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ABSTRACT

Kalang buffaloes (KBuf) are bred in 
swamplands, maintained in large cages, and 
originate from Kalimantan Island, Indonesia, 
hence, the local word “kalang”. KBuf and Thale 
Noi buffaloes (TBuf) are important biodiversity 
resources in Indonesia and Thailand which 
permeate areas of culture, religion, meat supply, and 
livelihood. This study aimed to observe phenotypic 
characteristics within breeds of KBuf and TBuf 
based on quantitative and qualitative performance 
to define diversity. A total of two hundred and 
forty buffaloes were observed from North (NK), 
East (EK), South Kalimantan (SK) provinces 
of Indonesia, and Phatthalung (PT) province 
of Thailand. The phenotypic characterization 
consisted of quantitative, qualitative, and 
morphometric index analyses. The phenotypic 
characterization showed that female TBuf 
demonstrated the highest value on the quantitative 
parameters which was significantly different 
(P<0.05) compared to KBuf. Among Kalimantan 
buffaloes, SK males had the highest value on the 
qualitative parameters which was significantly 

different (P<0.05) from EK and NK. According to 
the morphometric index, male buffaloes from SK 
and PT have shown close index values (P>0.05). 
Also, females from EK, SK, and PT had a close 
relationship (P>0.05) in the morphometric indices. 
Based on qualitative characters, buffaloes in this 
study exhibited high variation in body appearance, 
skin, coat, and foot colors, horn pattern, backline, 
chevron, and whorls in the head, back, and rump. 
It was concluded that KBuf and TBuf have high 
variability in phenotypic diversity, the distribution 
area affects the parameter values as potentially 
influenced by lineage factors and ability to adapt 
to the environmental and management conditions.

Keywords: Bubalus bubalis, buffaloes, phenotype, 
biodiversity, Indonesia, Thailand

INTRODUCTION

Biodiversity is important to supports food 
security and sustained livelihoods through overall 
genetic diversity. It becomes the context of the 
analysis of ecology, sustainable development, and 
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the protection of the local/endemic species of the 
natural environment. Biodiversity also represents 
all forms of life on earth as fundamental for the 
provision of ecosystem services, which we depend 
on for food, air, and water security, and multiple 
other natural benefits (FAO, 2019). Indonesia is 
an archipelagic country located between the two 
great continents of Asia and Australia, which is 
a source of the world’s biodiversity (Putu, 2003). 
This strategic position of biological resources 
has diversity and endemism. More importantly, 
although the total area of Indonesia only covers 
1.3% of the land area in the world, it has a high 
diversity of fauna species (Tappa, 2013). 

Buffalo is an important part of Indonesia’s 
fauna which has a significant role which underpins 
the economic growth in rural and remote areas 
(Ministry of Agriculture of the Republic of 
Indonesia, 2019). According to the Indonesia 
Directorate General of Livestock and Animal 
Health Services (2019), the number of buffaloes in 
2019 increased by 27.62% compared to that in 2018. 
Currently, Indonesia has 1.141 million buffaloes, 
approximately 40% of which are males (522,400 
heads). In addition, in Kalimantan island, buffaloes 
are the most important domesticated animal with 
highly-significant roles in religious, socio-cultural, 
tourism, economic, and applied animal science and 
technology. 

Kalimantan is the biggest island in 
Indonesia which has great potential for buffalo 
development where it has sustainable likelihood, 
abundant natural resources, and spacious 
environmental habitat. KBuf is a local buffalo 
of Indonesia which has an original geographical 
distribution in East to South Kalimantan province 
and is authentic biodiversity in the region, which 
has been established by the Minister of Agriculture 
(Ministry of Agriculture of the Republic of 

Indonesia, 2012a; 2012b). KBuf is a wealth of 
genetic resources of Indonesian local livestock that 
need to be protected, preserved, and developed to 
increase performance in terms of production and 
reproduction, which, are still low (Lita, 2009). 
Thale Noi buffaloes (TBuf) is a breed originating 
from the Thale Noi wetlands located in Phatthalung 
province, southern Thailand, Thale Noi is one 
of the largest natural freshwater lakes in South 
East Asia and is home to almost 3,000 swamp 
buffaloes. The lake ecosystem supported by the 
availability of forage makes for an excellent habitat 
for improving buffalo performance (Phatthalung 
Province Statistics Report, 2017). Therefore, it is 
necessary to develop local commodities such as 
KBuf and TBuf, where it has a very bright prospect 
of supporting the achievement of self-sufficiency 
in red meat in Indonesia and Thailand. 

The significance of conducting buffalo 
development research is to fill the gap in the 
fundamental science behind the diversity of KBuf 
and TBuf breeds. Previous research only reported 
the productivity and epidemiology of diseases 
on buffalo and provided limited information 
on genotypic and phenotypic traits (Komariah 
et al., 2014; Natalia et al., 2006). Research and 
development, therefore, on the exploration of 
phenotypic diversity and variation in KBuf 
and TBuf becomes essential. Measurement 
of the diversity could be done by phenotypic 
characterization to identify and document diversity 
within and between distinct breeds, based on their 
observable attributes (FAO, 2012). Phenotypic 
characterization, including information of 
quantitative and qualitative parameters are 
essential to observe the KBuf and TBuf diversity 
in Kalimantan and Phatthalung for the improved 
genetic management and development in the local 
and international industry.
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The present study aimed to observe 
phenotypic characteristics within breeds of KBuf 
in East, South, and North Kalimantan provinces 
of Indonesia and TBuf from Phatthalung province 
of Thailand. The different study sites enriched 
the variety of data distribution by having a two-
country comparison, as well as revealing local 
variations among KBuf and TBuf.

MATERIALS AND METHODS

The present study observed KBuf (n=180) 
and TBuf (n=60) guided by the sampling criteria 
such as state of sexual maturity, mature body, and 
age limit between three to five years. KBuf and 
TBuf were chosen based on the concentration of 
population density in each province, from North 
Kalimantan (NK) province (30 males and 30 
females), East Kalimantan (EK) province (30 
males and 30 females), South Kalimantan (SK) 
province, Indonesia (30 males and 30 females), and 
Phatthalung (PT) province, Thailand (30 males 
and 30 females). The diversity traits were observed 
based on phenotypic characteristics.

The phenotypic characterization of 
buffaloes was composed of quantitative and 
qualitative data. Quantitative data consisted of 
morphometric and body weight; 1) wither height, 
2) body length, 3) heart girth, 4) shoulder width, 
5) chest depth, 6) rump height, 7) rump width, 
8) rump length, and 9) body weight estimation. 
Qualitative data; 1) body appearance, three classes; 
small (<300 kg), medium (300-400 kg), and large 
(>400 kg) was based on body weight classification 
(Diyono, 2009), 2) skin color, 3) coat color, 4) 
horns pattern, was based on buffalo horns patterns 
classification (Stepanus, 2008), 5) back-line, 6) 
chevron, 7) hair whorls on the head, 8) hair whorls 

on the back, 9) hair whorls on the rump, and, 10) 
foot color, were recorded based on Amano et al. 
(1981).

