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Abstract

The present study was undertaken to investigate the 
changes in body weight, body measurements, reproductive 
parameters, hemato biochemical variables, faecal parasitic 
load and incidence of disease rate in black Bengal female 
goats (n=60) managed under extensive, semi-intensive and 
intensive system for evaluating the sustainability and eco-
nomic viability. The partial budget analysis was done to de-
termine the profitability of farming among the 3 different 
management systems. The result showed a significant im-
provement (p<0.05) in physical parameters like body weight 
(kg), height at wither (cm), heart girth (cm), early attainment 
of puberty with a higher rate (p<0.05) of prolificacy and kid-
ding among the goats managed under an extensive system 
of management. The percentage of PCV, plasma glucose and 
total protein level was found significantly higher (p<0.05) 
in goats of intensive system but the cholesterol level was 
found more in goats of extensive system of management. 
The outdoor high humidity and temperate has affected the 
incidence of parasitic infestation and also the occurrence 
of diseases like diarrhoea and mastitis among the goats of 
an extensive system. However, the assessment of economic 
budget analysis showed a good net profit return from goats 
reared under extensive system compared to the other sys-
tems of management. Overall, the present study suggested 
that black Bengal goat rearing under the extensive system is 
a better choice for providing a substantial source of income 
to farmers with low budget input.
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Introduction

In India goat production is a livestock enterprise with least 
cost input and thus it becomes a choice (naturally) of livelihood 
option for the rural population by and large. In our country in 
pastoral agriculture scenario during the phase of emergency 
goats act as a source of income in terms of cash immediately. 
Moreover, goat farming contributes to household food security. 
In India in 2019 the total population of goat was found to be 
148.88 million (as per the 20th livestock census). This shows an 
10.1 percent increase as compared to the previous census. It 
has been estimated that goats contribute 27.8 percent of the 
total livestock in India (DAHD, Govt. of India). Black Bengal is 
a meat type breed of goat renowned worldwide and is consid-
ered as a blessing particularly for Tripura, a small state of the 
north-eastern region of India. They are famous for their skin as 
well as chevon. In Tripura pastures (natural) as well as grasses 
and wild leaves are found in abundance making rearing of goat 
lucrative due to the economical benefit. But proper attention 
has not been given to organized farming of goat for utilization 
of it to generate income. Due to the hardy nature; resistance to 
diseases and better adaptability Black Bengal goats can repro-
duce and thereby thrive well under various type of climatic con-
ditions [1]. They can be reared easily on barren lands; roadsides 
as well as under intensive or semi-intensive systems [2]. In the 
villages stall-feeding with grasses available locally from grazing 
lands or fodder trees are evident. The impact of various man-
agement systems on growth as well as quality of carcass and 
their interaction with sex of a breed named Murciano-Grana-
dina was studied on 61 kids previously [3]. For identification of 
the prospects and shortcomings in order to improve the goat 
farming productivity (economically) intensive and extensive sys-
tems had been compared in Sri Lanka [4]. Marginal and jobless 
youths are encouraged to start organized entrepreneurship by 
goat rearing due to the increasing price of chevon in markets 
locally; thereby helping them to exploit the market-oriented 
opportunities ultimately with the aim to meet the ever increas-
ing demand of chevon in Tripura. Keeping in view the facts, an 
attempt has been made in the present research programme to 
test the efficiency, sustainability and profitability of goat rear-
ing under various farming systems model viz., extensive, semi-
intensive and intensive system. 

Material and methods

Location of the experiment

The study was conducted in the goat farm of ICAR Research 
Complex for NEH Region, Tripura Centre, Lembucherra, Agar-
tala, Tripura, which lies approximately between latitude 22 560 
and 240 32′ North and longitude 910 10′ and 920 21′ East. The 
climate of Tripura is generally hot and humid depending upon 
the elevation, varies from sub-tropical humid at lower hills and 
valleys to alpine cold at higher altitudes with average annual 
rainfall varies from 841 mm to 4500 mm.

Experimental Animals and duration of study

A total 60 Black Bengal female goats were used for the study. 
The animals were selected randomly and equally distributed in 
three groups and in each group 20 numbers of female goats (n= 
20) were reared with 2 bucks at the ratio of 10:1 (female: male). 
Three groups were maintained under three different manage-
ment systems, viz., extensive, semi-intensive and intensive. The 
data recording like weight of animals, birth weight and weight 
at different age were done for females and kids. The investiga-

tion was carried out for a period of one year from the month of 
June to May.

Management of animal under different farming system

All the animals were treated against internal and external 
parasites by deworming and dipping before they were assigned 
to different groups and vaccination for diseases like Goat pox, 
FMD and PPR was also carried out. The animals were provided 
with night shelter having well-ventilated and raised bamboo 
floor with asbestos roof. 

Extensive system of management: In this treatment group 
all, the animals were let loose from 8.00 am to 4.00 pm for graz-
ing. The animals were not supplemented with any sort of feeds, 
fodders or concentrates during the experimental period.

Semi-intensive system of management: In this system, the 
animals were allowed to graze or let loose in the morning hour 
i.e., from 8.00 am to 12.00 pm and the rest of the day, animals 
were provided with tree leaves viz. mulberry leaves, jackfruit 
leaves, signal grasses and local grasses as and when available. 
The goats were also supplemented with pelleted concentrate 
ration having 18 % CP @ 150 g/head/day during the lean period 
i.e. winter season (December - February) and summer season 
(March - May). 

Intensive system of management: Here, the animals were 
provided with tree leaves, signal grasses and local grasses, as 
and when available, at the indoor condition throughout the ex-
periment. And the goats were also supplemented with pelleted 
concentrate ration having 18 % CP @ 150 g/head/day during the 
lean period i.e. winter season (December - February) and sum-
mer season (March - May). During lean seasons animals were 
also provided with chopped maize fodder and banana leaves.

