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AN ABSTRACT OF THE THESIS OF
MUHAMMAD NAWAZ SANJRANI
TITLE:

For

Doctor of Philosophy
Physiology & Biochemistry

Fattening and growth performance of ruminant calves and kids under the
influence of recombinant bovine somatotropin (rbST).

The present study was carried out on Kundhi buffalos calves (N=16, 16±2 wks of
age), Thari cow calves (N=16, 16±2 wks of age) and Kamori goat kids (N=16, 6±1 wks of age) at
Livestock Experiment Station (LES), Sindh Agriculture University Tandojam. At the commencement
of experiment the cow calves, buffalo calves and kids weighed on average 44.57±0.63, 64.48±0.57 and
14.61±0.27 kg respectively. Animals were fed total mixed ration (TMR) as a basal diet composed of
roughages and concentrates with the ratio of 60:40. Animals were fed adlibitum twice a day at 0800
and 1700 clock. Animals of each species were divided into two groups, viz. control and rbST with 8
animals per group. The animals in rbST group received subcutaneous injection of rbST fortnightly, at
the dose rate of 1 mg/kg.BW and those in C were kept as control. The experiment lasted upto 36 weeks
for cow and buffalo calves and 22 weeks for kids. Blood and fecal samples were taken on week 10 and
22 from goats and on week 18 and 36 from cow and buffalo calves, respectively. Serum biochemical
concentrations such as total protein, total lipids and glucose, and serum hormones such as insulin-like
growth factor (IGF-1), T3 and T4 concentrations were determined by using commercial kits. Meat
samples were collected from longissimus dorsi (LD) muscle of slaughtered animals to determine the
physico-chemical characteristics.
The results revealed that the average body weight (BW), average daily weight gain
(ADG), feed intake and dry matter intake (DMI) in cow and buffalo calves and in kids increased (P <
0.05) in rbST group compared with control. The digestibilities of dry matter (DM) and crude protein
(CP) in cow and buffalo calves and in kids increased (P < 0.05) in rbST treated group compared to their
controls. The hematological analysis of blood sampled on week 10th in kids and on week 18th in calves
showed an increase (P < 0.05) in red blood cells and hemoglobin concentrations in rbST treated
animals compared to control, however, the analysis of blood samples collected on week 22 nd in kids
and on week 36th in calves showed no difference (P > 0.05) in hematological parameters of animals
between two groups. The analysis of serum samples taken on week 18 in calves and on week 10 in kids
showed that the total protein and glucose concentrations increased (P < 0.05) and the total lipid and
cholesterol concentrations decreased in rbST group than that of control, However, no significant
changes (P > 0.05) were found between the rbST and control groups in all the examined biochemical
variables on week 22 and 36 in kids and calves, respectively.
Assessment of the minerals at week 36 in calves and at week 22 in kids showed that
the serum Ca and Cu concentrations increased (P < 0.05) by 32.24%, 21.89% and 37.03% and by
28.21%, 24.28% and 30.96% in cow calves, buffalo calves and kids respectively. There was also an
increase in T3 concentration in calves of rbST group compared with control on week 18 but did not
differ (P > 0.05) on week 36. Similarly, in kids the significant increase (P < 0.05) in serum T 3
concentrations were observed in the blood samples taken on week 10 of the rbST treatment, however,
no difference (P > 0.05) in serum T3 concentrations were seen in the blood samples taken at week 22
of the experiment. The serum T4 concentrations were not different (P > 0.05) between the groups of
cow and buffalo calves and kids throughout the experiment. Analysis of blood sampled on week 18 and
36 of rbST treatment showed that the serum IGF-I concentrations increased in cow and buffalo calves
compared with control. Similarly, the analysis of blood sampled on week 10 and 22 of experiment
showed that the serum IGF-I concentrations increased in goats of rbST group than that of control.
The physical characteristics of meat samples showed no significant differences (P >
0.05) between the groups; however, among chemical characteristics of meat taken on week 18 from
cow and buffalo calves and on week 10 from kids showed the increase (P < 0.05) in the moisture and
CP by 9.91%, 11.1% 4.95% and 15.12%, 18.22% and 10.82%, and the fat content decreased (P < 0.05)
by 22.85%, 26.61% and 23.73% in meat of cow calves, buffalo calves and kids, respectively.
In conclusion, the treatment of young ruminants with rbST increased growth
performance, enhanced digestibility of DM and CP and improved some chemical properties of meat.
The rbST treatment stimulated eryhthropoises (increased production of RBC) and increased IGF-I and
T3 concentrations in serum sampled on week 18 and 10 in calves and kids respectively. Though the
serum IGF-I concentrations was higher but the erythropoietic effect and elevation in serum T 3
concentrations were not found in the serum of calves and kids sampled on weeks 36 and 22 of the
experiment. The data therefore suggests that the rbST induced-growth of young ruminants may partly
be associated with both IGF-I and T3 at the early stage and with IGF-I only at the later stage of growth.
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CHAPTER I
INTRODUCTION
Pakistan is an agro-based country and possesses some important species of
ruminant livestock such as cows, buffaloes, sheep and goats. Livestock is the most significant
component of agriculture sector, which contributes 55.91 percent of agriculture value
addition and 11.8 percent to GDP (Economy Survey 2013-2014). The population of livestock
in Pakistan is about 125 millions heads and the estimated buffalo population was 32.7 million
heads

in

2011-2012.

Livestock

includes

cattle,

buffaloes,

sheep, goat, camel, horses, asses, mules and poultry. Pakistan occupies 2nd position in milk
production and the 7th position in meat production in the world as whole. The share of
Punjab in milk production is 50%, Sindh 40%, Khabar Pakhtun Khawa and Kashmir 7% and
Baluchistan 3% (Anonymous 2012). According to the Economic Survey of Pakistan 2010-11,
the population of goat stood at 61.5 million. Goats annually contribute approximately
759,000 tones of milk, 2,685 millions skins and 23.2 thousand tones of hairs to the national
economy (Economy Survey 2010-2011). Mutton production is mainly contributed by sheep
and goat that accounts 616 thousand tons in Pakistan (Economy Survey 2010-2011). Goats
are mostly raised for income and employment to a predominantly poor population (Ali,
2006). It is also a source of foreign exchange and contributes 2.5 % of the annual milk
production (Iqbal et al., 2008). Meat and milk produced by Kundhi buffalos and cattle
provides 70% animal protein and is considered to be major source for human diet. It had been
estimated that these animals produced 1.27 million tons of beef, 0.82 million tons of mutton
and 33.2 million tons of milk during 2006-2007 (GOP-2007).
Generally, meat is considered as valuable food for human providing many
essential nutrients such as proteins, vitamins (vitamins A, B12 and E), fat (such as Omega-3
1

fatty acids) and minerals (Fe, Zn, Se) which are of prime importance for the growth of human
body (Schonfeldt and Gibson, 2008). Despite considerable increase in milk and meat
production in Pakistan, average animal protein availability per capita is 17 gms as compared
to 27gms/day minimum daily allowance requirements recommended by WHO. The shortage
in protein requirement is because of increasing human population at the rate of 3% annually
(Bilal et al., 2006). Moreover, a lot of animals are slaughtered on the occasion of eid-al-ada.
This exerts a lot of pressure on the meat industry to produce large quantities of qualitative,
healthier and lean meat. One of the strategies to achieve an increase in meat production could
be proper management and enhanced growth performance of young animals through the use
of growth promoter like recombinant bovine somatotropin (Mellado et al., 2012 and Govoni
et al., 2004).
The rbST, an analogue of growth hormone, is synthesized and manufactured
by using recombinant DNA (rDNA) technology, which is widely used as galactopoietic in
lactating animals and as growth promoter in young and growing animals. The rbST is an
analogue of bovine somatotropin or growth hormone which is a protein hormone naturally
produced by the anterior pituitary gland in mammals. The treatment of animals with
exogenous rbST improves feed efficiency, increases growth rate and alters carcass
characteristics (Mellado et al., 2012, Govoni et al., 2004 and Eisemann et al., 1989). The
rbST has shown a considerable shift in the partitioning of nutrients toward an increase in
protein and decrease in fat deposits (Fabry et al., 1991; Rumsey et al., 1996). Nour El-Din et
al., (2009) reported an increase in total protein concentration and decrease in triglycerides
and cholesterol concentrations in the blood serum of lambs treated with rbST compared to
those of untreated. The rbST has also been shown to affect the concentrations of certain
hormone in the blood. It is believed that rbST-induced growth performance, at least in part, is
mediated by elevating circulating hormonal levels of insulin and insulin-like growth factor
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(IGF-I) (Cook et al., 2013 and Holzer et al., 2000). The blood biochemical and hematological
variables are the important indices of animal health. Variable effects on hemotology have
been shown in response to rbST treatment. The rbST treatment produced no effect on
hematological variables in primparous and multiparous lactating cows (Azza et al., 2010) and
buffaloes (Khaliq and Rahman, 2010). Eppard et al. (1997) reported a decrease in red blood
cells (RBC) count during rbST treatment. Nour El-Din et al. (2009) did not observe any
change in hemotological parameters in lambs injected with biweekly or fortnightly rbST at
the dose rate of approximately 3.5 mg/kg.BW.
Exogenous treatment of rbST has been shown to improve growth performance
and alter carcass characteristics of animals. The effect of rbST on increasing live body weight
was found to be associated with increase feed intake, improved feed efficiency and to some
extent with increase in the digestibility of some nutrients in calves, lambs and growing
heifers (Mellado et al., 2012, Govoni et al., 2004, Eisemann et al., 1989). The rbST has also
shown a considerable shift in the partitioning of nutrients toward an increase in protein and
decrease in fat deposits (Fabry et al., 1991; Rumsey et al., 1996). Healey et al. (1996)
reported an increase in protein by 5% and decrease in fat by 36% in the carcass of calves
treated with rbST compared to those of untreated. The rbST induced growth performance has
shown to be mediated, at least in part, by elevating circulating hormonal levels of insulin and
IGF-I (Cook et al., 2013 and Holzer et al., 2000). The Kundhi buffaloes, Thari cattle and
Kamori goats are of the important breeds of buffaloes, cattle and goats in sindh which are
utilized for both milk and meat purposes. The effects of rbST on health and production of
these animals have not been evaluated yet. Therefore the present study was designed to
evaluate the effects of rbST on Kundhi buffalo calves, Thari cow calves and kids with
following objectives:

3

1) To assess and compare the effect of rbST on growth performance of Kundhi buffalo,
Thari cow and Kamori male calves/kids fed with fattening ration.
2) To assess and compare the effect of rbST on the nutrient utilization of rbST in Kundhi
buffalo, Thari cow and Kamori male calves/kids.
3) To determine and compare the energy level requirement of Kundhi buffalo, Thari cow
and Kamori goat male calves/kids best suited to rbST treatment.
4) To determine and compare the biochemical and hematological changes in Kundhi
buffalo, Thari cow and Kamori male calves/kids fed with fattening ration and
fattening ration with rbST treatment.
5) To study the carcass characteristics and meat quality at veal and beef stages of growth
in Kundhi buffalo, Thari cow and Kamori male calves/kids.
6) To evaluate the economic feasibility of rbST treatment in Kundhi buffalo, Thari cow
and Kamori male calves/kids.
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CHAPTER II
REVIEW OF LITERATURE
Evans and co-workers first demonstrated the presence of a substance in the
anterior pituitary that increased the growth rate of rats in 1920s. By the 1930's, subsequent
studies revealed that administration of a crude anterior pituitary extract which stimulated
lactation in laboratory animals and increased milk yield of lactating goats. Asimov and
Krouze (1937) conducted the first organized study involving over 500 dairy cows. They
found that administering crude pituitary extracts increased milk yield. During 1940s, further
research established as growth promoters to increase growth rates in beef industry with both
grain-fed (feedlot) and pasture-fed livestock (Hunter, 2010). Grain feeding livestock in
feedlots in combination with the use of HGP is considered an efficient way of producing beef
of consistent taste, tenderness and colour to suit customer demand. Pasture-fed animals may
be given HGP to ensure the high-value beef market specifications before pasture quality
decreases and the market access is lost. The hormone growth promotants are given to
livestock either as injection or implants or supplementation in the diet to improve daily
weight gain, feed conversion and carcass quality. The most extensively applied growth
promoters are anabolic implants (both androgenic and estrogenic), bovine somatotropin and
ionophores (Song and Choi, 2001).
The effect of bovine somatotropin on performance of animal has been the
subject of interest for over 50 years. Early research established that injection of crude
pituitary extract increased growth rate in rates. This extract was named somatotropin, a Greek
word meaning tissue growth. Somatotropin is a naturally occurring protein hormone
produced by the anterior pituitary gland, which is secreted into the circulation and plays an
important role in coordinating the metabolism of carbohydrates, protein, lipids and minerals
5

in mammals. There are also genetically-engineered somatotropins which have been approved
for use in swine (procine somatotropin) and ruminant (bovine and ovine) somatotropin in
different countries (Dikeman, 2007). These hormones are delivered to the animal in the form
of injection usually once to thrice a week.
There has been an increasing interest in use of rbST as a potential growth
stimulator. Administration of rbST increases growth rate, feed efficiency and carcass quality
in beef producing animals. The magnitude of response to rbST is variable and related to the
age and nutritional status of the animals. Literature regarding the influence of rbST on feedlot
performance, biochemical and hematological variables, carcass characteristics with meat
quality is being reviewed as under.
2.1

Daily feed intake and energy intake:
Small ruminants such as goat and sheep are important livestock for rural small

farmers in Pakistan. Despite genetic potential goat production is affected mostly by
inadequate nutrition and parasitic problems. To optimize the production of goat, emphasis on
their energy requirements and their response at varying levels of energy ration was essentially
needed. Increasing the energy level may allow the production of more fermentable ME for
rumen microorganisms resulting in a rise in the synthesis of microbial protein and in the
amount of protein available to animal, which may not only improve quality and quantity of
meat but also increases weight gain (Abbasi et al., 2012). Feed intake by Kamori goat kids
increased with decreased energy level ration (Abdel-Baset, 2009). They also found increased
feed intake with low energy diet as compared to other medium and high energy diet in lambs
(Shahjalal et al., 1992). In contrast to Syed (2009) findings, other researchers observed low
feed intake and FCR and increased live weight gain in kids fed with high energy ration
(Abbasi et al., 2012).
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Atta-ur-Rahman (2013) determined the influence of rbST on daily feed intake
(DFI) in the calves and observed that DFI significantly increased in rbST treated calves in
comparison to control calves. The highest average DFI was recorded in calves who received
rbST at the dose rate of 1 mg/kg.BW followed by those which received rbST at the dose rate
of 0.5 mg/kg.BW. The DFI increased linearly by increasing dose of rbST in treated calves
indicating that rbST exerts marked effect on nutrient intake by promoting appetite of animals.
Helal and Lasheen, (2008) and Moallem et al., (2000) also observed similarly in another
study performed on cattle calves. The increase in DFI in response to rbST treatment depends
on nutritional status of the animal. Administration of rbST to well fed animals causes an
increase in circulating IGF-I and IGFBP-3 and a decrease in IGFBP-2. Thus, when nutritional
status is excellent, rbST has indirect effects on the dry matter intake (DMI) via the IGF
system (Bauman, 1999). However, there are also some contradictory reports not supporting
the above findings regarding the effect of rbST on DMI in animals. Velayudhan et al., (2007)
and Schlegel et al., (2006) reported a reduced DMI in rbST treated cattle than in controls. In
dairy goats and ewes, dry matter intake did not differ significantly between control and rbST
treatment (Chadio et al., 2000 and Sallam et al., 2005).
The effect rbST on the partitioning and use of nutrients absorbed from
gastrointestinal tract depands upon the nutritional status of the animals. The rbST
administration has been shown to control voluntary feed intake indirectly via IGF system
(Bauman, 1999). IGF-I is a protein hormone which is primarily synthesized and secreted
from the liver cells (hepatocytes) which possess rbST receptors. The rbST binds with its
receptors on hepatic cells and caused the release of IGF-I (Gluckman et al., 1987; Chase et
al., 1998). Moreover, the effects of IGF-I involve a tightly regulated cascade of events known
as somatotropin axis. The binding of IGF-I to its target tissue is controlled by a specific IGF-I
binding proteins (McGuire et al., 1992) and rbST administration in animals increased IGF-I
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and IGFBP-3 concentrations in serum and the expression level of IGF-I mRNA in
hepatocytes (Vanderkooi et al., 1995).
In accordance with increased body weight gain, the feed intake was increased
in rbST treated buffalo calves compared to control calves (Atta-ur-Rahman, 2013). Boonsanit
et al., (2010); Chanchai et al., (2010) and Nascimento et al., (2003) also reported similarly in
cattle calves. Groenewegen et al., (1990) also noted increased feed consumption in rbST
treated calves. In both beef and dairy animals, supplementation with rbST has been shown to
affect feed intake. However, Chaiyabutr et al., (2007); Sallam et al., (2005) and Chadio et al.,
(2000) disagree with the above findings and observed no effects of rbST treatment on feed
intake in lactating buffaloes, sheep and goats respectively. Overall, both dairy and beef
animals in production stages supplemented with rbST appear to adjust their voluntary feed
intake in relation to the additional nutrients required for production.
The effect of rbST on yield, quality, contents and composition of meat has
been reviewed during varying seasons, lactations coupled with feed and energy intake. The
rbST treatment in heifers has been published by several workers. However, injection intervals
(usually daily doses of rbST), test period, animal weights, and diet have to be considered in
interpreting the results (Sejrsen et al., 1986; Kirchgessner et al., 1987; Sandles and Peel,
1987; McShane et al., 1989; Grings et al., 1990). Daily administration of rbST at doses
ranging from 25 to 600 pg/kg BW in young heifers weighing between 70 and 109 kg
increased ADG by 7.1 to 10.8 kg, whereas feed efficiency improved by 2 to 8% as compared
with control animals. Feed intake was noticed tobe increased by 2 to 6% in the studies
(Sejrsen et al., 1986; Kirchgessner et al., 1987; Sandles and Peel, 1987). In Holstein heifers
of 295 kg BW/daily injection of rbST increased ADG by 9.8 and 7.7% and improved feed
efficiency by 7.7 and 10.2% (Grings et al., 1989). Fabry et al., (1991) reported a 23.5%
increase in ADG and a 20.3% improvement in feed efficiency in finishing beef heifers
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receiving a daily dose of 50 pg of pituitary rbST. Consistent with these results, they observed
an increase in ADG when averaged over the entire test period in rbST-treated finishing beef
heifers. Feed tended was used more efficiently in treated animals, because energy
consumption per kilogram of gain was reduced in both treated groups, although less reduced
in the high dose group. Sanjrani et al. (2015) observed enhanced weight gain, transient
increase in body condition scores, and improved physical (colour, odour, flavor, juiciness,
and firmness) and chemical (moisture contents, dry matter, ash, organic matter and crude
protein) characteristics of meat in Thari calves treated with rbST compared to control.
2.2

Feed efficiency and Body weight gain:
Atta-ur-Rehman (2013) observed dose dependant effects of recombinant

bovine somatotropin (rbST) on feed efficacy and weight gain. Studies on crossbred beef
steers injected 33, 100 or 300 microgram/kg bw and 8.25, 16.5, 33 and 66 microgram /kg.BW
of rbST intramuscularly daily during two different experiments revealed significant increase
in feed efficiency and average daily gain, where as dry matter intake (DMI) decreased.
Increased average daily gain was observed at lower dose i.e. 16.5 ug/kg.BW and 33
ug/kg.BW. Higher doses resulted in increased feed efficacy but not ADG (Moseley et al.,
1992). On contarary, Mosely et al. (1992) observed non significant effect of rbST treatment
on ADG in crossbred beef steers when administered various doses of 40, 80 and 160
mg/kg.BW subcutaneously on weekly basis. They also observed that there was no interaction
between dietary protein and rbST levels. The rbST administration in finishing Simmental
beef heifers at two doses at 320 and 640 mg respectively at 2 week interval resulted in an
increase of ADG and reduced energy utilization for gain of 1 kg body weight. The feed and
energy intake however were not changed during their investigation (Schwarz et al., 1993).
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Studies on the effect of rbST treatment following feeding two levels of feed
intake i.e. ad libitum [AL] or 0.75 AL to growing beef cattle during age of a year and 2 years
resulted in significant increase in ADG and feed efficiency. Animals feed AL showed 39%
greater ADG than that in 0.75AL (Rausch et al., 2002). Dietary energy and Protein intake
during two to fourteen weeks of age had profound effect on growth rate of heifers. It has been
reported that certain growth parameters such as live body weight, height of withers, and feed
efficiency of rbST treated calves increased by increasing energy and protein intake from 2 to
14 weeks of age than those of untreated calves. Whereas the body fat increased in calves
which were fed the high energy diet from 8 to 14 weeks (Brown et al., 2005). On the other
hand, the protein rich diet fed to calves having age less than one week showed linear increase
in ADG, body length, heart girth, and protein gain and decreased fat gain (Bartlett et al.,
2006). Studies conducted to determine the effect of daily treatment of rbST (15mg/d) to Prepubertal Friesian heifer calves for 5 weeks revealed highly significant increase in metabolic
energy (ME) intake, digestible CP intake and ADG in calves kept at the high feeding level.
Whereas at low feeding level