Bodyweight measurements were carried 
out while animals were in normal standing 
conditions with the bodyweight resting on both 
feet in a balanced condition (Amano et al., 1981). 
The body weight (BW) was calculated by the 
following formula, based on heart girth (HG) 
and rump height (RH) (Galib et al., 2017): a) BW 
(male) = 3.6435 (HG) + 0.1208(RH) - 265.43, b) 
BW (female) = 4.1783 (HG) - 0.3086 (RH) - 305.19.

Data analysis
The mean of the studied traits was 

calculated and used for statistical analysis (Gomez 
and Wiley, 1984). The average, standard deviation 
(SD) and coefficient of variation (CV) were 
calculated for the measured traits (Walpole, 1982). 

The morphometric index can be used as an 
alternative in the assessment of livestock as a type 
indicator (meat type, dairy type or dual purpose) 
and the following indices were calculated from 
the mean values of body measurements, according 
to the method based on Alderson (1999) with the 
formula:

Height slope = Wither height - Rump height

Length index = Body length
                          Wither height

Width slope = Rump width - Chest width

Depth index = Chest depth
                        Wither height

Foreleg length = Wither height - Chest depth
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Balance = (Rump leghth x Rump width)
                (Chest depth x Chest width)

Cumulative index: (Body weight) + length index + balance

                                    Average weight

Data recorded in this study were 
statistically analyzed by observing differences 
between treatments using Duncan Multiple Range 
Test (DMRT) at the level of 5% with the SPSS 24 
program (Statistical Product and Service Solution) 
(Norusis, 1998). The coefficient of variation (CV%) 
was determined as a variability index. 

RESULTS AND DISCUSSIONS

Quantitative characteristics
The results of the quantitative parameters 

of the present study are highly variable in terms 
of combinations of results that are similar, higher, 
or lower when compared to other reported results 
from studies in Asia and other parts of the world. 
For example, although the average wither height 
results of the current study agreed with results 
published from Thailand by Brunakarl et al. 
(2013) and in Brazil by de Melo et al. (2018), the 
average body length results of the present study 
were lower compared to the same study by de 
Melo et al. (2018), and higher compared to the 
same study by Brunakarl et al. (2013). These 
variations in results comparison in the different 
combinations of the nine quantitative parameters 
were similarly observed in published reports from 
Vietnam (Berthouly et al., 2009), Istanbul Turkey 
(Kocaman et al., 2017), Indonesia (Djaja, 2013; 
Galib et al., 2017; Gerli et al., 2012), Pakistan 
(Khan et al., 2013; Tariq et al., 2013), India 
(Dhillod et al.,  2017), Bangladesh (Rahman et 

al., 2015), Argentina (Crudeli et al., 2007), Italy 
(Allegrini et al., 2007), and Egypt (Genedy et al., 
2019). Similarly, variations in results among the 
nine quantitative parameters can also be observed 
within the same country from studies conducted 
at different periods as demonstrated in Indonesia, 
where the average body results of the present study 
agreed with reports from Djaja (2013) and Galib 
et al. (2017) but were lower compared to earlier 
reports from Gerli et al. (2012). The factor of the 
distribution of buffaloes can influence variations in 
results due to the adaptation to local environmental 
conditions and management strategies employed. 
The buffalo bodyweight is an important indicator 
of the quality of management and cultivation 
practices by farmers. Based on our results, it was 
observed that KBuf were well-maintained, and 
TBuf received the best management among the 
samples. The lower bodyweight of the KBuf in NK 
may be due to genetic factors and differences in the 
maintenance/management system, and selection 
direction of buffalo farmers (Sumantri et al., 2007; 
Gunawan and Sumantri, 2008). These results 
demonstrated the influence of area distribution on 
the phenotypic diversity among buffalo breeds.

According to the value of the nine 
quantitative parameters of morphometric 
characteristics, male buffalo originating from SK 
and PT have a close relationship, compared to NK 
and EK provinces. Also, a close relationship was 
observed from female KBuf from SK and EK (Table 
1). This condition indicated a potential for common 
ancestry. Relative to interviews with farmers, it 
was stated that the history of KBuf development 
in the EK province was strongly influenced by 
people of the Banjar tribe who originated from SK 
territory. In 1918, the Banjar tribe migrated and 
brought their KBuf to EK (Ghofar, 2014). These 
pieces of evidence potentially define the closeness 
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of phenotypes between SK and EK KBuf. 
The results of our study showed the highest 

value of heart girth performance were observed 
from buffaloes from PT and SK provinces. The 
variability in the heart girth could be attributed 
to the nutritional factors as the circumference 
traits are more affected by nutrition. Further, the 
difference might be due to the variation of breeds, 
climatic influences, and feeding systems. Buffaloes 
that are maintained with extensive management 
have access to more nutritional feeds, additives, 
concentrates, and better forage quality. This may 
be the case for buffaloes from PT and SK as 
evidenced by the higher average values in the nine 
quantitative parameters as compared to the lower 
averages in KBuf from NK and EK. The heart girth 
is a very important parameter as it reflects other 
body size estimations, especially bodyweight, 
which is used to determine the quality of livestock 
and the selection of calves (Tariq et al., 2013). 
These observations may seem to imply sustainable 
strategies in buffalo breeding and management 
which addresses areas of environmental influences 
such as feed, climate, and treatment of buffalo in 
SK and PT which can be useful in other regions to 
improve buffalo quality.

Buffalo requires high humidity and an 
abundance of water to release heat from its body. 
Stress due to humidity can influence variations 
in heart girth (Suretno et al., 2017; Syawal et al., 
2013). This, it may seem, influenced the lowest 
average values of morphometric parameters in 
KBuf from NK in the present study as North 
Kalimantan is recorded to have lower humidity 
as compared to the East and South Kalimantan 
Provinces, in Indonesia, and Patthalung province 
in Thailand (BPS-Statistics of Kalimantan Utara 
Province, 2018). The variations in morphometric 
measurements are shaped by demographic 

conditions and the interaction of past and current 
environmental conditions (Brooks et al., 2016). In 
addition, buffaloes from the PT and SK provinces 
thrived in vast swampy environments, which 
provided abundant water as well as enough exercise 
as the buffalo have a larger area to forage. This may 
be a positive influence on the superior results of 
buffalo in PT and SK over the lower average values 
of KBuf from EK and NK. These observations 
demonstrate the potential negative and positive 
influences (direct or indirect) that climate and 
habitat/distribution exert on buffalo quality.

The results of the present study indicated 
that differences in subpopulation areas affect body 
size and body weight. The body size of buffalo from 
Kalimantan Island was diverse as demonstrated by 
the high coefficient of variation (CV) values (Table 
1). Geographically the subpopulation region or 
center of buffalo cultivation and breeding was in 
large and open access areas, although they are 
on the same island, Kalimantan Island is a vast 
landmass. Mwacharo et al. (2006); Zhang et al. 
(2007) explained that geographical distances in 
closed populations, extensive, and unselected 
buffalo maintenance systems increased the level 
of diversity of a population. If the geographical 
distance between areas has open access, the 
diversity of the population will be higher. 
In addition, diversity was enhanced by the 
introduction of buffalo breeds from outside of the 
region.