On-farm flock monitoring and investigation of body mea-
surements and reproductive characteristics of experimental 
animal

Body weights of the experimental animals were recorded (in 
kg) at monthly interval during the experimental period by a digi-
tal spring balance and accordingly growth rate was calculated 
by statistical method. All the body measurements like height at 
withers, heart girth and body length were taken on standing po-
sition with the help of measuring tape. 

Reproductive characteristics of does like age at puberty by 
observing the sign of heat or oestrous, body weight at onset of 
puberty, litter size at birth, birth weight of kids, type of birth, sex 
ratio, kidding interval and prolificacy rate of the does during the 
experimental period of one year were calculated and expressed 
statistically. 

Investigation of hemato-biochemical parameters of the ex-
perimental animals 

The blood samples were collected from each animal in the 
early morning on last week of every experimental month. To-
tal 5 ml blood samples were collected from healthy goats using 
heparin (10 IU/ml) as anticoagulant by jugular vein puncture 
under sterile conditions in order to estimate haemoglobin and 
PCV. The blood samples collected at the farm yard were brought 
to the laboratory by maintaining cold chain. The blood samples 
then were centrifuged in laboratory at 3000 RPM for 15 min-
utes to separate blood plasma and stored at -20 oC for further 
biochemical investigations. 
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The blood haemoglobin was estimated from anticoagulated 
blood by standard Sahli’s acid haematin method and results 
were expressed in g/dl of blood (gm %). The estimation of 
blood PCV was obtained by centrifuging heparinized blood in 
a graduated tube until corpuscles were packed down to a con-
stant volume. The volume of packed cell was then expressed as 
a percentage of the original volume of blood.

The various blood biochemical parameters like glucose, 
cholesterol, total protein, albumin, globulin, Albumin-Globulin 
ratio (A/G), Alkaline Phosphatise (ALP) the plasma of animals 
were estimated by using diagnostic kits as per manufacturer’s 
instruction following standard protocols using a UV-Vis Spectro-
photometer (PC Based Double Beam Spectrophotometer 2202, 
Systronics, India).

Investigation of gastro-intestinal helminth infestations & 
incidence of diseases in experimental animals 

The fresh faecal sample from experimental animals were 
collected per recta in the middle month of every season viz. 
rainy season (July), autumn (October), winter season (January) 
and summer season (April) and transported to laboratory for 
further analysis. The faecal sample were initially subjected for 
gross examination which includes the colour, consistency, pres-
ence of blood, mucous, tapeworm segments and dead worms. 
McMaster’s egg counting technique was employed for faecal 
egg count and expressed as eggs per gram (EPG) of faeces [5]. 

The incidences of diseases in the different groups of animal 
were recorded throughout the experimental year and the num-
bers of affected animals were also recorded and expressed in 
percentage. The mortality rate and causes of mortality of the 
animals were recorded group wise after the post mortem exam-
ination of death carcasses and were expressed in percentage.

Economic analysis

Partial budgeting is a method of organizing experimental data 
and information about the cost and benefit from some changes 
in the technologies used on the farm. It involves tabulating the 
costs and benefits of a small change in the farm practice. The 
partial budget analysis was done to determine the profitability 
in different management system of goat rearing in the agro-cli-
matic conditions of Tripura. The partial budget analysis involved 
calculation of the variable cost and benefits. 

At the beginning of the experiment, market prices of goats 
were assessed from local livestock markets at different places of 
Tripura. At the end of the experiment, weight gain and kids born 
of goats in the different management groups were evaluated. 
Thereafter, experienced goat dealers estimated the possible 
selling price of each experimental goat. The estimated buying 
and selling price difference of the goats in each management 
system before and after the experiment was considered as Total 
Return (TR) in the analysis. For the calculation of the variable 
costs, the expenditures incurred on feeds were taken into con-
sideration. The costs of the feeds were computed by multiply-
ing the actual feed intake for the whole feeding period with the 
prevailing prices. The prevailing prices of the feeds included in 
the transportation cost incurred to transport them to the ex-
perimental site. The labour cost was assumed to be constant 
across the treatment groups.

Partial budget measures profit or losses, which are the net 
benefits or differences between gains and losses for the pro-
posed change. The amount of money left when Total Variable 

Cost (TVC) is subtracted from Total Return (TR):

NI = TR-TVC

The Change in Net Income (ΔNI) was calculated as the differ-
ence between the change in Total Return (ΔTR) and the change 
in T Variable Cost (ΔTVC) as follows:

ΔNI = ΔTR - ΔTVC

The Marginal Rate of Return (MRR) measures the increase in 
Net Income (ΔNI) associated with each additional unit of expen-
diture (ΔTVC) and was calculated as:

MRR = (ΔNI/ΔTVC) X 100

Statistical Methodology

The statistical analysis was done by using Statistical Package 
for the Social Sciences (SPSS 7.5) by one way ANOVA. Results 
were expressed as the mean ± Standard error (SE). A difference 
with value p<0.05 was considered statistically significant. 

Results

Meteorological observations during the experimental pe-
riod

The record of the meteorological variables for one year in 
terms of Max and Min environment temperature and the Tem-
perature, Humidity Index (THI) during the time of experiment 
is presented in Figure 1 and 2. During the experimental period, 
the environmental temperature ranged from 6.4 oC to 36.2 oC 
and the THI ranged from 57.34 to 77.68. The rainfall received 
during the whole experimental period was 2595.80 mm and the 
average rainfall was 216.31 mm.

Findings of body weight (kg) and body measurement 
changes of Black Bengal goats under different system of man-
agement

The mean growth and body measurements of Black Bengal 
goats under different management systems has been given 
in Table 1. It was observed that there was significantly higher 
(p<0.05) body weight gain of goats managed under extensive 
system as compare to other farming system. The detailed month 
wise body weight gain of goats under different management 
systems for the entire experimental year has been presented in 
supplementary table 1. At the beginning of the study from 2nd to 
3rd month, there was no significant difference (p>0.05) of body 
weight gain of the goats maintained under different manage-
ment system however, at the later part of experiment i.e. 9th 
to 12th month of age, the goats reared under extensive man-
agement system showed higher (p<0.05) body weight gain as 
compared semi-intensive and intensive management system. 

