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ABSTRACT: The importance of goat in Indian economy is inevitable. A study on phenotypic traits of goats will give a
better insight to their individuality and potentiality for future improvement. Phenotypic data on goat from different
agroclimatic zones of Odisha were collected and analysed. The least square means of height at wither, height at rump,
heart girth, punch girth, neck girth, body length (60.78 ± 0.93, 64.04 ± 0.91, 60.21 ± 0.43, 65.71 ± 0.47, 35.20 ± 0.52, 54.81
± 0.74 cm) were found to be highest in Ganjam goat population followed by Koraput (Raighar) and Black Bengal goat
with significantly (p < 0.01) positive correlation. For reproductive traits, the least square means of litter size (2.36 ± 0.11,
1.57 ± 0.13, 1.75 ± 0.11) and kidding interval (6.63 ± 0.24, 10.93 ± 0.28, 8.62 ± 0.23 months) for Black Bengal, Ganjam and
Koraput (Raighar) goat breeds differed significantly (p < 0.05). The least square means of rectal temperature and skin
temperature were found to be higher in Ganjam goat (102.38 ± 0.07 ºF, 100.95 ± 0.07 ºF) as compared to Koraput (Raighar)
(102.19 ± 0.08 ºF, 100.85 ± 0.07 ºF) and Black Bengal goats (101.33 ± 0.10 ºF, 100.16 ± 0.11 ºF). But, the least square means
of heart rate and respiration rate were found to be higher in Black Bengal goat (74.08 ± 1.61, 37.28 ± 1.06) as compared
to Ganjam (72.47 ± 0.58, 31.35 ± 0.54) and Koraput (Raighar) goats (70.54 ± 0.42, 26.73 ± 0.35).
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INTRODUCTION
Goats play an important role in the rural economy for
being the most preferred meat producing animals.
Moreover, its milk is a pricey product because of high
digestibility best suited for infants and invalids as well
as for its medicinal values. Goats are often called as
moving fertilizers because of the high manorial value of
its dropping. Most of the goat breeds in India have evolved
naturally through adaptation to agro-ecological
conditions. Genetic diversity is essential for the
sustainability of livestock genetic improvement, for
selection of new traits and to prevent poor performance
due to inbreeding. The coat colour patterns in indigenous
goats are highly variable, indicative of the uncontrolled
and indiscriminate mating of stock. The phenotypic
diversity portrays the adaptability of goats to various
agroclimatic zones in which they are raised. Moreover,
local breeds are also part of our cultural heritage and
many have a socio-economic value, as they are necessary
for the livelihood of rural masses in harsh areas (Gandini
and Villa 2003).

MATERIALS AND METHODS
Odisha state is comprised of 30 districts divided into
10 different agroclimatic zones (Fig. 1). A total of 150
adult female goats were selected from 10 different
districts (Fig. 2) representing the 10 different agroclimatic
zones. These goats belonged to three different goat
populations viz. Black Bengal (n=80), Ganjam (n=50)
and Koraput (Raighar) goat (n=20).
The phenotypic observations on age, sex and coat
colour, on body measurements (body weight, body length,
neck girth, heart girth, punch girth, height at wither, height
at rump and leg length), on reproductive traits (age at
sexual maturity, age at first breeding, litter size and
kidding interval) and on physiological traits (rectal
temperature, skin temperature, respiration rate and pulse
rate) were recorded in each goat. Body weight (kg) was
taken using a weighing scale. Body length (cm) was
recorded as the length from point of shoulder to the pin
bone. Height at withers (cm) was recorded as the height
of the point of withers from the ground. Heart girth (cm)
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Fig. 1. Different agroclimatic zones of Odisha.

