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ABSTRACT 

The study was conducted on sixteen young goats of Kamori breed having age 9-10 

week and weighing 14-15 kg body weight (BW). After an adaptation period of two weeks, 

goats were housed in the outerdoor pens (4 animals /pen) under ambient temperature and 

lighting. The goats were randomly alienated into two groups placing eight goats in group C 

kept as control and eight goats in rbST group received intramuscular injection of rbST  

1mg/kg B.W. fortnightly. The experiment lasted for a period of 22 weeks. Animals were fed 

adlibitum the total mixed ration as a basal diet composed of roughages and concentrates 

(60:40), twice a day at 0800 and 1700 clock and water was provided adlibitum. The feed 

intake was recorded every day, BW weekly and fecal samples were examined on the 10th and 

20th week of experiment for digestibility. Meat samples were collected on 22nd week 

experiment from longissimus dorsi (LD) muscle between 8th and 11th left thoracic vertebrae 

to determine the physico-chemical characteristics The results revealed an increase (P < 0.05) 

in BW of goats by 25.36 and 28.76 %, at weeks 10 and 22 respectively, in rbST group 

compared to C. 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 week 10 and 22, respectively. The FI 
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and DMI increased (P < 0.05) by 0.12 and 0.08 kg/d at week 10 and by 0.23 and 0.15 kg/d at 

week 22, respectively, in rbST treated goats compared to control. 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 group at week 22. The digestibility 

trails showed an increase (P < 0.05) in DM by 33.17 and 34.13 % and in CP by 33.33 and 

33.92 % at weeks 10 and 22, respectively, in rbST group compared to control. The physic-

chemical analysis of meat showed no significant change (P > 0.05) in physical properties, 

however, among the chemical characteristics moisture and crude protein (CP) contents 

increased (P < 0.05) and the fat content decreased (P < 0.05) in the meat of rbST treated goats 

compared to control. In conclusion, the exogenous treatment of rbST increased growth rate of 

goats, enhanced digestibility of DM and CP and improved some chemical properties of meat. 

Keywords: Recombinant bovine somatotropin, growth, digestibility, carcass, feed 

efficiency 

INTRODUCTION 

Bovine somatotropin (bST) or 

growth hormone is a protein hormone 

naturally produced by the anterior pituitary 

gland in mammals. Recombinant bovine 

somatotropins (rbST) are synthesized and 

manufactured by using recombinant DNA 

techniques, which is widely used as 

galactopoietic in lactating animals and as 

growth promoter in young and growing 

animals. Exogenous treatment of rbST have 

been used to enhance 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 [1-3]. 

The rbST has been shown a considerable 

shift in the partitioning of nutrients toward 

an increase in protein and decrease in fat 

deposits [4, 5. Healey et al. [6] 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 

been shown to be mediated, at least in part, 

by elevating circulating hormonal levels of 

insulin and insulin-like growth factor (IGF-

I) [7-8]. Most of the studies have been 

conducted on cattle and sheep and very 

little research has been conducted on goats 

to evaluate the effects of rbST as growth 

promoter. 

Pakistan is basically an agricultural 

country which harbors a number of 

different important livestock species 

including goats. Kamori goat is one of the 
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important goat breeds of Sindh province of 

Pakistan, which is used for both milk as 

well meat purposes and commonly known 

as poor man’s cow. Currently, 629 

thousand tons of mutton is being produced 

from goats. Generally, meat is providing 

many essential nutrients such as 

proteins, Vitamins (niacin,  

riboflavin, vitamin A, B6, B12 and E), fat 

and minerals (iron, zinc, 

selenium, phosphorus) which are most 

important for the growth of human body 

[9].  

Despite considerable increase in 

milk and meat production in Pakistan, 

average meat protein availability per capita 

is 17 gms as compared to 27gms/day 

minimum daily allowance requirements as 

recommended by WHO. Even, there is 

shortage of 10g to the recommended daily 

per capita animal protein requirements. The 

shortage in protein requirement is because 

of increasing human population growth of 

3% per year in Pakistan [10]. Moreover, a 

lot of goats are slaughtered on the occasion 

of eid-al-ada. This exerts a lot of demands 

on the meat producing farmers to produce 

large amount of qualitative, fresh and lean 

meat. One of the strategies to achieve an 

increase in meat production could be proper 

management and enhanced growth 

performance of young Kamori goats 

through the use of growth promoter like 

rbST. Therefore, the present study has been 

designed to evaluate the effects of rbST 

treatment on growth performance, nutrient 

digestibility and carcass characteristics of 

young Kamori goats. 