The various body measurement changes such as height at 
withers, heart girth and body length of Black Bengal goats man-
aged under different farming systems has been given in Table 1. 
The mean height at withers (cm) of goats under extensive and 
intensive management systems were significantly (p<0.05) high-
er than the goats reared under semi-intensive management sys-
tem. Whereas, the mean heart girth (cm) of goats were signifi-
cantly greater (p<0.05) only in extensive farming as compared 
to intensive and semi-intensive management system. However, 
there was no significant differences in body length (cm) was 
observed between the different management systems of goat. 
The month wise analysis of body measurements changes (Table 
2) showed that there was a significant (p<0.01) increase in the 
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mean height at withers (cm) of goats from 9th and 12th month, 
mean heart girth (cm) from 4th to 12th month and mean body 
length (cm) from 3rd to 12th months of age in goats under the ex-
tensive system than that of goats reared under semi-intensive 
and intensive management system.

Analysis of haemato-biochemical parameters in Black Bengal 
goats under different management systems

The analysis of different hemato-biochemical parameters in 
Black Bengal managed under different management systems 
has been presented in Table 1. The haematological findings 
showed that there was no definite pattern of significant chang-
es in blood Hb level among the various management systems 
over the months in black Bengal goat during the experimental 
period (Table 2). However, the mean PCV (%) was significantly 
higher (p<0.05) in goats under intensive management system 
as compared to semi-intensive. The findings of blood biochemi-
cal analysis of goats reported that the mean plasma glucose 
(mg/dl) and total plasma protein (gm/dl) level was found to be 
significantly higher (p<0.05) in goats of intensive management 
systems as compare to rest. However, the mean plasma cho-
lesterol (mg/dl) was again significantly higher (p<0.05) in both 
extensive and semi-intensive management systems as compare 
to intensive system. But, no significant difference (p>0.05) was 
observed in the mean plasma albumin, globulin and A/G ratio 
and plasma ALP (KA units) concentration in goats among the 
different management systems. 

Reproductive and productive traits of Black Bengal goats 
under different management systems

The study revealed that there was no significant (p>0.05) 
difference of age (days) at puberty and prolificacy rate for the 
semi-intensive and intensive system of management but signifi-
cantly lower age at puberty and higher prolificacy rate (p<0.05) 
was observed in goats under the extensive system of manage-
ment. Although, other productive traits like no. of kidding (%), 
percentage of single or twin birth rate was higher in extensive 
system but no significant difference was observed among the 
management systems (Table 3). 

Incidence of parasitic infestations in Black Bengal goats un-
der different management systems 

The occurrence of parasitic infestation in goats of differ-
ent system of management has been presented in Table 4. It 
was observed from the study that during the rainy season the 
prevalence of strongyles were highest in the intensive system 
(42.85%) followed by a semi-intensive and extensive system. 

The incidence of coccidiosis was again recorded highest in the 
extensive group (46.6%) followed by semi-intensive and inten-
sive groups both in rainy and summer season. But, in autumn 
season there were no incidences of any parasites.

Incidence of diseases and mortality pattern in goats under 
different management systems

The incidence of diseases in goats under different manage-
ment systems covering different seasons are presented in Ta-
ble 5. In the present study, incidence of diseases revealed that 
contagious ecthyma, diarrhoea, foot rot, corneal opacity of the 
eyes, alopecia and bloat were the important disease problems 
in Tripura. The present study showed that the contagious ec-
thyma was a major disease outbreak during the autumn sea-
son irrespective of management system. Prevalence of diar-
rhoea (12.5%) and incidence of mastitis in lactating goats was 
observed only in extensive groups during the rainy and winter 
season respectively, whereas the incidence of foot rot (15%) 
was observed only in the intensive system of management from 
beginning of the experiment. The incidence of corneal opacity 
was observed only in the semi-intensive groups during rainy 
season and autumn season and alopecia was a flock problem 
rather than an individual problem. Whenever the infection gets 
introduced in a flock, it spreads very fast due to the habit of 
huddling together, which was only observed in goats managed 
under intensive management system. 

Partial budget analysis of goat farming under different 
management systems

The partial budget analysis was conducted to assess the eco-
nomic benefit of different management systems of Black Ben-
gal goats reared under extensive, semi-intensive and intensive 
management systems. The partial budget analysis of goat farm-
ing under different management system are presented in Table 
6. The analysis indicated that goats under extensive system 
gave a maximum return in comparison to the semi-intensive 
and intensive system from 2nd months of rearing onwards. On 
the other hand, the net return generated from the semi-inten-
sive and intensive system remained same at 4th, 5th, 8th, 10th, 
11th and 12th months of rearing. The share of variable input cost 
for purchase of goats, labour and veterinary aids in extensive 
system are 91%, 8.6% and 0.4%, respectively. And the share of 
variable input cost for purchase of goats, labour, feed and vet-
erinary aids in semi-intensive and intensive systems are 88.8%, 
8.5%, 2.45% and 0.2%, respectively. Gross expenditures and net 
return from sale of goats did not vary much between the semi-
intensive and intensive management systems.

Table 1: The average (Mean ± SEM) Growth, Body measurements and hemato-biochemical parameters in black Bengal goat 
among the different management systems.