Morphometric characteristics index
Generally, the differences in quantitative 

parameter values from buffalo in the region have 
influenced the index values (Table 2). The results 
of the seven morphometric indexes of male and 
female buffalo based on the region subpopulations 
of the present study are highly variable when 
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compared to reports in other countries, similar to 
the observations on the quantitative characteristic 
results as previously presented. For example, 
although the average height slope index of the 
current study was higher than the results published 
from Indonesia (Sulasmi et al., 2017; Takaendengan, 
2011) and Nigeria (Yunusa et al., 2013), the average 
length index, depth index and foreleg length results 
of the present study were similar to published 
reports from the United Kingdom (Alderson, 
1999). In our study, the length index values in EK 
buffaloes were higher compared to buffaloes from 
NK, SK, and PT. The average value of the width 
slope in KBuf in the present study was higher 
when compared to results published from another 
province in Indonesia (Sulasmi et al., 2017). The 
value of the balance index in this study was lower 
than reports from the United Kingdom (Alderson, 
1999) and Indonesia (Sulasmi et al., 2017), while 
the cumulative index values were similar to values 
from Handiwirawan et al. (2011) who reported 
buffalo characteristics in West Java, Indonesia.

According to the graph of DMRT 5% on 
the seven index parameters, male buffaloes from 
SK and PT exhibited close index values with no 
significant difference in the seven parameters 
(Figure 1). Male buffaloes from SK, PT, and EK 
had no significant difference in the five parameters. 
However, KBuf from NK had a significant 
difference with other provinces in all parameters. 
Female buffalo from EK, SK, and PT provinces 
have a close relationship with no significant 
difference in the five index parameters. On three 
index parameters (height slope, length index, and 
width slope) TBuf showed a significant difference 
when compared to other provinces (Table 2). The 
cumulative index values can represent the type 
and function of livestock where higher values 
indicate optimal potential as a type of meat 

livestock. Index values of the present study were 
in line with Alderson (1999); Salako and Ngere 
(2002); Handiwirawan et al. (2011); Takaendengan 
(2011). The results of this study indicated that 
the highest cumulative index was found in KBuf 
from SK, followed by buffaloes from EK, PT, and 
NK provinces. This result indicates that although 
KBuf from SK was not leading in quantitative 
characteristics, it still presents an opportunity as 
suitable meat livestock.

Qualitative characteristics
The results of the nine qualitative 

parameters of the current study are highly 
variable in terms of combinations of results as 
was observed from the quantitative parameters 
and morphometric characteristics index. The 
body appearance and skin color of buffaloes in 
our study conform to publications from Thailand 
(Chantalakhana and Skunmum, 2002), South and 
East Kalimantan, Indonesia (Hamdan et al., 2010; 
Lita, 2009), North Sumatera, Indonesia (Sitorus and 
Anggraeni, 2008) and the United Arab Emirates 
(Presicce, 2016). The coat colors in the four regions 
(NK, EK, SK, and PT) agreed with studies from 
Europe (Cockrill, 1981) and Thailand (Nozawa 
and Na Phuket, 1974) that stated swamp buffalo 
coat was generally dominated by black to grayish 
black colors. The buffalo horn patterns observed 
from our four study sites were the Tarangga, 
Sikki, Sokko, and Langi patterns which were also 
observed from the parents and male descendants 
(Figure 2). It’s were agreed with Erdiansyah and 
Anggraini (2008) who obtained data that Tarangga 
horn patterns were observed (98%) in West Nusa 
Tenggara, Indonesia. Meanwhile, the Pampang 
horn pattern was only observed from TBuf from 
PT. 

Based on our results (Table 3), the high 
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frequency of the flat backline indicated that 
buffaloes from NK, EK, SK, and PT were all under 
the good body performance category. According 
to Dudi et al. (2011), the back-line of buffalo 
determined the condition of the carcass and body 
condition score, the best carcass will be found on a 
buffalo with a flat backline. Our study observations 
demonstrated single stripe and double stripes 
chevron patterns (Figure 2). KBuf from EK and 
SK provinces mostly had double stripe chevron. In 
contrast, TBuf mostly demonstrated a single stripe 
chevron. However, KBuf from NK demonstrated 
both chevron patterns in almost the same 
percentage. In line with results from Erdiansyah 
and Anggraini (2008) in West Nusa Tenggara, 
Indonesia, buffalo demonstrated double stripe 
(80%) and a single stripe chevron (18.5%). Reports 
from Chantalakhana and Skunmum (2002) in 
Thailand indicated that chevron in buffaloes was a 
character considered for selection. Buffaloes in all 
regions of the present study demonstrated whorls 
in the head, back, and rump (Table 3). The results 
of the present study reported that TBuf had the 
highest percentage of one whorl in the back and 
rump, in contrast to KBuf from NK, EK, and SK 
that, on the average, manifested two whorls in 
the back and rump/hip. These observations were 
unique from the study in Banten, Indonesia (Dudi 
et al., 2011) where whorls were mostly found on 
the head (60%), back (26%), and rump (13%). 
Generally, buffaloes have more than one whorls 
and usually a pair, on the left and right of his body 
as described by Imsyar (2010) in West Sumatera, 
Indonesia. The foot color of buffaloes from NK and 
PT has a large percentage of dark gray legs/foot. 
In contrast, buffaloes from EK and SK had a large 
percentage of light gray colored legs/foot. These 
observations were in line with reports from Dudi 
et al. (2011) in Banten, Indonesia. Overall, the most 

common buffalo foot color in Indonesia was dark 
gray (44.67%) and the least common was light gray 
(23.33%).

The results of our study demonstrated 
that phenotypic variations are influenced by 
ancestry, distribution, environmental, and human 
management factors such as availability of 
resources, feeding or nutrition, climate, migration, 
diseases, breeding and reproductive management, 
and husbandry strategies. The prospect of buffalo 
development in Indonesia, Thailand, and other 
regions in Southeast Asia, in general, are feasible 
and should be developed using a sustainable 
framework for optimal benefits in terms of 
economy, maintenance of buffalo population 
as local biodiversity, improvement of breeds 
performance, and most importantly, to preserve 
genetic diversity. The selection of high-quality 
buffalo breeds is an important consideration in 
producing the best buffalo under the specifications 
required by the local and international markets. 
High-quality buffaloes will provide many benefits 
in the husbandry system and provide positive 
economic prospects for farmers.

In as far as phenotypic variations 
among buffaloes may be readily observed, it is 
recommended by the researchers that molecular 
analysis is explored in further studies to elucidate 
genetic ancestry, effects of cross-breeding, 
susceptibility to diseases, and the potential long-
term effects of human management strategies and 
environmental changes at a cellular level.