rbST treatment did not affected DMI, ME and Protein, but

increased ADG by 18% as compared to control (Vestegaard et al.,2003). Suggesting a
possible role of IGF receptor abundance in muscle and emphasized for further research in this
regard.
The previous studies on rbST alone and in combination with estrogenic
growth promoter Synovex (rbST + Syn) on Holestein Friesian bull calves revealed that the
ADG and feed gain ratio increased by 9% and 10% by rbST treatment alone and rbST plus
Syn respectively. In singular Syn treatment carried out by Holzer et al. (1999) did not show
any significant effect on ADG and feed gain ratio. In another study Holzer et al. (2000)
analyzed the effects of rbST treatment on live weight gain, growth performance and fat
deposition in Holstein Friesian bull calves. Bull calves were administered two levels of rbST
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fortnightly, and fed with low and high metabolizable energy (ME) diets. The results of their
experiments indicated that rbST effected weight gain in Bull calves under age of 240 days
when feed high metabolic energy, however, the rbST treatment did not show any effect on
the animals fed the diets with low metabolizable energy. They also found an inverse
relationship between DM intake and energy levels in diet in calves treated with rbST. The
rbST treatment showed higher DM intake in calves fed low energy level diet and vice versa.
Although no dose-response could be observed in terms of energy consumption per kilogram
of gain, yet dose positively affected fat and lean percentage in the carcass as well as kidney
fat. The administration of rbST up to a dose of 300 pg.kg.BW improved chemical
composition of carcass in finishing beef steers (Moseley et al., 1992). Furthermore, backfat
thickness was reduced in a linear manner with increasing dose of rbST (Moseley et al., 1992).
Therefore, a biological plateau might could not be attained in reducing carcass fat.
Increased protein synthesis and decreased leucine oxidation associated with
lower plasma urea nitrogen were observed in bST-treated beef steers (Eisemann et al., 1989).
Classification of the carcass based on the EEC classification grid indicated a reduction of fat,
whereas conformation was not changed by rbST treatment. Hindquarter percentage although
slightly, but significantly, increased in the high dose group. Early et al., (1990b) reported no
effects of rbST on weights and growth of individual muscles from the hindquarter. This
indicates that rbST modifies the composition of cuts but not the relative weight of cuts within
the carcass. Furthermore, dressing percentage was little affected or no changes in the
proportion of carcass to non carcass components. In young heifers, increases in dressing
percentage were absent or slight (Sejrsen et al., 1986; Kirchgessner et al., 1987; Sandles and
Peel, 1987). In contrast, a reduction of 2 to 3% in dressing percentage was reported for
heavier heifers and steers (Wagner et al., 1988). Treatment effects on beef cattle of three
different age groups i.e. 200, 250 and 300 days with the rbST until 400 days of age indicated
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induced growth response was greater in animals which began to receive bST administration
at 300 d of age than those received for a shorter period (100 d). ADG and efficiency of gain
in beef cattle increased to 26.4% compared to control (Velauyudhan et al., 2007).
Effect of rbST treatment on average daily gain (ADG) of buffalo calves fed
fattening ration during study period was examined (Atta-ur-Rahman, 2013). The ADG in
calves was highest in group C (0.78 ± 0.04 kg) followed by group B (0.64 ± 0.00 kg) and
control group (0.47 ± 0.00 kg). The difference in ADG was also significant in calves of group
B and C receiving different doses of rbST. The above findings are in accordance with those
reported by Gebre et al., (2012); Mellado et al., (2012); Nour El-Din et al., (2009);
Velauyudhan et al., (2007); Schlegel et al., (2006) and Rausch et al., (2002). The results
reported by Song and Choi (2001); Radcliff et al., (2000) and Hozler et al., (1999) have
further confirmed the above findings that ADG significantly increased by rbST treatment in
calves. However, rbST-induced increases in average daily gain are variable in crossbred beef
steers, ranging from 0 to 45 (Dalke et al., 1992) as compared to controls. Previous research
has shown a 3.5 to 28 increase in ADG of feedlot steers (Rumsey et al., 1996; Preston et al.,
1995 and Early et al., 1990), bull calves (Holzer et al., 1999) and growing lambs
(McLaughlin et al., 1991and Beermann et al., 1990) with rbST administration. The similar
effect of rbST on ADG was also observed in the present study and the increase percentage in
ADG was 39.74 in calves of group C and 31.35 in group B as compared to group A (19.15)
respectively. The increased growth rate in the form of increased ADG in rbST treated calves
may be indirectly stimulated by IGF-I system.
The somatotropic-pituatary axis is active at birth (Granz et al., 1997) and the
growth promotant effects of rbST administration are evident as early as one day old calves
(Govoni et al., 2004). This suggests that the effects of rbST are variable and age dependent in
the animals. Rumsey et al., 1996 and Radcliffe et al., 1997 reported a significant increase in
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rbST-induced ADG in lighter and younger cattle than heavy and older ones. Therefore, rbST
may only be effective when the animals are young and the optimal nutrition is available, and
thus formulation of diets relative to the physiological state of the animal is essential to
maximize the rbST induced increase in ADG. Feed conversion ratio (FCR) was better in the
calves which received rbST at the dose rate of 1 mg/kg.BW followed by those those received
0.5 mg/kg.BW (Attaur Rahman, 2013). Thus, it appears that rbST produces dose dependent
effect on FCR in calves. Gebre et al., (2012); Mellado et al., (2012); Nour EI-Din et al.,
(2009); Velauyudhan et al., (2007); Schlegel et al., (2006) and Rausch et al., (2002) reported
that weight gain and feed conversion ratio were significantly superior in rbST treated calves
as compared to control calves. Govoni et al.,(2004); Song and Choi (2001) and Hozler et al.,
(1999) also reported that feed efficiency was considerably effective in calves treated with
rbST as compared to those given no rbST treatment.
The effects of various growth promotants including rbST on growth
performance, meat quality, nutrient intake and digestibility in different animals have been
extensively studied reviewed by researchers. Gebre et al., (2012) investigated the effects of
various metabolic modifiers including somatotropin on quantity and quality of meat and their
contribution in sustaining food security and improving quality of life. The results revealed
that the use of metabolic modifiers improved meat production and enhanced meat quality.
Among the various metabolic modifiers used, rbST treatment enhanced the rate of gain, the
feed utilization efficiency, carcass percentage, shelf-life of meat and improved palatability of
meat. Song and Choi (2001) studied the effect of various growth promoters including rbST in
beef cattle. Administration of bovine somatotropin improved ADG and feed gain ratio and
decreased fat deposition. Dikeman (2007) reported positive effects of somatotropin on growth
rate and carcass leanness in pig.
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Exogenous rbST supplementation improved muscle growth performance. The
assessment of growth parameters and the histomateric analysis of semitendinosus muscle of
rbST treated heifers showed that rbST treatment induced muscular hypertrophy and thereby
increased the weight gain of the animal (Carani et al., 2006). As far as non-carcass
components are concerned, higher weights of liver, kidney, and pituitary in treated animals
are in agreement with previous studies (Sandles and Peel, 1987 and Moseley et al., 1992).
The application of rbST to reduce the fat content in the carcass raises the question of possible
effects on fat within muscles. In their trial, intramuscular fat content as well as marbling
scores of longissimus muscle were reduced in a dose-dependent manner. Taking into
consideration that some fat within the muscle is desirable, the high dose of rbST might have
caused a reduction of fat content below a desirable level.
The growth performance of an animal requires efficient digestion of feed in
the gastro-intestinal tract, enhanced absorption of digested nutrient from gastrointestinal tract
wall and the efficient peripheral flow of nutrient for suitable utilization. The primary
mechanism by which rbST affects growth rate of animals is alteration and partitioning of
nutrients in the body (Cooker et al., 1990). It has been suggested that rbST treatment
improved growth performance by enhancing the nutrient digestibilities in gastrointestinal
tract (GIT) of young animals at the initial stage and at the later stage of experiment the
improvement in growth performance might be due to increased feed intake (Mellado et al.,
2012). The feed intake capacity may be limited in young animals because of less developed
GIT which gradually increases with the passage of time as the animal grows older. Many
studies have shown no effect of rbST treatment on nutrient digestibility in mature or lactating
cows (Znidar et al., 1976; Eisemann et al., 1989), however, the literature about effects of
rbST on nutrient digestibility in young animals is scanty. One of the studies by Moseley et
al., (1982) has shown effect on nutrient digestibility to smaller extent in growing cattle.
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Administration of rbST at the dose rate of 25 mg/day for six weeks at 60 days
postpartum in cows fixed with rumen fistula showed an increase in feed efficiency by 3.5%
while dry matter intake, ruminal percentages of crude protein (CP), alpha-amino-N, short
chain fatty acids (SCFA), pH, apparent digestibility of nutrients and cellulolytic bacteria (%)
were not affected (Windsryg et al., 1991). Similarly, the treatment of lactating cows with
rbST for 90 days showed reduced dry matter intake but increased feed conversion ratio and
change was observed in nutrient utilization (Santos et al., 1999). Long term administration of
rbST for 168 days at the dose rate of 640 mg on alternate fornight showed no alteration in
apparent digestibilities of DM, CP, crude fibers (CF), nitrogen-free extract (NFE) and energy
(Schwab and Kirchgessner, 1990). The literature cited above regarding the rbST treatment in
lactating animals showed no or little response of rbST on nutrient digestibilities and it could
be suggested that the extra nutrient for increased milk production come from mobilization of
body tissues (Phillips, 1996). These data also demonstrate that the effect of rbST on nutrient
digestibility can be altered by metabolic stress on animal body.
Endocrine and Metabolic Responses
Concentrations of growth hormone were slightly elevated in treated groups
and declined toward the end of treatment, possibly indicating a slow release from the
injection site and an adjusted clearance rate after application of exogenous rbST. Peak values
in the controls may be explained by the pulsatile secretion pattern of ST observed in growing
cattle or dairy cows (Schams et al., 1991). Stimulation of IGF-I secretion, presumably in the
liver, is shown clearly because plasma IGF-I concen- trations were significantly increased
and remained constantly higher between two injections (7 d after injections). A comparable
clear increase of IGF-I concentrations was observed in two breeds of dairy cows after
treatment with a slowly released preparation of rbST (Schams et al., 1991). A positive energy
balance, as shown in the present trial by growth and carcass data, enhances the
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responsiveness of the liver to ST and, the IGF-I secretion in the liver (Elsasser et al., 1989).
Elevated plasma IGF-I concentrations are assumed to be related to enhanced protein accretion
and to our findings of improved muscle percentage at the expense of fat in the carcass.
Douglas et al., (1991) observed reduced protein loss in lambs after adminis- tration of human
recombinant IGF-I. The physiologi- cal explanation may be an improved protein synthesis
and inhibition of protein breakdown documented for L6 myoblasts (Ballard et al., 1986).
Furthermore, enhanced IGF-I concentrations might have caused enhanced protein accretion
after application of ST in other studies (Pel1, 1987 and Eisemann et al., 1989).
Exogenous rbST is expected to affect adipose tissue directly. Lipogenesis was
inhibited in ovine adipose tissue (Sinnett-Smith and Wooliams, 1987). Moreover, bovine
somatotropin had lipolytic activity as an intrinsic property of the molecule, which might be
activated after modification of the molecule (Hart et al., 1984). Increased free fatty acid
(FFA) concentrations have been reported after daily bST treatment of heifers (Eisemann et
al., 1986; McShane et al., 1989) and dairy cows (Schams et al., 1991). Increasing FFA
concentrations over time in the controls may be explained by high body content of fat and the
turnover of fat tissue led to higher FFA concentrations in the plasma. In terms of adipose
tissue, high concentrations of insulin should have favored lipogenesis rather than lipolysis.
Insulin is believed to promote lipid deposition by increasing adipocyte membrane
permeability and stimulating adipose lipoprotein lipase in ruminants as well as stimulating
lipogenesis in bovine adipose tissue (Prior and Smith, 1982). In fact, the overall effect of
rbST treatment is to reduce fat accretion. This situation is characterized by high levels of
insulin and reduced insulin sensitivity of adipose tissue. In rbST-treated growing heifers,
plasma insulin concentration elevated and was associated with reduced lipid deposition
(Eisemann et al., 1986 and McShane et al., 1989). Etherton et al. (1987) speculated that rbST
in pigs blocks insulin action within the intracellular enzyme cascade after binding of insulin
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to its receptor. This kind of insulin insensitivity may cause enhanced insulin concentrations.
Furthermore, rbST may elicit insulin secretion. In contrast, De Boer et al. (1991) reported
increased glucagon concentrations in dairy cows that received daily injections of rbST. A
contradictory study of De Boer and Kennelly (1989) revealed no changes in glucagon
concentrations during rbST treatment. Glucagon is expected to be an energy-mobilizing
hormone. It stimulates gluconeogenesis and augments the hepatic extraction of amino acids
and induced lipolysis (Brockman and Bergman, 1975). A lipolytic effect of glucagon remains
questionable because FFA and glucagon were negatively correlated (Bassett, 1989).
Supplemental energy resulted in significantly lower concentrations of glucagon and growth
hormone (Ostaszewski et al., 1990). They concluded from the decreasing glucagon
concentrations that energy balance was improving in all animals during the trials. Little effect
on blood glucose concentrations can be explained by an impaired clearance of glucose and/or
an increase in hepatic glucose output (Gopinath and Etherton, 1989).
The rbST treatment increased body weight of calves compared to non-treated
calves (Sanjrani et al., 2015). Similar findings werec reported by Nour EI-Din et al., (2009);
Velauyudhan et al., (2007); Govoni et al., (2004); Radcliff et al., (2000) and Preston et al.,
(1995), who during their experiments on lambs and calves observed increased weight in rbST
treated animals as compared to that of control. Hubar et al., (1997); Schwarz et al., (1993)
and Moseley et al., (1992) reported that growth hormone increased BW gain by 37 % in
lactating cows, 10 %, 8 % and 15 % in finishing beef steers spectively. Ovine growth
hormone was found to increase BW gain in lambs by 19% (Beermann et al., 1990). Bilal et
al., (2006) reported that the buffalo calves have capacity to grow faster than cow calves and
the growth rate of buffalo calves can further be accentuated by the use of some suitable
growth promoters. The increased body weight in rbST treated calves showed possible
association with greater concentrations of somatotropin, 1GF-1 and 1GFBP-3 and decreased
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concentrations of 1GFBP-2. However, Srinivasa-Rao and Rangandham, (2000) found that
body weight was not affected by rbST administration in buffaloes, while Moallem et al.,
(2000) even observed a decrease in body weight in dairy cows despite an increased DMI. The
previous literature presents a lot of variation on growth performance under the influence of
rbST which may be due to the differences in species, breed, sex, age, type of animal,
nutritional status, stage of production and environmental condition in which the experiments
have been conducted. The variations in effect of rbST on body weight also suggest that its
effects depend on metabolic status of animals.
2.3

Complete Blood Count (CBC)
The effects of rbST treatment on blood parameters of large and small

ruminants have been studied by various researchers. Primiparous and multiparous HolsteinFriesian cows were treated with two different levels of rbST (250 and 500 mg) fortnightly for
five months. No changes were observed in the erythrogram, however, a non-significant
leucocytosis was observed associated with neutrophilia and lymphocytosis (Abdelrehman et
al., 2010, Sallam et al., 2005 and Eppard et al., 1997). Hoeban et al. (1999) also reported no
change in leukogrammes of rbST treated cows. Burton et al., (1992) attributed the increase in
total leukocytes and lymphocytes as positive response of immune system of cow to rbST
treatment. Khaliq and Rehman, (2010) reported a significant decrease in erythrocyte
sedimentation rate (ESR) and neutrophils whereas a significant increase in lymphocytes in
rbST treated buffaloes as compared to control. Their studies however, showed no variation in
packed cell volume, basophils, monocytes, and eosinophils counts between treated and
control buffaloes.
The somatotropin (rbST) treatment showed time-dependent and dosedependent effect on RBCs counts in the blood of buffalo calves. The RBC count was
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significantly increased in rbST treated calves as compared to control. The increase in RBC
count was observed from fifth week of the treatment (i.e, after 3rd rbST injection). Moreover,
the increase in RBC concentration was higher in calves which received rbST at dose rate of
1.0 mg/kg.BW than those which received rbST at dose rate of 0.5 mg/kg.BW (Aneela, 2013).
The rbST treatment produced no significant effect on RBC count in primparious as well as in
multiparous lactating cows (Azza et al., 2010) and buffaloes (Khaliq and Rehman, 2010).
Nour El-Din et al., (2009) did not obsrve any change in RBC count in lambs injected with
biweekly rbST at the dose rate of approximately 3.50 mg/kg.BW. The discrepancies in the
effect of rbST treatment on RBC count suggest that effect of rbST depend on species,
physiological status of animal, dose and duration of the treatment. Anila, (2013) also found
Concurrently with increase in RBC count, an elevation in hemoglobin concentration in the
blood of buffalo calves. Hemoglobin concentration calculated as (g/dl) of whole blood or
mean corpuscular hemoglobin concentration (MCHC, %) which increased in rbST treated
calves as compared to that of control.
Burton et al. (1992) administered two doses of rbST i.e. 20.6 mg/d and 10.3
mg/d in dairy cows and observed 5.8% decrease in hematocrit for the cows which received
rbST at the dose rate of 20.6 mg/d as compared to control. Further comparison between two
rbST doses revealed that the cows which received higher dose of rbST had 4.9% decreased in
hematocrit. The mean corpuscular volume (MCV) and mean corpuscular hemoglobin (MCH)
however, increased by 13% and 6.8% in cows which received lower dose of rbST as
compared with control. The higher dose of rbST to cows showed 3% decrease in MCH as
compared to those which received lower doses (Burton et al., 1992). Administration of large
doses of rbST in pregnant cattle also resulted in decrease in RBC counts and hematocrits
(Vicini et al., 1990). Administration of rbST produced no significant effect on absolute
values of white blood cell types. The lymphocyte and eosinophil proportions in rbST treated
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dairy cattle decreased by 21.3% and 33%, respectively (Burton et al., 1992). Vicini et al.
(1990) also observed decrease in eosinophils fractions in pregnant cattle treated with larger
doses of rbST. Annexstad et al. (1990) and McGuffey et al. (1990) on the other hand
observed no effects of rbST on lymphocytes or eosinophils. The rbST treatment also showed
dose- and time-dependant effects on lymphocyte fraction. Dairy cows treated with rbST at the
dose rate of 20.6 mg/d showed decreases in lymphocyte fraction by 32.7% and 33.3% at
week 26 and 35, respectively, as compared to control. (Burton et al., 1992) observed that the
dairy cows treated with rbST at the dose rate of 10.3 mg/d showed decreases in lymphocyte
fraction by 16.8% at week 35 compared to control. The neutrophil fraction in cows treated
with rbST at the dose rate of 20.6 mg/d increased by 27.4% and 29.8% at week 26 and 35 and
the dose of 10.3 mg/d showed no influence on neutrophil fraction (Burton et al., 1992).
The rbST treatment has been shown to increase body weight (Gavidia et al.,
2001) and the stimulation of erythropoiesis during growth is necessary to ensure the
proportionality between erythrocyte mass and body (Kurtz et al., 1988). The rbST treatment
in buffalo calves did not produce any effect on RBC concentration for first two weeks but a
significant increase in RBC was observed from 3rd through 11th week of experimental trials
(Anila, 2013). The temporal effects of rbST were explained by author with following reasons.
Firstly, the rbST-induced growth might reached at its maximum in two weeks and the rapid
increase in cell mass might not receive proper oxygen (tissue hypoxia) which might stimulate
the release of erythropoietin and ultimately result in RBC production (Erythropoiesis).
Secondly, the rbST might have direct effect on hemopoietic stem cells. Thirdly, the rbSTinduced erythropoiesis might be mediated by insulin-like growth factor (IGF-I) concentration
which increased in rbST treated animals (Burton, 1991) and IGF-I has been shown to
stimulate erythropoiesis either directly or through release of erythropoietin (Kurtz et al.,
1988). The dose dependent effect of rbST treatment had already been established on growth
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(Moseley et al., 1992) and serum IGF-I concentration (Crooker et al., 1990) in animals. If the
production of RBC is stimulated due to either increased cell mass or serum IGF-I
concentration, or both then the dose dependent increase in RBC concentration after rbST
treatment could be expected.
The administration of rbST also produced significant effects of leucocytosis.
Differential leucocytes count (DLC) showed an increase in white blood cells (WBC)
accompanied with an increase in neutrophils in rbST treated calves as compared to nontreated calves (Anila, 2013). Similarly, the rbST treatment caused leucocytosis to be
associated with neutrophilia in lactating cows (Burton et al., 1992 and Azza et al., 2010).
Chaiyabutr et al., (2011) showed an increase in WBC cells count which was associated with
an increase in granulocyte concentration in lactating cows that received biweekly
subcutaneous injection of rbST. White blood cell countsalso increased with an increased
number of lymphocytes in rats which received subcutaneous rbST injections daily for 13
weeks and the blood samples were drawn two weeks after final dosage (Richard, 1990).
There are also contradictory reports on effects of rbST on WBC. Some researchers have
shown no effect on WBC in dairy cows (Azza et al., 2010) while others have shown
significant decrease in proportions of neutrophil and increase in lymphocyte cells proportion
in adult Nilli-Ravi buffaloes (Khaliq and Rahman, 2010). The variable effects of rbST on
WBC concentration in blood suggest that the effects of rbST vary with species, age, and
physiological status of animals, experimental conditions, dose and duration of treatment.
The rbST has also been shown to influence blood platelets concentration of
animals. An increasing trend in platelet cell count has been observed in lactating cows treated
with rbST (Burton et al., 1992 and Chiyabutr et al., 2011). Khaliq and Rahman (2010)
observed decreased ESR in rbST treated lactating buffaloes and suggested that the decrease
in ESR might be due to decreased RBC and Hb concentration. Reports on rbST effects on
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PCV are variable; some studies have shown on effect on PCV of lactating buffaloes (Khaliq
and ahman, 2010 and Azza et al., 2010) and other have shown decrease in PCV (Burton et
al., 1992; Chaiyabutr et al., 2011) in lactating cows.
Hawagane et al. (2009) observed no significant changes on haematological
parameters among groups of lactating buffaloes treated with rbST as compared to control.
During early stage of lactation, the mean haemoglobin concentration was 9.08±0.32 g%
which showed tendency to be lowered as compared to recorded means in other groups of
lactating buffaloes (Tambare, 2005). Similarly, Flores et al. (2007) found non significant
variation in haematocrit values during late gestation and early lactation. The mean value of
total leucocyte count (TLC) in dry pregnant group of buffaloes was 10.05 ± 0.89 × 10 3 /cm
which showed slightly higher trend than the normal healthy control group. Deshpande et al.
(1987) showed similar trend of increase in TLC values in cattle.
The growth promotant effects of rbST alone or in combination with other
promotants have also been studied. The administration of rbST and synovex alone or in
combination in cattle showed with no effect on growth performance. However, the treatment
of cattle with rbST alone gained higher and showed an improvement in growth performance
(Holzer et al., 1999). They suggested that the use of rbST alone as growth promoter was
efficient to stimulate growth in cattle, as it produced neither synergetic nor antagonistic
effects. Contradictory to the reports by Holzer et al. (1999), the other researchers observed
synergetic effects of rbST along with synovex administered in steers (Preston et al., 1995;
Rumsey et al., 1996).
The growth responses of male animals to rbST depend upon their
physiological status (intact male versus castrated) and nutritional status (well fed versus
underfed). The exogenous administration of procine somatotropin (ST) in boars and castrated
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pigs fed low nutritious diet showed reduced growth performance as compared to those fed
high nutrious diets. Moreover, the growth effects of rbST were much more pronounced in
intact pigs than those of castrated pigs. Lobley (1992) on the other hand, demonstrated no
growth response of rbST treatment in bull calves fed diet containing maintenance level of
proteins. However, the increased the dietary protein level above the maintaenance level,
coupled with rbST treatment resulted in increased growth performance of calves, which
suggested that the growth effects of rbST were dependent on the protein level in diet fed to
animals. The fat deposition in animal treated with growth hormone was inversely related with
the protein content in the diet. The study further revealed that Peters (1986) observed a
decrease fat accretion in GH administered animals fed high protein level diet than those fed
low protein level diet. They suggested that the effects of GH treatment in animals may vary
with the plane of nutrition fed to the animals. The rbST has been shown to induce growth
effects both directly and indirectly through the stimulation of IGF-I system and thus upon the
nutritional management of the animals. Breier et al., (1988 a, b) observed that the GH
injected in well fed steers increased plasma IGF-I concentration and affinity of hepatocytes
GH receptors and improved growth performance than the steers which were fed maintenance
diets. They concluded that nutrional management is one of the important strategies to achieve
maximum effects of GH treatment in animals. They recommended metabolizable energy
intake at the rate of > 100 MJ/d to be fed to the animals to be treated with GH to maximize its
effects.

The effects of rbST are influenced by stressfull conditions or illness such as
mastitis (Bauman et al., 1992). The rbST treatment has been shown to influence the somatic
cell count (SCC) in milk. The use of rbST in dairy cows has a negative effect on the
mammary gland health, causing an increase in SCC (Oldenbroek et al., 1993, McBride et al.,
1994). However, Craven (1991) and White et al. (1994) suggested that the greater incidence
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of mastitis or increased SCC in milk in rbST treated animals might be associated with the
higher milk yield. On the other hand, Nytes et al. (1990) and Gibson et al. (1992) did not
notice any effect of rbST treatment on the incidence of mastitis. Thomas et al. (1991) also
observed a negative linear correlation between SCC and rbST response in a 12- week period
study and reported a decrease of 0.515 kg of 3.5% fat corrected milk (FCM) for each log10
SCC obtained prior to the beginning of treatments. It is well known that growth hormone
stimulates mammary epithelial cells proliferation (Knight et al., 1990; Forsyth 1996), through
IGF-I (Dehoff et al., 1988), synthesized in the liver (Sharma et al., 1994). This adverse effect
of mastitis on rbST response is in agreement with Capuco et al. (2001), who demonstrated
that rbST and mastitis have antagonistic effects on mammary cell proliferation. Whereas
rbST enhances persistency by increasing cell proliferation or reducing rates of cell death,
instead of increasing cellular secretory rate. Bauman (1992) postulated that animals under
stressful conditions or presenting some illness, as mastitis, have poor responses to rbST
treatment.

2.4

Biochemical parameters
Blood biochemical and haemotological parameters are important in animals as

they indicate the health and metabolic status of body. The effects of rbST administration on
blood biochemical variables including serum protein, glucose, total lipids, sodium, potassium
and calcium are reviewed and referred. The rbST treatment of lactating dairy animals may
have been associated with changes in the metabolic process thereby increasing milk
production. Studies conducted to determine effect of rbST treatment on biochemical
parameters of Egyptian Dairy Buffaloes from 14 days before parturition until first 120 days
of lactation showed significant increase in plasma protein and glucose concentrations
whereas no change was noticed in plasma albumin, albumin/globulin ratio, urea, Glutamine
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Oxalate transaminase (GOT), Glutamine Pyruvate trasaminase (GPT) and cholesterol content
between treated and control buffaloes (Helal and Lasheen, 2008).
The role of rbST has also been visualized in the regulation of hematopoiesis in
mature cows (Burton et al., 1994). Exogenous rbST supplementation has been shown to exert
significant effect on biochemical parameters. The subcutaneous injection of rbST (500
mg/animal, fortnightly resulted in the decrease fat deposition and an increase in the
concentrations of IGF-I, insulin, glucose and non-esterified fatty acids (NEFA) in lactating
cows (Armstrong et al., 2002). Nour-El-Din et al. (2009) and McLaughkin et al. (1991)
reported an increase the serum glucose and total protein concentrations and decrease in the
serum total lipid concentration in rbST treated lambs than that of control. The rbST treatment
has been shown to stimulate glucose metabolism in cows (Gulay et al., 2004), which may be
due to decreased peripheral oxidation of glucose and enhanced rates of gluconeogensis in the
liver (Cohick et al., 1989, Bauman et al., 1993). The increase in serum total proteins in rbST
treated goats may be due to higher in protein synthesis rate to cope with increasing growth
rate of animals as rbST has been shown to increase N retention and carcass protein content in
cattle (Wagner et al., 1988; Moseley et al., 1990). Similarly, the reduction in serum total lipid
in rbST treated goats may be due to decreased fat absorption as noticed due to decreased
carcass fat content in the cattle (Wagner et al., 1988; Moseley et al., 1990).
Moreover, rbST has been shown to exert dose-dependent effects on
biochemical parameters in animals. The dose effect of rbST on hemato-biochemical
charecteristics was evaluated in lactating goats (Sallam et al., 2003) and lactating sheep
(Sallam et al., 2005a). They also evaluated growth performance of their young ones which
suckled their dams. Goats and sheep in their third to fourth lactation season and at 30-40 days
postpartum received rbST at the dose rate of 50 and 100 mg/animal/biweekly. Body weight
and dry matter intake of animals were not affected by rbST treatment. While, average daily
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gain (ADG) of lambs and kids that were suckling rbST treated dams increased in a dosedependent manner. Biochemical parameters such as plasma protein, glucose and total lipids
were not affected in lambs that received low dose but increased significantly in lambs which
received high dose (Nour-El-Din et al., 2009). Administration of rbST in dams caused
reduction in urea, creatinine, total bilirubin and cholesterol concentration in their suckling
young ones. Administration of rbST at the dose rate of 250 and 500 mg /animal respectively
showed non-significant variation in activity of AST, ALT and creatinine in both primiparous
and multiparous cows. Total protein, albumin/globulin ratio, total lipid, triglycerides and total
cholesterol also remained unaltered in both primiparous and multiparous cows treated with
rbST (Azza et al., 2010).
Phosphorus, Urea and calcium level on the other hand showed significant
decrease in cows that received rbST (Abdelrehaman et al., 2010). Shen et al. (1996) On
contaray, reported an increase in total protein and calcium concentration of serum following
administration slow releasing-rbST (SR-rbST) at varying doses. The serum creatinine levels
decreased by administration of SR-rbST at the doses of 0.03 mg/kg, 0.06mg/kg and 0.09
mg/kg body weight every 14 days which also caused reduction in cholesterol levels by
17.3%, 36.9% and 22.8% respectively.
Nutritionly, the nitrogenous components of meat are the important. Proteins
are polypeptides or combinations of amino acids, linked together into chains by the reaction
of amino and carboxyl groups of adjoining amino acids by means of peptide linkages
(Pearson and Gillett, 1999). However, the hip was significantly different (P<0.05), from other
cuts, showing a higher mean of (62.27%) crude protein. The sirloin, flank and the brisket
were also significantly different (P < 0.05), showing the mean of 58.47, 58.54 and 55.05%
respectively. Other cuts were not significantly different (P> 0.05), it was established that the
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hip, flank and sirloin were relatively higher in crude protein as compared to other cuts
(Anganga., et al 2003). The administration of exogenous rbST has shown variable response
on serum protein concentrations. During early stage of lactation in cows and buffaloes, the
serum total protein values were slightly elevated than the control (Hawagane et al., 2009,
Azza et al., 2010). Higher serum total protein concentration might have been associated with
infectious processes i.e. mastitis, metritis and may have been improved because of dietary
intake of concentrates. Total protein contents usually used as an appraisal of nutritive status
of an animal reflecting food intake and metabolism. This increase in total protein
concentration following parturition might be attributed to the haemo-concentration and water
losses which might have occurred following parturition. Kulkarni et al., (1983) recorded
lowered concentration of total proteins in rbST treated dairy cattle but observed no change in
milk protein concentration, although, the milk production and milk fat concentration
increased. Hozler (1999), who during his experiment also noticed decrease in plasma
essential and non essential amino acids concentration in calves treated with rbST. Guillermo
et al., (1990) reported decreased concentration of plasma protein and albumin in rbST treated
dairy cows. The suitable explanation behind the decrease in protein concentration may be an
excessive break down of proteins by mammary glands during lactation to maintain
galctopoises. Whereas in studies on young animals like lambs and heifers, the rbST treatment
resulted in an increase in serum protein concentrations (Nour EI-Din et al., 2009, Hela1 and
Lasheen, 2008) The increase in protein level found during treatment period is due to the fact
that rbST greatly reduced the protein degradation in the body and maximized the absorption
of amino acids from the gastrointestinal tract. The increase in serum total protein by a shortterm rbST treatment occurs due to reduction in oxidation of amino acids and increased
mobilization of labile protein reserves, whereas in long-term studies increase in voluntary
feed intake also contributes towards more plasma protein. The short-term rbST treatment has
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been shown to decrease oxidation of amino acids, as rbST caused a concomitant increase in
oxidation of none esterified fatty acids (NEFA) in growing heifers. The net effect is a
decrease in serum total protein and an increase in whole body protein-synthesis and a
decrease in lipid accretion, consistent with the production-effects of exogenous rbST in
growing animals (Bauman, 1999). Chaiyabutr et al., (2011); Mishra and Shukla (2004) and
Early et al., (1990), however, reported that plasma protein was not affected by supplemental
rbST in cows.
The blood glucose level is regarded as one of the indicators of energy status in
ruminants (Nale, 2003). The blood glucose was significantly higher in dry buffaloes
(52.72±4.22 mg/dl) than the early and late lactating buffaloes (48.23±3.44 mg/dl). The
lowered means of blood glucose concentrations (37.54±3.44 mg/dl) in early stage of lactation
were due to large amount of blood glucose withdrawal by the mammary gland for the
synthesis of milk lactose (Schultz, 1974). The hypoglycemia after parturition was attributed
due to heavy drain of glucose for lactose synthesis (Nale, 2003). The findings of Azza et al.,
(2010); Helal and Lasheen, (2008); Enright et al., (1990) and Guillermo et al., (1990) were
also in similarity who observed increased plasma glucose in calves treated with rbST. The
results