MATERIALS AND METHODS 

Animals, Feeding and Treatment 

Sixteen young goats of Kamori 

breed having age 9-10 week and weighing 

14-15 kg live body weight were used in the 

present study. The goats were allowed to 

adapt surroundings and feed for minimum 

period of two weeks. Goats were housed in 

the outerdoor pens with cemented floors, in 

groups of 4 per pen, under ambient 

temperature and lighting. The goats were 

randomly alienated into two groups placing 

eight goats in control group C and eight 

goats in rbST group received intramuscular 

injection of 1 mg/kg.BW of rbST (Boostin-

S, LG Life Sciences, Korea) fortnightly. 

The experiment lasted for a period of 22 

weeks. 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 

16%, total digestible nutrients (TDN) 68%, 

crude fiber 18.5%, calcium 1.05% and 

phosphate 0.6%. Goats were fed adlibitum 
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twice a day at 0800 and 1700 clock and 

water was provided adlibitum. 

Collection and Analyses of Feed and 

Fecal samples  

The orts were collected every day to 

record daily feed and dry matter intake. 

Live body weight was recorded weekly for 

the period of 22 weeks. Feed efficiency was 

calculated by food consumed in kilograms 

for the live body weight gain of one-

kilogram. Body condition score was scored 

(from 1 to 9 score, thin to fat) as described 

by Luginbuhl and Poore (2008). Feed 

samples were collected once a week 

throughout experimental period and 

composited for chemical analysis. Fecal 

samples were collected on the 10th and 20th 

week of experiment. The wet fecal samples 

were immediately dried in forced air oven 

at 65°C for 48 hours and grinded and then 

stored at -20°C. Chemical analysis of feed 

and fecal samples were performed for dry 

matter (DM), crude protein (CP), ether 

extract (EE) and ash according to the 

methods of AOAC (2000).  

Slaughtering, Collection and Analyses of 

meat samples  

Meat samples were collected after 

slaughtering the goats from longissimus 

dorsi (LD) muscle between 8th to 11th left 

thoracic vertebrae to determine the 

physico-chemical characteristics according 

to descriptions by Honikel [12]. The meat 

samples were prepared by trimming the 

visible fat from the muscles before any 

physical and chemical analyses. The 10 

gram of meat was homogenized in 90 ml of 

distilled water for the determination of pH 

as suggested by Ockreman [13]. The water 

holding capacity (WHC) was calculated 

according to Wardlaw et al. [14]. Eight 

gram of meat sample was mixed in 12 ml 

of 0.6 M NaCl solution in the test tube and 

then centrifuged at 10,000 rpm for 15 min 

at (4 0C) temperature. The supernatant was 

removed and WHC was measured and 

expressed in percentage. Cooking loss was 

calculated according to the method as 

reported by Kondaiah et al. [15]. Twenty 

gram of meat sample was put in a 

polythelene bag and cooked at an internal 

temperature of 72 0C for 1 hr in a water 

bath. Cooked mass was collected and 

cooled after draining the cooked out 

material and then weighed to determine the 

weight loss. Drip loss was measured as 

described by Sen et al. [16]. Fifty gram of 

meat sample was placed and sealed in 

polythylene bag and then refrigerated at 

40C for 24 hrs. Drip loss was measured by 

calculating the difference among actual 

weight of sample and weight of sample 

after refrigeration, wiping and drying with 

filter paper. Chemical composition of 

mutton was evaluated by the method of 
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Association of Official Analytical Chemists 

[11].  

Statistical Analysis 

Data presented as (Mean ± SEM) 

and Student’s t test was calculated using 

statistical software SPSS12.0 (StatSoft, 

Tulsa, OK, USA). Significance was 

considered at P < 0.05. 

RESULTS 

The average body weight (BW), 

average daily gain (ADG) and body 

condition score (BCS) of goats at the start 

of experiment (week 0) were not different 

between the groups (Table 1). At week 10 

and 22 of the experiment, the average BW 

of goats increased by 25.36 and 28.76 % 

respectively, in rbST group compared to C. 

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 week 10 and 22, respectively. 

The BCS of goats at week 10 and 22 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.  

At the commencement of the 

experiment (week 0), the feed intake (FI), 

dry matter intake (DMI) and feed 

conversion ratio (FCR) of the animals were 

not different (P > 0.05) between the groups 

(Table 2). The FI and DMI increased (P < 

0.05) by 0.12 and 0.08 kg/d at week 10 and 

by 0.23 and 0.15 kg/dat week 22, 

respectively, in rbST treated goats 

compared to control. 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 group at week 22. 