CONCLUSION

The data of the present study demonstrated 
phenotypic diversity and the potential for improved 
breeding practices and management strategies 



Buffalo Bulletin (July-September 2022) Vol.41 No.3

380

Ta
bl

e 
1.

 Q
ua

nt
ita

tiv
e 

de
sc

rip
tio

n 
of

 m
al

e 
an

d 
fe

m
al

e 
bu

ffa
lo

 b
as

ed
 o

n 
su

bp
op

ul
at

io
n 

re
gi

on
s.

Pa
ra

m
et

er
s

N
K

E
K

SK
PT

Fe
m

al
e

M
al

e
Fe

m
al

e
M

al
e

Fe
m

al
e

M
al

e
Fe

m
al

e
M

al
e

1.
 W

ith
er

 h
ei

gh
t (

cm
)

Av
er

ag
e

12
4.

38
a

12
2.

57
a

13
2.

02
b

13
0.

00
b

13
6.

07
c

13
1.

08
b

13
5.

05
c

13
9.

80
d

SD
5.

28
3.

35
4.

07
3.

51
3.

18
3.

03
3.

24
2.

70
C

V
4.

24
2.

74
3.

08
2.

70
2.

34
2.

31
2.

40
1.

93

2.
 B

od
y 

le
ng

th
 (c

m
)

Av
er

ag
e

11
9.

13
a

11
7.

43
a

13
1.

55
bc

13
2.

87
bc

d
13

4.
53

de
13

0.
37

b
13

3.
95

cd
13

7.
15

e

SD
   

   
4.

09
4.

28
4.

25
6.

12
3.

31
3.

37
   

 3
.0

2
   

 2
.1

9
C

V
   

 3
.4

3
3.

65
   

 3
.2

3
   

 4
.6

1
2.

46
2.

58
   

 2
.2

6
   

 1
.5

9

3.
 H

ea
rt 

gi
rth

 (c
m

)
Av

er
ag

e
17

0.
43

a
17

2.
53

a
18

3.
28

bc
d

18
0.

18
b

18
6.

43
de

18
2.

12
bc

18
5.

20
cd

18
9.

15
e

SD
5.

11
4.

89
4.

16
5.

73
3.

72
  6

.5
1

3.
14

  2
.5

6
C

V
   

 3
.0

0
   

 2
.8

4
2.

27
3.

18
2.

00
3.

58
1.

69
1.

35

4.
 S

ho
ul

de
r w

id
th

 (c
m

)
Av

er
ag

e
  3

8.
98

a
40

.9
3ab

43
.2

5ab
c

42
.0

0ab
45

.3
2bc

42
.3

3ab
  4

5.
15

bc
47

.1
0c

SD
6.

02
12

.3
3

4.
33

4.
71

3.
93

5.
47

3.
18

3.
18

C
V

15
.4

4
30

.1
3

8.
67

11
.2

1
8.

67
12

.9
3

7.
04

6.
75

5.
 C

he
st

 d
ep

th
 (c

m
)

Av
er

ag
e

69
.5

5ab
68

.2
3a

71
.7

2b
72

.1
3b

76
.5

3c
72

.1
8b

76
.9

0c
78

.9
5c

SD
6.

62
8.

71
4.

32
3.

97
3.

89
3.

40
3.

24
2.

54
C

V
9.

52
12

.7
7

6.
03

5.
51

5.
09

4.
71

4.
21

3.
22

6.
 R

um
p 

he
ig

ht
 (c

m
)

Av
er

ag
e

12
1.

28
a

11
9.

32
a

12
9.

58
bc

12
7.

13
b

13
2.

02
cd

12
9.

08
b

13
2.

25
d

13
5.

55
e

SD
5.

09
   

 4
.4

2
4.

26
3.

88
   

 3
.7

8
   

3.
03

   
 3

.1
6

   
 2

.9
6

C
V

4.
20

   
 3

.7
1

   
 3

.2
9

3.
06

   
 2

.8
6

2.
35

   
 2

.3
9

   
 2

.1
8

7.
 R

um
p 

w
id

th
 (c

m
)

Av
er

ag
e

40
.3

2a
42

.4
8ab

45
.2

0bc
43

.7
5ab

c
47

.6
7cd

44
.2

7ab
c

47
.7

0cd
49

.9
5d

SD
   

 6
.3

0
  1

2.
60

   
 4

.4
5

4.
76

   
 3

.8
0

   
 5

.1
9

   
 2

.8
7

   
 2

.6
7

C
V

15
.6

2
29

.6
5

   
 9

.8
4

10
.8

9
7.

97
  1

1.
71

   
 6

.0
2

   
 5

.3
5

8.
 R

um
p 

le
ng

th
 (c

m
)

Av
er

ag
e

28
.9

3a
28

.6
8a

33
.3

0bc
31

.7
5ab

35
.8

7c
34

.4
3bc

34
.8

5bc
36

.5
0c

SD
6.

12
4.

81
   

 6
.4

5
   

 5
.7

6
3.

66
   

 3
.8

9
3.

15
   

 3
.7

5
C

V
21

.1
5

  1
6.

79
19

.3
7

18
.1

5
10

.1
9

  1
1.

30
   

 9
.0

5
  1

0.
27

9.
 B

od
y 

w
ei

gh
t (

kg
)

Av
er

ag
e

37
0.

19
a

37
8.

88
a

41
8.

02
bc

d
40

8.
44

b
42

9.
79

d
41

5.
91

bc
42

5.
32

cd
44

3.
30

e

SD
  1

9.
22

  2
0.

32
15

.6
6

  2
3.

30
  1

3.
62

27
.3

1
11

.7
9

  1
0.

38
C

V
   

 5
.1

9
   

 5
.3

6
   

 3
.7

5
   

 5
.7

0
   

 3
.1

7
   

 6
.5

7
2.

77
   

 2
.3

4

   
  T

he
 a

ve
ra

ge
 n

um
be

r a
cc

om
pa

ni
ed

 b
y 

di
ffe

re
nt

 su
pe

rs
cr

ip
ts

 h
as

 a
 si

gn
ifi

ca
nt

 d
iff

er
en

ce
 a

t t
he

 le
ve

l o
f 5

%



Buffalo Bulletin (July-September 2022) Vol.41 No.3

381

Ta
bl

e 
1.

 Q
ua

nt
ita

tiv
e 

de
sc

rip
tio

n 
of

 m
al

e 
an

d 
fe

m
al

e 
bu

ffa
lo

 b
as

ed
 o

n 
su

bp
op

ul
at

io
n 

re
gi

on
s.

Pa
ra

m
et

er
s

N
K

E
K

SK
PT

Fe
m

al
e

M
al

e
Fe

m
al

e
M

al
e

Fe
m

al
e

M
al

e
Fe

m
al

e
M

al
e

1.
 W

ith
er

 h
ei

gh
t (

cm
)

Av
er

ag
e

12
4.

38
a

12
2.

57
a

13
2.

02
b

13
0.

00
b

13
6.

07
c

13
1.

08
b

13
5.

05
c

13
9.

80
d

SD
5.

28
3.