reported

by

Nour

EI-Din

et

al.,

(2009)

and

Davis

et

al.,

(1999)

have further confirmed the findings of increased serum glucose level in rbST treated
Rahmani male lambs and Angora does respectively. The overall diabetogenic effect of rbST
in general, may be due to that rbST greatly increases liver gluconeogenesis as well as
peripheral resistance to insulin. First, rbST inhibits the uptake of glucose by peripheral tissues
(e.g., adipose) and reduces whole body glucose oxidation to carbon dioxide. The overall
effect of these changes is that utilization of glucose by peripheral tissues is greatly reduced,
thus increasing glucose concentration in blood. Second, rbST treatment appears to increase
gluconeogenic rates in liver, thereby directly increasing the supply of glucose via de novo
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synthesis. The findings of Chaiyabutr et al., (2011); Mishra and Shukla (2004) and Early et
al., (1990) was in contrast to above observations, who reported that plasma glucose level was
not different between rbST treated steers and controls. The similitude in plasma glucose
levels between rbST-treated and the control calves is probably due to an adjustment to a new
set point in maintenance of glucose homeostasis, because of effects of rbST on tissue
metabolism of carbohydrates.
Azza et al., (2010) found an apparent increase in serum total lipids level in
multiparous cows receiving 250 mg and 500 mg rbST. Aharoni et al., (1995) also observed
significant increase in polyunsaturated fatty acids in Holstein Friesian bull calves treated with
rbST. Soderholm et al., (1988) in his experiment on Holstein cows reported that plasma fatty
acids were elevated in rbST treated cows. Guillermo et al., (1990) and Armstrong et al.,
(2002) also demonstrated that non esterified fatty acids (NEF A) were greatly increased by
rbST treatment. The increase in total lipids level is due to that rbST greatly exhibits lipolytic
activity in adipose tissue resulting more and more free fatty acids appear in circulation for
providing energy. However, the observations are not matching with the findings of
Chaiyabutr et al., (2011); Mishra and Shukla (2004) and Early et al., (1990) who reported
that plasma total lipids were not affected by rbST treatment in cows and buffaloes. Adipose
tissue and lipid metabolism provide examples to illustrate the mechanisms that allow rbST to
alter nutrient partitioning. Effects of rbST on adipose tissue are direct, and treatment alters
both lipogenesis and lipolysis with the net effect being related to energy balance (Bauman
and Vermon, 1993; Etherton et al., 1998). If treatment is initiated when animals are in
positive energy balance, adipose tissue changes involve a reduction in lipogenesis, whereas
rates of lipolysis are enhanced if treatment occurs when animals are in negative energy
balance. The biologic mechanisms that allow for these adaptations include changes in
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amounts of key enzymes and alterations in the signal transduction system for the homeostatic
signals that acutely regulate lipogenesis and lipolysis (Bauman, 1999).
Insulin is an important homeostatic control in the regulation of lipids
metabolism. Treatment with rbST reduced whole-body glucose response to insulin tolerance
tests; this represented the glycotropic activity reported in early studies. This effect of rbST is
frequently referred to as "insulin resistance," but this is misleading because the effect is
clearly tissue-specific and relates to only a portion of the insulin-responsive processes.
Specifically, the effect relates to an attenuation of insulin's ability to stimulate lipogenesis in
adipose tissue. In contrast, rbST treatment does not reduce the ability of insulin to inhibit
lipolysis, stimulate protein synthesis in adipose tissue, or stimulate glucose uptake and
protein synthesis in muscle (Bauman and Vermon, 1993; Etherton et al., 1998).
Minerals being co-factors of many enzymes play an important role in cell
proliferation, muscle growth and protein synthesis and the previous studies have shown an
influence of rbST on the absorption and tissue retention of macro- and micro-minerals and
serum in ruminants (Caperna et al., 1989; Boila et al. 1990; Shin et al., 1996). The studies
have reported an increase in serum Ca and Cu concentrations in rbST treated cattle (Shin et
al., 1996; Underwood, 1977). The increase in serum Ca and Cu concentration may reflect the
increased Ca absorption from GIT and decreased Cu excretion from urine due to rbST
treatment (Braithwaite, 1975; House et al., 1991). The results of this study are in
contradiction with Desmukh et al. (2001) who reported no significant effect of rbST on
serum calcium level in multiparous cows, and Azza et al. (2010) who found decreased serum
calcium level in lactating cows treated with rbST, suggesting that rbST coordinates mineral
partitioning (Mellado et al., 2012). These discrepancies in the results may be attributed to
variations in rbST experiments reported in literature. For example, the rbST experiments vary
greatly on the basis of experimental duration (short term or long term effects), dose of rbST
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(low, optimum or high), frequency of rbST injections (daily, alternatively or fortnightly),
physiological status of the animal (young, growing, mature, primiparous or multiparous,
lactating or pregnant) and the experimental diet (low or high energy ration) fed to animals
etc.
Serum electrolytes particularly sodium and potassium concentrations were not
affected by rbST treatment (Mellado et al., 2012, Azza et al., 2010, Helal and Lasheen, 2008)
and Early et al., 1990). These findings are also closely related to the findings of Mishra and
Shukla (2004) who during their experiments on lactating buffaloes reported that sodium and
potassium were not altered by rbST injections. The lack of effect of rbST on these two major
minerals agrees with findings of other authors in both dairy and beef animals and supports the
concept that somatotropin coordinates mineral partitioning.
The rbST treatment has been shown to alter serum calcium concentrations in
animals. The depressed trend in calcium levels could be a result of the impaired absorption
of food metabolites from the gastrointestinal precursor, excessive losses through urine,
colostrums as it was much more drained in the colostrums during excessive milking and due
to insufficient mobilization from the skeleton. As the stage of lactation progresses the serum
calcium level increased which corroborates with the findings of Rowlands et al., (1980) and
Nale (2003). Ramakrishna (1991) recorded higher values (9.77±0.33 mg/dl) of calcium in
lactating buffaloes. The findings of the present study however are not in agreement with
those of Mellado et al., (2012); Azza et al., (2010); Helal and Lasheen, (2008) and Early et
al., (1990) who reported from their studies that serum electrolytes particularly calcium was
not affected by rbST treatment. Besides these, many other factors like the differences in
species, breed, sex, age, type of animal, nutritional status, stage of production and
environmental condition in which the experiments have been conducted may be a source of
variation.
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2.5

Carcass and meat quality
The rbST has been shown a considerable shift in the partitioning of nutrients

toward an increase in protein and decrease in fat deposits (Fabry et al., 1991; Rumsey et al.,
1996). Healey et al., (1996) reported an increase in protein by 5% and decrease in fat by 36%
in the carcass of calves treated with rbST as compared to untreated. In another study by Vann
et al., (1998) reported an increase in moisture content and decrease in fat content of ground
meat from calves treated with rbST compared to untreated calves. Moreover, the increase in
protein content in meat could be explained by the reason that moisture content could
positively correlate with protein content in the muscle (Neathery et al., 1991). Furthermore,
the absorption of proteins might have been increased from GIT to peripheral parts of the body
where they could be utilized anabolically through indirect effects of rbST by hormonal
mediators to increase cell proliferation and tissue mass and ultimately improved growth
performance. The exogenous treatment of rbST has been shown to elevate serum
concentrations of insulin and insulin like growth factor (IGF-I) (Cook et al., 2013; Holzer et
al., 2000) and both insulin and IGF-I have anabolic effects on protein. The effect of
Recombinant bovine somatotropin (rbST) treatment on carcass quality/composition, showed
increased protein and decreased fat in carcass of finishing beef steers following the treatment
(Mosley et al., 1992). The rbST causes decreased back fat depth by 11.8 percent and an
increase in percentage of protein in the rib section by 9.4%. The fat however decreased by
11.8% at the 160 mg/wk rbST level. No effect on dressing percentage, hot carcass weight,
kidney, pelvic, and heart fat, or longissimus muscle areaways was observed (Dalke et al.,
1992). Studies on the effect of recombinant bovine somatotropin (rbST) on indices of muscle
development in creep-fed cross bred beef steer calves showed that rbST treated calves had
larger longissimus muscle areas (P <0.03), less marbling (P <0.001), higher carcass
conformation scores (P< 0.04), greater mass of separated muscle (P < 0.03), more ground
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meat(P < 0.01), and heavier carcass weights (P < 0.05) than control calves.( Vann et
al.,1998). The increased longissimus muscle area and dissectible lean tissue in rbST-treated
calves happened known to be associated with a greater percentage of fast-twitch-glycolytic
(FG) fibers which possess larger cross-sectional areas than the other fibers (Vann et al., 2001)
Chemical analysis of 12th rib cut of Holstein Friesian Calves after treatment
with rbST indicated reduction in proportion of the fat in large depots in the carcass by 34%
and in the longissimus muscle by 32% (Hozler et al., 1999). In another study Hozler et al.,
(2000) observed that Holstein Friesian bull calves treated with rbST had significantly reduced
fatness in fat depots. Growth promoters like rbST have been reported to have varying effects
on muscle growth performance. Carani, et al., (2006) evaluated the histochemistry and
growth characteristics of bovine semitendinosus muscle of Heifers treated with rbST at 15
ug/kg for 14 days from day 210 until 285 d of age. They found decrease percentage of FOG
distribution and increase in cross-sectional area in rbST treated animals and suggested a
potential role of this muscle in defining the meat quality.
Long term treatment of Holstein growing finishing steers with initial body
weight of 185 kg subjected to rbST significantly increased carcass protein and water
composition and lowered carcass lipid and lipid accretion than in control steers.
Administering rbST to young, light weight steers increased skeletal growth but no carcass
weight without and exhibited decreased carcass quality (Schlegel et al., 2006). Ge X et al.,
(2012) considered growth hormone to be a major stimulator of skeletal muscle growth in
animals including cattle. They designed to carry out the experiment to determine if, GH
stimulates skeletal muscle growth in cattle by direct stimulation of proliferation or fusion of
myoblasts on direct stimulation of protein synthesis, or by direct inhibition of protein
degradation in myotubes. They also determined whether these direct effects of GH were
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mediated by IGF-I produced by myoblasts or myotubes. The results of invitro studies carried
out on Satellite cells isolated from cattle skeletal muscle suggested that GH stimulated
skeletal muscle growth in cattle in part through stimulation of protein synthesis and that the
stimulation was not mediated by increased IGF-I mRNA expression in the myotubules
(muscle tissue).
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CHAPTER III
MATERIALS AND METHODS
Experiments were conducted to evaluate the effects of recombinantly derived
bovine somatotropin (somatech) on feed and energy intake, feed efficiency, daily weight
gain, carcass traits, quality and composition of meat in ruminant calves and kids.
3.1 Experimental Animals
The present study was carried out on Kundhi buffalos calves (N=16, 16±2 wks
of age), Thari cow calves (N=16, 16±2 wks of age) and Kamori goat kids (N=16, 6±1 wks of
age). The animals were purchased from nearby small scale livestock farm and brought at
Livestock Experiment Station (LES), Department of Livestock Management, Sindh
Agriculture University Tandojam.
3.2 Adaptation Period
The animals were given a minimum period of two weeks for adaptation in the
new environment. During adaptation period the calves were vaccinated against FMD and HS
and the kids were vaccinated against Enterotoxaemia, contagious caprine pleuro pneumonia
(CPP). All animals were drenched (dewormed) with Fendox-Plus (Oxfendazol) and injected
subcutaneously with Inj: Paractin (Ivermectin 2%) against helminthes and other parasitic
infestations. Animals were ear tagged for identification and the record of each animal was
registered and maintained. The animals were fed experimental diet during adaptation period
so that they can gradually develop a taste for the diet. The animals were physically examined
every day for any kind of apparent abnormality and if any animal was found sick, was treated
accordingly and only the apparently healthy animals were selected for the experiment.
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3.3 Feeding and Housing
At the commencement of experiment the average body weights of cow calves,
were 44.57±0.63, 64.48±0.57 and 14.61±0.27 kg respectively. Animals were housed in the
outerdoor pens with cemented floors, in groups of 4 per pen, under ambient temperature and
lighting. Each animal was fed indually through feeding trough adlibitum and water was freely
available before each animal in a clean container. Animals were fed total mixed ration (TMR)
as a basal diet composed of roughages and concentrates with the ratio of 60:40. The
concentrates were composed of cotton seed cake, crushed maize, wheat bran, moong kutta
and rice polish. The diet was chemically composed of crude protein 18%, total digestible
nutrients (TDN) 68%, crude fiber 18.5%, calcium 1.05% and phosphate 0.6%. The chemical
composition of diet was determined by the method as described by AOAC (2000). Animals
were fed adlibitum twice a day at 0800 and 1700 clock and water was also available
adlibitum. The chemical composition of diet is shown in Table 1. The orts left at both times
of feeding were recorded and the actual feed intake per day was calculated.
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Table 1.

Chemical composition of experimental diet on dry matter basis.

Nutrients

Value

Dry matter, %

100

Crude protein, %

18

Nitrogen, %

2.61

Crude fiber. %

15.95

Acid detergent fiber, %

19.96

Neutral detergent fiber, %

33.71

Calcium, %

0.8

Phosphorus, %

0.51

Magnesium, %

0.22

Potassium, %

0.84

Sodium, %

0.23

Sulfur, %

0.35

Cobalt, ppm

0.1

Iron, ppm

248

Copper, ppm

7.0

Manganese, ppm

109

Zinc, pmm

109

Vitamin A, IU/kg

2,200

Vitamin D, IU/kg

440

3.4 Experimental Design and Treatment:
Animals of each species were divided into two groups, viz. control and rbST
with 8 animals per group. Animals in both groups were fed same plane of nutrition. The
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animals in rbST group received subcutaneous injection of rbST (Boostin-S, LG Life
Sciences, Korea) fortnightly, at the dose rate of 1 mg/kg.BW and those in C were kept as
control. The experimental design is shown in Table-2. Each animal in rbST group was
injected with rbST at neck region in the morning. The hairs were removed from injecting site
and then the site was cleansed and disinfected before injection. The experiment lasted upto 36
weeks for cow and buffalo calves and 22 weeks for kids.

Table-2

EXPERIMENTAL DESIGN.
Groups
Control

Animals

rbST
rbST@ 1.0 mg/kg.BW

Kundhi buffalo calves (N= 16)

C (n=08)

rbST (n=08)

Thari cow calves (N=16)

C (n=08)

rbST (n=08)

Kamori goat kids (N=16)

C (n=08)

rbST (n=08)

3.5 Growth Performance:
3.5.1 Daily Feed and Dry Matter Intake:
The orts left at both morning and evening times of feeding were recorded and
the actual feed and dry matter intakes per day were calculated as:
Daily feed/dry matter intake = weight of total feed/dry matter supplied (kg) - weight of
feed/dry matter refusal (kg).
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3.5.2 Feed Efficiency and Body Weight Gain:
Feed efficiency was evaluated by food consumed in kilograms for onekilogram weight gain. Body weight gain was recorded weekly throughout the experimental
period. The growth observations of male calves of Kundhi buffalo and Thari cow were
recorded for 36wks. Whereas, growth observation of kids of Kamori goats were recorded
upto 22 wks. The weight gain was calculated as: Weight gain (kg) = Final weight (kg) Initial weight (kg).
3.5.3 Body Scoring:
Body condition was recorded and scored (1-9, thin to fat) in cattle as described
by Apple et al. (1999) and in goats as described by Luginbuhl and Poore (2008). Scores of
Kundhi buffalos and Thari cow calves were recorded in ‘A point intervals at the same day
fortnightly (08:00 to 12:00 h) before morning feeding. Rule of ‘A point agreement by in two
individuals associated with experiment was followed strictly to minimize chances of bias in
scoring results.
3.6 Digestibility Trails
3.6.1 Collection of Fecal Samples
Fecal samples for digestibility measurement were strictly collected at every
4rth week of experiment. Four animals from each group were randomly selected and
separated from others, and were brought on metabolic cages for collection of fecal samples
for 3 consecutive days. The fecal samples were collected in morning and evening. The
collected samples were immediately dried in forced air oven at 65°C for 48 hours (Zhang
2003), and were grinded in order to attain fine and uniform particle size of feces for
proximate analyses. Dried samples were stored at -20°C for chemical analysis (Tian et al
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2006). Chemical composition of basal diet and feces was analyzed according to the methods
of AOAC (2000).

3.6.2 Estimation of Digestibility
3.6.2.1 Moisture content (%)
Moisture content was observed according to the method (AOAC, 2000).
Sample (4-5g) was transferred in a pre-weighed flat bottom dish. After evaporation on steam
bath, it was transferred into hot air oven (101 ±1 °C) for drying, and dried sample was
transferred to desiccator. After 1h, the dish was weighed and returned to the hot air oven for
further drying (30 minutes). It was again transferred to desiccator, cooled and weighed as
before. The heating, cooling and weighing processes were repeated until constant weight.
Moisture content was calculated by the following formula.

Moisture % =

W2 - W3
W2 - W1

Where,
W1 = weight of empty dish
W2 = weight of dish + Sample
W3 = weight of dried sample
3.6.2.2 Total crude Protein content
Protein content was determined according to the method (AOAC, 2000). The
sample (2g) was digested using Micro-Kjaldhal digester in the presence of catalyst (0.35 g
copper sulphate and 7 g sodium sulphate/ potassium sulphate). Sulfuric acid (30ml) was used
as an oxidizing agent. The digested sample was diluted with distilled water (250ml). Then
diluted sample (5ml) was distilled with 40% NaOH solution using Micro-Kjeldhal distillation
unit where steam was distilled over 2% boric acid (5ml) containing an indicator bromocresol
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green for 3 min. The ammonia trapped in boric acid was determind by titrating with 0.1N
HCL. The nitrogen percentage was calculated by using the following formula:

Nitrogen (%) =

Where,

1.4 (V1-V2) × normality of Hcl
Weight of sample taken × weight of diluted sample

X 100

V1=Titrated value of sample
V2=Titrated value of blank sample

While protein percentage was determined by conversion of nitrogen
percentage assuming that all the nitrogen in meat was presented as protein i.e. protein
percentage =N% ×conversion factor (CF).Whereas, CF is 100/N% in protein of meat and
meat product i.e. 16.00
3.6.2.3 Total fat content
Total fat content (TF) was extracted in Soxhlet Extraction unit as described by
AOAC (2000). Soxhlet Extractor was set with reflux condenser and distillation flask which
had been previously dried and weighed. Dried sample (2 g) was taken in to fat free extraction
thimble and placed in extraction apparatus (Soxhlet). Then ether (150 ml) was poured in to
extraction flask and condenser was joined and placed on electric heater in order to boil the
solvent gently. Extraction was carried out for 6 h. and the solution was removed. Fat content
was calculated by using the following formula:

Fat (%) =

weight of ether extract
Sample weight

X 100

3.6.2.4 Ash content
Ash percentage was determined by Gravimetric method as given by AOAC
(2000) by using muffle furnace. The sample (5g) was transferred in a pre-weighed crucible
and transferred to muffle furnace (550 C) for 5 h. Ashed sample was transferred to desiccator
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having silica gel as desiccant. After 1 h, the dish was weighed and the ash content was
calculated by applying the following formula:

Ash (%) =

Ashed sample
Sample taken

X 100

Similarly, feed and fecal samples were analayzed and then apparent nutrients retention was
calculated as:
(Nutrient in feed – Nutrient in feces/ nutrient in feces x100) and expressed as percentage.
3.7 Sampling and analysis of blood:
Blood samples were collected weekly from jugular vein under aseptic
conditions in 10 ml sterile syringe for analysis of biochemical, hormonal and hematological
indices. Two types of test tube were arranged i.e. plain and heparinized vaccutainers (BDH,
UK) for the collection of the serum and whole blood, respectively. Samples were placed in
ice box immediately after collection and brought to the Postgraduate Research Laboratory in
the Department of Veterinary Physiology and Biochemistry, Faculty of Animal Husbandry
and Veterinary Sciences, SAU Tandojam (Appendix A-3). Blood sample in heparinized tubes
(whole blood) was used for complete blood count (CBC) whereas blood in plain tube (clotted
blood) was centrifuged within 2 h at 3,000 rpm for 30 minutes at 5 0C (Jouan GR 412
centrifuge, Winchester, VA), serum was collected in 1.5 ml sterile storage polypropylene
tubes, tubes were labeled for date and time of collection and number of animal and then
stored at -20 0C until analyzed.
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3.7.1 Analysis of Hematological Indices:
The whole blood samples were analyzed for hematological indices. Following
haemotological parameters were analyzed using Beckman Coulter AcT Diff Hematology
Analyzer (Beckman Coulter, Tokyo, Japan) (Appendix- A3).
Table-3

Methodology for haemotological analysis.

Test
GR (%)
GR# (x10^3/uL)
Hct (%)

Method Used
Beckman Coulter AcT Diff
Hematology
Analyzer (Beckman Coulter,
Tokyo, Japan).

Hgb (g/dL)
LY (%)
LY# (x10^3/uL)
MCH (pg)
MCHC (g/dL)
MCV (fL)
MO (%)
MO# (x10^3/uL)
MPV (fL)
P1t (x10^3/uL)
Pct (%)
PDW
RBC (x10^6/uL)
RDW (%)
WBC (x10^3/uL)
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References
Beckman Coulter AcT Diff
Hematology
Analyzer (Beckman Coulter,
Tokyo, Japan).

3.7.2 Analysis of Serum Biochemical Indices:
The methods for analysis of biochemical parameters in the serum samples are
given Table 4.

Table 4

Methodology for blood biochemical analysis.

Biochemical parameters
A) Glucose (mg/dl)

B) Protein (mg/dl)

Methods

Reference

Orthotoluidine / Kit Method

Manual

Merk (Germany)

Medicine,

Biuret / Kit Method

Institute of Pathology 1990.

Merk (Germany)
C) Calcium (mg/dl)

Colorimetric / Kit Method
Merk (Germany)

D) Lipid (mg/dl)

Liebermann-Burchard / Kit
Method, Merk (Germany)

E) Cholesterol (mg/dl)

Flame / Kit Photometry

F) Uric Acid (mg/dl)

Flame / Kit Photometry
Merk (Germany)

G) Sodium mmol/L

Flame / Kit Photometry
Merk (Germany)

H) Potassium mmol/L

Flame / Kit Photometry
Merk (Germany)
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of

Laboratory

Armed

Forces

3.7.3 Analysis of Serum Hormonal Concentration:
Serum hormones concentrations were analyzed by the method described by
Gracia et al. (1998) by using commercially available ELISA kits shown in Table 5. Levels of
hormones were determined by using ELISA Reader (Model AD 34oS, Beckman Coulter,
Japan). Sensitivity and intraassay coefficients of variation of the T3 assay were 0.1 nmol/L
and 4.2%, respectively. Sensitivity and intra-assay coefficients of variation of the T 4
assay were 0.2 nmol/L and 7.9%, respectively. Sensitivity and intra-assay coefficients of
variation of the insulin-like growth factor-I (IGF-I) were 6.2 and 10.4%, respectively

Table 5

Methodology for blood hormone analysis.

Hormones

Methodology

A) Thyrioxine (T3)

Enzyme linked immune assay

B) Triiodothyronine (T4)

Enzyme linked immune assay

C) Insulin like growth
factor (IGF-I)

Enzyme linked immune assay

Reference
(Gracia, 1998)

(Gracia, 1998)
(Gracia, 1998)

3.8 Slaughtering, Carcass Measurement and Collection of Meat Samples:
After recording the final live body weight, the animals were slaughtered at the
end of experimental period, at Livestock Experimental Station, Faculty of Animal Husbandry
and Veterinary Sciences, Sindh Agriculture University Tandojam following the Halal
Method. Immediately, after slaughtering, all body components such as head, limbs (separated
at metatarsal and metacarpal joints), skin, blood, viscera, and gastrointestinal contentswere
cleaned and collected for measuring the following carcass parameters as described by Lawler
et al. (2004).
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3.8.1 Carcass measurements
i)

Carcass weight ( kilo grams)

ii)

Carcass length (centimeters)

iii) Carcass width (Widest carcass measurement at the ribs was measured in centimeters)
iv) Leg length (Leg length was measured from the head of the femur to the distal edge of the
tarsus in centimeters).
v)

Leg width (widest leg measurement in a horizontal plane on the hanging carcass in
centimeters)

vi) Dressing percentage ( Dressing percentage was measured as Carcass Weight / Live
weight ×100)
3.8.2 Collection of Meat Samples
For determination of physico-chemical characteristic of meat, the samples
were collected from longissimus dorsi (LD) muscle. The LD muscle was exercised from the
carcasses from left side, between the 8th and 11th thoracic vertebrae, according to descriptions
by Honikel (1998) and all visible fat was trimmed from the muscles before any physical
analyses was carried out.
Equipments used:
i) Analytical balance (Adam,Model No AAA 2502 ) was used to weigh the samples of raw
goat meat.
ii) pH meter (Model HI, Hanna Instruments, Italy) was used to determine the pH of raw meat
samples.
iii) Refrigerated centrifuge machine (Model Tj-6 Backman, USA) was used to centrifuge
the sample for water holding capacity of meat.
iv) Refrigerator (Dawalance, Model WB 14 wbm, Pakistan) was used to chill the goat meat
during analysis of drip loss.
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v) Water bath (Memmert WB 14, Germany) was used to prepare goat meat samples during
analysis of cooking loss.
vi) Hot air oven (Hot air oven (Memmert 854, Sachawabch W. Germany) was used to dry
sterilize the glasswares.
vii) Muffle furnace (Neverthem Mod; L9/11/8KM, Germany) was used to ignite the goat
meat samples during determination of ash content.
viii) Micro Kjeldhal digestion and distillation unit (LABCONCO Mod 60300-01) was
used to digest the samples during determination of nitrogen/protein content in meat.
ix) Soxhlet extraction unit (Lablin Melrose Park, ILL) was used to extract the fat content of
goat meat sample.
3.8.3 Determination of Physical Characteristics of Meat
3.8.3.1 pH Value
The pH value of meat sample was examined according the method reported by
Ockreman (1985). In brief meat sample (10g) homogenized in distilled water (90 ml) was
transferred to beakers and an electrode along with temperature probe was inserted into the
sample. The constant reading appearing on pH meter base was noted and recorded as pH
value of goat meat.
3.8.3.2 Water holding capacity (WHC)
WHC was determined according to the method reported by Wardlaw et al.,
(1973). Briefly, 8g meat sample was placed in a centrifuge tube together with 0.6 M NaCI
solution (12ml). The tube was centrifuged (40C) at 10,000 rmp for 15 min, and the
supernatant was decanted and measured. The difference between the volume of NaCI (0.6 M)
used and supernatant was recorded as WHC.
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3.8.3.3 Cooking loss
Cooking loss of goat meat was measured according to the method as reported
by Kondaiah et al. (1985). In brief, meat sample (20g) was placed in a polythelene bag and
heated for 1 hr in a water bath at 80C to achieve an internal temperature of 72C. Cooked out
was drained and cooked mass cooled and weighed to determine the weight loss using the
following formula.

Cooking loss % =

adult weight –cooked mass weight
Actual weight

X 100

3.8.3.4 Drip loss
Drip loss was measured as described by Sen et al. (2004). Goat meat sample
(50g) was placed in polythylene bag with sealed cover and refrigerated (4 0C) for 24hrs. It was
then wiped and dried with filter paper and weighed. The difference among actual weight of
sample and after refrigeration was assumed as drip loss.