Parameters
Management System (Mean ± SEM)

Significance (p value)
Extensive Semi-intensive Intensive

Body Weight (Kg) 5.815 ± 0.27A 4.905 ± 0.25B 5.215 ± 0.18 AB p< 0.05

Height at withers (cm) 39.571 ± 1.62A 35.833 ± 1.29B 38.927 ± 1.48A p< 0.05

Heart girth (cm) 45.138 ± 1.13A 41.291 ± 1.41B 42.277 ± 0.94B p< 0.05

Body length (cm) 40.844 ± 0.84 38.355 ± 1.44 38.322 ± 0.77 ns

Haemoglobin (gm/dl) 8.575 ± 0.22 8.245 ± 0.42 8.459 ± 0.52 ns

PCV (%) 27.427 ± 0.51AB 24.951 ± 1.47B 29.436 ± 1.72A p< 0.05

Plasma Glucose (mg/dl) 44.371 ± 3.14B 46.926 ± 5.41B 52.952 ± 6.24A p< 0.05

Plasma Total Protein (gm/dl) 6.735 ± 0.35AB 6.409 ± 0.33B 6.885 ± 0.43A p< 0.05
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Plasma Albumin (gm/dl) 3.122 ± 0.19 3.378 ± 0.19 3.200 ±0.27 ns

Plasma Globulin (gm/dl) 3.413 ± 0.42 3.043 ± 0.32 3.438 ± 0.38 ns

A/G ratio 0.98 ±0.13 1.156 ± 0.09 0.911 ± 0.04 ns

Plasma Cholesterol (mg/dl) 75.270 ± 5.17A 70.966 ± 4.36A 65.074 ± 4.23B p< 0.05

Plasma ALP (KA units) 1.709 ± 0.38 1.861 ± 0.40 1.784 ± 0.53 ns

Table 2: Comparison of various parameters in different systems of rearing BB goats.

Note: Values within a row with different uppercase letters (A, B, C) differ significantly between groups i.e. Extensive, Semi-intensive 
and Intensive.

Parameters
Farming 
System

2M 3M 4M 5M 6M 7M 8M 9M 10M 11M 12M Average

Body Weight (Kg)

EXT
2.467 ± 
0.069 

3.053 ± 
0.061

3.800a ± 
0.155

4.567a ± 
0.097

5.367a ± 
0.286

5.922a ± 
0.308

6.456 ± 
0.385

7.200a ± 
0.385

7.833a ± 
0.445

8.278a ± 
0.438

9.022a ± 
0.376

5.815a± 0.27

SINT
2.343 ± 
0.037

2.886 ± 
0.046

3.200b 

± 0.031
3.814b 

± 0.158
3.857b 

± 0.458
4.900b 

± 0.141
5.557 ± 
0.188

5.829b ± 
0.394

6.629b 
± 0.394

7.229ab 
± 0.411

7.714b ± 
0.476

4.905b ± 0.25

INT
2.350 ± 
0.076

2.900 ± 
0.073

3.750a 
± 0.102

4.433a 
± 0.178

5.117a 
± 0.178

5.717a 
± 0.232

6.050 ± 
0.306

6.400ab 
± 0.265

6.550b 
± 0.213

6.883b ± 
0.186

7.217b ± 
0.230

5.215ab ± 0.18

Height at withers 
(cm)

EXT
32.71a ± 

1.30
34.42a ± 

1.54
38.28a 
± 1.69

33.28b 
± 4.35

38.57a 
± 2.13

40.00a 
± 1.57

40.57a 
± 1.25

42.28a ± 
1.49

44.57a 
± 0.57

44.57a ± 
0.97

46.00a ± 
0.93

39.571 a± .62

SINT
28.16b ± 

0.60
29.16b ± 

0.48
32.33c 
± 0.76

32.16c 
± 0.60

33.50b 

± 0.89
35.83b 

± 0.95
37.83b 
± 1.62

40.66b ± 
2.44

41.00b 
± 2.10

41.66c ± 
1.69

41.83c ± 
2.04

35.833 b± .29

INT
32.50a ± 

0.56
34.00a ± 

0.58
34.00b 
± 0.45

37.66a 
± 1.71

38.50a 
± 1.43

38.83a 
± 2.10

40.00a 
± 1.81

40.50b ± 
2.14

40.83b 
± 1.68

43.33b ± 
1.05

43.66b ± 
1.05

38.927 a± .48

Heart girth (cm)

EXT
36.25b ± 

0.87
37.41b ± 

1.23
42.58a 
± 1.17

43.16a 
± 2.04

43.83a 
± 1.70

43.83a 
± 1.92

46.41a 
± 1.58

48.25a ± 
1.58

51.00a 
± 1.03

52.31a ± 
0.91

51.66a ± 
0.67

45.138 a ±1.13

SINT
30.20c ± 

1.39
32.60c ± 

1.03
34.40c 
± 1.44

38.00c 
± 1.10

39.80c 
± 8.29

41.80b 
± 1.66

45.20b 
± 2.94

45.60b ± 
1.54

48.20b 
± 2.42

48.80b ± 
2.40

49.20b ± 
2.27

41.291b ± 1.41

INT
38.50a ± 

0.50
39.50a ± 

0.50
41.20b 
± 1.69

42.20b 
± 1.36

41.25b 
± 1.24

41.40b 
± 0.68

41.60c 
± 0.68

43.20c ± 
0.73

44.00c 
± 1.67

46.00c ± 
0.63

46.00c ± 
0.63

42.277b ± 0.94

Body length (cm)

EXT
31.50b ± 

0.66
36.00a ± 

0.93
39.00a 
± 1.91

39.66a 
± 1.17

40.00a 
± 1.26

40.17a 
± 0.70

40.33a 
± 1.36

42.75a ± 
1.14

45.33a 
± 0.67

46.00a ± 
0.45

49.00a ± 
0.58

40.844 ± 0.84

SINT
31.40b ± 

0.51
32.40b ± 

0.68
34.00c 
± 0.71

37.40c 
± 1.54

38.00b 
± 2.07

39.40b 
± 1.72

40.20a 
± 2.15

41.60b ± 
2.75

42.60b 
± 2.44

42.20b ± 
2.67

42.60b ± 
2.11

38.355 ± 1.44

INT
34.25a ± 

0.86
36.25a ± 

0.49
36.50b 
± 0.81

38.20b 
± 1.39

38.00b 
± 0.89

38.40c 
± 0.51

39.20b 
± 0.58

39.60c ± 
0.87

39.75c 
± 0.97

40.50c ± 
0.47

41.00c ± 
0.63

38.332 ± 0.77

Blood Hb (gm/dl)