Fig. 2. Operational areas for sample collection.

movement from a distance without disturbing the animal.

was recorded by passing the measuring tape around the
chest immediate behind the point of elbow. Punch girth
(cm) was taken as the body circumference in front of
sacrum. The qualitative traits like head type (convex/
straight), ear type (drooping/ horizontal/ erect/ pendulous)
wattle (present/absent), beard (present/absent) horn
(present/absent) and coat colour (black/brown/white)
were also recorded.
The vital parameters were recorded in between 1:00
PM and 3:00 PM to predict the maximum effect of heat
stress when temperature of the day usually remained the
highest. The rectal temperature was recorded by digital
thermometer (Hicks®, India). The skin temperature was
recorded from a distance by infra red thermometer (HTC®,
India). The heart rate was recorded by a stethoscope and
respiration rate was recorded by observing the flank

Statistical analysis
All the statistical examination was done by SPSS 22
statistical software package. Duncan multiple comparison
test was used for comparison among the groups.
Breed wise analysis was done to estimate the effect of
breed on height at wither, height at rump, chest girth,
punch girth, neck girth, body length by applying
univariate model with Duncan multiple range test as posthoc analysis in statistical package of SPSS 22.
The effect of breed on body morphometric traits (viz.
height at wither, height at rump, chest girth, punch girth,
body length), on the reproductive traits (viz. age at sexual
maturity, age at first breeding, litter size and kidding
interval) and on the vital parameters (viz. rectal
temperature, skin temperature, respiration rate and pulse

Table 1. Least square means ± standard error of body morphometric traits in goats.
Breed

Height
at Wither

Height
at Rump

Chest
Girth

Punch
Girth

Neck
Girth

Body
Length

Black
Bengal

54.54a±
0.784

56.17a±
0.772

52.43±
0.782

55.82±
0.675

30.98a±
0.494

51.49a±
0.627

Ganjam

60.78b±
0.932

64.04b±
0.918

60.21±
0.435

65.71±
0.478

35.20b±
0.524

54.81b±
0.746

Koraput
(Raighar)

58.22c±
0.831

62.37b±
0.818

56.36±
0.193

59.39±
0.298

28.68c±
0.587

53.69b±
0.665

Traits having different superscript under a column differ significantly (p < 0.05).
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Fig. 3. Head pattern in percentage.

Fig. 4. Ear pattern in percentage.

rate) were done separately using univariate analysis of
linear model,
Yik= µ+ Bi+ Eik
where
Yik is the trait measured on each of the kth animal under
ith breed
µ is the overall mean,
Bi is the fixed effect associated with the ith breed,
Eik is the random error component

Bengal and Ganjam goats. Rest of the animals including
all the studied goats of Koraput (Raighar) goats were
devoid of any wattle (Fig. 5). In most of the goats, beard
was absent with few occurrence (Fig. 6). In most of the
goats, horns are present with highest percentage of
occurrence in Koraput (Raighar) goats (Fig. 7). In most
of the goats, the highest percentage of black coat colour
was observed in Black Bengal followed by Ganjam
(Fig. 8).
It was observed that height at wither, height at rump
and body length differ significantly (p<0.05) among Black
Bengal ~ Ganjam and Black Bengal ~ Koraput goats,
but there is no significance difference between Ganjam
~ Koraput (Raighar) goat population. Neck girth differed
significantly between Black Bengal, Koraput (Raighar)
~ Ganjam goats.
Mean values of height at withers were observed to be
54.54 ± 0.78 cm, 60.78 ± 0.93 cm and 58.22 ± 0.831 cm
in adult females of Black Bengal, Ganjam and Koraput

RESULTS AND DISCUSSION
Survey and recording of phenotypic traits
Phenotypic characteristics based on morphometry traits
can provide a good representation of variation amongst
populations. The head was mostly straight type in all the
studied goat populations (Fig. 3). The ears are mostly
horizontal type in Black Bengal and Koraput (Raighar)
goat. However, in Ganjam goat pendulous ear is mostly
prevalent (Fig. 4). Very few animals had wattles in Black

Table 2. Correlation values among body morphometric traits in goats.
Traits

Height
at wither

Height
at rump

Neck
girth

Heart
girth

Height at wither
Height at rump
Neck girth
Heart girth
Punch girth
Body length
Leg length
Body weight

1
0.888**
0.549**
0.871**
0.807**
0.720**
0.452**
0.489**

0.888**
1
0.519**
0.778**
0.721**
0.650**
0.334**
0.494**

0.549**
0.519**
1
0.513**
0.499**
0.568**
0.663**
0.564**

0.871**
0.778**
0.513**
1
0.962**
0.704**
0.471**
0.464**

** Correlation is significant at the 0.01 level (2-tailed).
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Punch
girth
0.807**
0.721**
0.499**
0.962**
1
0.659**
0.531**
0.444**