35
4.

07
3.

51
3.

18
3.

03
3.

24
2.

70
C

V
4.

24
2.

74
3.

08
2.

70
2.

34
2.

31
2.

40
1.

93

2.
 B

od
y 

le
ng

th
 (c

m
)

Av
er

ag
e

11
9.

13
a

11
7.

43
a

13
1.

55
bc

13
2.

87
bc

d
13

4.
53

de
13

0.
37

b
13

3.
95

cd
13

7.
15

e

SD
   

   
4.

09
4.

28
4.

25
6.

12
3.

31
3.

37
   

 3
.0

2
   

 2
.1

9
C

V
   

 3
.4

3
3.

65
   

 3
.2

3
   

 4
.6

1
2.

46
2.

58
   

 2
.2

6
   

 1
.5

9

3.
 H

ea
rt 

gi
rth

 (c
m

)
Av

er
ag

e
17

0.
43

a
17

2.
53

a
18

3.
28

bc
d

18
0.

18
b

18
6.

43
de

18
2.

12
bc

18
5.

20
cd

18
9.

15
e

SD
5.

11
4.

89
4.

16
5.

73
3.

72
  6

.5
1

3.
14

  2
.5

6
C

V
   

 3
.0

0
   

 2
.8

4
2.

27
3.

18
2.

00
3.

58
1.

69
1.

35

4.
 S

ho
ul

de
r w

id
th

 (c
m

)
Av

er
ag

e
  3

8.
98

a
40

.9
3ab

43
.2

5ab
c

42
.0

0ab
45

.3
2bc

42
.3

3ab
  4

5.
15

bc
47

.1
0c

SD
6.

02
12

.3
3

4.
33

4.
71

3.
93

5.
47

3.
18

3.
18

C
V

15
.4

4
30

.1
3

8.
67

11
.2

1
8.

67
12

.9
3

7.
04

6.
75

5.
 C

he
st

 d
ep

th
 (c

m
)

Av
er

ag
e

69
.5

5ab
68

.2
3a

71
.7

2b
72

.1
3b

76
.5

3c
72

.1
8b

76
.9

0c
78

.9
5c

SD
6.

62
8.

71
4.

32
3.

97
3.

89
3.

40
3.

24
2.

54
C

V
9.

52
12

.7
7

6.
03

5.
51

5.
09

4.
71

4.
21

3.
22

6.
 R

um
p 

he
ig

ht
 (c

m
)

Av
er

ag
e

12
1.

28
a

11
9.

32
a

12
9.

58
bc

12
7.

13
b

13
2.

02
cd

12
9.

08
b

13
2.

25
d

13
5.

55
e

SD
5.

09
   

 4
.4

2
4.

26
3.

88
   

 3
.7

8
   

3.
03

   
 3

.1
6

   
 2

.9
6

C
V

4.
20

   
 3

.7
1

   
 3

.2
9

3.
06

   
 2

.8
6

2.
35

   
 2

.3
9

   
 2

.1
8

7.
 R

um
p 

w
id

th
 (c

m
)

Av
er

ag
e

40
.3

2a
42

.4
8ab

45
.2

0bc
43

.7
5ab

c
47

.6
7cd

44
.2

7ab
c

47
.7

0cd
49

.9
5d

SD
   

 6
.3

0
  1

2.
60

   
 4

.4
5

4.
76

   
 3

.8
0

   
 5

.1
9

   
 2

.8
7

   
 2

.6
7

C
V

15
.6

2
29

.6
5

   
 9

.8
4

10
.8

9
7.

97
  1

1.
71

   
 6

.0
2

   
 5

.3
5

8.
 R

um
p 

le
ng

th
 (c

m
)

Av
er

ag
e

28
.9

3a
28

.6
8a

33
.3

0bc
31

.7
5ab

35
.8

7c
34

.4
3bc

34
.8

5bc
36

.5
0c

SD
6.

12
4.

81
   

 6
.4

5
   

 5
.7

6
3.

66
   

 3
.8

9
3.

15
   

 3
.7

5
C

V
21

.1
5

  1
6.

79
19

.3
7

18
.1

5
10

.1
9

  1
1.

30
   

 9
.0

5
  1

0.
27

9.
 B

od
y 

w
ei

gh
t (

kg
)

Av
er

ag
e

37
0.

19
a

37
8.

88
a

41
8.

02
bc

d
40

8.
44

b
42

9.
79

d
41

5.
91

bc
42

5.
32

cd
44

3.
30

e

SD
  1

9.
22

  2
0.

32
15

.6
6

  2
3.

30
  1

3.
62

27
.3

1
11

.7
9

  1
0.

38
C

V
   

 5
.1

9
   

 5
.3

6
   

 3
.7

5
   

 5
.7

0
   

 3
.1

7
   

 6
.5

7
2.

77
   

 2
.3

4

   
  T

he
 a

ve
ra

ge
 n

um
be

r a
cc

om
pa

ni
ed

 b
y 

di
ffe

re
nt

 su
pe

rs
cr

ip
ts

 h
as

 a
 si

gn
ifi

ca
nt

 d
iff

er
en

ce
 a

t t
he

 le
ve

l o
f 5

%

Ta
bl

e 
2.

 M
or

ph
om

et
ric

s i
nd

ex
 o

f m
al

e 
an

d 
fe

m
al

e 
bu

ffa
lo

 b
as

ed
 o

n 
su

bp
op

ul
at

io
n 

re
gi

on
s.

N
o

Pa
ra

m
et

er
s

N
K

E
K

SK
PT

M
al

e
Fe

m
al

e
M

al
e

Fe
m

al
e

M
al

e
Fe

m
al

e
M

al
e

Fe
m

al
e

1.
 H

ei
gh

t s
lo

pe
Av

er
ag

e
3.

11
cd

3.
25

d
2.

43
bc

d
2.

87
cd

1.
82

ab
2.

32
ab

c
1.

80
ab

1.
45

a

SD
1.

45
1.

94
1.

28
1.

29
1.

05
0.

93
0.

86
0.

60
C

V
46

.5
5

59
.7

6
52

.8
0

45
.1

0
57

.5
9

40
.2

7
47

.5
7

41
.2

8

2.
 L

en
gt

h 
in

de
x

Av
er

ag
e

0.
96

a
0.

96
a

1.
00

b
0.

99
b

0.
03

0.
99

b
0.

99
b

0.
98

ab

SD
0.

06
0.

04
0.

01
1.

02
c

2.
67

0.
03

0.
01

0.
01

C
V

6.
25

4.
11

1.
47

0.
04

2.
35

bc
d

3.
01

0.
91

0.
89

3.
 W

id
th

 sl
op

e
Av

er
ag

e
1.

33
a

1.
55

a
1.

95
ab

c
3.

78
0.

85
1.

93
ab

c
2.

55
cd

2.
85

d

SD
0.

71
0.

91
0.

94
1.

75
ab

36
.2

8
0.

91
0.

93
1.