Drip loss % =

Table 6

actual weight – weight after refrigeration
Actual weight

X 100

Methodology for Rheological measurement of visceral organs and beef
cuts.

Rheological measurements

A) Drip loss

Method

Reference

Brookfield LFRA texture (Honikel, 2004)
analyzer

B) Water
Capacity

Holding Brookfield LFRA texture (Honikel, 2004),
analyzer

C) Water losses

(Honikel, 2004),

D) Cooking loss

(Honikel, 2004),
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3.8.4 Determination of chemical Characteristics of Meat
Minced meat samples were used to determine the chemical characteristics of
meat as described above (section 3.6).
Table 7

Methodology for chemical analysis of beef cuts.

Parameters

Method

Refrerence

Fat (ether extract),

Ether Extract method

AOAC (2000)

Protein,

K. Jalddar method

AOAC (2000)

Moisture,
Ash

AOAC (2000)
Muphil Furnis method

pH

AOAC (2000)
Ockersman (1985)

Calcium (Ca)

Atomic Absorption method

Phosphorus (P)

Atomic Absorption method

Magnesium (Mg)

Atomic Absorption method

Potassium (K)

Atomic Absorption method

Sodium (Na)

Atomic Absorption method

Zinc

Atomic Absorption method

Iron (Fe)

Atomic Absorption method

Copper (Cu)

Atomic Absorption method

Magnese (Mn)

Atomic Absorption method
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3.9. Analysis of meat for texture and organoleptic properties;
3.9.1 Texture analysis:
The logissimus thoracis section between the 9th and 11th rib was edged over 7
days and divided into two portions: one for instrumental texture measurements and the other
for sensory analyses. Mechanical properties of raw and cooked meat were measured with a
Brookfield LFRA Texture analyzer (Appendix A6) (Veira et al.,2005). A minimum of 10
strips of at least 4 cm long and 2 cm2 cross section were cut with the muscle fibres parallel to
the longitudinal axis. A1.0mm diameter needle probe 43mm long and 60mm wide clear
acrylic wide knife edge driven vertically with respect to puncture and shear the strips. The
parameters measured from the force puncture curve were the maximum force (N). The
Warner Bratzler test was carried out on cooked meat using Brookfield LFRA texture analyzer
(Appendix A-6). The sample strip characteristics were the same as in the penetration test, and
the parameter measured was also maximum force (kg).
3.9.2 Organoleptic testing:
After thawing the samples (24h at 4 0C), all portions of the meat cuts were
cooked in an electric air convention oven (preheat at 20 0C for 10 min) until the sample
reached 70 0C. Each steak was trimmed of any external connective tissue, cut into 2 cm2
sections, wrapped in codified aluminum paper and maintained hot until tasted. Each steak
was given to panel of randomly selected tasters (Veira et al.,2005). The total number of
tasters was 25, being composed of 14 men and 11 women. The panelists were given the
guidelines on meat attributes and were asked to assess each sample for the following
attributes.
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Table 8

Methodology for organoleptic analysis.

Variables

Degree

Colour

Cherry red to dark red

Liking of aroma (odour)

Natural to pronounced off flavor

Strength of aroma

Strong to weak (odourless)

Liking of flavor

Very good to tasteless (very poor)

Strength of flavor

Strong to weak

Juiciness

very moist to very dry

Tenderness

Very tender to very tough

Firmness

Very firm to very soft

Overall

Excellent to very poor

For all the attributes, the score ranged from 5-1 as shown in the taste panel
score sheets (Anganga et al., 2003 and Veira et al., 2005). Certain attributes such as
appearance were excluded, as they are regarded as kitchen controlled and not part of the
product tested (Anganga et. al., 2003). Frequencies and mean scores are presented in the
results.

Statistical Analysis:
The statistical software SPSS12.0 (StatSoft, Tulsa, OK) was used to analyze
data and the values were expressed as (means ± SEM). The differences were considered
significant at P < 0.05.
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CHAPTER-IV
RESULTS
The study evaluated the effects of recombinant bovine somatotropin (rbST)
treatment on growth performance of young ones of three different ruminant species. Kundhi
buffalo calves, Thari cow calves and Kamori goat kids (16 animals of each species) were
used in this study. The animals entered the experimental station, when the calves and kids
had attained the age of 18 and 10 weeks, respectively. The animals of each species were
divided into two groups (n=8 each), viz. C and rbST. The animals in C group were kept as
control and that in rbST group were injected with rbST subcutaneously at the dose rate of 1.0
mg/kg.BW fortnightly. Animals in both C and rbST groups were fed on same plane of ration
at ad libitum and the water was freely available. The experiment lasted until the calves and
kids attained the age of 36 and 22 weeks, respectively. The aimed data was collected at
various stages of experiment, processed and the results are reflected as under:
4.1

Effect of rbST on Growth Performance
The effect of rbST on body weight (BW), average daily gain (ADG) and body

condition scoring (BCS) of buffalo calves, cow calves and kids is shown in Table-9. The
average BW, ADG and BCS of calves and kids at the start of experiment (week 0) were not
different between the groups (Table-9). At 18th week of the experiment, the average BW of
cow calves and buffalo calves increased (P < 0.005) by 42.5, 32.92 % in rbST group
compared to Control. At week 10 of the experiment, the average BW of kids increased by
14.28 % in rbST group compared to Control. Concurrent with increased BW, the rbST
treatment increased (P < 0.05) ADG by approximately 89.5%, 55.7% and 44 % in cow
calves, buffalo calves and kids, respectively compared to their controls. The BCS of calves at
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18th week of experiment and of kids at 6th week of experiment were not different (P > 0.05)
between the groups; however, the BCS were slightly improved in rbST treated animals than
that of untreated animals.

Table-9

Effect of rbST on body weight, average daily gain and body condition
Scoring of cow calves, buffalo claves and kids.
Groups
Cow calves

Items

C

rbST

Buffalo calves
C

Kids

rbST

C

rbST

At the commencement of experiment (Week 0)
BW (kg)
BCS
ADG
(kg/d)

45.14±0.71

44.81±0.69

65.22±0.69

64.95±0.86

14.76±0.34

14.36±0.26

7±1

7.2±1.2

8±0.5

8.1±0.52

8±0.75

8±0.5

0.28±0.03

0.28±0.05

0.37±0.01

0.38±0.04

0.061±0.01

0.063±0.06

Week 18

Week 18

Week 10

BW (kg)

108±2.34

144±3.6**

145±1.34

200±3.07**

21.88±0.32

27.43±0.23**

BCS

7.2 ± 1.5

7.5 ± 1.2

8.2 ± 0.5

8.5 ± 0.2

8.2±0.3

8.5±0.5

ADG

0.51±0.02

0.79±0.02***

0.82±0.02

1.04±0.01**

0.11±0.002

0.15±0.007**

Week 36

BW (kg)
BCS
ADG

Week 36

Week 22

197±2.23

240±2.29**

249±1.7

330±3.92**

36.05±0.61

46.87±0.88**

7.5±0.5

7.6 ± 0.5

8.5 ± 0.5

8.7± 0.5

8.2 ± 0.5

8.5±0.3

0.78±0.008

0.95±0.009**

0.82±0.02

1.04±0.01**
*

0.14±0.002

0.19±0.003**

BW= Body weight, BCS=Body condition scoring, ADG= Average Daily Gain
Animals in rbST group were treated with recombinant bovine somatotropin @ 1.0 mg/kg.BW
where as animals in group C were kept as control. Values are mean±SE differ at *P < 0.05,
**P <0.005 and ***P < 0.001between rbST and C
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The treatment with rbST showed similar trend in BW, ADG and BCS of
animals measured at the end of experiment (Table-9). At 34th week of experiment, the
average BW of cow and buffalo calves in rbST group increased (P < 0.05) by approximately
53% and 34% respectively, as compared to their controls. At 22nd week of experiment, the
average BW increased (P < 0.05) by approximately 25 % in rbST treated kids than those
untreated. The increase in BW of rbST treated animals resulted from an increase (P < 0.05) in
ADG by approximately 80%, 48% and 47% in cow calves, buffalo calves and kids,
respectively.
Table-10 shows the effect of rbST treatment on feed intake (FI), dry matter intake
(DMI) and feed conversion ration (FCR) of animals. The FI, DMI and FCR of the animals
were not different (P > 0.05) between the groups at the start of experiment (week 0). At 18th
week of experiment the FI increased (P < 0.005) by 1.61, 1.34 kg/d in rbST treated cow and
buffalo calves respectively, than that of untreated calves. At 10 th week of experiment, the
rbST treated kids consumed 0.05 kg/d more feed than that of untreated kids. In accordance
with higher FI in rbST group, the DMI increased (P < 0.005) by 1.09 kg/d, 0.91 kg/d and 0.47
kg/d in cow calves, buffalo calves and kids, respectively as compared to their control.
Similarly, the FCR was approximately 54% and 33.23% higher in cow and buffalo calves,
respectively, in rbST group as compared to their controls; however, the FCR of kids did not
vary (P > 0.05) between the treated and untreated groups.
Similar pattern of rbST effect on FI, DMI and FCR were found at the end of
experiment (Table-10). At 34th week of experiment, the average FI of cow and buffalo calves
in rbST group increased (P < 0.05) by approximately 2.98 kg/d and 2.36 kg/d respectively as
compared to their controls. At 22nd week of experiment, the average FI increased (P < 0.05)
by approximately 1.14 kg/d in rbST treated kids than those of untreated kids. The increase in
FI of rbST treated animals was significantly higher (P < 0.05) in DMI by approximately 2.03
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kg/d, 1.6 kg/d and 0.77 kg/d in cow calves, buffalo calves and kids, respectively as compared
to their control animals. The FCR increased by 38%, 26% and 11% in cow calves, buffalo
calves and kids treated with rbST than those without treatment.

Table-10

Effect of rbST on feed intake, dry matter intake, feed conversion ratio of
cow calves, buffalo claves and kids.
Groups
Cow calves

Items

C

Buffalo calves

rbST

Kids

C

rbST

C

rbST

At the commencement of experiment (w 0)
FI (kg/d)
DMI
(kg/d)
FCR

3.30±0.03

3.38±0.11

4.38±0.09

4.23±0.04

0.73±0.09

0.78±0.03

2.24 ± 0.11

2.29 ± 0.05

2.98 ± 0.10

2.88 ± 0.06

0.50 ± 0.01

0.53±0.04

9.48 ± 0.26

10.54±0.22

11.85±0.47

11.94±0.43

11.28±0.42

Week 36

11.16±0.39
Week 36

Week 22

FI (kg/d)

4.65±0.21

6.35±0.24***

6.56±0.16

8.79±0.12**
*

0.86±0.02

0.98±0.030*

DMI
(kg/d)

3.15±0.14

4.32±0.14***

4.48±0.11

5.98±0.08**
*

0.58±0.01

0.66±0.02*

9.23±0.34

8.08±0.26*

9.3±0.27

6.98±0.38**

15.17±0.27

9.43±0.36**

FCR

Week 36

Week 36

Week 22

FI (kg/d)

6.56±0.19

5.9±0.82*

6.59±0.16

8.79±0.12**
*

1.13±0.05

1.36±0.03**

DMI
(kg/d)

4.46±0.13

4.01±0.06*

4.48±0.11

5.98±0.08**
*

0.77±0.03

0.92±0.01**

9.34±0.18

7.78±0.27**

10.41±0.41

8.2±0.24**

10.04±0.51

8.92±0.53

FCR
FI= Feed Intake, DMI = Dry Matter Intake, FCR = Feed Conversion Ratio

Animals in rbST group were treated with recombinant bovine somatotropin @ 1.0 mg/kg.BW
where as animals in group C were kept as control. Values are mean±SE differ at *P < 0.05,
**P <0.005 and ***P < 0.001between rbST and C.
55

4.2

Effect of rbST on Nutrient Utilization
The nutrient digestibilities of animals under the influence of rbST are shown

in Table-11. The digestibilities of nutrients such as dry matter (DM), crude protein (CP),
crude fiber (CF), ether extract (EE) and ash were not different (P > 0.05) between control (C)
and treated (rbST) groups at the the start of experiment (w 0). The digestibilities of DM, CP
and ash at 18th week of experiment increased (P > 0.05) in cow and buffalo calves treated
with rbST compared to their controls, however, the CF and EE digestibilities were not
changed (P > 0.05) between the groups. Similarly, the assessment of nutrient digestibilities in
kids at 10th week of experiment showed an increase in DM, CP and ash utilization in rbST
group compared with control group. However, the digestibility trails conducted at the end of
experiment, i.e. at 36th week in calves and at 22nd week in kids showed no difference (P >
0.05) in nutrient utilization between the treated and control groups.
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Table-11

Effect of rbST on nutrient digestibility of cow calves, buffalo claves and
kids.
Groups
Cow calves

Items

C

rbST

Buffalo calves
C

Kids

rbST

C

rbST

At the commencement of experiment (Week 0)
DM
CP
CF
EE
Ash

3.30±0.03

3.38±0.11

4.38±0.09

4.23±0.04

0.73±0.09

0.78±0.03

2.24 ± 0.11

2.29 ± 0.05

2.98 ± 0.10

2.88 ± 0.06

0.50 ± 0.01

0.53±0.04

11.85±0.47

11.94±0.43

11.28±0.42

11.16±0.39

9.48 ± 0.26

10.54±0.22

3.30±0.03

3.38±0.11

4.38±0.09

4.23±0.04

0.73±0.09

0.78±0.03

2.24 ± 0.11

2.29 ± 0.05

2.98 ± 0.10

2.88 ± 0.06

0.50 ± 0.01

0.53±0.04

Week 18

DM
CP
CF
EE
Ash

Week 18

6.85±0.16

8.46±0.24***

8.06±0.22

9.4±0.34*

2.08±0.09

2.77±0.12**

4.66±0.16

5.75±0.16**

5.48±0.15

6.39±0.23**

1.41±0.07

1.88±0.08*

22.49±0.79

14.6±0.51***

9.3±0.27

6.98±0.38**

27.81±1.36

26.29±2.28

4.12±0.05

3.78±0.11

4.67±0.10

4.88±0.05

0.81±0.08

0.86±0.04

2.24 ± 0.11

2.29 ± 0.05

2.98 ± 0.10

2.88 ± 0.06

0.50 ± 0.01

0.53±0.04

Week 36

DM
CP
CF
EE
Ash

Week 10

Week 36

Week 22

9.54±0.24

10.52±0.71

11.35±0.47

11.71±0.34

3.34±0.21

3.48±0.18

6.48±0.16

6.51±0.48

8.43±0.32

8.61±0.21

2.27±0.14

2.04±0.12

24.06±1.92

25.32±2.24

24.24±0.92

23.5±0.68

19.15±1.08

18.38±0.78

4.34±0.03

4.48±0.11

4.75±0.09

5.12±0.04

0.83±0.09

0.90±0.03

3.14 ± 0.12

3.26 ± 0.04

3.28 ± 0.09

3.45 ± 0.07

0.61 ± 0.01

0.64±0.03

DM = Dry matter, CP Crude Protein, CF = Crude Fiber, EE = Ether Extract.
Animals in rbST group were treated with recombinant bovine somatotropin @ 1.0 mg/kg.BW
where as animals in group C were kept as control. Values are mean±SE differ at *P < 0.05,
**P <0.005 and ***P < 0.001between rbST and C
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4.3

Effect of rbST on Hemotology:
The heamotological indices such as granulocuyes (GR), hemotocrit (Hct),

hemoglobin (Hb), lymphocytes (LY), mean corpuscular hemoglobin (MCH), mean
corpuscular hemoglobin concentration (MCHC), mean corpuscular volume (MCV),
monocytes (MO), platelets (Plt), red blood cells (RBC), white blood cells (WBC) of cow
calves, buffalo calves and kids before the commencement of experiment are within normal
ranges and did not vary (P > 0.05) between the groups (Table-12). The hematological
analysis of blood sampled on week 10th of experiment in goats and on week 22nd of
experiment in calves showed an increase (P < 0.05) in red blood cells (RBC) and hemoglobin
concentrations in rbST treated animals than that of untreated animals, however, the rest of
hemotplogical indices were not different (P > 0.05) between the groups. However, the
analysis of blood samples collected on 22nd week of the experiment in goats and on 36th week
of experiment in cow and buffalo calves showed no difference (P > 0.05) in hematological
parameters of animals between two groups (Table-12).

58

Table-12

Effect of rbST treatment on haemotological indices of cow calves, buffalo
claves and kids before the commencement of experiment (Week 0).
Groups
Cow calves

Buffalo calves

Kids

C

rbST

C

rbST

C

rbST

29.9±12.10

28.4±9.65

29.8±11.97

25.7±7.44

29.8±11.97

25.7±7.44

GR#
(x103/µL)

2.6±1.25

2.6±1.12

2.9±1.28

2.4±0.84

2.9±1.28

2.4±0.84

Hct (%)

26.2±4.88

24.0±6.38

29.5±3.48

30.5±3.64

29.5±3.48

30.5±3.64

Hb (g/dL)

9.1±1.74

9.0±1.41

10.4±1.55

10.5±1.32

10.4±1.55

10.5±1.32

LY (%)

58.2±9.83

58.0±6.59

55.4±1.55

57.1±7.17

54.4±1.55

57.1±7.17

LY#
(x103/µL)

5.0±1.31

5.2±1.06

5.7±1.70

5.7±1.16

5.7±1.70

5.7±1.16

MCH (pg)

18.6±1.32

18.1±1.73

18.2±1.16

18.6±1.42

18.2±1.16

18.6±1.42

MCHC
(g/dL)

34.8±2.65

33.9±2.75

34.7±2.32

34.5±2.19

34.7±2.32

34.5±2.19

MCV (fL)

53.7±0.85

52.1±1.37

52.0±1.15

53.9±1.54

52.0±1.15

53.9±1.54

MO (%)

12.5±4.70

14.3±5.62

13.1±7.41

14.4±6.29

13.1±7.41

14.4±6.29

MO#
(x103/µL)

1.1±0.57

1.2±0.54

1.3±0.70

1.4±0.64

1.3±0.70

1.4±0.64

MPV (fL)

7.6±1.30

7.5±1.42

6.9±1.28

7.0±0.69

6.9±1.28

7.0±0.69

P1t
(x103/µL)

112.6±52.4

120.8±89.99

143.1±101.00

148.6±65.82

146.1±101

148.6±65.82

Pct (%)

0.1±0.04

0.1±0.06

0.1±0.09

0.1±0.05

0.1±0.09

0.1±0.05

PDW

16.5±1.00

16.6±1.21

16.6±0.95

16.6±1.02

16.6±0.95

16.6±1.02

RBC
(x106/uL)

4.9±0.89

5.0±0.69

5.7±0.72

5.7±0.74

5.7±0.72

5.7±0.74

RDW (%)

19.2 ± 0.95

19.4±2.67

19.7±1.45

17.9±1.19

19.7±1.45

17.9±1.19

WBC
(x103/µL)

8.7±2.04

9.9±4.37

9.9±2.00

10.3±3.76

9.9±2.00

10.3±3.76

Items
GR (%)

GR = Granulocuyes, Hct = Hemotocrit, Hb = Hemoglobin, LY = Lymphocytes, MCH =
Mean Corpuscular Hemoglobin, MCHC = Mean Corpuscular Hemoglobin Concetration,
MCV = Mean Corpuscular Volume, MO = Monocytes, Plt = Platelets, RBC = Red Blood
Cells, WBC = White Blood Cells.
Animals in rbST group were treated with recombinant bovine somatotropin @ 1.0 mg/kg.BW
where as animals in group C were kept as control. Values are mean±SE differ at *P < 0.05,
**P <0.005 and ***P < 0.001between rbST and C
59

Table-13

Effect of rbST treatment on haemotological indices of cow and buffalo
calves (Week 18) and kids (Week 10).
Groups
Cow calves

Buffalo calves

Kids

C

rbST

C

rbST

C

rbST

GR (%)

27.64±8.65

28.18±11.53

26.37±6.53

26.38±10.81

25.78±7.44

28.8±9.11

GR#
(x103/µL)

2.41±1.03

2.59±1.12

2.43±0.76

2.64±0.88

2.86±0.74

2.73±0.81

Hct (%)

24.0±6.38

26.2±4.88

30.5±3.64

29.5±3.48

30.5±3.64

29.5±3.48

Hb (g/dL)

9.25±1.41

11.61±0.74*

10.43±1.32

12.34±0.55*

10.55±0.44

12.04±0.28*

LY (%)

57.68±6.81

58.17±8.28

54.22±6.23

55.24±2.14

55.32±7.22

54.31±1.61

LY#
(x103/µL)

5.13±1.04

4.98±1.12

5.36±1.09

5.11±1.62

4.87±1.13

5.08±1.67

16.87±1.66

17.06±1.41

17.15±1.39

15.88±1.14

18.13±1.50

18.34±1.22

MCHC
(g/dL)

33.94±2.64

34.28±3.58

35.04±2.17

33.97±2.29

34.5±2.19

34.72±2.41

MCV (fL)

51.78±1.31

51.91±0.91

51.89±1.44

52.03±1.13

52.68±1.43

52.08±1.20

MO (%)

13.32±4.17

12.56±3.68

13.59±5.33

14.05±6.34

13.09±6.18

12.97±7.22

MO#
(x103/µL)

1.21±0.43

1.08±0.47

1.27±0.55

1.18±0.59

1.20±0.63

1.19±0.69

MPV (fL)

7.44±1.45

7.51±1.35

7.33±0.97

6.89±1.31

7.08±0.69

6.78±1.28

P1t
(x103/µL)

120±88.76

116.6±53.35

146±64.27

145±98.38

147±64.71

146±88.72

Pct (%)

0.11±0.05

0.10±0.08

0.13±0.05

0.12±0.09

0.13±0.04

0.12±0.08

PDW

13.56±1.22

14.49±1.10

14.76±1.03

15.61±0.94

16.58±1.01

16.48±0.88

RBC
(x106/uL)

5.38±0.69

8.29±0.28*

5.27±0.74

9.17±0.72*

5.71±0.39

8.65±0.82*

RDW (%)

17.84±2.54

19.03 ± 1.08

16.88±1.20

18.08±1.33

18.52±1.13

19.32±1.53

WBC
(x103/µL)

9.12±4.28

8.85±2.12

10.42±3.68

9.95±2.08

9.98±2.66

10.21±2.05

Items

MCH (pg)

GR = Granulocuyes, Hct = Hemotocrit, Hb = Hemoglobin, LY = Lymphocytes, MCH =
Mean Corpuscular Hemoglobin, MCHC = Mean Corpuscular Hemoglobin Concetration,
MCV = Mean Corpuscular Volume, MO = Monocytes, Plt = Platelets, RBC = Red Blood
Cells, WBC = White Blood Cells.
Animals in rbST group were treated with recombinant bovine somatotropin @ 1.0 mg/kg.BW
where as animals in group C were kept as control. Values are mean±SE differ at *P < 0.05,
**P <0.005 and ***P < 0.001between rbST and C
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Table-14

Effect of rbST treatment on haemotological indices of cow and buffalo
calves (Week 36) and kids (Week 22).
Groups
Cow calves

Buffalo calves

Kids

Items

C

rbST

C

rbST

C

rbST

GR (%)

27.14±8.57

26.89±11.13

25.78±7.23

26.88±10.76

25.67±7.44

27.08±11.12

GR#
(x103/µL)

2.45±1.12

2.38±1.08

1.94±0.84

2.01±1.10

2.76±0.85

2.81±1.31

Hct (%)

23.72±5.27

24.32±4.76

28.44±3.45

29.45±3.51

30.03±3.64

29.28±3.51

Hb (g/dL)

9.22±1.43

9.51±1.84

10.48±1.33

10.34±1.29

9.28±1.29

8.97±1.43

LY (%)

58.22±6.61

57.32±10.02

57.08±6.48

56.84±1.54

58.51±7.23

58.33±1.48

LY#
(x103/µL)

4.91±1.05

4.77±1.28

4.97±1.21

5.23±1.83

5.69±1.14

4.88±1.67

16.71±1.65

17.06±1.42

18.53±1.37

17.62±1.13

15.83±1.34

16.31±1.15

MCHC
(g/dL)

32.87±2.48

33.36±2.71

33.88±2.21

34.55±2.33

29.85±2.18

30.68±2.88

MCV (fL)

52.81±1.36

53.27±0.76

52.89±1.38

52.27±1.22

48.89±1.38

50.08±1.17

MO (%)

13.43±5.58

12.57±4.72

12.45±6.31

13.72±7.55

12.53±6.31

13.14±7.52

MO#
(x103/µL)

1.20±0.54

1.12±0.38

1.28±0.64

1.31±0.30

1.19±0.54

1.24±0.81

MPV (fL)

7.01±1.42

6.59±1.30

7.12±0.69

6.89±1.31

5.86±0.59

6.78±1.34

P1t
(x103/µL)

119±90.76

117.6±61.28

138.6±71.24

140±95.26

135±72.37

136±99.28

Pct (%)

0.12±0.05

0.11±0.03

0.11±0.05

0.13±0.09

0.09±0.04

0.10±0.08

PDW

14.86±1.19

15.58±0.99

15.36±1.03

16.17±0.95

14.88±1.03

15.26±0.87

RBC
(x106/uL)

5.23±0.68

4.92±0.92

5.68±0.74

5.71±0.73

4.59±0.77

5.13±0.71

RDW (%)

18.43±2.67

18.28 ± 0.95

18.28±1.27

19.05±1.45

15.79±1.21

16.27±1.61

WBC
(x103/µL)

9.95±4.41

8.79±2.03

10.36±3.74

9.95±2.08

9.27±3.69

10.23±2.05

MCH (pg)

GR = Granulocuyes, Hct = Hemotocrit, Hb = Hemoglobin, LY = Lymphocytes, MCH =
Mean Corpuscular Hemoglobin, MCHC = Mean Corpuscular Hemoglobin Concetration,
MCV = Mean Corpuscular Volume, MO = Monocytes, Plt = Platelets, RBC = Red Blood
Cells, WBC = White Blood Cells.
Animals in rbST group were treated with recombinant bovine somatotropin @ 1.0 mg/kg.BW
where as animals in group C were kept as control. Values are mean±SE differ at *P < 0.05,
**P <0.005 and ***P < 0.001between rbST and C
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4.4

Effects of rbST on some serum biochemical parameters
Table-15 shows the serum concentrations of total proteins, total lipids,

cholesterol, glucose and uric acid of the animals. The results revealed that the serum
biochemical variables were not different (P > 0.05) between the groups at the start of trail
(week 0). Analysis of blood sampled on 18th week of the experiment showed that the serum
total protein and glucose concentrations increased (P < 0.05) and the total lipid and
cholesterol concentrations decreased in cow and buffalo calves of rbST group than that of
control, however, no significant changes (P > 0.05) were found between the rbST and control
groups in all the determined biochemical variables on 36th week of the experiment. Similarly,
analysis of blood sampled on 10th week of experiment showed that the serum total protein
and glucose concentrations increased (P < 0.05) and the total lipids concentration decreased
in kids of rbST group than that of control, however, no significant change (P > 0.05) was
found in these variables on 22nd week of the experiment.

62

Table-15

Effect of rbST treatment on some biochemical variables of cow calves,
buffalo claves and kids.