EXT
7.95b ± 

0.21
8.31b ± 

0.11
8.10a ± 

0.34
8.56a ± 

0.30
9.45a ± 

0.68
8.85b ± 

0.20
9.15a ± 

0.09
9.07a ± 

0.17
8.42a ± 

0.13
7.85b ± 

0.10
8.58b ± 

0.72
8.575 ± 0.22

SINT
8.57a ± 

0.65
9.08a ± 

0.49
7.58b ± 

0.44
7.56b ± 

0.15
7.90c ± 

0.31
7.94c ± 

0.25
8.68b ± 

0.48
8.02b ± 

0.51
7.92b ± 

0.37
8.60a ± 

0.86
9.02a ± 

1.10
8.245 ± 0.42

INT
8.74a ± 

0.95
9.40a ± 

0.93
7.40b ± 

0.48
8.20a ± 

0.37
8.00b ± 

0.52
9.44a ± 

0.71
8.76b ± 

0.46
8.84b ± 

0.55
8.64a ± 

0.22
7.43b ± 

0.21
7.50c ± 

0.27
8.459 ± 0.52

PCV (%)

EXT
29.00 ± 

0.71
29.00 ± 

1.00
29.20 ± 

1.28
26.20 ± 

1.66
27.20 ± 

1.39
24.00 ± 

0.84
29.20 ± 

2.62
27.20 ± 

0.37
28.60 ± 

2.11
26.40 ± 

0.24
26.20 ± 

0.92
27.427ab± 0.51

SINT
31.50 ± 

0.76
27.33 ± 

0.71
35.50 ± 
30.71

25.33 ± 
0.71

24.16 ± 
0.65

21.33 ± 
1.20

20.33 ± 
2.32

22.83 ± 
1.97

22.33 ± 
1.33

19.33 ± 
2.04

24.50 ± 
3.15

24.951b ± 1.47 

INT
34.00 ± 

1.67
34.00 ± 

1.67
31.60 ± 

1.44
32.00 ± 

2.17
27.40 ± 

3.20
23.80 ± 

2.18
24.00 ± 

2.19
27.00 ± 

2.55
28.00 ± 

0.63
32.00 ± 

0.63
30.00 ± 

0.63
29.436a± 1.72

Plasma Glucose 
(mg/dl)

EXT
42.00b ± 

2.26
43.94b ± 

7.57
41.74b 
± 3.64

29.48c 
± 2.55

38.49c 
± 5.92

31.56c 
± 2.30

59.38a 
± 6.74

59.69a ± 
6.23

49.83b 
± 6.64

26.97c ± 
2.44

31.02c ± 
1.54

44.371b ± 3.14

SINT
59.90a ± 

9.68
51.53a ± 

7.65
63.79a 
± 4.01

37.54b 
± 3.38

42.21b 
± 8.38

36.72b 
± 6.92

41.01c 
± 1.02

35.99b ± 
3.66

50.83b 
± 6.42

48.22b ± 
14.24

43.82b ± 
4.58

46.926b± 5.41

INT
59.40a ± 

8.19
50.66a ± 

5.55
63.24a ± 

3.35
53.86a 
± 0.87

54.66a ± 
1.35

64.86a 
± 10.47

44.03b 
± 5.13

36.94b ± 
9.35

52.97a 
± 13.92

52.84a ± 
3.87 

54.04a ± 
11.69

52.952a± 6.24

Total Protein (gm/dl)

EXT
5.40c ± 

0.27
8.67a ± 

0.24
6.49b ± 

0.32
6.16 ± 
0.50

8.01a ± 
0.67

4.92b ± 
0.94

6.74a ± 
0.73

6.80 ± 
0.62

6.74b ± 
0.06

7.16 ± 
0.46

6.56 ± 
0.73

6.735ab ± 0.35

SINT
6.54b ± 

0.30
7.15b ± 

0.51
7.34a ± 

0.25
6.36 ± 
0.10

6.12b ± 
0.07

5.72a ± 
0.35

5.52b ± 
0.51

6.42 ± 
0.51

5.65c ± 
0.86

7.23 ± 
0.22

6.28 ± 
0.71

6.409b ± 0.33

INT
7.41a ± 

0.58
7.40b ± 

0.49
7.45a ± 

0.23
6.23 ± 
0.30

6.69b ± 
1.07

4.47b ± 
0.38

6.85a ± 
0.01

6.42 ± 
0.52

8.85a ± 
0.25

7.35 ± 
0.18

6.70 ± 
0.68

6.885a ± 0.43

Plasma Albumin 
(gm/dl)

EXT 4.30 ± 0.19
3.58 ± 
0.09

4.01a ± 
0.16

2.89 ± 
0.32

2.55b ± 
0.35

2.19 ± 
0.26

2.90 ± 
0.17

3.72 ± 
0.08

3.14b ± 
0.16

2.79b ± 
0.16

2.86b ± 
0.21

3.122 ± 0.19
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SINT 3.84 ± 0.12
3.64 ± 
0.11

3.27b ± 
0.05

2.92 ± 
0.06

2.87b ± 
0.15

2.86 ± 
0.09

2.86 ± 
0.08

3.15 ± 
0.20

4.07a ± 
0.45

3.82a ± 
0.40

3.74a ± 
0.37

3.378 ± 0.19

INT 4.13 ± 0.08
3.45 ± 
0.24

3.90b ± 
0.20

2.93 ± 
0.51

3.11a ± 
0.31

2.29 ± 
0.70

3.07 ± 
0.17

3.36 ± 
0.19

3.03b ± 
0.21

3.33a ± 
0.32

2.59b ± 
0.10

3.200 ± 0.27

Plasma Globulin 
(gm/dl)

