.01)
higher in animals treated with rbST and oxytocin during
spring as compared to summer (Table III). Mean milk
lactose in high milk production animals’ contents was
significantly higher compared to in low and medium milk
production potential buffaloes. However, the difference
between later two groups was non-significant. Difference
in milk SNF was non-significant due to seasons, but it was
significant due to milk production potential and season×
milk production potential interaction. Overall mean milk
SNF contents of buffaloes of low and medium milk
production groups were almost similar; however, these
values were significantly (P≤0.01) lower from high milk
producing buffaloes. Overall mean SNF values were
almost similar during spring and summer seasons (Table
III).

In high milk production potential animals milk
lactose and SNF contents were significantly (P≤0.01)
higher than low and medium milk production groups. Milk
fat and proteins contents were not different among three
milk production groups. Eisenbesz et al., (1990) reported
no change in percentage of fat, proteins and total solids in
milk of dairy cows injected with somatotropin. Eppard et
al., (1987) reported that as the dose of rbST increased the
fat percentage in milk increased, however, milk protein
percent declined. In another study reported
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Table 1. Mean values (± SE) for the effect of seasons and milk production potential groups on serum ALT, AST, TOS and TAC of buffaloes treated with rbST
and oxytocinj.

ALT (U/L) AST (U/L) TOS (µmoI H2O2 eqiiv. L-1) TAC (mmol Trolox
equivalent/L)

Milk
Production

Groups
Spring Summer Overall

Mean Spring Summer Overall
Mean Spring Summer Overall

Mean Spring Summer Overall
Mean

Low 10.85±0.93 12.80±1.91 11.63±0.94 9.47±1.42 16.14±1.86 12.14±1.29 0.237±0.010 0.337±0.009 0.277±0.012 0.85±0.04 0.60±0.06 0.70±0.04
Medium 9.10±1.13 11.90±0.62 10.22±0.76 13.16±2.06 18.37±3.08 15.24±1.78 0.258±0.011 0.66±0.040.321±0.009 0.283±0.010 0.80±0.03 0.57±0.06
High 12.31±2.06 13.45±0.73 12.77±1.26 14.40±2.28 15.30±1.99 14.76±1.56 0.253±0.026 0.322±0.007 0.281±0.017 0.81±0.03 0.42±0.03 0.57±0.05
Overall
Means 10.75±0.85 12.72±0.70 12.34±1.15B 16.60±1.34A 0.250±0.010B 0.327±0.005A 0.82±0.02A 0.53±0.03B

AB: Values with different alphabets in a row differ significantly from each other (P≤0.05).

Table 2. Data on reproductive performance in buffaloes of different milk production groups (n=15) in each group during spring and summer.

Milk Production
Groups

Spring Summer
Animals with cyclic

ovary
Pregnant
animals

Animals with
endometritis

Animals with cyclic
ovary

Pregnant
animals

Animals with
endometritis

Low 8(53.3%) 7(46.6%) 10(66.6%) 5(50.0%) 4(40.0%) 3(30.0%)
Medium 7(46.6%) 5(33.3%) 4(26.6%) 3(30.0%) 1(10.0%) 1(10.0%)
High 1(9.1%) 9(60.0%) 4(26.6%) 1(10.0%) 2(20.0%) 4(40.0%)
Chi-square value 6.841NS 3.943NS 0.728 NS 2.983 NS 2.456 NS 0.711 NS
Values with parentheses are percentages; NS = Non-significant.

Table 3. Mean values (± SE) of milk fat, protein, lactose and solids-not-fat (%) contents for different seasons and different milk production potentials of buffaloes
treated with rbST and oxytocin.

Milk
Production

groups

Fat (%) Protein (%) Lactose (%) Solids-not-fat (%)
Spring Summer Overall

means
Spring Summer Overall

means
Spring Summer Overall

means
Spring Summer Overall

means
Low 6.27±0.49 5.96±0.36 6.12±0.30 8.54±0.96 4.11±0.31 6.33±0.71 6.49±0.22d 7.00±0.37c 6.75±0.22B 7.75±0.20c 7.69±0.23c 7.72±0.15B
Medium 5.65±0.41 5.35±0.33 5.50±0.26 6.71±0.54 4.33±0.51 5.52±0.45 8.08±1.03b 5.44±0.29e 6.76±0.60B 8.20±0.29b 7.61±0.22d 7.90±0.19B
High 6.07±0.35 6.13±0.14 6.10±0.18 6.39±0.34 4.19±0.21 5.29±0.32 13.46±1.01a 6.66±0.19d 10.06±0.93A 8.04±0.30b 9.00±0.14a 8.52±0.19A
Overall
Means 6.00±0.24 5.81±0.17 7.21±0.41A 4.21±0.20B 9.34±0.73A 6.37±0.20B 8.00±0.15 8.10±0.16

abcde: Values with different alphabets differ significantly from one another (P≤0.01).
AB: Values with different alphabets in a row differ significantly from one another (P≤0.01).
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by Helal and Lasheen (2008) showed that fat, total solids
and total protein contents of milk did not change by
treatment of rbST, however, milk lactose content was
increased by rbST injection. Injection of bovine
somatotropin to cattle has been reported to cause an
increase in the relative amount of large chain fatty acids
(Vandenberg, 1991). Bauman (1992) reported that rbST
did not change the milk composition when animals were
fed diet balanced in energy as well as proteins. Milk
composition is variable normally because it depends upon
the genetic makeup of animal, stage of lactation, diet
composition as well as seasons. Milk fat and protein
contents increased significantly during spring indicating a
reduction in oxidation of amino acid as well as
mobilization of labile protein reserves. Chalupa et al.,
(1996) demonstrated that when high producing animals are
fed diet which is not deficient in protein or energy, they
may respond to rbST treatment in increased milk proteins
and fat contents.
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