Body
length

Leg
length

0.720**
0.650**
0.568**
0.704**
0.659**
1
0.542**
0.587**

0.452**
0.334**
0.663**
0.471**
0.531**
0.542**
1
0.387**

Body
weight
0.489**
0.494**
0.564**
0.464**
0.444**
0.587**
0.387**
1
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Table 3. Least square means ± standard error of
reproductive traits in goats.
Breed

Age at
sexual
maturity
(Months)

Age at
Litter
first
Size
breeding
(Months)

Kidding
Interval
(Months)

Black
Bengal

7.446a±
0.308

9.283a±
0.336

2.361a±
0.119

6.636a±
0.240

Ganajm

12.982b±
0.357

15.025b±
0.389

1.575b±
0.137

10.939b±
0.287

Koraput
(Raighar)

7.813a±
0.3

9.875a±
0.326

1.750c±
0.115

8.625c±
0.233
Fig. 5. Occurrence of wattle in percentage.

Traits having different superscript under a column differ
significantly (p < 0.05).

Ganjam and Koraput (Raighar) goat, respectively (Table
1). Comparison among the breeds could not be carried
out due to lack of such type of earlier study in relation to
neck girth. Statistically significant (p < 0.05) difference
values for neck girth were observed among all the studied
breeds of goat. Mean values of chest girth were observed
to be 54.43 ± 0.78, 60.21 ± 0.43, 56.36 ± 0.19 cm in
Black Bengal, Ganjam and Koraput (Raighar) goat,
respectively (Table 1). Estimated results of our study
almost coincide with the earlier reports on Black Bengal,
Berari (53.4.0 ± 0.83 cm) and indigenous goats of
Keonjhar (53.45 ± 0.16 cm) district ( Paul et al. 2011,
Kharkar et al. 2014, Karna et al. 2005). Lower values of
chest girth were reported in Black Bengal (50.21 ± 0.45
cm) goats (Rao et al. 2002). Higher values of chest girth
were reported in Ganjam (86.10 ± 0.11) goats (Rao et al.
2009). Mean value of punch girth were observed to be
55.82 ± 0.67, 65.71 ± 0.47 and 59.39 ± 0.58 cm in Black
Bengal, Ganjam and Koraput (Raighar) goat, respectively
(Table 1). Our calculated result on Black Bengal goat
mostly coincides with the earlier reports on indigenous
goats of Keonjhar (55.48±0.15 cm) district of Odisha
(Singh Bariha et al. 2008). Similarly mean value of punch

(Raighar) goats, respectively (Table 2). There was
significant difference of height at withers (p < 0.05)
between the breeds in our studied population. Our
estimated result from the present study almost coincides
with the earlier reports on Black Bengal (56.00 ± 0.92
cm) and indigenous goats of Keonjhar (53.11 ± 0.10 cm)
district (Singh et al. 1979, Singh Bariha et al. 2008).
Lower values of height at withers were reported in Chegu
(44.88 ± 0.59 cm) and Black Bengal (49.44 ± 2.15 cm)
goats (Karna et al. 2005, Rao et al. 2002, Paul et al. 2011).
Higher values of height at withers were reported in
Ganjam (79.03 ± 0.11 cm) goats (Rao et al. 2009). Mean
values of height at rump were observed to be 56.17 ±
0.77, 64.04 ± 0.91 and 62.37 ± 0.81 cm in Black Bengal,
Ganjam and Koraput (Raighar) goats, respectively (Table
1). However, any comparison could not be made due to
lack of such type of earlier study. Statistically significant
(p<0.05) difference values for height at rump was
observed between Black Bengal~ Ganjam and Black
Bengal~ Koraput (Raighar) goat.
Mean values of neck girth were observed to be 30.98
± 0.49, 35.20 ± 0.52 and 28.68 ± 0.58 cm in Black Bengal,

Table 4. Least square means ± standard error of vital parameters in goats.
Breed

Rectal
temperature (0F)

Black Bengal
Ganjam
Koraput
(Raighar)

101.33 a ± 0.10
102.38 b ± 0.07
102.19 b ± 0.08

Skin temperature (0F)
100.16 a ± 0.11
100.95 b ± 0.07
100.85 b ± 0.07

Heart rate (min)

Respiration rate (min)

74.08 ± 1.61
72.47 ± 0.58
70.54 ± 0.42

37.28 a ± 1.06
31.35 b ± 0.54
26.73 c ± 0.35

Traits having different superscript under a column differ significantly (p < 0.05)
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Fig. 6. Occurrence of beard in percentage.