EXT
2.19b ± 

0.64
3.67b ± 

0.69
2.44b ± 

0.34
3.06 ± 
0.69

4.35a ± 
0.86

2.83 ± 
1.03

3.71a ± 
0.67

3.21a ± 
0.73

4.46a ± 
0.14 

4.33a ± 
0.25

4.20a ± 
0.79

3.413 ± 0.42

SINT
3.02a ± 

0.18
3.87b ± 

0.37
3.39a ± 

0.21
3.43 ± 
0.10

3.46b ± 
0.12

2.72 ± 
0.41

2.39b ± 
0.49

2.85b ± 
0.33 

2.15c ± 
0.48

3.42b ± 
0.45

2.45c ± 
0.94

3.043 ± 0.32

INT
3.20a ± 

0.51
4.11a ± 

0.67
3.68a ± 

0.09
3.37 ± 
0.80

3.72b ± 
1.20

2.44 ± 
0.46

3.67a ± 
0.18

3.27a ± 
0.60

3.55b ± 
0.28

4.27a ± 
0.26

3.65b ± 
0.68

3.438 ± 0.38

A/G Ratio

EXT 1.96 0.97 1.64 0.94 0.59 0.77 0.78 1.15 0.7 0.64 0.68 0.98 ± 0.13

SINT 1.27 0.94 0.96 0.85 0.83 1.05 1.19 1.1 1.89 1.12 1.52 1.156 ± 0.09

INT 1.29 0.84 1.05 0.87 0.84 0.94 0.84 1.02 0.85 0.78 0.71 0.911 ± 0.04

Plasma Cholesterol 
(mg/dl)

EXT
92.93a ± 

4.02
86.01a ± 

4.42
74.43b 
± 4.80

62.62a 
± 7.44

77.71a 
± 16.15

75.53a 
± 14.55

79.29a 
± 10.88

87.27a ± 
5.74

76.24a 
± 6.51

66.42b ± 
3.48

54.34c ± 
6.07

75.270a± 5.17

SINT
85.04b ± 

1.35
65.28b ± 

2.94
76.27a 
± 2.50

62.84a 
± 2.12

79.24a 
± 3.37

76.61a 
± 4.59

61.53c 
± 9.52

66.37b ± 
5.82

58.04b 
± 9.61

73.33a ± 
8.83

76.39a ± 
8.14

70.966 a± 4.36

INT
85.04b ± 

1.35
65.28b ± 

2.94
76.27a 
± 2.50

57.12b 
± 3.33

51.06b 
± 4.52

74.74b 
± 6.86

63.33b 
± 0.20

59.70c ± 
14.69

54.49c 
± 2.27

57.09c ± 
2.63

71.69b ± 
5.20

65.074 b± 4.23

Plasma Alkaline 
phosphatase (ALP KA 

units)

EXT 2.85 ± 0.40
1.83 ± 
0.65

2.11a ± 
1.80

1.70b ± 
1.13

2.32a ± 
1.27

2.06 ± 
0.51

2.22a ± 
0.79

1.34b ± 
0.59

1.68b ± 
0.57

1.18b ± 
0.38

1.18 ± 
0.68

1.709 ± 0.38

SINT 2.65 ± 0.36
1.67 ± 
0.38

1.34b ± 
0.59

2.32a ± 
0.73

1.89b ± 
0.39

2.54 ± 
0.51

1.47b ± 
0.51

2.03a ± 
1.29

2.11a ± 
0.88

2.65a ± 
2.02

1.98 ± 
0.69

1.861 ± 0.40

INT 2.57 ± 0.36
1.57 ± 
0.38

1.34b ± 
0.59

1.43b ± 
0.66

2.47a ± 
1.29

2.03 ± 
1.12

2.19a ± 
0.64

2.37a ± 
1.36

1.83b ± 
0.56

1.11b ± 
0.42

1.70 ± 
0.39

1.784 ± 0.53

Note: Values within a row with different uppercase letters (a, b, c) differ significantly between groups i.e. Extensive, Semi-intensive and Intensive. 
EXT: Extensive; SINT: Semi-Intensive; INT: Intensive; A/G: Albumin/Globulin; PCV: Packed Cell Volume; Hb: Haemoglobin; M: Month.

Table 3: Reproductive and productive traits of Black Bengal goats under different management systems.

System vs Traits
Management System (Mean ± SEM)

Extensive Semi-intensive Intensive

Mean (±SEM) of age (days) at puberty 197.60 ± 0.93b 206.40 ± 1.72a 210.40 ± 1.21a

Mean (±SEM) of body weight (kg) at puberty 8.30 ± 0.30 7.9 ± 0.33 7.6 ± 0.29 

Total no. of kids born 24 17 19

Prolificacy rate (%) 218.18a 170.00b 211.11a

Mean (±SEM) of litter size 1.50 ± 0.14 1.54 ± 0.16 1.58 ± 0.15

Mean (±SEM) of body wt. (kg) of male kids at birth 1.05 ± 0.06 (n = 10) 1.24 ± 0.19 (n = 6) 1.13 ± 0.15 (n = 7)

Mean (±SEM) of body wt. (kg) of female kids at birth 0.94 ± 0.03 (n = 14) 1.05 ± 0.04 (n = 11) 0.99 ± 0.03 (n = 12)

Male to female sex ratio 01:01.4 01:01.8 01:01.7

No. of kidding (%) 16 (80%) 11 (55%) 12 (60%)

Single births (%) 8 (50%) 5 (45.45%) 5 (41.67%)

Twin births (%) 8 (50%) 6 (54.54%) 7 (58.33%)

Mean (± SEM) of kidding interval (days) 187.5 ± 1.79 190 ± 3.23 197.5 ± 3.19

Note: Values within a row with different uppercase letters (a, b, c) differ significantly between groups i.e. Extensive, 
Semi-intensive and Intensive.

Table 4: Incidence of parasitic infestations in Black Bengal goats 
under different management systems.

Systems/seasons v's Parasites
Different Management System

Extensive Semi-intensive Intensive

No. of faecal samples examined 84 77 78

Positive % 46.6 37.39 40.11

Strongyles % 20.83 14.53 42.85

Strongyloides % 0 4.76 4.76

Trichuris % 0 0 4.76

Moniezia % 0 4.76 0

Coocidiosis % 46.6 34.05 33.75

Table 5: Incidence of diseases and mortality pattern in goats un-
der different management systems.