The digestibilities of 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 (Table 3). The results showed 

an increase (P < 0.05) in DM by 33.17 and 

34.13 % and in CP by 33.33 and 33.92 % at 

weeks 10 and 22, respectively, in rbST 

group compared to control.  

 Table 4 and 5 show the 

sensory and physic-chemical characteristics 

of meat of goats. The results revealed that 

the colour, odour, odour intensity, flavor, 

juiciness, tenderness and firmness were not 

different (P > 0.05) between the groups 

(Table 4). The physical characteristics 

including pH, water holding capacity 

(WHC), cooking loss and drip loss showed 

no significant differences (P > 0.05) 

between control and rbST groups (Table 5). 

However, among the chemical 

characteristics moisture and crude protein 

(CP) contents increased (P < 0.05) and the 

fat content decreased (P < 0.05) in the meat 

of rbST treated goats compared to control. 
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Table 1: Effect of rbST on body weight, average daily gain and body condition scoring of cow calves, buffalo claves 
and goats 

 
Items 

Groups  
P-Value C rbST 

Week 0 
BW (kg) 14.76 ± 0.34 14.36 ± 0.26 0.93 

BCS 8 ± 0.75 8 ± 0.5 0.87 
ADG (kg/d) 0.061 ± 0.01 0.063 ± 0.06 0.91 

Week 10 
BW (kg) 21.88 ± 0.32 27.43 ± 0.23 0.004 

BCS 8.2 ± 0.3 8.5 ± 0.5 0.89 
ADG 0.11 ± 0.002 0.15 ± 0.007 0.001 

Week 22 
BW (kg) 36.05 ± 0.61 46.87 ± 0.88 0.006 

BCS 8.2 ± 0.5 8.5±0.3 0.88 
ADG 0.14 ± 0.002 0.19 ± 0.003 0.001 

BW= Body weight, BCS=Body condition scoring, ADG= Average Daily Gain 
Goats 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 
Table 2: Effect of rbST on feed intake, dry matter intake, feed conversion ratio of cow calves, buffalo claves and goats 

 
 
 
 
 
 
 
 
 
 

 
 

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

Table 3: Effect of rbST on nutrient digestibility of goats 
 

Items 
Groups  

P-Value C rbST 
Week 0 

DM 0.73±0.09 0.78±0.03 0.91 
CP 0.50 ± 0.01 0.53±0.04 0.85 
CF 9.48 ± 0.26 10.54±0.22 0.74 
EE 0.73±0.09 0.78±0.03 0.87 
Ash 0.50 ± 0.01 0.53±0.04 0.93 

Week 10 
DM 2.08 ± 0.09 2.77 ± 0.12 0.004 
CP 1.41 ± 0.07 1.88 ± 0.08 0.022 
CF 27.81 ± 1.36 26.29 ± 2.28 0.81 
EE 0.73 ± 0.09 0.78 ± 0.03 0.78 
Ash 0.50 ± 0.01 0.53 ± 0.04 0.76 

Week 22 
DM 3.34 ± 0.21 4.48 ± 0.18 0.012 
CP 2.27 ± 0.14 3.04 ± 0.12 0.018 
CF 19.15 ± 1.08 17.38 ± 0.78 0.63 
EE 0.73 ± 0.09 0.78 ± 0.03 0.74 
Ash 0.50 ± 0.01 0.53 ± 0.04 0.81 

DM = Dry matter, CP Crude Protein, CF = Crude Fiber, EE = Ether Extract. 
Goats 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 

Items Groups P-Value 
C rbST 

Week 0 
FI (kg/d) 0.73±0.09 0.78±0.03 0.78 

DMI (kg/d) 0.50 ± 0.01 0.53±0.04 0.85 
FCR 9.48 ± 0.26 10.54±0.22 0.88 

Week 10 
FI (kg/d) 0.86 ± 0.02 0.98±0.030 0.023 

DMI (kg/d) 0.58 ± 0.01 0.66±0.02 0.023 
FCR 15.17 ± 0.27 9.43 ± 0.36 0.001 

Week 22 
FI (kg/d) 1.13 ± 0.05 1.36 ± 0.03 0.001 

DMI (kg/d) 0.77 ± 0.03 0.92 ± 0.01 0.006 
FCR 10.04 ± 0.51 8.92 ± 0.53 0.165 
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Table 4: Effect of rbST on colour, odour, odour intensity, flavour, juiciness, tenderness and firmness of meat 

(longissimus dorsi ) of goats slaughtered at the end of experiment. 
 