Groups
Cow calves
Items (mg/dl)

C

rbST

Buffalo calves
C

Kids

rbST

C

rbST

At the commencement of experiment (Week 0)
Glucose

53.5±15.38

50.53±13.0
4

53.2±15.05

57±13.56

43.2±15.05

46.31± 13.56

Total Protein

6.14±0.68

6.53±0.70

5.84±0.54

5.32±0.75

6.13±0.54

5.85±0.75

Total Lipid

571±109.24

564±82.42

528±59.62

543.7±100.24

528±59.62

533±40.24

Cholesterol

403.5±38.81

413.3±38.7
1

433±43.34

437.4±42.69

423±43.34

427.24±42.69

8.21±1.54

7.93±1.47

7.88±1.33

9.15±1.21

7.34±1.33

7.81±1.21

Uric Acid

Week 18

Week 18

Week 10

54.85±11.4

61.5±15.12
*

55.32±18.6

63.±13.56*

42.86±15.49

51.17±15.70*

6.1±0.68

6.5±0.70*

6.4±0.54

6.2±0.75*

6.58±0.54

7.32±0.53*

Total Lipid

598±85.24

571±91.42*

567±59.62

538±98.24*

516.6±57.03

451.73±53.34*

Cholesterol

425±35.72

413±43.26*

475±31.65

421.4±47.47*

423±43.34

387.24±35.69*

Uric Acid

8.52±1.38

8.08±1.41

7.98±1.27

9.08±1.19

8.35±1.25

8.19±1.81

Glucose
Total Protein

Week 36

Glucose

Week 36

Week 22

53.5±15.38

50.5±13.04

53.2±15.05

57.34±13.56

45.25±14.23

47.34±15.56

6.1±0.68

6.5±0.70

6.4±0.54

6.2±0.75

6.18±0.43

6.38±0.68

Total Lipid

571±109.24

564.3±82.4
2

528±59.62

543±100.24

53 ±51.63

537±60.43

Cholesterol

403±38.81

413±38.71

433±43.34

437±42.69

428±41.55

435±46.28

Uric Acid

7.24±1.54

8.01±1.47

8.53±1.33

8.41±1.21

8.33±1.33

8.15±1.21

Total Protein

Animals in rbST group were treated with recombinant bovine somatotropin @ 1.0 mg/kg.BW
where as animals in C group were kept as control. Values are mean±SE differ at *P < 0.05,
**P <0.005 and ***P < 0.001 between rbST and C
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4.5 Effects of rbST on some serum electrolytes level:
The serum samples were analyzed for calcium (Ca), inorganic phosphorus (P),
magnesium (Mg), copper (Cu) and zinc (Zn) and the results are depicted in Table-16. The
serum electrolytes levels of cow calves, buffalo calves and kids assessed at the start of trail
were not different (P > 0.05) between the groups. Assessment of the same minerals at 18 th
week of experiment in cow and buffalo calves and at 10th week of experiment in kids showed
no significant change (P > 0.05) between the groups. However, the serum analysis sampled at
week 36 in the cow and buffalo calves and at week 22 in kids indicated significant effect on
Ca and Cu levels. The serum Ca concentrations increased (P < 0.05) by 32.24%, 21.89% and
37.03% in cow calves, buffalo calves and kids respectively. Similarly, the serum Cu
concentrations increased (P < 0.05) by 28.21%, 24.28% and 30.96% in cow calves, buffalo
calves and kids as well.
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Table-16

Effect of rbST treatment on some serum electrolytes of cow calves,
buffalo claves and kids.

Groups
Cow calves
Items

C

rbST

Buffalo calves
C

Kids

rbST

C

rbST

8.18±1.59

(mg/dl)
At the commencement of experiment (Week 0)
Ca

8.56±1.17

8.32±2.06

9.91±1.67

9.68±1.32

7.91±1.97

P

5.19±0.34

4.97±0.52

5.71±1.15

6.16±0.52

7.15±0.41

6.98±0.35

Mg

3.12±0.31

2.98±0.44

2.32±1.11

2.41±0.98

2.08±0.32

1.8±0.16

Cu

1.85±0.27

1.98±0.36

2.13±1.12

1.89±0.96

1.62±0.71

1.3±0.55

Zn

1.34±0.18

1.37±0.20

1.29±0.22

1.28±0.26

1.34±0.62

1.3±0.47

Week 18

Week 18

Week 10

Ca

9.15±1.20

8.72±2.11

10.17±1.32

9.78±1.35

8.29±1.85

9.12±1.61

P

4.73±0.33

4.47±0.43

5.32±1.08

5.46±0.99

6.88±0.38

6.73±0.42

Mg

1.98±0.35

1.97±0.51

2.11±1.14

2.16±0.53

1.92±0.31

1.87±0.28

Cu

2.02±0.29

2.19±0.38

2.10±1.11

1.99±0.97

1.56±0.52

1.68±0.57

Zn

1.3 + 0.41

1.23 + 0.36

1.4 + 0.42

1.3 + 1.41

1.22±0.51

1.31±0.48

Week 36

Week 36

Week 22

Ca

8.56±1.17

11.32±2.06*

9.91±1.37

12.08±1.82

7.21±1.22

9.88±1.69*

P

5.19±0.34

4.97±0.52

5.71±1.15

6.16±0.52

7.06±0.40

6.91±0.32

Mg

3.87±0.31

4.14±0.38

4.73±1.11

4.66±0.98

1.89±0.21

1.85±0.22

Cu

2.02±0.29

2.59±0.38*

2.10±0.11

2.61±0.97*

1.97±0.42

2.58±0.57*

Zn

1.81±0.26

1.88±0.34

2.09±1.13

1.86±0.93

1.17±0.63

1.22±0.88

Animals in rbST group were treated with recombinant bovine somatotropin @ 1.0 mg/kg.BW
where as animals in group C, were kept as control. Values are mean±SE differ at *P < 0.05,
**P <0.005 and ***P < 0.001between rbST and C
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4.6 Effects of rbST on some serum hormones level:
The concentrations of insulin-like growth factor-I (IGF-I), T3 and T4 in serum
of animals are shown in Table-17. The results revealed that the serum concentrations of IGFI, T3 and T4 of animals were not different (P > 0.05) between the groups at the
commencement of experiment (week 0). Analysis of thyroid hormones in the serum of cow
and buffalo calves revealed an increase in T3 concentration in rbST group compared with
control on week 18 of trail but did not differ (P > 0.05) on 36 th week of the trail. Similarly, in
kids the significant increase (P < 0.05) in serum T 3 concentrations were observed in the blood
samples taken on 10th of the rbST treatment, however, no difference (P > 0.05) in serum T3
concentrations were seen in the blood samples taken at week 22 of the experiment. The serum
T4 concentrations were not different (P > 0.05) between the groups of cow and buffalo calves
in blood samples taken on 18th week and 36th week of the experiment as well as in the blood
samples of kids assessed on 10th week and 22nd week of the experiment. Analysis of blood
sampled on 18th and 36th week of rbST treatment showed that the serum IGF-I and GH
concentrations increased in cow and buffalo calves compared with control. Similarly, the
analysis of blood sampled on 10th week and 22nd week of experiment showed that the serum
IGF-I and GH concentrations increased in goats of rbST group than that of control.
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Table-17

Effect of rbST treatment on some serum hormones levels of cow calves,
buffalo claves and kids.
Groups
Cow calves

Items

C

Buffalo calves

rbST

Kids

C

rbST

C

rbST

At the commencement of experiment (w 0)
IGF-I
(ng/mL)

87.35±25.6

91.28±19.11

84.76±28.39

88.23±24.14

47.03±13.05

45.93±10.88

T3
(nmol/L)

1.74 ± 0.11

1.69 ± 0.05

2.08 ± 0.10

1.88 ± 0.06

2.86±0.63

2.78±0.69

T4
(nmol/L)

51.85±13.7

49.94±21.43

56.28±16.42

55.16±12.39

91.50±12.44

77.28±26.58

Week 18

Week 18

Week 10

IGF-I
(ng/mL)

89.26±30.7

120.3±34.23*

85.81±31.39

137.8±36.3*

47.28±14.93

51.42±11.20*

T3
(nmol/L)

2.15±0.14

5.32±0.24**

3.08±0.11

5.98±0.08**

2.66±0.75

3.08±0.58*

59.23±28.5

55.88±25.26

61.53±30.27

66.98±27.38

78.18±12.44

74.76±26.58*

0.1±0.00

0.2±0.00

0.02±0.1

0.23±0.25

0.02±0.1

0.14±0.25

T4
(nmol/L)
GH
(µiu/l)

Week 36

Week 36

Week 22

IGF-I
(ng/mL)

92.37±30.7

124.7±35.41*

88.73±29.28

146.8±34.5*

45.71±13.83

50.25±11.20*

T3
(nmol/L)

2.46±0.13

1.81±0.06

4.08±0.11

5.19±0.08

2.51±0.61

2.47±0.73

67.34±32.8

63.78±26.37

68.41±33.41

71.2±28.24

73.22±15.17

77.86±23.43

0.1±0.00

0.28±0.00

0.02±0.1

T4
(nmol/L)
GH
(µiu/l)

0.3±0.25

0.02±0.1

0.04±0.25

Animals in rbST group were treated with recombinant bovine somatotropin @ 1.0 mg/kg.BW
where as animals in group C were kept as control. Values are mean±SE differ at *P < 0.05,
**P <0.005 and ***P < 0.001between rbST and C
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Table-18

Effect of rbST on colour, odour, odour intensity, flavour, juiciness,
tenderness of meat of cow calves, buffalo claves and kids.
Groups
Cow calves

Buffalo calves

Kids

Items
C

rbST

C

Week 18

rbST
Week 18

C

rbST
Week 10

Colour

3.41±1.22

3.24±1.31

2.24±1.12

2.36±1.15

4.32±1.11

4.41±1.14

Odour

3.33±1.23

3.40±1.19

3.24±1.15

3.32±1.09

4.11±1.17

4.20±1.11

Odour
intensity

3.52±1.05

3.42±1.12

3.09±1.07

3.13±1.08

4.25±1.16

4.49±1.18

Flavour

3.35±1.15

3.36±1.17

3.28±1.16

3.56±1.14

4.24±1.16

4.14±1.13

Juiciness

3.41±1.12

3.73±1.11

3.16±1.15

3.28±1.14

4.26±1.15

4.19±1.18

Tenderness

3.65±1.15

3.71±1.12

3.72±1.16

3.76±1.14

3.68±1.17

3.73±1.14

Firmness

3.45±1.14

3.50±1.13

2.87±1.17

2.91±1.15

3.84±1.14

3.77±1.16

Week 36

Week 36

Week 22

Colour

3.61±1.15

3.70±1.12

3.72±1.16

3.72±1.14

3.63±1.17

3.71±1.14

Odour

3.46±1.14

3.51±1.13

2.88±1.17

2.90±1.15

3.81±1.14

3.75±1.16

Odour
intensity

3.34±1.15

3.33±1.17

3.31±1.16

3.48±1.14

4.32±1.16

4.28±1.13

Flavour

3.38±1.12

3.62±1.11

3.17±1.15

3.25±1.14

4.27±1.15

4.18±1.18

Juiciness

3.40±1.22

3.18±1.31

2.24±1.12

2.36±1.15

4.32±1.11

4.43±1.14

Tenderness

3.28±1.23

3.42±1.19

3.24±1.15

3.32±1.09

4.11±1.17

4.28±1.11

Firmness

3.49±1.05

3.39±1.12

3.09±1.07

3.13±1.08

4.25±1.16

4.46±1.18

Animals in rbST group were treated with recombinant bovine somatotropin @ 1.0 mg/kg.BW
where as animals in group C were kept as control. Values are mean±SE differ at *P < 0.05,
**P <0.005 and ***P < 0.001between rbST and C.
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4.7

Effect of rbST on Carcass Characteristics and Meat Quality

4.7.1 Effect of rbST on colour, odour, odour intensity, flavour, juiciness, tenderness of
meat of cow calves, buffalo claves and kids
The meat quality characteristics such as colour, odour, odour intensity,
flavour, juiciness, tenderness of meat of cow calves, buffalo claves and kids are shown in
Table-18. The results revealed no significant difference (P > 0.05) between rbST treated and
control animals on the above mentioned characteristics of meat samples taken from cow and
buffalo calves slaughtered on 18th and 36th of the experiment respectively. Similarly, the
determination of quality characteristics of meat samples taken from kids slaughtered on 10th
and 22nd respectively showed no significant difference (P > 0.05) between rbST and control
groups.

4.7.2 Effect of rbST on physical characteristics of meat
The physical characteristics of meat including pH, water holding capacity
(WHC), cooking loss and drip loss are shown in Table-19. The physical characteristics of
meat samples taken from cow and buffalo calves slaughtered on week 18 and 36 respectively
indicated no significant differences (P > 0.05) between control and rbST groups. No
difference (P > 0.05) in the physical characteristics of meat samples taken from kids
slaughtered on 10th

and 22nd week respectively was found between rbST treated and

untreated (control) groups. However, most of physical characteristics such as pH, cooking
loss and drip loss were slightly lower in rbST group compared to their control.
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Table-19

Effect of rbST on physical characteristics of fresh meat samples cut from
longissimus dorsi (LD) of slaughtered goats.
Groups
Cow calves

Items

C

rbST

Buffalo calves
C

Week 18

pH

rbST
Week 18

Kids
C

rbST
Week 10

5.74±0.16

5.60±0.21

5.68±0.13

5.64±0.19

5.51±0.15

5.54±0.20

WHC, % 76.45±4.14

78.85±2.79

74.81±3.87

79.43±3.07

76.33±4.10

78.35±2.87

Cooking
loss, %

42.52±1.43

37.34±2.05

41.35±1.62

36.34±2.14

38.39±1.51

37.34±1.91

Drip
loss, %

2.62±0.25

2.33±0.12

2.70±0.23

2.41±0.11

2.41±0.25

2.28±0.11

Week 36

pH

Week 36

Week 22

6.11±0.14

5.82±0.20

5.96±0.15

5.44±0.21

5.78±0.13

5.62±0.18

WHC, % 79.03±4.10

80.52±2.87

77.36±3.80

79.55±2.87

76.13±4.12

79.58±2.93

Cooking
loss, %

40.42±1.50

36.34±1.90

42.18±1.48

36.42±1.91

40.22±1.38

37.13±1.78

Drip
loss, %

2.51±0.23

2.21±0.11

2.78±0.25

2.52±0.11

2.51±0.25

2.21±0.11

WHC = Water Holding Capacity. Animals in rbST group were treated with recombinant
bovine somatotropin @ 1.0 mg/kg.BW where as animals in group C were kept as control.
Values are mean±SE differ at *P < 0.05, **P <0.005 and ***P < 0.001between rbST and C.
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4.7.3 Effect of rbST on chemical characteristics of meat
The chemical characteristics including moisture, crude protein (CP), fat and
ash contents of meat of animals are shown in Table-20. The meat samples of cow and buffalo
calves taken from animals slaughtered on 18th week and that from kids slaughtered on 10th
week showed significant effect on some chemical characteristics. The moisture and CP
contents increased (P < 0.05) by 9.91%, 11.1% 4.95% and 15.12%, 18.22% and 10.82%, and
the fat content of meat decreased (P < 0.05) by 22.85%, 26.61% and 23.73% in meat of cow
calves, buffalo calves and kids, respectively. However, the analysis meat samples of cow and
buffalo calves taken on 36th week and that of kids taken on 22nd week of the experiment
reflected no difference (P > 0.05) in chemical characteristics.
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Table-20

Effect of rbST on chemical characteristics of fresh meat samples cut from
longissimus dorsi (LD) of slaughtered goats.
Groups
Cow calves

Items

C

rbST

Buffalo calves
C

Week 18

rbST
Week 18

Kids
C

rbST
Week 10

Moisture
,%

51.75±1.01 56.88±2.59*

50.16±.48

55.76±2.18*

63.72±0.53

66.88±1.15*

CP, %

18.91±0.67 21.77±0.37*

17.83±0.67

21.08±0.37*

19.77±1.34

21.91±0.86*

Fat, %

2.10±0.48

2.58±0.24*

2.33±0.50

2.85±0.25*

2.57±0.41*

3.18±0.5*

Ash, %

0.85±0.12

0.83±0.12

0.85±0.12

0.83±0.12

0.83±0.12

0.85±0.12*

Week 36

Week 36

Week 22

Moisture
,%

56.88±3.59

51.75±1.01

56.88±3.59

51.75±1.01

51.75±1.01

56.88±3.59

CP, %

22.91±0.67

21.77±0.37

22.91±0.67

21.77±0.37

21.77±0.37

22.91±0.67

Fat, %

2±0.5

2.75±0.25

2±0.5

2.75±0.25

2.75±0.25

2±0.5

Ash, %

0.85±0.12

0.83±0.12

0.85±0.12

0.83±0.12

0.83±0.12

0.85±0.12

CP = Crude Protein, Animals in rbST group were treated with recombinant bovine
somatotropin @ 1.0 mg/kg.BW where as animals in group C were kept as control. Values are
mean±SE differ at *P < 0.05, **P <0.005 and ***P < 0.001between rbST and C.
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CHAPTER-V
DISCUSSION
Pakistan harbours a number of important ruminant livestock which supply
milk, meat and other byproducts as an important source of animal protein. It is of prime
importance to take measures to enhance growth rates and maintain health of young ruminant
stock in order to fulfill the protein requirement of animal origin for ever growing population
of the country. The use of recombinant bovine somatotropin (rbST) could be one of the
important strategies to increase growth rates, improve meat quality characteristics. Previous
studies have mainly been focused on effects of rbST on lactation performance and very few
studies have been conducted to evaluate its effects on growth performance and meat quality
of young animals and very little known is about the effects of rbST on growth performance
and meat quality of Kundhi buffalo calves, Thari cow calves and Kamori goat kids.
Moreover, the hemotological and biochemical parameters are also important indices of
animal health. The present study also evaluated the hemotological effects of rbST treatment
in kids. The study therefore was aimed to evaluate the effects of rbST treatment administered
fortnightly on growth performance, meat quality and haemotological and blood biochemical
characteristics of Kundhi buffalo calves, Thari cow calves and Kamori goat kids.
5.1 Effect of rbST on Growth Performance
In the present study, the average BW of goats increased by 25.36 and 28.76 %
at 10th and 22nd week of the experiment respectively, in rbST group compared with control.
The increase in BW of rbST treated animals resulted from an increase (P < 0.05) in ADG by
approximately 36.36% and 35.7% at 10th and 22nd respectively. At 18th week of the
experiment, the average BW of cow calves and buffalo calves increased (P < 0.005) by
42.5% and 32.92 % in rbST group compared to Control. Concurrent with increased BW, the
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rbST treatment increased (P < 0.05) ADG by approximately 89.5%, 55.7% and 44 % in cow
calves, buffalo calves and kids, respectively compared to their controls which were not
treated with rbST. At 34 w of experiment, the average BW of cow and buffalo calves in rbST
group increased (P < 0.05) by approximately 53% and 34 % respectively, compared to their
controls. The increase in BW of rbST treated animals resulted from an increase (P < 0.05) in
ADG by approximately 80% and 48 % in cow calves and buffalo calves, respectively. In
agreement of our findings, the previous studies have shown that the rbST treatment increased
body weight and average daily gain in kids, lambs and calves (Sanjrani et al., 2016a, Mellado
et al., 2012, Nour El-Din et al., 2009; Velauyudhan et al., 2007; Govoni et al., 2004).
In accordance with increased body weight gain at week 18 of the experiment,
the feed intake (FI) increased (P < 0.005) by 1.61, 1.34 kg/d in rbST treated cow and buffalo
calves respectively, than that that of untreated calves. At 10 th week of experiment, the rbST
treated kids consumed 0.05 kg/d more feed than that of untreated kids. Concomitantly with
higher FI in rbST group, the DMI increased (P < 0.005) by 1.09, 0.91 and 0.47 kg/d in cow
calves, buffalo calves and kids, respectively compared to their control. Similarly, the FCR
was approximately 54% and 33.23 % higher in cow and buffalo calves, respectively, in rbST
group compared to their controls; however, the FCR of kids did not vary (P > 0.05) between
the groups. At 34 w of experiment, the average FI of cow and buffalo calves in rbST group
increased (P < 0.05) by approximately 2.98 kg/d and 2.36 kg/d respectively, compared to
their controls. At 22nd week of experiment, the average FI increased (P < 0.05) by
approximately 1.14 kg/d in rbST treated kids than those untreated. The increase in FI of rbST
treated animals led to increase (P < 0.05) in DMI by approximately 2.03 kg/d, 1.6 kg/d and
0.77 kg/d in cow calves, buffalo calves and kids, respectively. The FCR increased by 38%,
26% and 11% in cow calves, buffalo calves and kids treated with rbST than those without
treatment. The results of present study are in agreement with the previous studies reported by
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Boonsanit et al., (2010); Chanchai et al., (2010) and Nascimento et al., (2003). The results
reported by Groenewegen et al., (1990) have further confirmed the findings of the present
investigation who found increased feed consumption in rbST treated calves. The FCR of
goats increased (P < 0.05) in rbST group (9.43 ± 0.36) compared to control (15.17 ± 0.27) at
week 10, however, the FCR did not vary (P > 0.05) between the groups at week 22. Previous
studies have reported that weight gain and feed conversion ratio were significantly higher in
rbST treated calves compared to their control (Gebre et al., 2012, Schlegel et al., 2006,
Rausch et al., 2002).
5.2 Effect of rbST on Nutrient Utilization
The growth performance of an animal requires efficient digestion of feed in
the gastro-intestinal tract, enhanced absorption of digested nutrient from gastrointestinal tract
wall and the efficient peripheral flow of nutrient for suitable utilization. The primary
mechanism by which rbST affects growth rate of animals is alteration and partitioning of
nutrients in the body (Cooker et al., 1990). The digestibilities of DM, CP and ash at 18 th week
of experiment increased (P > 0.05) in cow and buffalo calves treated with rbST compared to
their controls, however, the CF and EE digestibilities were not changed (P > 0.05) between
the groups. Similarly, the assessment of nutrient digestibilities in kids at 10 th week of
experiment showed an increase in DM, CP and ash utilization in rbST group compared with
control group. However, the digestibility trails conducted at the end of experiment, i.e. at 36 th
week in calves and at 22nd week in kids showed no difference (P > 0.05) in nutrient utilization
between the groups. This is in accordance with the feed intake and FCR of kids treated with
rbST. At the initial stage of rbST treatment (week 10), the feed consumption in rbST treated
kids was less significant (P < 0.05) compared to later stage of experiment (week 22) where
the feed intake was significantly (P < 0.001) higher. Similarly, the FCR was significantly
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higher (P < 0.05) at week 10 and no significant difference in FCR was found at week 22.
These results suggest that rbST treatment improved growth performance by enhancing the
nutrient digestibilities in gastrointestinal tract (GIT) of kids at the initial stage of experiment
and at the later stage of experiment the improvement in growth performance might be
resulted from increased feed intake. This could also be explained by the reason that in young
animals the feed intake capacity may be limited because of less developed GIT which
increases by the passage of time as the animal grows older. Many studies have shown no
effect of rbST treatment on nutrient digestibility in mature or lactating cows (Znidar et al.,
1976; Eisemann et al., 1989). Though the literature about effects of rbST on nutrient
digestibility in young animals is scanty, yet some studies have shown an increase in nutrient
digestibility in growing kids and calves (Sanjrani et al., 2016a, Moseley et al., 1982).
Administration of rbST at the dose rate of 25 mg/day for six weeks at 60 days
postpartum in cows fixed with rumen fistula showed an increase in feed efficiency by 3.5%
while dry matter intake, ruminal percentages of crude protein (CP), alpha-amino-N, short
chain fatty acids (SCFA), pH, apparent digestibility of nutrients and cellulolytic bacteria (%)
were not affected (Windsryg et al., 1991). Similarly, treatment of lactating cows with rbST
for 90 days showed reduced dry matter intake but increased feed conversion ratio while no
change was observed in nutrient utilization (Santos et al., 1999). Long term administration of
rbST for 168 days at the dose rate of 640 mg on alternate fornightly showed no alteration in
apparent digestibilities of DM, CP, crude fibers (CF), nitrogen-free extract (NFE) and energy
(Schwab and Kirchgessner, 1990). The literature cited above regarding the rbST treatment in
lactating animals showed no or little response of rbST on nutrient digestibilities and it could
be suggested that the extra nutrient for increased milk production come from mobilization of
body tissues (Phillips, 1996). These data also demonstrate that the effect of rbST on nutrient
digestibility altered by metabolic stress on animal body.
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5.3 Effect of rbST on Hemotology
Hemotological and blood biochemical parameters are important in animals as
they indicate the health and metabolic status of body. In the current study, the hematological
analysis of blood sampled on week 10th of experiment in goats and on week 22nd of
experiment in calves showed an increase (P < 0.05) in red blood cells (RBC) and hemoglobin
concentrations in rbST treated animals than that of untreated animals, however, the rest of
hemotplogical indices were not different (P > 0.05) between the groups. However, the
analysis of blood samples collected on 22nd week of the experiment in goats and on 36th week
of experiment in cow and buffalo calves showed no difference (P > 0.05) in hematological
parameters of animals between two groups. Moreover, the increase in RBC count and
hemoglobin concentration was within normal range. Consistent with our results, previous
studies have shown an increase in blood RBC and hemoglobin levels of buffalo calves treated
with rbST at the dose rate of 1 mg/kg BW for 10 weeks than those of untreated (Sanjrani et
al., 2016b, Aneela, 2013). In contradiction to our results, Eppard et al., (1997) observed that
rbST treatment decreased RBC count in cattle. While other researchers reported no
significant change in RBC count in the blood of heifers (Prado et al., 2003), primparous as
well as multiparous lactating cows (Azza et. al., 2010) and buffaloes (Khaliq and Rahman,
2010). Moreover, lambs received rbST injections at the dose of 3.5 mg/kg.BW, fortnightly,
did not show any change in RBC count than that of control lambs (Nour-El-Din et. al., 2009).
The dose used in their experiment was extremely higher than the dose we used in the present
study. The discrepancies in the effect of rbST treatment on RBC count suggest that effects of
rbST depend on species, physiological status of the animal, dose and duration of the
treatment. Burton et al. (1992) administered two doses of rbST i.e. 20.6 mg/d and 10.3 mg/d
in dairy cows and observed 5.8% decrease in hematocrit for the cows which received rbST at
the dose rate of 20.6 mg/d compared with control. Further comparison between two rbST
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doses revealed that the cows received higher dose of rbST had 4.9% decreases in hematocrit.
Furthermore, the mean corpuscular volume (MCV) and mean corpuscular hemoglobin
(MCH) increased by 13% and 6.8% in cows received lower dose of rbST compared with
control, however, higher dose of rbST to cows showed 3% decrease in MCH compared to
those which received lower doses (Burton et al., 1992). Administration of large doses of rbST
in pregnant cattle also resulted in decrease in RBC counts and hematocrits (Vicini et al.,
1990).
Administration of rbST produced no significant effect on absolute values of
any white blood cell type, however, fractional values of certain leucocytes types were
influenced by rbST treatment. The lymphocyte and eosinophil proportions in rbST treated
dairy cattle decreased by 21.3% and 33%, respectively (Burton et al., 1992). Vicini et al.
(1990) also observed decrease in eosinophils fractions in pregnant cattle treated with larger
doses of rbST. However, Annexstad et al. (1990) and McGuffey et al. (1990) observed no
effects of rbST on lymphocytes or eosinophils. The rbST treatment also showed dose- and
time-dependant effects on lymphocyte fraction. Dairy cows treated with rbST at the dose rate
of 20.6 mg/d showed decreases in lymphocyte fraction by 32.7% and 33.3% at week 26 and
35, respectively, compared with control. Whereas the dairy cows treated with rbST at the
dose rate of 10.3 mg/d showed decreases in lymphocyte fraction by 16.8% at week 35
compared with control (Burton et al., 1992). Compared with control, the neutrophil fraction
in cows treated with rbST at the dose rate of 20.6 mg/d increased by 27.4% and 29.8% at
week 26 and 35, however, the dose of 10.3 mg/d showed no influence on neutrophil fraction
(Burton et al., 1992).
Previous studies have shown an improvement in growth performance of
animals treated with rbST (Gavidia et. al., 2001, Atta-ur-Rahman et al., 2013) and the
stimulation of erythropoiesis during growth is necessary to ensure proportionality between
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erythrocyte mass and body mass (Kurtz et. al., 1988). The results of a study by Aneela (2013)
showed that rbST treatment did not produce any effect on RBC concentration for first two
weeks but the significant increase in RBC was observed from 3 rd through 11th week of
experimental trail. This suggests that the rbST-induced growth might reached at its maximum
in two weeks and the rapid increase in tissue mass might not received proper oxygen (tissue
hypoxia) which might stimulated the release of erythropoietin and ultimately resulted in RBC
production (Erythropoiesis). The increasing demand of oxygen to the tissue may also be
evidenced from the higher serum T3 concentration in rbST treated goats. This suggests that
the treatment of animals with rbST at growing stage increases thyroid status and stimulate the
conversion of inactive thyroid hormone (T 4) to the active form (T3) and thereby increase the
basal metabolic rate and ultimately the growth of the animal. Our results are in agreement
with Holzer et al., (2000) who found the tendency to increase in plasma T 3 concentration of
bulls treated with rbST than those of untreated. Moreover, the rbST might have direct effect
on hemopoietic stem cells. Furthermore, the rbST-induced erythropoiesis might be mediated
by insulin-like growth factor (IGF-I) as in the present study, we found elevated serum IGF-I
concentration in rbST treated kids. Previous studies have also shown an elevation in serum
IGF-1 concentration of cattle trateted with rbST (Sanjrani et al., 2016b, Burton et. al., 1991,
Cooke et al., 2013) and the IGF-I has been shown to stimulate erythropoiesis either directly
or through release of erythropoietin (Kurtz et. al., 1988).
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5.4 Effects of rbST on some serum biochemical parameters
As mentioned earlier, the blood biochemical and haemotological parameters
are important in animals as they indicate the health and metabolic status of body. The effects
of rbST administration in young ruminants on blood biochemical variables including serum
total protein, glucose, and total lipids were studied in the present study. The results revealed
that the analysis of blood sampled on week 18 of the experiment showed that the serum total
protein and glucose concentrations increased (P < 0.05) and the total lipid and cholesterol
concentrations decreased in cow and buffalo calves of rbST group than that of control,
however, no significant changes (P > 0.05) were found between the rbST and control groups
in all the examined biochemical variables on week 36 of the experiment. Similarly, analysis
of blood sampled on week 10 of experiment showed that the serum total protein and glucose
concentrations increased (P < 0.05) and the total lipids concentration decreased in kids of
rbST group than that of control, however, no significant change (P > 0.05) was found in these
variables on week 22 of the experiment. Consistence with our findings, Nour-El-Din et al.
(2009) and McLaughkin et al. (1991) reported an increase the serum glucose and total protein
concentrations and decrease in the serum total lipid concentration in rbST treated lambs than
that of control. Buffaloes administered with rbST at the dose rate of 500 mg fortnightly
showed increase in blood glucose concentration (Khalique et al., 2013, Helal and Lasheen,
2008). Similarly, rbST treatment in non-lactating and non-pregnant dairy cows elevated
plasma glucose level (Aboin et al., 2013). The rbST treatment has been shown to stimulate
glucse metabolism in cows (Gulay et al., 2004) which may be due to decreased perpheral
oxidation of glucose and increased rates of gluconeogensis in the liver (Cohick et al., 1989,
Bauman et al., 1993). Contrary to our results, Azza et al. (2010) and Fike et al. (2002)
reported hypoglycemic effects of rbST in dairy cows. Moreover, hypoglycemic effects in
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dairy cows were associated with dose of rbST and parity of the animals. The rbST treatment
induced hypoglycemia in primiparous cows at both the doses of 250 and 500 mg rbST/day
injected biweekly while the multiparous cows showed reduced serum glucose concentration
when injected with 500 mg rbST. The hypoglycemic effects of rbST may be mediated by
increased synthesis and secretion of insulin and IGF-I (Gong et al., 1997). On the other hand,
some researchers reported no significant effects of rbST treatment on blood glucose
concentration in animals (Eisemann et al., 1986). Variable reports on serum glucose
concentration in rbST treated animals may be attributed to the dose rate, duration of rbST
treatment, number of samples collected after rbST administration and more importantly
sampling time feeding management. Method of rbST preparation and purity of hormones
may also cause inconsistency in the result. The treatment of liver slices from lactating cow
with pituitary derived rbST by recombinant DNA technic increased the rate of propionate
conversion to glucose (McShane et al., 1989). Metabolic stage of an animal during pregnancy
to lactation may bring about some changes in physiological status and ultimately leads to
alterations in serum glucose concentrations (Zvorc et al., 2006).
The increase in serum total proteins in rbST treated animals may be due to
increase in protein synthesis rate to cope with increasing growth rate of animals as rbST has
been shown to increase N retention and carcass proten content in cattle (Wagner et al., 1988;
Moseley et al., 1992). Inconsistent to our results, Sallam et al. (2005) and Nasser et al. (2007)
reporetd no significant effects of rbST treatment on serum total proteins in ewes and goats,
respectively. On the other hand, Khalique et al. (2013) reported decrease in plasma proteins
in buffaloes treated with high dosed rbST. There might be few explanations about the
decrease in blood protein concentration. The rbST treatment may increase amino acid
catabolisms in lactating animals to precede gluconeogenetic process to fulfil the increasing
glucose demand for synthesis of lactose in milk (Khalique et al., 2013) or amino acids may
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be utilized by mammary glands to increase in milk protein synthesis by lactating cows
(Laurent et al., 1992). In growing animals that rbST treatment increases deposition of
proteins in muscles (Crooker et al., 1990). Similarly, the reduction in serum total lipid in
rbST treated goats may be due to decreased fat absorption as evidenced by decreased carcass
fat content in the cattle (Wagner et al., 1988; Moseley et al., 1992).
5.5 Effects of rbST on some serum hormones levels
In the present study the analysis of thyroid hormones in the serum of cow and
buffalo calves revealed an increase in T 3 concentration in rbST group compared with control
on 18th week of trail but did not differ (P > 0.05) on 36th week of the trail. Similarly, in kids
the significant increase (P < 0.05) in serum T 3 concentrations were observed in the blood
samples taken on week 10 of the rbST treatment, however, no difference (P > 0.05) in serum
T3 concentrations were seen in the blood samples taken at 22nd week of the experiment. The
serum T4 concentrations were not different (P > 0.05) between the groups of cow and buffalo
calves in blood samples taken on 18th and 36th week of the experiment as well as in the blood
samples of kids assessed on 10th and 22nd of the experiment. Analysis of blood sampled on
week 18 and 36 of rbST treatment showed that the serum IGF-I concentrations increased in
cow and buffalo calves compared with control. Similarly, the analysis of blood sampled on
10th and 22nd of experiment showed that the serum IGF-I concentrations increased in goats of
rbST group than that of control. It has been suggested that the rbST-induced growth results
from direct effect of rbST on tissues or at least partly mediated through stimulation of some
hormones in a coordinated manner. Two most important hormones, which play an important
role in metabolism and growth of body are triiodothyronine (T 3) and IGF-I and and the rbST
has been shown to alter their concentration in the blood circulation (Puchala et al., 2001;
Molento et al., 2002). IGF-I is a protein hormone is primarily synthesized and secreted from
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the liver cells (hepatocytes) which possess rbST receptors. The rbST binds with its receptors
on hepatic cells and cause the release of IGF-I (Gluckman et al., 1987; Chase et al., 1998).
Moreover, the effects of IGF-I involve a tightly regulated cascade of events known as
somatotropin axis. The binding of IGF-I to its target tissue is controlled by a specific IGF-I
binding proteins (McGuire et al., 1992) and rbST administration increased IGF-I and IGFBP3 concentrations in serum and IGF-I mRNA expression in hepatocytes (Vanderkooi et al.,
1995).