Type of Disease
Management Systems

Extensive Semi-intensive Intensive

Infectious

Contagious ecthyma 50% 50% 50%

Diarrhoea 12.50% 0 0

Foot rot 0 0 15%

Mastitis 15% 0 0

Non- 
infectious

Corneal opacity of eyes 0 19.04% 0

Alopecia 0 0 25%

Bloat 0 4.54% 0

Mortality
Kids 9 7 5

Adults 2 3 3
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Table 6: Economic analysis of goat farming for one year.

Sl. 
No.

Particulars
Management system

Extensive Semi-intensive Intensive

1
Cost of goats, at the locally prevailing market rate (Rs.) while 
initiation of the investigation

20 nos goat x 1200 = Rs. 
24, 000

20 nos goat x 1200 = 
Rs. 24, 000

20 nos goat x 1200 = 
Rs. 24, 000

2 One labour was engaged @ Rs. 150.00 per day Rs. 27, 375.00 Rs. 27, 375.00 Rs. 27, 375.00

3 Concentrated feed offered and consumed (kg) -  18.3 kg 18.3 kg

4 Cost of Concentrated feed including transport per kg (Rs.)  - Rs. 25 Rs. 25

5 Total cost of ration (Rs.)  - Rs. 7932.50 Rs.7932.50

6 Cost of medicines and vaccines etc. (Rs.) Rs. 700.00 Rs. 700.00 Rs. 700.00

7 Miscellaneous expenditure (Rs.) Rs. 90.00 Rs. 90.00 Rs. 90.00

8 Total expenditure (Rs.) Rs. 52, 165.00 Rs. 60, 097.50 Rs. 60, 097.50

9 Total no. of kids born 24 17 19

10 Total no. of goats mortality (including kids and adults)
Adult = 2
Kids = 10

Adult = 3
Kids = 5

Adult = 3
Kids = 5

11
Estimated selling rate of kids, at the locally prevailing market 
rate (Rs.)

Rs. 1500.00 Rs. 1500.00 Rs. 1500.00

12
Estimated selling rate of adult goats, at the locally prevailing 
market rate (Rs.)

Rs. 3000.00 Rs. 3000.00 Rs. 3000.00

13 Gross income from kids (Rs.) Rs. 21, 000.00 Rs. 18, 000.00 Rs. 21, 000.00

14 Gross income from adult goats (Rs.) Rs. 54, 000.00 Rs. 51, 000.00 Rs. 51, 000.00

15 Gross total income (Rs.) Rs. 75, 000.00 Rs.69, 000.00 Rs. 72, 000.00

16 Net income (Rs.) Rs. 22, 835.00 Rs. 8902.50 Rs. 11, 902.50

17 Marginal rate of return (Rs.) Rs. 43.77 Rs. 14.81 Rs. 19.80

Figure 1 a,b: Changes in monthly meteorological observations 
and THI during the experimental period.

Discussion

Wide variety of farming as well as production systems are 
found to be suitable for goat farming because of their capability 
(natural) to feed upon variety of vegetation’s their high capacity 
of adaptation and so also because of fitness level. A farming sys-
tem (inclusive of the household of the farm; livestock and crop-
ping operations) is a class of farms structured similarly [6,7]. 
The present investigation outlines the different farming systems 
approach and a general framework of the various findings in-
volved like body growth and measurement, reproductive and 
hemato-biochemical parameters in goat performance among 
the management systems. In addition, the study also focuses 
on the incidence of various parasite infestation, occurrence of 
diseases in black Bengal goat in various seasons during the ex-
perimental period and lastly the budget analysis for profitability 
was also estimated for various farming systems. 

The findings from our study reported that there has been 
a consistent increase in the body weight of goats from the ex-
tensive group throughout the growing period over the goats 
of semi-intensive and intensive systems. Previous findings re-

ported that from 4th to 9th months of age (under semi-intensive 
set up) goats have reduced body weight due to stress related to 
either management or nutrition [8,9]. However, Wijethunga et 
al., [4] in their study revealed that in comparison to extensive 
system under the intensive system there are greater (p<0.05) 
weight at birth and slaughter along with higher rate of growth. 
In a separate study the weight at birth of kids of Blanca Serrana 
Andaluza breed when compared under extensive and intensive 
systems were found to be statistically insignificant [10]. Faster 
average daily gain had been observed under semi-intensive and 
extensive systems in comparison to intensive system in case of 
Murciano-Granadina kids. Under extensive system the greater 
gain in body weight may be due to availability of feeds and fod-
ders ad libitum as per choice.

Measuring certain linear measurements (directly propor-
tional to body weight) and their interpretation are easy [11]. 
As per the breed; gender; type of yield as well as age there are 
differences in body measurements as revealed by research of 
Pesmen et al., [12]. The long leg length of kids was found to 
be greatest under extensive system with no major differences 
under intensive and semi-intensive systems [3]. The long leg 
length is shorter in those animals raised in small pens [13]. In 
the present study it has been found that height at withers as 
well as heart girth increase with animals’ age and body weight 
and this finding is in agreement with the findings of Muham-
mad et al., [14] and Tsegaye et al., [15]. Daily grazing is possible 
for goats reared under extensive system and obviously their 
body measurement lengths are also higher as compared to the 
intensive and semi-intensive systems. Thus under extensive sys-
tem the overall level of performance is found to be better in 
comparison to the two other management systems.
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In order to evaluate physiological status (normal) of the ani-
mal the haematological as well as biochemical values need to 
be looked upon with importance. In domestic animals there is 
well documentation of the significance to determine biochemi-
cal and haematological indices and between different goat 
breeds such parameters vary greatly [16]. The mean Hb level 
(gm/dl) in goats among the farming system in our experiment 
did not differ significantly and remained within the normal 
range as reported previously [17]. The goats under extensive 
and semi-intensive system showed a lower level of PCV % than 
the intensive system and similar findings were reported by Ima-
suen and Otoikhian [18]. Without any manifestation of anae-
mia clinically certain goat breeds (indigenous) show PCV value 
of 16.5 per cent (minimum). Breed, age and sex of the animal; 
status of health (including physiological status); ambient tem-
perature; variations seasonally and management influence PCV 
[19-21]. Diarrhoea induced dehydration may be responsible for 
higher PCV values.