16
C

V
53

.3
4

58
.9

1
48

.2
5

1.
23

0.
56

a
46

.9
2

36
.3

3
40

.5
6

4.
 D

ep
th

 in
de

x
Av

er
ag

e
 0

.5
6a

0.
56

a
0.

54
a

0.
56

a
0.

56
a

0.
55

a
0.

57
a

0.
56

a

SD
0.

06
0.

08
0.

02
0.

03
0.

03
0.

03
0.

01
0.

02
C

V
10

.8
2

13
.7

3
3.

29
5.

68
5.

50
5.

04
2.

01
2.

86

5.
 F

or
el

eg
 le

ng
th

Av
er

ag
e

53
.8

3ab
54

.3
3a

60
.3

0c
57

.8
7ab

c
59

.5
3c

58
.9

0bc
58

.1
5ab

c
60

.8
5c

SD
8.

66
10

.1
6

1.
39

4.
97

4.
97

4.
33

0.
82

2.
75

C
V

15
.8

0
18

.6
9

2.
30

8.
35

8.
35

7.
35

1.
41

4.
52

6.
 B

al
an

ce
Av

er
ag

e
0.

43
a

0.
44

ab
0.

49
bc

0.
46

ab
c

0.
49

bc
0.

50
c

0.
48

ab
c

0.
49

bc

SD
0.

08
0.

08
0.

10
0.

08
0.

03
0.

06
0.

03
0.

05
C

V
17

.5
2

19
.1

4
20

.1
6

18
.4

5
5.

45
11

.5
8

5.
85

9.
46

7.
 C

um
ul

at
iv

e 
In

de
x

Av
er

ag
e

2.
39

a
2.

40
a

2.
48

b
2.

48
b

2.
48

b
2.

50
b

2.
47

b
2.

47
b

SD
0.

09
0.

10
0.

10
0.

11
0.

06
0.

10
0.

05
0.

04
C

V
3.

90
4.

18
3.

90
4.

18
2.

45
4.

01
1.

86
1.

65

   
   

 T
he

 a
ve

ra
ge

 n
um

be
r a

cc
om

pa
ni

ed
 b

y 
di

ffe
re

nt
 su

pe
rs

cr
ip

ts
 h

as
 a

 si
gn

ifi
ca

nt
 d

iff
er

en
ce

 a
t t

he
 le

ve
l o

f 5
%

.



Buffalo Bulletin (July-September 2022) Vol.41 No.3

382

Ta
bl

e 
3.

 Q
ua

lit
at

iv
e 

m
or

ph
ol

og
ic

al
 c

ha
ra

ct
er

s o
f m

al
e 

an
d 

fe
m

al
e 

bu
ffa

lo
 b

as
ed

 o
n 

su
bp

op
ul

at
io

n 
re

gi
on

s.

N
o.

Q
ua

lit
at

iv
e 

C
ha

ra
ct

er
s

R
eg

io
n

N
K

E
K

SK
PT

Pe
rc

en
ta

ge
 (%

)
Pe

rc
en

ta
ge

 (%
)

Pe
rc

en
ta

ge
 (%

)
Pe

rc
en

ta
ge

 (%
)

M
al

e
Fe

m
al

e
M

al
e

Fe
m

al
e

M
al

e
Fe

m
al

e
M

al
e

Fe
m

al
e

1.
B

od
y 

ap
pe

ar
an

ce
a.

B
ig

20
.0

0
33

.3
3

40
.0

0
50

.0
0

50
.0

0
53

.3
3

60
.0

0
80

.0
0

b.
M

ed
iu

m
50

.0
0 

50
.0

0
33

.3
3 

36
.6

7
36

.6
7

30
.0

0
30

.0
0

10
.0

0
c.

Sm
al

l
30

.0
0

16
.6

7
26

.6
7 

13
.3

3
13

.3
3

16
.6

7
10

.0
0

10
.0

0
2.

Sk
in

 c
ol

or
a.

B
la

ck
53

.3
3 

46
.6

7
16

.6
7 

23
.3

3 
20

.0
0 

26
.6

7 
50

.0
0 

60
.0

0 
b.

G
ra

yi
sh

 b
la

ck
30

.0
0

26
.6

7
60

.0
0

53
.3

3 
50

.0
0 

53
.3

3 
30

.0
0 

30
.0

0 
c.

G
ra

y
16

.6
7 

26
.6

7
23

.3
3

20
.0

0
26

.6
7 

20
.0

0 
10

.0
0

10
.0

0 
d.

A
lb

in
o

0 
  

0 
  

0 
  

3.
33

 
3.

33
 

0 
 

10
.0

0
0 

 
3.

C
oa

t c
ol

or
a.

B
la

ck
46

.6
7

43
.3

3
66

.6
7 

70
.0

0 
56

.6
7

63
.3

3 
50

.0
0 

60
.0

0
b.

 
G

ra
yi

sh
 b

la
ck

30
.0

0
26

.6
7

33
.3

3 
26

.6
7 

40
.0

0
36

.6
7

10
.0

0
10

.0
0

c.
B

lo
nd

e
23

.3
3

30
.0

0
3.

33
 

0 
 

0
0

30
.0

0
30

.0
0

d.
W

hi
te

0
0

0 
 

3.
33

 
3.

33
 

0
10

.0
0

0
4.

H
or

ns
 p

at
te

rn
a.

Ta
ra

ng
ga

66
.6

7
63

.3
3

60
.0

0 
63

.3
3

60
.0

0
70

.0
0

70
.0

0
80

.0
0

b.
Pa

m
pa

ng
0

0
0

0
0

0
10

.0
0

0
c.

Si
kk

i
30

.0
0

36
.6

7
40

.0
0

33
.3

3
33

.3
3

26
.6

7
20

.0
0

20
.0

0
d.

So
kk

o
0

0
0

0
3.

33
0

0
0

e.
La

ng
i

3.
33

 
0

0
3.

33
3.

33
3.

33
0

0
5.

B
ac

k-
lin

e
a.

Fl
at

63
.3

3
70

.0
0

76
.6

7
80

.0
0 

86
.6

7
83

.3
3

80
.0

0
90

.0
0

b.
C

on
ca

ve
36

.6
7

30
.0

0
23

.3
3

20
.0

0
13

.3
3

16
.6

7
20

.0
0

10
.0

0



Buffalo Bulletin (July-September 2022) Vol.41 No.3

383

Ta
bl

e 
3.

 Q
ua

lit
at

iv
e 

m
or

ph
ol

og
ic

al
 c

ha
ra

ct
er

s o
f m

al
e 

an
d 

fe
m

al
e 

bu
ffa

lo
 b

as
ed

 o
n 

su
bp

op
ul

at
io

n 
re

gi
on

s. 
(C

on
tin

ue
)

N
o.

Q
ua

lit
at

iv
e 

C
ha

ra
ct

er
s

R
eg

io
n

N
K

E
K

SK
PT

Pe
rc

en
ta

ge
 (%

)
Pe

rc
en

ta
ge

 (%
)

Pe
rc

en
ta

ge
 (%

)
Pe

rc
en

ta
ge

 (%
)

M
al

e
Fe

m
al

e
M

al
e

Fe
m

al
e

M
al

e
Fe

m
al

e
M

al
e

Fe
m

al
e

6.
C

he
vr

on
a.