Thyroid gland is an important endocrine gland which produces thyroid
hormones that help in maintenance of energy and metabolism in animal body. The synthesis
and release of thyroid hormones is regulated by the hypothalamus/anterior pituitary axis.
First, the paraventricular nucleus (PVN) of the hypothalamus secretes a neuropeptide
hormone, thyrotropin-releasing hormone (TRH), which stimulates the synthesis and release
of thyroid-stimulating hormone (TSH) from anterior pituitary, and TSH in turn, acts on
receptors on the thyroid to promote synthesis and release of the thyroid hormones
(Huszenicza et al., 2002). Thyroid gland produces mainly T4 and in a small quantity of
3,3’,5-triiodothyronine (T3) (Huszenicza et al., 2002). In the brain and the peripheral tissues
(liver, kidney, mammary epithelium and others) the almost inactive T4 may undergo
extrathyroidal enzymatic activation (e.g. outer-ring deiodination) by a selenoprotein, 5’deiodinase (5’D) producing the much more potent T3, or inactivation (e.g. inner-ring
deiodination) by 5-deiodinase

(5D)

producing

fully

inactive forms of 3,3’,5’-

triiodothyronine (syn.: reverse-triiodothyronine; rT3). All three thyroid hormones are present
in the circulation, however inherent physiological effects are attributed almost only to T3
(Leonard and Visser, 1986; Dickson, 1990; Flier et al., 2000).
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The results of our study suggest that the rbST administration in growing
animals increases thyroid status and stimulate the conversion of inactive thyroid hormone
(T4) to the active form (T3) and thereby increase the basal metabolic rate and ultimately the
growth of the animal. In accordance with our result, Holzer et al., (2000) reported tendency
to increase in plasma T3 concentration of bulls treated with rbST than those of untreated.

5.6. Effects of rbST on some serum electrolytes levels
Minerals being co-factors of many enzymes play an important role in cell
proliferation, muscle growth and protein synthesis and the previous studies have shown an
influence of rbST on the absorption and tissue retention of macro- and micro-minerals and
serum in ruminants (Caperna et al., 1989; Boila et al., 1990 and Shin et al., 1996). In the
present study, the assessment of the serum electrolytes at 18 th week of experiment in cow and
buffalo calves and at 10th week in kids showed no significant change (P > 0.05) between the
groups. However, the serum analysis sampled at 36th week in the cow and buffalo calves and
at 22nd week of experiment in kids showed significant effect on Ca and Cu levels. The serum
Ca concentrations increased (P < 0.05) by 32.24%, 21.89% and 37.03% in cow calves,
buffalo calves and kids respectively. Similarly, the serum Cu concentrations increased (P <
0.05) by 28.21%, 24.28% and 30.96% in cow calves, buffalo calves and kids respectively. In
agreement with our results, previous studies have reported an increase in serum Ca and Cu
concentrations in rbST treated calves and kids (Sanjrani et al., 2016b, Shin et al., 1996;
Underwood, 1977). The increase in serum Ca and Cu concentration may reflect the increased
Ca absorption from GIT and decreased Cu excretion from urine due to rbST treatment
(Braithwaite, 1975; House et al., 1991). However, our results are in contradiction with
Desmukh et al., (2001) who reported no significant effect of rbST on serum calcium level in
multiparous cows, and Azza et al., (2010) who found decreased serum calcium level in
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lactating cows treated with rbST. These discrepancies in the results may be due to variations
in rbST experiments reported in literature. For example, the rbST experiments vary greatly on
the basis of experimental duration (short term or long term effects), dose of rbST (low,
optimum or high), frequency of rbST injections (daily, alternatively or fortnightly),
physiological status of the animal (young, growing, mature, primiparous or multiparous,
lactating or pregnant) and the experimental diet (low or high energy ration) fed to animals
etc. However, it has been generally suggested that rbST coordinates mineral partitioning
(Mellado et al., 2012).
5.7 Effect of rbST on Carcass Characteristics and Meat Quality
The physical characteristics of meat samples taken from cow and buffalo
calves slaughtered on week 18 and 36 respectively showed no significant differences between
control and rbST groups. No difference in the physical characteristics of meat samples taken
from kids slaughtered on 10th and 22nd week respectively was found between rbST treated
and untreated (control) groups. However, most of physical characteristics such as pH,
cooking loss and drip loss were slightly lowered in rbST group compared with control.
However, among the chemical characteristics, the meat samples of cow and buffalo calves
taken from animals slaughtered on 18th week and that from kids slaughtered on 10th week
showed significant effect on some chemical characteristics. The moisture and CP contents
increased (P < 0.05) by 9.91%, 11.1% 4.95% and 15.12%, 18.22% and 10.82%, and the fat
content of meat decreased (P < 0.05) by 22.85%, 26.61% and 23.73% in meat of cow calves,
buffalo calves and kids, respectively. However, the analysis meat samples of cow and buffalo
calves taken on 36th week and that of kids taken on 22nd week of the experiment showed no
difference (P > 0.05) in chemical characteristics. The rbST has been shown a considerable
shift in the partitioning of nutrients toward an increase in protein and decrease in fat deposits
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(Sanjrani et al., 2015, Fabry et al., 1991; Rumsey et al., 1996). Healey et al., (1996) reported
an increase in protein by 5% and decrease in fat by 36% in the carcass of calves treated with
rbST compared to those of untreated. In another study by Vann et al., (1998) reported an
increase in moisture content and decrease in fat content of ground meat from calves treated
with rbST compared to untreated calves. Moreover, the increase in protein content in meat of
slaughtered goats treated with rbST in the present study could be explain by the reason that
moisture content could positively correlate with protein content in the muscle (Neathery et
al., 1991). Furthermore, we found higher CP digestibility in rbST treated calves and therefore
absorption of proteins might have been increased from GIT to peripheral parts of the body
where they could be utilized anabolically through indirect effects of rbST by hormonal
mediators to increase cell proliferation and tissue mass and ultimately improved growth
performance. The exogenous treatment of rbST has been shown to elevate serum
concentrations of insulin and insulin like growth factor (IGF-I) (Cook et al., 2013; Holzer et
al., 2000) and both insulin and IGF-I have anabolic effects on protein. In conclusion, the
exogenous treatment of young ruminants with rbST increased growth performance, enhanced
digestibility of DM and CP and improved some chemical properties of meat. The rbST
treatment stimulated eryhthropoises (increased production of RBC) and increased serum
concentrations of IGF-I and T3 in the blood of young ruminants sampled on 18th and 10th
week in calves and kids respectively. The erythropoietic effect and elevation in serum T 3
concentrations were not found in the blood of calves and kids sampled on 36 th and 22nd week
of experiment, however, the serum IGF-I and GH concentrations were found higher. It can be
concluded from our results that the rbST induced-growth in the young ruminants may be
partly associated with both IGF-I and T3 at the early stage of life and at the later stage of life,
rbST treatment produces growth through the stimulation of IGF-I.
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CHAPTER-VI
SUMMARY, CONCLUSION AND SUGGESTIONS
SUMMARY
The present study was carried out on Kundhi buffalos calves (N=16, 16±2 wks
of age), Thari cow calves (N=16, 16±2 wks of age) and Kamori goat kids (N=16, 6±1 wks of
age) at Livestock Experiment Station (LES), Department of Livestock Management, Sindh
Agriculture University Tandojam. The animals were given a minimum period of two weeks
for adaptation in to the new environment. Durig adaptation period the animals were ear
tagged for identification, vaccinated against infectious diseases, drenched (dewormed) with
Fendox-Plus (Oxfendazol) and were injected subcutaneously with Paractin (Ivermectin 2%)
against helminthes and other parasitic infestations.
At the commencement of experiment the cow calves, buffalo calves and kids
weighed on average 44.57±0.63, 64.48±0.57 and 14.61±0.27 kg respectively. Animals were
were housed in the outerdoor pens with cemented floors, in groups of 4 per pen, under
ambient temperature and lighting. Each animal was fed individually through feeding trough
adlibitum and water was freely available before each animal in a clean container. Animals
were fed total mixed ration (TMR) as a basal diet composed of roughages and concentrates
with the ratio of 60:40. Animals of each species were divided into two groups, viz. control
and rbST with 8 animals per group. The animals in rbST group received subcutaneous
injection of rbST fortnightly, at the dose rate of 1 mg/kg.BW and those in C were kept as
control. The experiment lasted upto 36 weeks for cow and buffalo calves and 22 weeks for
kids.
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Blood samples of animals were taken weekly and the portion of fresh blood
samples were immediately collected in heparinised tubes for haematological analysis and the
remaining portion were centrifuged to collect serum for the analysis of biochemicals,
electrolytes and hormones. The feed intake was recorded every day and the body weight was
recorded weekly throughout the experimental period. Fecal samples were collected on the
10th and 20th week of experiment to conduct digestibility trails. Animals were slaughtered at
the end of experimental period and the meat samples were collected from longissimus dorsi
(LD) muscle to determine the physico-chemical characteristics.
The results revealed that rbST treatment increased growth performance and
improved nutrient utilization in cow, calves, buffalo calves and kids compared with control.
The average body weight (BW), average daily weight gain (ADG), feed intake and dry matter
intake (DMI) in cow and buffalo calves and in kids increased (P < 0.05) in rbST group
compared with control. The digestibilities of dry matter (DM) and crude protein (CP) in cow
and buffalo calves and in kids increased (P < 0.05) in rbST treated group compared to their
controls. The hematological analysis of blood sampled on week 10 th of experiment in kids
and on week 22nd of experiment in calves showed an increase (P < 0.05) in red blood cells
(RBC) and hemoglobin (Hb) concentrations in rbST treated animals than that of untreated
animals, however, the analysis of blood samples collected on week 22 nd of the experiment in
kids and on week 36th of experiment in cow and buffalo calves showed no difference (P >
0.05) in hematological parameters of animals between two groups. The analysis of serum
samples taken on week 18 from cow and buffalo calves and on week 10 from kids showed
that the total protein and glucose concentrations increased (P < 0.05) and the total lipid and
cholesterol concentrations decreased in rbST group than that of control, however, no
significant changes (P > 0.05) were found between the rbST and control groups in all the
examined biochemical variables on week 36 of the experiment.

88

Assessment of the minerals at week 36 in the cow and buffalo calves and at
week 22 in kids showed that the serum Ca concentrations increased (P < 0.05) by 32.24%,
21.89% and 37.03% and the serum Cu concentrations increased (P < 0.05) by 28.21%,
24.28% and 30.96% in cow calves, buffalo calves and kids respectively. Analysis of thyroid
hormones in the serum of cow and buffalo calves revealed an increase in T 3 concentration in
rbST group compared with control on week 18 of trail but did not differ (P > 0.05) on week
36 of the trail. Similarly, in kids the significant increase (P < 0.05) in serum T 3 concentrations
were observed in the blood samples taken on week 10 of the rbST treatment, however, no
difference (P > 0.05) in serum T3 concentrations were seen in the blood samples taken at
week 22 of the experiment. The serum T 4 concentrations were not different (P > 0.05)
between the groups of cow and buffalo calves and kids throughout the experiment. Analysis
of blood sampled on week 18 and 36 of rbST treatment showed that the serum IGF-I
concentrations increased in cow and buffalo calves compared with control. Similarly, the
analysis of blood sampled on week 10 and 22 of experiment showed that the serum IGF-I
concentrations increased in goats of rbST group than that of control.
The physical characteristics of meat samples animals showed no significant
differences (P > 0.05) between control and rbST groups. However, among chemical
characteristics of meat samples of cow and buffalo calves taken from animals slaughtered on
week 18 and that from kids slaughtered on week 10 showed that the moisture and CP
contents increased (P < 0.05) by 9.91%, 11.1% 4.95% and 15.12%, 18.22% and 10.82%, and
the fat content decreased (P < 0.05) by 22.85%, 26.61% and 23.73% in meat of cow calves,
buffalo calves and kids, respectively.
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CONCLUSIONS
In conclusion, the exogenous treatment of young ruminants with rbST
increased growth performance, enhanced digestibility of DM and CP and improved some
chemical properties of meat. The rbST treatment stimulated eryhthropoises (increased
production of RBC) and increased serum concentrations of IGF-I and T3 in the blood of
young ruminants sampled on week 18 and 10 in calves and kids respectively. The
erythropoietic effect and elevation in serum T 3 concentrations were not found in the blood of
calves and kids sampled on week 36 and 22, however, the serum IGF-I concentrations were
found higher. It can be concluded from the results that the rbST induced-growth in the young
ruminants may be partly associated with both IGF-I and T3 at the early as well as later stage
of life and suggests that, rbST treatment produces growth through IGF-I stimulation.

SUGGESTIONS

On the basis of results of present study, the following proposals can be
suggested:
1. The rbST treatment may be started at the initial stage of growth to maximize the growth
performance of young animals.
2. The rbST may be used along with high energy ration for lean beef and mutton.
3. Under the given experimental conditions and the dose studied, the rbST treatment did not
produce any adverse effects on hematological or biochemical indices of the animals so its
use as growth promoter in young animals is recommended.
4. The rbST administration did not produce any adverse effect on meat composition
therefore the meat from rbST treated animals is fit for human consumption.
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5. Further studies may be conducted to determine the impact of low protein energy feed on
health and production status of the animals.
6. Large scale studies may be conducted on impact of different doses of rbST on lean meat
and average daily gain in ruminant calves/kids.
7. Studies may also be embarked on large number of calves and kids to estimate the cost
effectiveness of rbST with varying composition of rations.
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Fig:1.

Beckman Coulter act different hematology analyzer and blood weighing
balance.

Fig:2.

Conventional method for skin removing
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Fig:3.

Weighing method of liver sample for analysis and measurement method
for meat cuts
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Fig:4.

Fig:5.

Rheological measurements with a Brookfield LFRA texture analyzer

Fresh meat cuts of buffalo calves from control group
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Fig:6.

Fresh meat cuts of rbST treated buffalo calves
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Fig:7.

Fresh and after cooking samples of visceral organs of rbST treated and
control buffalo calves
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Fig:8.

Meat Cuts of rbST treated and control buffalo calves after cooking
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Fig:9.

Rib eye cuts of rbST treated and control buffalo claves.

Fig:10.

Thigh cut of rbST treated and control buffalo calves.
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Fig:11.

Fig:12.

Brisket cut of rbST treated buffalo calves.

Shoulder cuts of rbST treated and control buffalo calves.
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Fig:13.

Fig:14.

Hip cut of rbST treated buffalo calves.

Neck cut of rbST treated and control buffalo calves.
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Fig:15.

Meat and visceral organs samples prepared for chemical analysis.

Fig:16.

Meat and visceral organs samples prepared for chemical analysis.
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Fig:17.

Weight of various visceral organs of rbST treated buffalo calves
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Fig:18.

Mineral Analysis through Atomic Absorption Spectrophotometer
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BOVINE SOMATOTROPIN (rbST).

INTRODUCTION
Livestock is a potential economic source for 30-50 million of total rural population of
Pakistan. This population generates about 30 to 40 percent income by rearing cattle, Kundhi
buffalos, sheep and goats. There are about 27.3, 29.6, 53.8, and 26.5 million heads of Kundhi
buffalos, cattle, goat and sheep respectively.
Livestock contributes about 50% of agricultural value added and 11 percent to GDP.
Meat and milk produced by Kundhi buffalos and cattle provides 70% animal protein thus it is
considered to be major source for human diet. It has been estimated that these animals
produced 33.2 million tons of milk, 1.27 million tons of beef and 0.82 million tons of mutton
during 2006-2007 (GOP-2007). Despite considerable increase in milk and meat production,
an average per capita availability of protein origin is 17gm as compared to minimum daily
allowance of 27gms/day requirements as recommended by World Health Organization. Thus
there is still shortage of 10 g to the recommended daily per capita animal protein
requirements. This shortage in protein requirement is because of increasing human population
day by day at the rate of 3% annually (Bilal et al., 2006). To cope with the ever-increasing
demand for the energy food (protein) it is inevitable to take stringent measures to improve per
head productivity of livestock.
It is observed that Kundhi buffalo calves have higher live weight at birth than cow
calves. They grow faster and utilize low quality fodder more efficiently. The average gain in
live weight per day is 1.87 lb up to one year and 1.46 lb up to 2 years of age. However,
average weight gain can be increased up to 2.25 lb by only improving housing and feeding
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management of healthy males. The fattening is usually done for beef and if on scientific lines,
it can make the Kundhi buffalo meat industry a valuable meat business inside and outside the
county. Studies have suggested that because of better digestibility, Kundhi buffalos grow
faster than cattle even if fed on poor quality roughage and grasses. When slaughtered at 18
months of age Kundhi buffalo calves yield 50% of dressed meat. Therefore, cost of fattening
per kg body weight is much lower for Kundhi buffalo calves than cattle calves (Bilal et
al.,2006), which can further accentuated through intervention of synthetic hormones (Sallam
et al., 2005, Schlegel et al., 2006, Velayudhan et al.,2007).
With the advancement of molecular biotechnology it has been easy to produce
recombinant growth hormones. Bovine Somatotropin (BST) is a protein hormone that
stimulates growth in young calves. It also stimulates the metabolism of carbohydrates, fats
and proteins. It also stimulates production of insulin-like growth factor-I (IGF-I) by the liver,
which in turn stimulates the Osteoblast and Chondrocyte to promote bone growth. Growth
hormone serves many other metabolic functions as well. It increases calcium retention and
strengthens and increases the mineralization of bone. It increases muscle mass through the
creation of new muscle cells and it also promotes lipolysis, which results in the reduction of
adipose tissue (Bauman, 1992).
Somatotropin (growth hormone) has variable effects on the growth rate and carcass
composition of growing Cattle and Sheep (Early, 1990b). Growth hormone improves growth
performance and carcass leanness. Synthetic bovine somatotropins (rbST) increases leanness
and decreases carcass fatness in finishing beef steers (Moseley et al., 1992). Carcasses of
rbST treated lambs have 1.3 kg more muscle and 1.9 less fat (Mc Laughlin, 1993a).
Recombinant bST increases body weight again, also in pre weaned Holstein bull calves
(Groenewegen et al., 1990). It has been reported in another study that rbST increases average
daily gain and feed conversion by 9% (P< 0.05) and 10%y P< 0.016) respectively (Holzer et
al., 1999). During calf growth, with high-energy diets, fat production is inevitable. The
maximal rate of protein deposition cannot be obtained without a considerable rate of fat
deposition, even at younger ages (Brosh et al., 1995). However, recombinant ST has been
studied mainly with pigs and cattle (Fabry et al., 1991; Rumsey et al., 1996). These studies
have shown a considerable shift in the partitioning of nutrients through increase in protein
and decrease in fat deposits. Protein deposition in growing steers fed corn-corn silage diets
maximized at 1.0 kg of daily weight gain (woody, 1978). A rate of fat deposition rapidly
accelerates live weight gain. A rate of protein deposition increases very little at rates of gain
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in excess of 1.0 kg/d, and this indicates a biological limit for daily protein growth (Byers,
1982).
Studies conducted on the effect of rbST on growth and blood composition of Kundhi
buffalo calves revealed that rbST significantly increases the body weight gain in calves when
given 0.5-mg/kg b.wt on alternate days. There was an increase growth performance when
calves were also fed high-energy protein ration (Naheed, 2007)
The galactopoietics effects of bovine somatotropin (bST) in dairy cattle (Bauman,
1992), sheep (Stelwagen et al., 1993), and dairy goats (Knight, 1992) are well established.
The milk yield response to bST treatment in goats and sheep is more variable than that in
cows (Davis et al., 1989). Multiparous lactating Alpine or Saanen goats treated with 5 mg
bST daily during 28 d significantly increased yields of milk, fat, and protein compared with
controls i.e 28.6, 41.6 and 23.7%, respectively (Disenhaus et al., 1995) where as 160 mg
rbST at 14-day intervals increased milk yield and the percentage of fat and lactose in milk,
but does not affect the milk protein content (Chadio et al., 2000).
Bovine somatotropin also has been shown to positively affect growth (Early et al.,
1990a,) carcass composition (Early et al., 1990b; McLaughlin et al., 1993a) and wool
production (Wynn et al., 1988). Research on effect of growth hormone (GH) or recombinant
bST in Angora goats revealed that these hormones increases an average daily gain (ADG) but
does not affect mohair fiber growth (Davis et al., 1999a, b). Bovine somatotropin (bST)
administration increases ADG by increasing Dry matter intake (DMI) and improving
efficiency of feed utilization (Puchala et al., 2001).
As reported in previous studies that Kundhi buffalo calves are superior in daily weight
gain as compared to cattle calves under normal feeding condition, may be because of the
differences in their genetic traits responsible for the growth and development. There could
also be variability in growth performance at different ages, state of sexual maturity and
nutritional status within the same species and amongst different species and breeds (Holzer et
al., 2000, Brown et al., 2005, Velayudhan et al., 2007). It is therefore, proposed to conduct
comparative studies on calves and kids of three different breeds such as Kundhi buffalo,
Thari cows and Kamori goats to be fattened under the influence of high energy and rbST
treatment with following objective.
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Objective:
01. To assess and compare the effect of rbST on growth performance of Kundhi buffalo,
Thari cow and Kamori male calves/kids fed with fattening ration.