Fig. 7. Occurrence of horn in percentage.

girth of Ganjam goat was almost similar with the Berari
(64.35 ± 0.49 cm) goat (Kharkar et al. 2014). Lower
values of punch girth were reported in Black Bengal
(50.27 ± 0.93 cm) and Ganjam (53.01 ± 0.93 cm) goats
(Rao et al. 2002). Higher values of punch girth were
reported in Ganjam (82.88 ± 0.12 cm) goats (Rao et al.
2009). Punch girth of Koraput (Raighar) goat population
was found to be in between values of Black Bengal and
Ganjam goat population lacking any statistical
significance (p > 0.05) difference.
Mean values of body length were observed to be 51.49
± 0.62 cm, 54.81 ± 0.74 cm, 53.69 ± 0.66 cm in Black
Bengal, Ganjam and Koraput (Raighar) goat, respectively.
There was significant difference (p < 0.05) between Black
Bengal ~ Ganjam, Black Bengal ~ Koraput (Raighar) but
no such significant difference between Ganjam and
Koraput (Raighar) goats were found. It was found that
least square means of height at wither, height at rump,
heart girth, neck girth, punch girth, body length were
highest in Ganjam goat population. For Koraput (Raighar)
goat, it was in between Ganajm and Black Bengal goat.
The Pearson correlation values were calculated among
height at wither, height at rump, neck girth, heart girth,
punch girth, body length, leg length and body weight.
Highly significant positive correlation (p<0.01) values
were recorded among the morphometric traits (Table 2).
Estimated results from the present study almost
coincide with earlier reports on Black Bengal (50.7 ±
0.67 cm) goats (Singh et al. 1979, Kanaujia and Balaine
1983). Lower values of body length were reported in
Black Bengal (43.11 ± 0.57, 42.15 ± 0.55 cm) and Ganjam
(48.38 ± 0.92 cm) goats (Rao et al. 2002, Deshpande et
al. 2009). Higher values of body length were reported in
Barbari (65.20 ± 1.20 cm), Chegu (58.49 ± 0.59 cm) and
Ganjam (60.907 ± 0.180 cm) goats (Mittal 1979, Karna
et al. 2005, Rao et al. 2009).