The values of plasma glucose found in the present study was 
in close agreement with Ramprabhu et al., [22] but Perez et 
al., [23] reported concentration of blood glucose in wild goat 
to be in the higher side (126.1 ± 66.0 mg/dl) than the values 
recorded in the present study. There may be appreciable uti-
lization of blood glucose for activities related to browsing as 
well as physical activities by the goats reared under extensive 
system. The differences in intake of feed and nutritional differ-
ences might be responsible for the variation in level of protein 
under different management systems. Individual animal’s nu-
tritional level and metabolic activity might be responsible for 
the differences in several hemato-biochemical analysis related 
parameters. Reproduction is affected positively by cholester-
ol. The cell membranes become weaker and vitamins may be 
utilised insufficiently due to low level of cholesterol leading to 
lower quality of meat [24,25]. Thus, it has been found that the 
extensive system is additionally beneficial when compared to 
intensive system because of the greater (significant) cholesterol 
level in goats under extensive system of rearing.

Enterprises in the small ruminant sector primarily depend on 
efficient production of offspring for profit. In this regard repro-
duction is a salient point in order to pilot the system of livestock 
production. Goats in the tropical region come to their first es-
trous when 60-70 per cent of live weight (adult) is attained and 
in such animals it is a general consideration to relate puberty 
less to age than growth [26]. In this study, goats attained puber-
ty earlier under extensive management which is correlated with 
mean increase in body weight growth mentioned above. The 
present study revealed that there was no significant (p>0.05) 
difference in litter size amongst the different system of manage-
ment and the birth weights of male kids are more than the fe-
male kids in all the system of management. The weight at birth 
of kids is affected by the diet of females that are pregnant and 
feed stuffs are easily available to the dams reared under inten-
sive and semi-intensive systems [27]. In extensive system the 
number of kidding is highest and least in semi-intensive system. 
Seasons and system of rearing may be responsible for the varia-
tion of results. 

In the present study, the higher rate of parasitic infection in 
goats of extensive system in the months of rainy season could 
possibly be due to animals being exposed constantly to the lar-
val (infective) stage of parasites on the grounds for grazing and 
similar findings were also reported in sheep by Rahman et al. 
[28]. Mixed infection by Strongyles; Strongyloides; Trichuris; 

and Moniezia was common which is in agreement with the find-
ings of the Ntonifor et al. 2013. The parasites grow and propa-
gate well when rainfall and humidity are high as observed in our 
study. However the faecal count of parasitic eggs was either less 
or decreased steadily with the advent of winter and autumn 
due to the low mean temperatures not suitable for growth of 
larvae. Nevertheless during the rainy season the load of parasit-
ic infection was high predominantly due to increase in relative 
humidity per cent (but not temperature) gradually.

In the present study 50 percent of the goats from all the 
farming system were affected by contagious ecthyma and simi-
lar observations were also recorded by Noman et al., [29]. Dur-
ing the rainy season, the diseases might be caused by high hu-
midity. Too much access to tender and green leaves and load of 
parasites (lowering the immunity power) might be responsible 
for diarrhea in the animals. Managemental issues involved in 
goat rearing under intensive system might be responsible for 
occurrence of foot rot (15 per cent). Goats reared under semi 
intensive system might be suffering from deficiency of vitamin A 
which gave rise to opacity of cornea. Rearing of kids at indoors 
and access of field to the dams for grazing purpose might lead 
to incidence of mastitis in goats (lactating) under extensive sys-
tem. Accumulation of milk in the teat canal of dams whose kids 
are not allowed to suckle for prolonged period attracts the mi-
cro-organisms thereby resulting in infection ultimately causing 
mastitis. In the present study, 25% of goats from the intensive 
group were only affected from alopecia during the rainy season. 

Important constituents of gross income are returns gener-
ated and amounts received by selling kids and adult goats and 
this forms the basis of success on any system of production. The 
net profit by rearing goats was found to be higher in extensive 
system compared to intensive and semi intensive systems (as 
per analysis of budget partially). The margin of profit is higher in 
un-supplemented goats when compared to feed supplemented 
goats. This condition might have resulted due to greater price 
of variable costs (total) especially the supplemented feed price 
(5 per cent). From the results of the current study, to make the 
profit margin higher, however, it is imperative to consider price 
of the kids, feeds, labour cost and strategic time of fattening. 
From this finding we can conclude that, even though supple-
mentation favour better growth rate and improved body condi-
tion during the lean seasons in the semi-intensive and inten-
sive systems but it was not economically better than extensive 
systems. The present findings were in close agreement with 
the findings of Dixit and Singh [30]. However as per the study 
conducted by Patil et al. [31] the profit by rearing Osmanabadi 
goats (10 numbers) for three months was found to be higher in 
groups that are stall fed in comparison to the groups that are 
allowed to graze.

Conclusion

The present study has meticulously highlighted the feasibil-
ity and profitability of rearing goats under various management 
system of farming. The changes of mean body weight, body 
measurements and reproductive characters of black Bengal 
goats has clearly indicated that extensive system represents a 
realistic possibility for production of meat type goat. The semi-
intensive and intensive systems showed minimal difference in 
production and reproduction traits in our present investiga-
tion. Although the occurrence of parasitic and seasonal dis-
eases were more prevalent in goats managed under extensive 
system. However, the partial budget analysis showed that the 
goats reared under extensive system gave a maximum return 
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in comparison to the rest of the management systems. It was 
also observed that animals should be provided with extra feed 
supplements during the lean periods (December - May) for bet-
ter growth rate. Overall, the present study indicated that the 
extensive system of management could be the best option for 
sustainable and profitable goat farming.
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