Items 
Groups  

P-Value C rbST 
Colour 4.2 ± 1.1 4.1 ± 1.1 0.94 
Odour 4.1 ± 0.7 4.0 ± 1.1 0.89 

Odour intensity 4.5 ± 0.6 4.4 ± 0.8 0.91 
Flavour 4.4 ± 0.6 4.3 ± 0.3 0.98 
Juiciness 4.6 ± 0.5 4.7 ± 0.8 0.91 

Tenderness 3.6 ± 0.7 3.3 ± 0.4 0.89 
Firmness 3.2 ± 0.4 3.7 ± 0.6 0.78 

Goats 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 

 
Table 5: Effect of  dietary  rbST  on physic-chemical characteristics of fresh meat samples cut from longissimus dorsi 

(LD) of goats slaughtered at the end of experiment. 
Items Groups  

Control rbST P-value 
Physical properties 

pH 5.51 ± 0.15 5.54 ± 0.20 0.78 
WHC, % 76.33 ± 4.10 78.35 ± 2.87 0.72 

Cooking loss, % 38.39 ± 1.51 37.34 ± 1.91 0.38 
Drip loss, % 2.41 ± 0.25 2.28 ± 0.11 0.46 

Chemical properties 
Moisture, % 66.88 ± 1.15 63.72 ± 0.53 0.044 

CP, % 21.91 ± 0.86 19.77 ± 1.34 0.039 
Fat, % 3.68 ± 0.5 2.57 ± 0.41 0.024 
Ash, % 0.85 ± 0.12 0.83 ± 0.12 0.99 

Goats 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 

DISCUSSION 
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 Kamori 

goat. The present study was planned to 

evaluate the effects of rbST fortnightly 

treatment on growth performance and meat 

quality of young Kamori goats. In the 

present study, the average BW of goats 

increased by 25.36 and 28.76 % at weeks 

10 and 22 of the experiment respectively, in 

rbST group compared to C. 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 week 

10 and 22, 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 [1, 2, 17, 18].  

In accordance with increased body 

weight gain, the feed intake and dry matter 

intake increased (P < 0.05) by 0.12 and 

0.08 kg/d at week 10 and by 0.23 and 0.15 

kg/dat week 22, respectively, in rbST 

treated goats compared to control. The 

results of present study are in agreement 

with the previous studies reported by 

Boonsanit et al.,[19]; Chanchai et al., [20] 

and Nascimento et al., [21]. The results 
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reported by Groe+newegen et al., [22] 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 [23-25].  

The results of present study showed 

that rbST treatment increased digestibility 

of dry matter (DM) by 33.17 and 34.13 % 

and of crude protein (CP) by 33.33 and 

33.92 % at week 10 but no difference in 

nutrient digestibilities were found at week 

22. This is in accordance with the feed 

intake and FCR of goats treated with rbST. 

At the initial stage of rbST treatment (week 

10), the feed consumption in rbST treated 

goats 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 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 and 

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 [3, 26], however, the literature about 

effects of rbST on nutrient digestibility in 

young animals is scanty. One of the studies 

by Moseley at el., [27[ has shown effect on 

nutrient digestibility to smaller extent in 

growing cattle. 

 The physico-chemical analysis of 

meat (longissimus dorsi) of goats 

slaughtered at the end of experiment 

revealed that most of physical 

characteristics were not different between 

the groups, however, among the chemical 

characteristics moisture and crude protein 

(CP) contents increased (P < 0.05) and the 

fat content decreased (P < 0.05) in the meat 

of rbST treated goats as compared to 

control. The rbST has been shown a 

considerable shift in the partitioning of 

nutrients toward an increase in protein and 

decrease in fat deposits [4,5]. Healey et al. 

[6] reported an increase in protein by 5% 

and decrease in fat by 36% in the carcass of 
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calves treated with rbST compared to those 

of untreated. In another study by Vann et 

al., [28] 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 [29]. 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) [7, 8] and 

both insulin and IGF-I have anabolic 

effects on protein. In conclusion, the 

exogenous treatment of young Kamori 

goats with rbST increased growth 

performance, enhanced digestibility of DM 

and CP and improved some chemical 

properties of meat. 

CONCLUSION: The results of the present 

study showed that the recombinant bovine 

somatotropin has influenced on body 

weight gain, ADG, feed intake, DMI and 

FCR in Kamori goats. The rbST treatment 

in Kamori goats also increased growth rate 

and enhanced digestibility of DM and CP 

and improved some physical and chemical  

properties of meat.  
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