Mean value of age at sexual maturity were observed
to be 7.44±0.3, 12.98±0.35, 7.81±0.3 months in Black
Bengal, Ganjam and Koraput (Raighar) goat population,
respectively (Table 3). There was significant difference
(p < 0.05) of age at sexual maturity between Black Bengal
~ Ganjam, Koraput (Raighar) ~ Ganjam goat population
but any significant difference (p > 0.05) between Black
Bengal and Koraput (Raighar) goat population was not
found. Our estimated results from present study coincided
with earlier reports on Black Bengal goat population
(Zeshmarani et al. 2007, Faruque et al. 2010, Mukherjee
et al. 2014). Higher values of age at sexual maturity were
reported in Ganjam and Black Bengal goats (Rao et al.
2009, Rahman et al. 1977, Rao et al. 2002). Lower values
were reported in Black Bengal and Ganjam goats
(Myenuddin and Wahab, 1989).
Mean values of age at first kidding were observed to
be 14.28 ± 0.33, 20.02 ± 0.38, 14.87 ± 0.32 months in
Black Bengal, Ganjam and Koraput (Raighar) goat,
respectively (Table 3). Statistically significant effect
(p<0.05) of breed on age at first kidding was observed.
There was significant difference (p<0.05) between Black
Bengal ~ Ganjam and Koraput (Raighar) ~ Ganjam goat
population but any statistical significant difference
(p>0.05) values on age at first kidding could not be
observed between Black Bengal and Koraput (Raighar)
goat population. Our results for Black Bengal goat in the
present study are in the same line of earlier reports on
Black Bengal and local goat population of Kalahandi
district (Ali et al. 1973, Rahman et al. 1977, Mohanty et
al. 2006). Similarly results on Ganjam goat corroborated
with earlier reports on Ganjam goat population (Rao et
al. 2009). Mean value of age at first kidding of Black
Bengal exactly coincided with Surti goat population in
south Gujarat (Sabapara et al. 2010). Lower mean values
of age at first kidding were reported for Black Bengal
73
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to Ganjam and Koraput (Raighar) goats (Table 4). During
the study in similar line, the average heart rate and
respiration rate was recorded to be 87 per min and 39 per
min in Garfagnina goat. Similarly, the respiration rate
and pulse rate was observed to be 69.17 per min and 39.08
per min in Osmanabadi goats (Riberio et al. 2016, Shilja
et al. 2015).
For rectal temperature, significant difference (p< 0.05)
was observed between Black Bengal ~ Ganjam and Black
Bengal ~ Koraput (Raighar) goats. However, no
significant difference could be observed between Ganjam
~ Koraput (Raighar) goats. For skin temperature, similar
type of findings was observed as that of rectal
temperature. For respiration rate, significant difference
was observed among all the populations i.e. Black Bengal
~ Ganjam, Black Bengal ~ Koraput (Raighar) and Ganjam
~ Koraput (Raighar) goats differed significantly. The
environment surrounding an animal at any particular
instant influences the amount of heat exchange. Under
tropical climatic conditions, high temperature and relative
humidity are major environmental factors for heat stress
which influences the productivity of animals. Among the
other climatic components that may impose influence on
the animals are air movement, radiation and photoperiod.
Similarly significant effect of breed was observed in
Nigerian goat i.e. West African Dwarf (WAD), Red
Sokoto (RS) and Sahel (SH) goats on pulse rate and
respiration rate (Yakubu et al. 2016). While the WAD
goats seemed better in pulse rate [86.36 ± 4.14 (WAD),
109.47 ± 6.41 (SH) and 113.88 ± 4.13 (RS); p<0.05], the
SH goats appeared superior in terms of respiratory rate
(35.03 ± 3.20 (SH), 48.47 ± 2.07 (RS) and 35.03 ± 3.20
(SH); p<0.05].

Fig. 8. Coat colour pattern in percentage.

and Ganjam goats (Das et al. 2008, Singh Bariha et al.
2008, Faruque et al. 2010). Higher mean values were
reported for Ganjam and Black Bengal goats (Rao et al.
2002).
Mean value of kidding interval were observed to be
6.63 ± 0.24, 10.93 ± 0.28 and 8.62 ± 0.23 months in
Bengal, Ganjam and Koraput (Raighar) goat, respectively
(Table 3). Statistically significant effect (p<0.05) of breed
on kidding interval was observed. Statistical significant
difference (p<0.05) of kidding interval between all the
three goat breeds was also observed. Our estimated results
on kidding interval precisely corroborated with earlier
reports on Black Bengal and Ganjam goats (Myenuddin
and Wahab 1989, Rao et al. 2009). The kidding interval
of Berari goats of Maharastra and local goat population
of Kalahandi district were found nearly similar with the
Koraput (Raighar) goat population of our study. Lower
mean values on kidding interval were reported in Black
Bengal and Ganjam goats (Ali et al. 1973, Madeli et al.
1977). Higher mean values were reported in Ganjam and
Black Bengal goats (Rahman et al. 1977, Das et al. 2008,
Rao et al. 2002). In univariate analysis, it was observed
that age at sexual maturity and age at first breeding
differed significantly (p<0.05) between Black Bengal,
Koraput (Raighar) ~ Ganjam goats. The litter size and
kidding interval differed significantly among all the
studied goat population.
The least square means of rectal temperature and skin
temperatures were found to be higher in Ganjam goats
as compared to Koraput (Raighar) and Black Bengal goats
(Table 4). During the study in similar line, the average
rectal temperature and skin temperature was observed to
be 38.9 0 C and 31.0 0 C in Garfagnina goat and rectal
temperature was observed to be 39.08 0C in Osmanabadi
goats (Riberio et al. 2016, Shilja et al. 2015). However,
the least square means of heart rate and respiration rate
were found to be higher in Black Bengal goat as compared

CONCLUSION
The findings from the current study can be instrumental
in standardizing the baseline data for selection of superior
germplasms. Further, the phenotypic characterization may
aid in genetic characterization in future. Distinct variation
in the phenotypic and reproductive information of the
Koraput (Raighar) goat from other goat breeds of Odisha
may pave the path for its registration.
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