Si
ng

le
 st

rip
46

.6
7

50
.0

0
16

.6
7

30
.0

0
33

.3
3

23
.3

3
30

.0
0

90
.0

0
b.

D
ou

bl
e 

st
rip

53
.3

3
50

.0
0

83
.3

3
70

.0
0

66
.6

7
76

.6
7

70
.0

0
10

.0
0

7.
H

ai
r 

w
ho

rl
s o

n 
th

e
a.

O
ne

76
.6

7
83

.3
3 

60
.0

0
66

.6
7

70
.0

0
76

.6
7

70
.0

0
80

.0
0

b.
Tw

o
16

.6
7

10
.0

0 
26

.6
7

23
.3

3
20

.0
0

16
.6

7
20

.0
0

10
.0

0 
c.

N
ot

 o
bs

er
va

bl
e

6.
67

6.
67

13
.3

3
10

.0
0

10
.0

0
6.

67
10

.0
0

10
.0

0
8.

H
ai

r 
w

ho
rl

s o
n 

th
e 

ba
ck

a.
O

ne
10

.0
0

6.
67

23
.3

3
20

.0
0

16
.6

7
13

.3
3

30
.0

0
40

.0
0

b.
Tw

o
83

.3
3 

76
.6

7
60

.0
0

66
.6

7
73

.3
3

76
.6

7
60

.0
0

50
.0

0
c.

N
ot

 o
bs

er
va

bl
e

6.
67

16
.6

7
16

.6
7

13
.3

3
10

.0
0

10
.0

0
10

.0
0

10
.0

0
9.

H
ai

r 
w

ho
rl

s o
n 

th
e 

ru
m

p
a.

O
ne

16
.6

7
12

.5
0

16
.6

7 
10

.0
0

23
.3

3 
16

.6
7

40
.0

0
20

.0
0

b.
Tw

o
63

.3
3

87
.5

0
70

.0
0

83
.3

3
70

.0
0 

76
.6

7
50

.0
0

70
.0

0
c.

N
ot

 o
bs

er
va

bl
e

20
.0

0
0 

  
13

.3
3

6.
67

6.
67

6.
67

10
.0

0
10

.0
0

10
.

Fo
ot

 c
ol

or
a.

D
ar

k 
gr

ay
63

.3
3

50
.0

0
33

.3
3

16
.6

7 
13

.3
3

6.
67

60
.0

0
60

.0
0

b.
Li

gh
t g

ra
y

26
.6

7
33

.3
3

53
.3

3
60

.0
0

66
.6

7
76

.6
7

30
.0

0
20

.0
0

c
W

hi
te

10
.0

0
16

.6
7

13
.3

3
23

.3
3

20
.0

0
16

.6
7

10
.0

0
20

.0
0



Buffalo Bulletin (July-September 2022) Vol.41 No.3

384

a

b

Figure 1. Morphometric index of male (a) and female (b) buffaloes based on based on subpopulation regions.
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Figure 2. Horn patterns and the appearance of chevron in KBuf. Horn patterns (a to e).
               a. Tarangga: horns grow upwards to form a half circle; 
            b. Pampang: horns that grow sideways and tend to be very long, this pattern is usually observed  
        from a castrated male buffalo;c. Sikki: horn growth is similar to tarangga with points  
                   almost meeting; 
               d. Sokko: horns grow downward with points under the neck; 
               e. Langi: horns grow in opposite directions. Chevron presence (f and g in); 
               f. Single stripe (white arrow); 
               g. Double stripes (white arrows). 
               Source: (Modified from Stepanus, 2008).
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among Kalang buffaloes in Kalimantan, Indonesia 
and Thale Noi buffaloes from Phatthalung, 
Thailand based on qualitative, quantitative, and 
morphometric characteristics index analysis. Area 
distribution is a significant factor that influences 
phenotypic characteristics and overall quality. Also, 
phenotypic variations are influenced by ancestry, 
direct and indirect influences of environmental 
conditions and climate, human resources, feeding 
or nutrition, migration, diseases, breeding, and 
reproductive management, and husbandry system. 

The phenotypic diversity among Kalang 
and Thale Noi buffaloes was found to be rich 
as inferred from variations in qualitative and 
quantitative parameters as well as morphometric 
indices. The phenotypic variations observed aside 
from being attributed to genetic variations among 
breeds were also influenced by a variety of natural 
and controlled factors. Natural factors include 
but are not limited to environmental and climatic 
conditions and habitat profile, availability and type 
of nutrition, and the presence or absence of diseases. 
Controlled factors include but are not limited to 
farmer management systems like breeding and 
reproductive management, husbandry system, and 
supplemental nutrition.

ACKNOWLEDGMENTS

This research was supported by the 
Graduate Studies Research Fund of Walailak 
University (No. 15/2562), Mulawarman University 
and Directorate General for Higher Education, 
Indonesia. We are grateful to The Livestock and 
Animal Health Services, Provincial Government 
of East Kalimantan, Indonesia, and Phatthalung, 
Thailand for the assistance in literature, data 
gathering, and conceptualization of real-life 

scenarios of buffalo farmer concerns. The fruition 
of this project would not have been possible without 
the sacrifices and support from our families, 
experts, colleagues, and friends. 

REFERENCES

Alderson, G.L.H. 1999. The development of a 
system of linear measurements to provide 
an assessment of type and function of 
beef cattle. Animal Genetic Resources 
Information, 25: 45-55. DOI: 10.1017/
S1014233900005782

Allegrini, S., M. Mazzi, C. Roncoroni, L. Alfieri, 
M.C. Campagna and A. Borghese. 2007. 
Morphometric and haematological 
parameters in Italian Mediterranean 
buffaloes finished with different diets. Ital. 
J. Anim. Sci., 6(2): 512-515. DOI: 10.4081/
ijas.2007.s2.512

Amano, T., S. Katsumata, K. Suzuki, Y. Nozawa, 
T. Kawamoto, H. Namikawa, I.K. 
Martojo, Abdulgani and H. Nadjib. 1981. 
Morphological and genetical survey of 
buffaloes in Indonesia. The Origin and 
Phylogeny of Indonesia Livestock, 2: 31-54.

Berthouly, C., X. Rognon, T.N. Van, A. Berthouly, 
H.T. Hoang, B. Bed’Hom, D. Laloe, C. Vu 
Chi, E. Verrier and J.C. Maillard. 2009. 
Genetic and morphometric characterization 
of a local Vietnamese swamp buffalo 
population. J. Anim. Breed. Genet., 127(1): 
1-11. DOI: 10.1111/j.1439-0388.2009.00806.x

BPS-Statistics of Kalimantan Utara Province. 
2018. Kalimantan Utara Province in 
Figures 2018. Sekar Mulya CV, Samarinda, 
Indonesia.