02. To assess and compre the effect of rbST on the nutrient utilization of rbST in Kundhi
buffalo, Thari cow and Kamori male calves/kids.

03. To determine and compare the energy level requirement of Kundhi buffalo, Thari cow
and Kamori goat male calves/kids best suited to rbST treatment.

04. To determine and compare the biochemical and hematological changes in Kundhi
buffalo, Thari cow and Kamori male calves/kids fed with fattening ration and
fattening ration with rbST treatment.

05. To study the carcass characteristics and meat quality at veal and beef stages of growth
in Kundhi buffalo, Thari cow and Kamori male calves/kids.

06. To determine bST residues in tissues of treated and control male calves and kids.

07. To evaluate the economic feasibility of rbST treatment in Kundhi buffalo, Thari cow
and Kamori male calves/kids.
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Parameter: To meet the above objectives following parameters will be recorded and
analyzed.

1) Daily feed intake and energy intake.

2) Feed efficiency and Body weight gain.

3) Complete Blood Count (CBC) including RBC, WBC, Hct and Hb.

4) Biochemical parameter including: Total protein, Glucose, Total lipid, Sodium,
Potassium and Calcium.

5) Blood Harmonies including: Triiodothrronine (T3) and Thyroxine (T4).

6) Carcass and meat quality of male calves and kids of Kundhi buffaloes, Thari cows
and Kamori goats.

7) Residues of bST in tissues of treated and control male calves and kids slaughtered at
veal and beef age.
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Review of Literature:
Dalke et al. (1992) evaluated the dose response effects of sbST implants on growth
performance and carcass characteristics in one hundred twenty crossbred beef steers and
averaging 377 kg in a 2 x 4 factorial experiment. Crossbred beef steers were administered
were 0 (sham), 40, 80 or 160 mg/wk subcutaneously in the tail head region on a weekly basis
throughout the experiment. The steers were fed a high concentrate diet which contain wither
a degradable (DP; soybean meal) or an escape (EP; corn gluten and blood meal)protein
source. No dietary protein effect or dietary protein x rbST level interactions was detected.
Recombinants bST decreased both DMI (P<0.10) and feed/gain (P<0.05) in a liner dose
dependent manner. Dosage of rbST did not significantly affect (P>0.10) SDG or final weight
of the steers.

Recombinant bST decreased back fat depth (P>0.010_ marbling score

(P<0.05), and quality grade (P<0.10) and increased yield grade (P<0.10) in a liner dose
dependent manner. Soft tissue composition of the 9-10-11th rib section was altered (P<0.01)
by rbST administration in a linear dose dependent manner. The percentage of protein in the
rib section was increased by 9.4% and fat was decreased by 11.8% at the 60 mg/wkrbST level
compared with sham implanted steers. Recombinant bST did not affect (P>0.10) dressing
percentage, hot carcass weight kidney pelvic and hear fat or longissimus muscle area.

Moseley et al. (1992) determined the efficacy of various doses of rbST on ADG and feed
efficiency (FE); carcass composition changes in finishing beff steers. They conducted two
different experiments. In first experiment 96 crossbred beef steers (393 kg) were injected
buffer or rbST intramuscularly daily at the dose of 33,100,300 grams/kg of BW. In second
experiment 2,200 crossbred beef steers (417 kg) were given daily i.m. lnjections of buffer or
8.25, l6.5. 33, or 66 µgrams/kg of BW or rbSTwas administered until steer BW per pen
averaged 540 kg in Exp. l and 50 kg in Exp.2. 86% concentrate: l4% roughage diet was fed
once daily (CP: 16.5% in Exp. 1). 20.2% in Exp. 2). It was revealed in Exp. I). that, growth
performance of steersreceiving rbST was dose-dependent; ADG changed linearly (P = 0.01),
DMIdecreased linearly (P = 0.03). And FE changed quadratically (P < 0.03). The 33STsteers
responded with improved ADC and FE, 100ST with improved FE, and 300STwith lower
ADG and poorer FE compared with 0ST. In Exp. 2, the ADG response was quadratic (P =
0.01). DMI decreased linearly (P = 0.003), and FE improved quadratically (P = 0.004) with
increasing dose of rbST. Steers receiving 16.5ST and 33ST responded with improved ADG
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and FE, whereas steers receiving 8.25ST and 66ST responded with improved FE but not
ADG relative to 0ST steers. Theyconcluded that rbST administration alters carcass
composition by increasing carcassprotein and decreasing carcass fat.

McLaughlin et al. (1993) compared somatogenic effects of bovine PL (bPL; 4 and 8mg/d)
with those of bovine somatotropin (bST; 4 and 8 mg/d) in finishing lambs.Measures of
comparison included growth performance, carcass composition, andgrowth-related clinical
chemistry traits. Although feed efficiency during the first 3 wk of treatment with bPL was
improved by l4% (P < .05), feed efficiency for the full 6 wk treatment period did not differ
from that of control lambs. Responsiveness to bPL may have been attenuated by high titer
antibodies present after 2 wk of treatment.However. bPL also did not influence growthrelated clinical chemistry traits duringshort-term (7 d) treatment, strongly suggesting that bPL
was ineffective in finishing lambs at the doses tested. In contrast, bST improved 6-wk feed
efficiency by an average of 17% (P < .05) and decreased feed intake by an average of 12% (P
<.05). InAddition, measures of carcass composition including longissimus muscle area.
Specific gravity of the rack, kidney and pelvic fat, and fat thickness demonstrated that bST,
butnot bPL, treatment decreased carcass fatness and increased carcass leanness.Treatment
with bST, but not with bPL, affected IGF-l, insulin, glucose and ureanitrogen in a doserelated manner. Thus, daily injections of bPL did not affect eitherperformance or carcass
quality, whereas performance and carcass responses offinishing lambs to bST were consistent
with those reported by others.

McLaughlin et al. (1993) compared growth, carcass composition, and clinical chemistry
responses to recombinant produced ovine ST (oST) and two bovine ST (N-methionyl-bST
[M-bST] and N-alanyl-bST [A-bST] in Twenty-four wethers and 24ewes (Rambouillet ram
and Dorset/Suffolk ewe cross). Lambs weighing 42 kg were as signed to treatment groups of
control (no injection) or 4 mg/d of M-bST, A-bST. OroST administered by S.C. injection for
6 wk. Growth rate was increased by an averageof 30% and feed efficiency was improved by
an average of 22% by ST treatment compared with control and responses did not differ
among ST. The IGF-I, insulin and glucose concentrations were increased by Io7, 700, and
53% compared withcontrol, respectively, and did not differ among ST treatment groups. Urea
nitrogenresponses to A-bST and oST were transiently greater than to M-bST.
Althoughquality grade was not affected by treatment; an average .8-kg increase in weight
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ofretail cuts was calculated from yield grade. Caresses-of ST-treated lambs were calculated to
have I.3 kg more muscle and 1.9 kg less fat. Although fat and musclewere affected more by
oST than by M-bST on a basis, they did not differamong treatment groups on a total weight
basis. Thus, both bST Variants and oSTimproved growth performance and carcass leanness
Decreased responses of some carcass variables to M-bSTtreatment may have been related to
the presence ofantibodies that were indicated by an increased number of positive responders
in arelative bST binding assay.
Schwarz et al. (1993) investigated the effects of exogenous somatotropin on growth
performance and carcass traits and on concentrations of somatotropin (ST), IGF-I, insulin,
glucagon, free fatty acids (FFA), and glucose in plasma of finishingSimmental beef heifers.
Three treatment groups, which included 12 heifers, each, received a subcutaneous injection of
a slowly released recombinant bovinesomatotropin (rbST) at two doses (320 and 640 mg,
respectively) or a placebo at 2-wk intervals. Treatments began at an average BW of 286 kg
and continued until theanimals were slaughtered at approximately 520 kg. Heifers had ad
libitum access tocorn silage and received l.8 kg/d of concentrate. A before-feeding blood
sample was collected from the jugular vein immediately before and 1 wk after each injection
during treatment. Treatment tended to increase ADG and to reduce energy consumption per
kilogram of gain, whereas feed and energy intake were not altered. Dressing percentage and
conformation was not affected by treatment. Treatment led to a dose-dependent reduction of
fat tissue in carcass as well as in kidney fat and to a simultaneous increase of lean tissue (P <
0.05). Furthermore, treatment caused moderate increases of ST in both treated groups,
whereas IGF-l concentrations increased markedly soon after the beginning of the treatment.
Insulin and FFA concentrations were elevated in treated groups compared with controls.
Glucagon concentrations were not altered by treatment. Effects growth performance and
carcass characteristics are discussed in view of metabolic and changes.

Disenhaus et al. (1995) studiesconducted en multiparous lactating Alpine or Saanen goats
were used to test the effects of recombinant bovine somatotropin (bST) on galactopoiesis and
metabolism. Treated goats were injected daily with 5 mg bST during 28 d. Supplementation
with bST significantly increased yields of milk, fat, and protein compared with controls
(28.6, 41.6 and 23.7%, respectively). Voluntary feed intake was not increased. During the
first week of treatment, percentage of fat was increased (+ 4.2 g/kg; P < 0.05), but percentage
of protein was decreased (− 1.6 g/kg; P < 0.05) in the bST group. Supplementation with bST
enhanced NEFA concentration and reduced urea concentration in plasma (P < 0.05), whereas
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β-hydroxybutyrate and glucose concentration in plasma remained unchanged (P > 0.10). The
proportion of long-chain fatty acids in milk tended to increase in wks 1 and 2, but the trend
was reversed in wks 3 and 4. Yields of milk fatty acids were higher for goats in the bSTtreated group, particularly for the long-chain fatty acids in wks 1 and 2 (P < 0.05) and the
short-chain fatty acids during wks 3 and 4 of bST supplementation (P < 0.01). When
regression residuals were used, individual variations in response to bST were noticed (from
13 to 40%; P < 0.05).

Vann et al. (1998) conducted studies to determine the effect-of recombinant bovine
somatotropin (rbST) on indices of muscle development in creep-fad beef calves. Crossbred
steer calves were assigned to one of two treatment groups: control (sham-injected; n = 12) or
rbST –treated (0.09 mg x kg (-1) x d (-1); n = 12). Calves were injected very 14 d stating at d
28 of age and were weaned at 205 d of age. Supplemental creep feed was supplied free access
to all calves to compensate for an expected increased protein and energy requirement in
calves given rbST. Biopsy (d100) and slaughter (d 206) samples of semitendinous muscle
were evaluated for satellite cell, myofiber nuclei numbers, and myosin light chain (MLC-If)
mRNA quantification. Myofiber nuclei and satellite cell numbers per 100 myofibers and
MLC-1f mRNA: rRNA ratios at 100 and 206 d of age were not different (P > 0.10) between
control and rbST-treated calves. Total gain ADG, quality grade, femur length Percentage
kidney, pelvic and heart fat, dressing percentage, plasma IGF-l, and plasma urea nitrogen
concentrations did not differ (P > 0.10) between control and rbST-treated calves. However,
rbST-treated calves had larger longissimus muscle areas (P <0.03), less marbling (P < 0.001),
higher carcass conformation scores (P <0.04), greater mass of separated muscle (P < 0.03),
more ground meat (P < 0.01), and heavier carcass weights (P < 0.05) than control calves.
Thus, rbST treatment increased muscle characteristics while nuclei number and MLC-lf
mRNA concentrations remained the same, implying that the additional muscle growth was in
a normal fashion.

Apple et al., (1999) measured the influence of body condition score (BCS) on by-product
yield and value after slaughtering (n=l22) mature beef cows representing British and
Continental phenotypes. All cows were weighed and assigned BCS, based on a 9-point scale,
24 h before slaughter. By-product weights were obtained during the slaughter process and
included blood, feet (with hooves attached), oxlips, tongue, gullet, trachea, cheek meat, head
meat, skull, tripe, honeycomb tripe, large and small intestines, spleen, mesenteric fat, we sand
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meat, kidneys, heart, lungs, and oxtail. By-product yields were calculated as a percentage of
the animal's live weight taken 24 h before slaughter. By-product values were computed by
multiplying the weight of each piece removed during the slaughter process by the 1997
average price. Live weight increased linearly (P<.001) as BCS increased from 2 to 8, whereas
Continental cows were approximately 86 kg heavier (P<.05) at slaughter than British cows.
Cows assigned a BCS of 2 or 3 had greater (P<.05) skull, feet, tongue, tripe, honeycomb
tripe, trachea, and lung yields than cows assigned a BCS of 4 or higher. On the other hand,
BCS-7 and 8 cows had greater (P<.05) weights and yields of large intestines and mesenteric
fat than cows given a BCS of 6 or lower. The feet, trachea, lungs, and bone meal from BCS-2
cows had the greatest (P<.05) value, whereas the value of the large intestine, oxtail, and
mesenteric fat was highest (P<.05) for BCS-7 and 8 cows. Weight, yield, and value of the
skull, head meat, and feet were greater (P<.05) for Continental cows than British cows. Total
by-product value was quadratically (P<.001) related to BCS. Cows assigned a BCS of 5 had
lower (P<.05) total by-product values than either BCS-2 or BCS-7 and 8 cows. Drop credit
for BCS-2 cows was greater (P<.05) than BCS-3, 4, 5, and 6 cows, with cows assigned a BCS
of 7 and 8 having intermediate drop credit values. Continental cows tended to have greater
(P<.10) total by-product and drop credit values than British cows. Information from this
study indicated that the BCS of cows at the time of slaughter had a profound influence on byproduct yields and, more importantly, values of by-products that are credited back against the
cost of production to the beef cattle producer.

Davis et al. (1999) determined the effects of chronic bovine somatotropin (bST) treatment in
Fourteen Angora does (35±2 kg), each with a single kid and in the first month of lactation,
Specifically, we sought to determine whether chronic bST treatment was capable of
improving milk yield, and thus kid growth, and mohair production of nursing does. The
experiment consisted of a 2-wk pretreatment period, 5 wk of weekly subcutaneous treatment
of slow-release bST (n = 7; Period 1), and a 4-wk posttreatment period (Period 2). The
weekly dose of bST was calculated to release 100 µg/(kg BW.d(-1)). To estimate milk
production, kids were separated from the does daily for 5 h, and their BW was recorded
before and after suckling. The difference in BW was taken as milk production for 5 h. Fiber
growth was measured by shearing does at the start of the experiment and at the end of Periods
1 and 2. Dry matter intake and BW of does were not affected by bST (P>.05). Average daily
gain of kids that were suckling bST-treated does was higher (P<.05) than for kids of untreated
does during Period 1 (184 vs. 139 g/d) but not during Period 2 (140 vs. 136 g/d; P>.10).
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Treatment with bST did not affect (P>.10) milk composition or clean fleece production in
either period. Injection of bST did not affect (P>.10) plasma concentrations of glucose (mean
= 49.5 mg/dL), urea N (mean = 19 mg/dL), total protein (mean = 72.5 g/d), or NEFA (mean =
122 µEq/L). During the period of bST treatment, plasma concentrations of somatotropin and
IGF-I were increased (P<.05), concentrations of thyroxine and cortisol were decreased
(P<.10), and plasma insulin levels were unchanged (P>.10) by bST. The conclusion that,
treatment of Angora dams with bST did not change DMI or mohair growth, but it improved
growth of their kids.

Holzer et al. (1999) conducted studies to examine the effect of recombinant somatotropin
(rbST), Synovex (Syn), and their combination (rbST+Syn) on intact male calves that lasted
an average of 238 d. Holstein-Friesian bull calves were allotted to one of four subtreatments
(n = 14/treatment) in a factorial arrangement. There were two levels of rbST and two levels
of the estrogenic growth promoter Synovex (Syn). The rbST was administered once every 2
wk as injections of 500 mg of Posilac. Synovex (C and S) was implanted at 90-d intervals.
The animals were fed for ad libitum consumption a diet with a metabolizable energy
concentration of 1 1.7 MJ/kg DM and 15% crude protein. The hot carcasses were weighed
after the removal of kidney, pelvic, and cod fats, which were weighed separately. The l2th rib
cut was saved for analysis. Average daily gain and feed conversion efficiency were increased
by rbST treatment by 9% (P < 0 .005) and 10% (P < 0 .016), respectively. There was, no
significant effect of Syn treatment, nor was there a rbST x Syn interaction, The proportion of
the fat of the large depots in the carcass was reduced by 34% (P < 0.0001) and in the
longissimus muscle by 32% (P < 0.16) owing to the rbST treatment. The plasma
concentrations of GH, insulin, and thyroxin were increased by rbST treatment (P < 0.001, P <
0.01, and P < 0.03, respectively). The concentration of IGF-l was not affected. Synovex had
no effect on plasma hormone concentration. Plasma essential and nonessential amino acid
concentrations were reduced by 14 and 9%, respectively, when rbST was injected.
Concentrations of cholesterol and fatty acids in muscle and subcutaneous fat were not
affected (P > 0.072) by the rbST treatment. Synovex increased the monounsaturated fatty
acids (MUFA), and the combination ofSyn with rbST reduced polyunsaturated fatty acid
(PUFA) concentration in the longissimus muscle (at the 12th rib). The reduced muscle fat
content of the rbST- treated animals was associated with a trend toward an increase in
polyunsaturated fatty acids.
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Skarda (1999) used young castrated male goats (n = 8) to investigate the effect of long-term
treatment with recombinant methionyl bovine somatotropin in a sustained release vehicle
(bST); 100 mg at seven-day intervals in 147-day experiment) and chronic culture (24 h) of
omental adipose tissue in the presence of various hormones on lipogenic responses to
catecholamines during acute incubation (2 h) in a sodium acetate supplemented glucose-free
buffer. The rate of fatty acid synthesis in freshly- prepared adipose explants was low and did
not differ from those cultured in theabsence of hormones for 24 h. Hormonal combination of
insulin (17 nmol.l(-l)) plus cortisol (138 nmol.l(-l)) or insulin plus recombinant enterokinase
linker bST (4.5 nmoI.l(-I) increased lipogenesis (P< 0.05). Further addition of bST or cortisol
decreased lipogenesis significantly (P< 0.05) in the controls but not significantly in bSTtreated animals. Cultured explants from either or bST -treated animals showed significant
inhibition of lipogenesis by both norepinephrine (10 µmo1.1 (-1)) and isoprenaline
(10 µmo1.1 (-1)). BST treatment in vivo did not increase the responsiveness of cultured
explants to norepinephrine in vitro; however, the responsiveness to isoprenaline (inhibition of
lipogenesis) was greater in bST-treated animals than in the controls.

Holzer et al. (2000) assess the effect of recombinant bovine somatotropin (rbST) in
overcoming the biological effects attributed to live weight increase and age on growth and fat
deposition in male cattle. Holstein-Friesian bull calves (n = 56; 182.2 ± 14.7 d old) were
allotted to four subtreatments in a randomized complete block with a factorial arrangement of
two levels of rbST: 0 and 500 mg of Posilac, every 2 wk, and two dietary metabolizable
energy (ME) concentrations: low metabolizable energy (LME) and high metabolizable
energy (HME); 10 vs 11.3 MJ/kg DM, respectively. The effect of rbST treatment on daily
gain was expressed mostly on the HME diets. The rbST treatment had no effect on the
animals fed the LME diets before the age of 240 d was reached. Dry matter intake and the
effect of rbST treatment on DM intake were inversely related to the energy concentration of
the diet. The degree of fatness of the animals was significantly reduced by rbST treatment
and significantly increased by energy concentration of the diet. The major effect of rbST,
under the experimental conditions, in regards to adipose tissue deposition, was on the fat
depots and not on the intramuscular fat. The concentration of bST, IGF-I, and insulin in the
plasma was increased (P <0.001) owing to rbST treatment. Lower metabolizable energy
supply led to a higher (P <0.001) plasma bST concentration, nonsignificantly lower plasma
IGF-I and thyroid hormone concentrations, and lower (P <0.001) plasma insulin
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concentration. A trend (P = 0.065) toward an increase in PUFA was found in the muscle of
the rbST-treated and the HME diet animals. At a young age, when the natural growth
potential is high, rbST treatment will be efficient only when a diet allowing a high digestible
energy intake is provided.

Kouakou et al. (2001) conducted studies to assess the effect of daily injection of a low dose
(40 µg/kg of BW) of recombinant bovine somatotropin (rbST) on concentration of blood
metabolites, mass of visceral organs, calpain system, and goat meat (chevon) quality. They
used growing female dairy goats (n = 14; BW = 24 ± 2.7 kg) in a 10-week experiment. Goats
were randomly assigned to either a control (0.9percent saline; n = 7) or a treatment group (n =
7) receiving a daily dose of 40 µg of rbST/kg BW. All animals were fed a 16 percent CP and
2.9 Mcal/kg DE alfalfa based-ration ad libitum. Blood samples were collected every 2 weeks
for 10 weeks and analyzed for glucose, NEFA, and BUN. At the end of the 10-week
experiment, animals were sacrificed and processed. A portion of the loin muscle was quickly
removed, trimmed of fat, denuded and homogenized in extraction buffer for alpain /
calpastatin determination. Components of the viscera were separated and individually
weighed. The carcass was chilled for 24 h at 4°C and fabricated into loin/rib chops. After
instrumental color measurements were made, the chops were vacuum 1, 7 and 13 d at 4°C.
Before cooking, instrumental color measurements were done after 1 h bloom. Weight loss
and shear values were determined on cooked chops. Bi-weeklydata (metabolites and BW)
were analyzed as repeated measures. Carcass data were analyzed as a complete randomized
design. Weight change, blood glucose and NEFA were not different but BUN was higher (P
< 0.05) in rbST treated (20.9 mg/dL.) than in control (14.9 mg/dL). Carcass weight, visceral
organ mass, and loin eye area were not affected by rbST injection. Mean m-calpain (46 ±2
l.9), µ-calpain (79 ± 2.4) and calpastatin (309 ± 11.1l) activities (caseinolytic units per 50 g of
tissue) were not affected by rbST injection. Pre-aging instrumental color (L *, a*, b*, chroma
and Hue) values were not affected by treatment. Cooking loss was not affected by treatment
by again interaction. Aging after 24 h chilling tended (P = 0.09) to decreased a* (redness)
value. Injection of rbST tanded (P = 0.09) to decrease shear value. Again decreased (P≤ 0.01)
shear value but without significant improvement beyond 7 d. Daily injection of a low dose of
rbST does not alter the calpain system in goat meat or modify weight of visceral organs.
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Puchala et al. (2001) used Forty-eight Angora goats (24 wethers and 24 doelings; 5 mo old;
16 ± 0.5 kg initial BW) were used in an experiment with a 2 x 3 factorial treatment
arrangement (n = 8) to evaluate effects of recombinant bovine somatotropin (bST)
administration and thyroid hormone status (euthyroid, hypothyroid, and hyperthyroid) on
hormone levels, ADG, and mohair fiber growth. The bST was a slow-release zinc-based
suspension, with sustained delivery (100 µg/[kg BW x d]) over a 14-d period.
Hyperthyroidism was maintained by daily treatment with thyroxine (T4; 150 µg/[kg BW x
d]), and hypothyroidism was achieved by feeding 6 mg/(kg BW x d) of propylthiouracil. The
experiment was conducted in July to September and consisted of a 2-wk pretreatment period
and 8 wk of bST treatment. Goats were given ad libitum access to a diet with 15% CP and
2.54 Mcal/ kg ME (DM basis). Concentrations of T4 and T3 were greatest (P < 0.01) among
treatments for hyperthyroid-bST and hyperthyroid-control (T4: 38.6 and 38.0 µg/dL; T3: 406
and 385 ng/dL, respectively); similar among euthyroid-control, euthyroid-bST, and
hypothyroid-bST (T4: 11.1, 11.5, and 9.8 µg/dL, respectively; T3: 232, 252, and 226 ng/dL,
respectively); and lowest (P < 0.01) for hypothyroid-control (T4: 5.1 µg/dL; T3: 144 ng/dL).
Plasma concentration of insulin-like growth factor-I was greatest (P < 0.01) for euthyroidbST (596 ng/mL) and hypothyroid-bST (618 ng/mL); however, concentration for
hyperthyroid-bST was similar to those for euthyroid-control, hypothyroid-control, and
hyperthyroid-control (188, 178, 187, and 191 ng/mL, respectively). Dry matter intake was
greatest (P < 0.05) for euthyroid-bST (794 g/d), similar among hypothyroid treatments (693
and 703 g/d for control and bST, respectively) and euthyroid-control (681 g/d), and lowest for
hyperthyroid groups (554 and 518 g/d for control and bST, respectively); ADG for
hyperthyroid goats (11 g/d) was lower than with hypothyroidism and euthyroidism (72 and
73 g/d, respectively); and mohair fiber growth was greater (P < 0.01) for hyperthyroidism
(0.133 g/[100 cm2 x d]) than for hypothyroid and euthyroid goats (0.102 and 0.104 g/[100
cm2 x d], respectively). Hyperthyroidism also increased mohair length growth rate by 15%
and decreased fiber diameter by 7.8% (P < 0.01). These results demonstrate interactions
between growth hormone administration and thyroid hormone status, although these
influences had limited effects on ADG and mohair fiber growth.

Vann et al. (2001) determined the effect of recombinant bovine somatotropin (rbST) on
muscle fiber histology and histochemistry in creep-fed beef steers. Crossbred steer calves
were assigned to one of two treatment groups: control (sham-injected; n = I2) or rbSTinjected (0.09 mg x kg (-1) x d (-l): n = 12). Calves were injected every 14 d starting at d 28
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of age until weaning at 205 d of age. Biopsies of the semitendinous muscle were performed
on d 100, and slaughter samples of semitendinosus musclewere collected for muscle fiber
analyses on d 206. The rbST-treated calves had larger (P = 0.045) fast-twitch-glycolytic (FG)
fibers [2,564 ± 10 vs 2,351 ± 11 µm2 cross- sectional area, respectively] than controls. No
differences (P = 0.36) between rbST- treated and control steers in cross-sectional area were
detected for slow-twitch-oxidative (SO) [1,192 ± 20 vs 1.148 ± 22 µm2, respectively] or fasttwitch-oxidative-glycolytic (FOG) fibers [1,484 ± 35 vs 1.403 ± 38 µm2, respectively]. The
percentage distribution for FOG fibers was greater for control calves than for the rbSTtreated calves (38.4 vs 34.9 ± 0.1%. respectively; P = 0.014), whereas the percentage
distribution for FG fibers was greater in the rbST-treated calves than for control calves (53.5
vs 48.4 ± 0.2%. respectively; P = 0.03). The percentage distribution for SO fibers tended to
be greater for the control calves than for the rbST-treated calves (13.1 vs 11.7 ± 0.1%,
respectively; P = 0.07). The percentage of FG fibers increased with age (45.4 vs 56.6 ± 0.8%,
respectively; P = 0.001), whereas the percentage distribution of SO (14.3 vs 10.5 ±0.5%,
respectively) and FOG fibers (40.3 vs 32.9 ± 0.7%, respectively) decreased (P = 0.001) from
d 100 to d 206. The increased longissimus muscle area and dissectable lean tissue in rbSTtreated calves are associated with a greater percentage of FG fibers, which possess larger
cross-sectional areas than the other fibers.

Rausch et al. (2002) conducted studies to determine the effects of level of feeding on growth,
feed efficiency (gain:feed; G:F), body composition (BC), and serum concentrations of
somatotropin (ST), IGF-l, and lGF-binding proteins (BP) in growing beef cattle
supplemented with bovine (b) ST. In each of two consecutive years, 40 growing beef cattle
were blocked by weight (average BW: yr 1 = 316 kg, yr 2 = 305 kg) and used in a 2 x 2
factorial arrangement with main effects of bST (0 or 33 µg x kg BW (-1) x d (-1)) and level
of feed intake (ad libitum [AL] or 0.75 AL). Relative to uninjected cattle, treatment with bST
increased ADG 9.6% (1.14 vs 1.25 kg/d; P < 0.05) and increased G: F 8.1% (12.3 vs 13.3
gain [g]: feed [kg]; P < 0.05), whereas ADG in AL animals was 39% > 0 that in 0.75 AL
animals (1.39 vs 1.00 kg/d; P < 0.05). There was a tendency (P = 0.10) for a bST x level of
feeding interaction, such that the increase in ADC with bST was greater in AL cattle than in
0.75 ALcattle (10.6 vs 7.8%; P = 0.10). Serum concentrations of ST were greater in 0.75
ALcattle than in AL cattle (13.0 vs 8.6 ng/mL; P < 0.05) and in bST-treated cattle than
inuninjected cattle (16.3 vs 5.2 ng/mL; P < 0.05). Due to a bST x level of feeding interaction
(P < 0.01), the magnitude of the increase in serum ST to exogenous bSTwas greater (P <
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0.01) in 0.75 AL cattle than in AL cattle. Relative to uninjectedcattle, treatment with bST
increased (P < 0.05) serum concentrations of IGF-I andIGFBP-3 and reduced (P < 0.05)
concentrations of IGFBP-2. Similarly, AL cattle hadgreater (P < 0.05) serum concentrations
oflGF-l and IGFBP-3 and reduced (P < 0.05) IGFBP-2 compared with 0.75 AL cattle. In
summary, treatment with bST increasedgrowth rate and G: F and stimulated serum IGF-I and
IGFBP-3 while reducingIGFBP-2. Feeding at 0.75 ad libitum intakes reduced the magnitude
of response foreach of these variables. Thus, limit-feeding may reduce the effect of
exogenous bSTon growth rate by blunting bST-induced increases in IGF-I and IGFBP-3 and
bST-induced decreases in IGFBP-2.

Smith et al. (2002) investigated the effect of increasing nutrient intake on there sponsiveness
of the GH/IGF-I system in calves fed a high-protein milk replacer.Fifty-four Holstein bull
calves were fed one ofthree levels (low, medium, and high; n18 per treatment) of a 30%
crude protein, 20% fat milk replacer to achieve targetrates of gain of 0.50, 0.95, or 1.40 kg/d,
respectively, for low, medium, and high. Sixcalves per treatment were slaughtered at
approximately 65, 85, and 105 kg BW.Additionally, six calves were slaughtered at l d of age
to provide baseline data.Plasma aliquots from blood samples collected weekly were analyzed
for IGF-I,insulin, glucose, NEFA, and plasma urea nitrogen (PUN). Plasma IGF-l and insulin,
measured weekly, increased (P < 0.001) with greater nutrient intake from wk 2 of life to
slaughter. Plasma glucose and NEFA also increased (P< 0.05) with nutrient intake. In
addition, each calf underwent a GH challenge beginning 4 d before the scheduled slaughter.
Plasma from blood collected before the first GH injection and I4 and 24 h after the third
injection was analyzed for IGF-l and PUN. Response to challenge, calculated as the absolute
difference between the prechallenge and l4-h postchallenge plasma lGF-l concentrations, was
significant in calves on all three treatments. Plasmaurea nitrogen was not different among
treatments as measured weekly but decreased (P < 0.001) following GH challenge in all
calves. Results of ribonuclease protection assays showed increased expression of hepatic
mRNA for GH receptor IA and IGF-l with increased intake. The amounts of GH receptor and
IGF-l mRNA in muscle and adipose, however, were not affected by intake. In summary,
plasma IGF-I was elevated in calves with increased nutrient intake, and the elevations in
plasma IGF-Ifollowing short-term administration of GH were significant in all calves by 65
kg BW. Data demonstrate that in well-managed milk-fed calves the somatotropic (GH/IGF-l)
axis is functionally coordinated and sensitive to nutrient intake and GH.
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Vestergaard et al. (2003) evaluated the effects of daily GH treatment (0 or 15 mg/d) at either
a low or a high feeding level in a 5-wk treatment period to Prepubertal Friesian heifer calves
(n = 24, initial BW = 195 ± 5 kg) on endocrine measurements, hormone receptors, muscle
growth, and overall performance. In the pretreatment period, a low feeding level was
employed for all calves. During the treatment period, animals at the low feeding level had
free access to a roughage-based mixture, whereas animals at the high feeding level had free
access to a concentrate mixture and were offered 2 kg/d of the roughage-based mixture.
Blood samples were collected weekly starting 3 wk before treatment. Longissimus (LM) and
supraspinatus (SS) muscles were obtained at slaughter. Metabolizable energy intake was 81%
higher. DigestibleCP intake was 140% higher, and ADG was 115% higher (all P < 0.001) at
the high vs. low feeding level. Feed (DM1, ME, and protein) intake was not affected by GH
treatment, but ADG was 18% higher (P < 0.13) in GH-treated than in control heifers at both
feeding levels. Although of different magnitudes, the muscle anabolic effects of GH
treatment and high vs. low feeding level were additive, and both treatments increased carcass
weights (P < 0.02 and P < 0.001, respectively), LM (P < 0.05 and P < 0.001), and SS (P <
0.06 and P < 0.003). The anabolic effect of GH treatment was similar in both muscles,
whereas the effect of feeding level was most pronounced in LM. Overall, GH treatment
increased plasma GH, IGF-I (both P < 0.001), and IGFBP-3 (P < 0.02); however, GH
treatment increased total IGF-I, free IGF-I, and IGFBP-3, and decreased IGFBP-2 mainly at
the high feeding level (GH x feeding level interaction; P < 0.02, 0.01, 0.03. and 0.10,
respectively). The high feeding level increased insulin, free and total IGF-1, and IGFBP-3 (all
P < 0.001), but decreased GHand IGFBP-2 (both P < 0.001). High feeding increased type-1
IGF receptor density (P < 0.02), mainly in LM, in accordance with the largest anabolic
response in this muscle, whereas GH treatment had no effect on type-1 IGF receptors. The
results suggest that in skeletal muscle, the anabolic effects of exogenous GH are related to
endocrine changes in the GH-1GF axis, whereas the effects of feeding level also seem to rely
on IGF receptor density in the muscles.

Brown et al. (2005) determined the effect of increased energy and protein intakes between 2
and l4 wks age on growth rates of heifers without fattening. At 2 wk of age, Holstein heifer
calves were assigned to l of 4 treatments in a 2 x 2 factorial arrangement with 2 levels of
protein and energy intake (moderate [M]; high [H]) in period I (2 to 8 wk of age) by 2 levels
of protein and energy intake (low [L]; high [H] in period 2 (8 to l4 wk ofage) to produce
similar initial BW for all 4 treatments. Treatments were ML, MH, HL, and HH, indicating
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moderate or high energy and protein intake during the first period and low or high intake
during the second period. The M diet consisted of a standard milk replacer (21.3% CP, 21.3%
fat) fed at 1.1% of BW on a DM basis and a 16.5% CP grain mix fed at restricted intake to
promote400 g of average daily gain (ADG), whereas the L diet consisted only of the grain
mix. The H diet consisted ofa high-protein milk replacer (30.3% CP, 15.9% fat) fed at 2% of
BW on a DM basis and a 21.3% CP grain mix available ad libitum. Calves were weaned
gradually from milk replacer by 7 wk and slaughtered at 8 (n = 11) or 14 wk of age (n = 41).
In periods 1 and 2, ADG and the gain: feed ratio was greater for calves fed the H diet. Calves
fed the H diet were taller after both periods 1 and 2. Nodifference was observed in carcass
composition at 8 wk, but at 14 wk calves fed MH and HH had less water and more fat than
calves fed ML and HL. Plasma lGF-l concentrations were greatest for calves fed the H diet
during either period. Plasma leptin concentrations were increased in calves fed the H diet
during period 1 from 4 to 6 wk of age. Increasing energy and protein intake from 2 to 8 wk
and 8 to 14 wk of age increased BW, withers height, and gain: feed ratio. Calves fed the H
diet from 8 to 14 wk of age had more body fat than calves fed the L diet. Increased energy
and protein intake can increase the rate of body growth of heifer calves and potentially reduce
rearing costs.

Bartlett et al. (2006) evaluated relation between the effects of dietary CP and ME intake.
Male Holstein calves <1 wk old were used to determine the effects of feeding rate and CP
concentration of isocaloric, whey protein-based milk replacers on growth and body
composition. After a 2-wk standardization period, calves were assigned randomly to an initial
baseline group or to treatments in a 2 x 4 factorial arrangement of feeding rate (1.25 or 1.75%
of BW daily, DM basis) and milk replacer CP concentration (I4, 18, 22, or 26% of DM). No
starter was offered, but calves had free access to water. After a 5-wk feeding period, calves
were slaughtered and body composition was determined. Increasing the Feeding rate
increased (P < 0.05) ADG, G: F. empty-body gains of chemical components and energy, the
percentage of fat in empty BW gain and in the final empty body, and concentrations of lGF-l
and insulinin plasma. Increasing the feeding rate decreased (P < 0.01) percentages of water
and protein in the empty body and decreased urea N in plasma. Increasing dietary CP
concentration linearly increased (P < 0.05) ADG, body length, heart girth, and gains of water
and protein but linearly decreased (P < 0.05) fat gain. As dietary CP increased, fat content in
empty body gain decreased, and water and protein increased.Increasing CP concentration
increased (quadratic, P < 0.02) G: F, with greatest efficiencies for calves fed 22% CP. Gross
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energetic efficiency (retained energy: intake energy) was greater (P < 0.05) for calves fed at
1.75% of BW daily. Efficiency of dietary protein use for protein gain was greater for calves
fed at 1.75% of BW daily but was not affected by dietary CP. The ratio of protein gain to
apparently digestible protein intake above maintenance decreased as dietary CP increased.
Interactions (P < 0.05) of feeding rate and CP concentration for gains of water and protein
indicated that when dietary CP was 26% the ME supply limited protein use by calves fed at
1.25% of BW daily. Body composition of preruminant calves can be markedly altered by
manipulating the protein to energy ratio in milk replacers. These dietary effects on body
composition and growth are not predicted by current NRC standards.

Schlegel et al. (2006) conductedstudies on one hundred-sixty Holstein growing-finishing
steers (initial BW of 185 kg) were blocked by BW to determine the effectiveness of longterm bovine somatotropin (bST) administration on lean, skeletal, and carcass measurements.
Steers were randomly allocated to 4 treatments (10 steers/treatment) within a block (n = 4
blocks). Treatments were control, no bST (C-C); bST from d 0 to 182 (bST-C); bST from d
183 to slaughter (C-bST); and bST from d 0 to slaughter (bST-bST). Steers received a s.c.
injection of placebo or bST at 14-d intervals. Doses were 320 mg of bST/injection from d 0 to
112 and 640 mg of bST/injection from d 113 to slaughter. The last treatment was
administered 31 d before slaughter. Steers received a 14% CP (DM basis) diet from d 0 to
182 and 11.5% CP from d 183 to slaughter that consisted of dry, whole-shelled corn and a
pelleted protein-mineral supplement. Steers were slaughtered when BW per block averaged
615 kg (d 325, 353, 367, and 381 for the 4 blocks, respectively). Thirty steers were removed
from the study because of poor performance with respect to their pen mates, illness,
lameness, death, incomplete castration, and incorrect treatment. Serum IGF-I concentrations
increased 151% (P < 0.01) from d 7 through 35 in bST-treated steers compared with control
steers. During the first 182 d, bST-C and bST-bST steers were heavier (P < 0.01) and had
greater (P < 0.01) ADG, G:F, hip height, and hip height gain compared with C-C and C-bST
steers. From d 183 to slaughter, C-bST steers had reduced (P < 0.05) daily DMI and greater
G:F than bST-C steers. At final slaughter, C-bST and bST-bST steers had greater (P < 0.05)
hip height than C-C steers. Noncarcass weight was increased and dressing percent reduced (P
< 0.05) in C-bST and bST-bST steers compared with C-C steers. Quality grade was least (P <
0.05) in bST-bST carcasses compared with C-C, whereas bST-C and C-bST carcasses were
intermediate. At final slaughter, steers receiving bST had greater (P < 0.05) carcass protein
and water composition and lower (P < 0.05) carcass lipid and lipid accretion than C-C steers.
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Bovine somatotropin was effective in reducing carcass fat and increasing edible lean.
Administering bST to young, lightweight steers increased skeletal growth and noncarcass
weight without an increase in total carcass weight, but decreased carcass quality.

Roberts et al. (2007) evaluated the effects of 2 levels of feeding during the post weaning
period on growth, G: F, and ultrasound carcass measurements of heifers, and the associations
among these traits. Heifers (I/2 Red Angus, 1/4 Charolais, and 1/4 Tarentaise) born in 3 yr
were randomly assigned to a control (fed to appetite; n = 0 205) or restricted (fed at 80% of
that consumed by controls adjusted to a common BW basis; n = 192) feeding during a 140-d
postweaning period. Heifers were individuallyfed a diet of 68% corn silage, 18% alfa alfa,
and protein-mineral supplement (DM basis) in pens equipped with Calan gates. Ultrasound
measurements of LM area, intramuscular fat, and subcutaneous fat thickness over the LM
were made on d 140(382 ± 0.8 d of age). Average daily DMI was 4.1 and 5.6 kg/d for
restricted andcontrol heifers, respectively (P < 0.001). Feed restriction decreased (P < 0.001)
BW (292 vs. 314 kg), ADG (0.52 vs. 0.65 kg/d), LM area (55 vs. 59 cm2), intramuscularfat
(3.2 vs. 3.5%), and subcutaneous fat thickness over the LM (3.2 vs. 3.9 mm), butincreased G:
F (0.12 vs. 0.11) when compared with control at the end of the I40-dstudy. The magnitude
ofthe associations of DMI with ADG (r = 0.32 vs. 0.21), 140-dBW (r = 0.78 vs. 0.36), hip
height (r = 0.57 vs. 0.17), LMA (r = 0.30 vs. 0.18), andBCS (r = 0.17 vs. 0.1 l) was greater in
restricted- than control-fed heifers. Variance ofresidual feed intake, calculated within each
treatment, was greater (P < 0.01) incontrol (0.088) than restricted (0.004) heifers, and
magnitude of association betweenresidual feed intake and average DMI was greater in control
(r = 0.88) than restricted. (r = 0.4l) heifers. Pregnancy rate tended (P = 0.l l) to be reduced in
heifers that hadbeen developed on restricted feeding (86.3 ± 2.3 vs. 91.5 ± 2.3%). However,
ADGwas greater (P < 0.001) in restricted than control heifers (0.51 vs. 0.46 kg/d)
whilegrazing native range in the 7 mo after restriction. In summary, restricted
heifersconsumed 22% less feed on a per-pregnant-heifer basis during the developmentperiod
and had a greater magnitude of association between DMl and several growth-related traits at
the end of the l40-d postweaning feeding period, which is indicative of improved efficiency.

Velayudhan et al. (2007) determine the effects of bovine somatotropin (bST) treatment
beginning at 3 ages on the growth rate and components of the somatotropic axis, 40
beef cattle (200 ± 21 d of age) were randomly assigned to 1 of 4 treatments (10
animals/treatment). Three of the treatment groups received bST (33 mug/kg of BW) daily
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beginning at 200, 250, or 300 d of age until all animals reached 400 d of age; the fourth group
served as controls (0 bST). Animals were housed in pens (5 animals per pen; 2 pens per
treatment) and fed a diet formulated for an ADG of 1.2 kg/d. Feed intake (per pen) was
measured daily, and BW was determined weekly. Blood samples (10 mL) and ultrasound
measurements were collected at 200, 250, 300, 350, and 400 d of age. Serum concentrations
of ST and IGF-I were determined by RIA and IGFBP-2 and -3 by ligand blot procedures.
Overall, cattle gained 284.0 ± 14.7 kg of BW with a treatment x week interaction (P < 0.01),
such that during the treatment period ADG was 11.6, 8.7, and 15.8% greater (P < 0.05)
in cattle treated with bST beginning at 200, 250, and 300 d, respectively, relative to controls
during the same time frame. Average DMI was 13.6% less (P < 0.05) in bSTtreated cattle than in controls. Increases in ADG coupled with a reduction in DMI resulted in
11.7, 14.0, and 26.4% increases (P < 0.01) in the efficiency of gain (G:F) in bSTtreated cattle beginning at 200, 250, and 300 d of age, respectively, compared with
contemporary controls. Backfat thickness increased (P < 0.05) over time, but the magnitude
of the increase was less in the bST-treated cattle (treatment x week interaction; P < 0.05).
Area of the LM increased (P < 0.05) over time but was similar across treatment groups.
Serum concentrations of ST, IGF-I, and IGFBP-3 increased (P < 0.05), whereas IGFBP-2
decreased (P < 0.05) over time. The changes in the components of somatotropic axis were
more pronounced in bST-treated cattle compared with controls, with the greatest magnitude
of response in animals that began bST treatment at 300 d of age. In conclusion, the
exogenous bST-induced growth response

was

greater

in

animals

that

began

to

receive bSTadministration at 300 d of age and received it for a shorter period (100 d)
compared with animals that received bST beginning at 200 or 250 d of age.
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RESEARCH PLAN

The research work will be completed within two academic years.

1st year
1. Total of forty eight male calves/kids, 16 or each species i.e. Kundhi buffalos, Thari
cows and kamori goats will be purchased and kept at Livestock experimental station,
Department of Livestock Management for adaptation to housing condition and
feeding.
2. Fattening ration will be prepared from available feed sources of concentrates and
roughages. Its nutritive value will be determined as per Association of Official
Analytical Chemists (AOAC 2000).
3. Calves and kids will be grouped into controls and treatment groups. Controlled
animals will be fed only the fattening ration with Crude protein of 18% where as
treatment group will be administered rbST @ 1.0 mg/kg. b.wt.
4. Data will be collected and analyzed for daily feed intake, energy intake, feed
efficiency and body weight again.
5. Blood samples will be collected and analyzed for Complete Blood Count (CBC)
including RBC, WBC, Hct and Hb; Biochemical parameters including, total protein,
Glucose, total lipid, Sodium, Potassium, Calcium and Blood Hormones including: T3
and T4.
6. Carcass and veal quality of slaughtered calves/kids will be evaluated, analyzed and
recorded.
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2nd:year

1. Data will be collected and analyzed for daily feed intake, energy intake, feed
efficiency and body weight gain.

2. Blood samples will be collected and analyzed for Complete Blood Count (CBC)
including RBC, WBC, Hct and Hb; Biochemical parameters including, total protein,
Glucose, total lipid, Sodium, Potassium, Calcium and blood Hormones including: T3
and T4.

3.

Carcass and beef quality of slaughtered calves/kids will be recorded and analyzed.

4.

Results obtained during research period will be tabulated and analyzed.

5.

Thesis will be written and submitted for examination.
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METHODLOGY:

Animals:
Total thirty two male calves of Kundhi buffalos and Thari cows (16 of each)
weighing 40 - 50 kg live body weight (approximately 12- 16 wks of age) and sixteen
kids of Kamori goat weighing 5-8 kg live body weight approximately 4-6 wks of age
will be procured from local Animal Market located at a distance of 40 km from
Tandojam. The calves and kids will be accustomed to nutritious feeds, therefore, they
will be conditioned after deworming on well balanced ration consisting concentrate
mixture, wheat straw and non-leguminous green fodder for a period of two months.
The calves and kids will be allowed to develop a taste for such feeds gradually during
4-week period of adaptation. Calves and kids showing no response to feed during
their adaptation period will be culled. When calves reaches at the age of 16-20 weeks
and kids reaches at 8-10 wks, they will be divided into total two groups for
experimental purpose according to different breeds and treatments as under:

Table # 1. Experimental Design.

Groups
Breeds

Control Groups

Kundhi buffalo calves (n=16)
Thari cow calves
(n=16)
Kamori goat kids
(n=16)

AB (n=08)
AC (n=08)
AG (n=08)

Treated Groups (n=08)
each
rbST@ 1.0 mg/kg. b.wt
(BB (n=08)
BC (n=08)
BG(n=08)

The calves will be vaccinated against FMD, Anthrax and HS and kids will be
vaccinated against enterotoxaemia, contagious chronic caprine pneumonia and
anthrax as per schedule of vaccination and dewormed regularly during the
experimental period.
Housing:
Kundhi buffalo and Thari cow calves and kids will be housed in
separate pens with free access to water. They will be provided sufficient housing
space and open space for exercise. All the calves will be provided shower twice a day,
particularly during summer season. Health record for each calf and kids will be
maintained.
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Feeding Management:
An economic fattening ration (concentrate mixture) having maize grain as
major energy ingredient will be formulated (Table #2) as described by McLaughlin et
al., (1993). The chemical composition and nutritive values of the ration will be
determined as per methods described by AOAC (2000). The energy level ration
containing 18% crude proteins will be prepared and fed to calves and kids in control
groups. While treated groups will be fed on same ration along with rbST treatment l.0
mg/kg b.wt.

Calves and kids will be fed maize fodder or burseem as main roughage.
Amount of green non-leguminous fodder will be added to the ration to meet the
carotene requirement of individual animal. Mixed feed will be offered daily at 0800
hrs and at chopped green fodder will be mixed subsequently at l 100 hrs. All the time
care will be taken to ensure the weighed quantity of feed should remain in feeder.

Table # 2.

Chemical composition of fattening ration on dry matter basis.

Nutrients
Dry matter, %
Crude protein, %
Nitrogen, %
Crude fiber. %
Acid detergent fiber, %
Neutral detergent fiber, %
Calcium, %
Phosphorus, %
Magnesium, %
Potassium, %
Sodium, %
Sulfur, %
Cobalt, ppm
Iron, ppm
Copper, ppm
Manganese, ppm
Zinc, pmm
Vitamin A, IU/kg
Vitamin D, IU/kg

Value
100
18
2.61
15.95
19.96
33.71
0.8
0.51
0.22
0.84
0.23
0.35
0.1
248
7.0
109
109
2,200
440
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Daily Feed and Energy Intake:

Daily feed intake will be recorded as;
Daily feed intake = weight of total feed supplied (kg) - weight of feed refusal (kg)
Energy intake will be calculated from the total protein, fat and carbohydrateconsumed
per day.

Feed Efficiency and Body Weigh Gain:

Feed efficiency will be evaluated by food consumed in kilograms for onekilogram weight gain. Body weight gain will be recorded weekly throughout the
experimental period. The growth observations of male calves of Kundhi buffalo and
Thari cow will be recorded for 126 day (18wks) at veal stage and 252 days (36 wks)
at beef stage. Where as, growth observation of kids of Kamori goats will be recorded
upto 10 wks and 22 wks. These will be calculated as:
Weight gain in (kg) = Present weight (kg) - Last weight (kg).

Complete Blood Count (CBC):

10 ml of blood will be collected in Heparinized/EDTA Vacutainers (BDH,
Germany) and will be brought to Central Research Scientific Laboratory at Faculty of
Animal Husbandry and Veterinary Sciences for Complete Blood Count CBC). CBC
will be done on automatic hematology analyzer (Coulter Counter Beckman).

Blood Chemistry:

10 ml of blood will be collected into plain tubes and centrifuged by the
centrifuge machine at 3000 rpm for 5 minutes. Serum will be separated and collected
in Zml Cryo vials. Samples will be stored at 4°C until used. Samples for biochemical
analysis will be prepared as per instructions provided in data sheet of commercially
available

test

kits.

The

values

will

Spectrophotometer (Hitachi, Japan).
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be

determined

by using

UV-I800

Hormonal Analysis:

Homional analysis will be conducted by using commercially available ELISA
kits. Levels of hormones will be determined by using ELISA Reader (Model AD
34oS, Beckman Coulter, Japan).

Body Scoring:

Body condition will be recorded and scored (1-9, thin to fat) in cattle as
described by (Apple et al., 1999 and in goats Luginbuhl, J.M and M.H. Poore. 2008).
Scores of Kundhi buffalos and Thari cow calves will be recorded in ‘A point intervals
at the same day fortnightly (08:00 to 12:00 h) before a.m. feeding. Rule of ‘A point
agreement by in two individuals associated with experiment will be followed strictly
to minimize chances of bias in scoring results. Body scoring (1-9) of goat will be
performed as described by Luginbuhl and Poore, (2008).

Carcass and Meat Quality:

Carcass and meat quality of the Kundhi buffalo and Thari cow calves in
control and treatment groups will be recorded at the age of 18 weeks (veal stage) and
36 week (beef stage). Carcass and mutton quality of the kids in control and treated
groups will be recorded at the age of 10 and 22 weeks. At least two calves of Kundhi
buffalo and Thari cow and kids of Kamori goats in each will be slaughter. The animal
will be slaughtered from each group for meat analysis. Afier slaughter and dressing,
the hot carcasses will be weighed, split along the spine in two halves and right half
carcass will be randomly selected and cut into hip, sirloin, loin, flank, rib, plate,
chuck, brisket and shank Aganga et al., (2003). The percent composition of the cuts
will be calculated as a proportion of the chilled half carcass weight. The half ofthe
carcass will be chilled at 0°C for I8 h and then dissected into lean, fat and bone
(Paulino et al., 2005). The 9-11th rib cut and the right half of the carcasses will
bedissected into fat tissue, lean tissue and bone tissue whose weights composed the
datafor physical composition determination. The carcasses will be deboned and
separatedinto muscle and bone. At this time the weights for bone and separated
muscle will berecorded.
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Statistical Analysis:
Data collected will be analyzed statistically using statistical software

Minitab 15.
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