Brooks, M.E., M. Mugabo., G.M. Rodgers., 



Buffalo Bulletin (July-September 2022) Vol.41 No.3

387

T.G. Benton and A. Ozgul. 2016. How 
well can body size represent effects of 
the environment on demographic rates? 
disentanglingcorrelated explanatory 
variables. J. Anim. Ecol., 85(2): 318-328. 
DOI: 10.1111/1365-2656.12465

Buranakarl, C., J. Indramangala, K. Koobkaew, N. 
Sanghuayphrai, J. Sanpote, C. Tanprasert, 
T. Phatrapornnant, W. Sukhumavasi 
and P. Nampimoon. 2013. Estimation 
of conformation score in relation to 
body measurements using 3D scanner 
in swamp buffaloes. Journal of Buffalo 
Science, 2(2): 88-94. DOI: 10.6000/1927-
520X.2013.02.02.6

Chantalakhana, C. and P. Skunmum. 2002. 
Sustainable Smallholder Animal System 
in the Tropics. Kasetsart University Press, 
Bangkok, Thailand.

Cockrill, W.R. 1981. The water buffalo: A review. 
Brit. Vet. J., 137(1): 8-16. DOI: 10.1016/
s0007-1935(17)31782-7

Crudeli, G., D. Pochon, M. Olazarri, N. Monzón, 
L. Chaparro, S. Flores, E. Patiño and J. 
Cedrés. 2007. Morphometric evaluation of 
male Mediterranean buffaloes in Northern 
Corrientes, Argentina. Ital. J. Anim. Sci., 
6(2): 1281-1283. DOI: 10.4081/ijas.2007.
s2.1281

de Melo, B.A., I.D.M. Nascimento, L.T.A.D. 
Santos, L.G. de Lima., F.C.T. de Araújo., 
R.R.S. Rios and A.B. Fraga. 2018. Body 
morphometric measurements in Murrah 
crossbred buffaloes (Bubalus bubalis). J. 
Appl. Anim. Res., 46(1): DOI: 1307-1312. 
10.1080/09712119.2018.1502669

Dhillod, S., D. Kar, C.S. Patil, S. Sahu and N. 
Singh. 2017. Study of the dairy characters 
of lactating Murrah buffaloes on the basis of 

body parts measurements. Vet. World, 10(1): 
17-21. DOI: 10.14202/vetworld.2017.17-21

Directorate General of Livestock and Animal 
Health Resources. 2019. Buffalo Population 
by Province, 2015-2019. Available on: http://
www.pertanian.go.id

Diyono, R. 2009. Body measurements characteristic 
and polymorphism of GH, GHRH and Pit-
1 genes of buffalo population in Banten. 
Msc. Thesis, Sekolah Pascasarjana, Institut 
Pertanian Bogor, Bogor, Indonesia.

Djaja, W. 2013. An introductory study on 
characteristics of body length, withers 
height, and the bodyweight of Murrah 
female buffalo in Deli Serdang and Serdang 
Sedagai, North Sumatra province. Lucrări 
Ştiinţifice, 55: 213-216. Available on: https://
www.uaiasi.ro/zootehnie/Pdf/Pdf_Vol_55/
Willyan_Djaja.pdf

Dudi, S., C. Sumantri., H. Martojo and A. Anang. 
2011. Performance of qualitative and 
quantitative traits of local buffaloes at 
Banten province. Jurnal Ilmu Ternak, 11(2): 
61-67.

Erdiansyah, E. and A. Anggraeni. 2008. The study 
of phenotypic variation and estimation of 
genetic distance amongst local buffalo in 
Dompu district West Nusa Tenggara. In 
Prosiding Seminar dan Lokakarya Nasional 
Usaha Ternak Kebau Tanah Toraja. 
Puslitbang Peternakan, Bogor, Indonesia.

FAO. 2019. Regional priority framework for Asia 
and the Pacific (2010-2019): Towards food 
security in the region. In The 30th FAO 
Regional Conference for Asia and the 
Pacific. FAO Regional Office, Bangkok, 
Thailand.

FAO. 2012. Livestock Sector Development for 
Poverty Reduction: An Economic and 



Buffalo Bulletin (July-September 2022) Vol.41 No.3

388

Policy Perspective - Livestock's Many 
Virtues: FAO Animal Production and 
Health Guidelines, Illustrated ed. Food and 
Agriculture Organization, United Nations, 
Rome, Italy. 82p.

Galib, I., C. Sumantri and A. Gunawan. 2017. 
Application of linear body measurement for 
predicting body weight of swamp buffalo. 
Jurnal Ilmu Produksi dan Teknologi Hasil 
Peternakan, 5(1): 41-45. Available on: 
https://journal.ipb.ac.id/index.php/ipthp/
article/view/19626/13584

Genedy, T.M., S.S. Hadad and E.M.A. El-Razek. 
2019. Ultrasonographic, morphometric and 
histological study of testicular parameters 
in Egyptian Water buffalo bulls (Bubalus 
bubalis). Journal of Advanced Veterinary 
Research, 9(3): 117-122. Available on: 
https://advetresearch.com/index.php/AVR/
article/view/376/329

Gerli, H. and A.H. Daulay. 2012. Characteristics of 
body size of the Murrah buffalo and swamp 
buffalo in BPTU Siborongborong. Jurnal 
Peternakan Integratif, 1(3): 276-287.

Ghofar, M. 2014. Kalimantan Timur Miliki 8.981 
Ekor Kerbau. Available on: https://kaltim.
antaranews.com/berita/22669/kaltim-
miliki-8981-kerbau

Gomez, A.A. and J. Wiley. 1984. Statistical 
Procedures for Agricultural Research, 2nd 
ed. John Wiley and Sons. New York, USA.

Gunawan, A. and C. Sumantri. 2008. Estimation 
of phenotypic variation value and genetic 
distance in Garut sheep and crossbred of 
Garut. Journal of the Indonesian Tropical 
Animal Agriculture, 33(3): 176-185.

Handiwirawan, E., R.R. Noor, C. Sumantri and 
S. Subandriyo. 2011. The differentiation of 
sheep breed based on body measurements. 

Journal of the Indonesian Tropical Animal 
Agriculture, 36(1): 1-8. DOI: 10.14710/
jitaa.36.1.1-8

Hamdan, A., E.S. Rohaeni and A. Subhan. 2010. 
Characteristics of swamp buffalo as germ 
plasm in South Kalimantan, p. 57-64. 
Seminar dan Lokakarya Nasiona Kerbau. 
Pusat Penelitian dan Pengembangan 
Peternakan, Lebak-Banten, Indonesia.

Imsyar, A.H. 2010. Studi karakteristik morfologi 
kerbau rawa di kabupaten Pasaman. 
Msc. Thesis, Fakultas Peternakan, Institut 
Pertanian Bogor, Bogor, Indonesia.

Khan, M., I. Rahim, H. Rueff, S. Jalali, M. 
Saleem, D. Maselli and U. Wiesmann. 
2013. Morphological characterization of 
the Azikheli buffalo in Pakistan. Animal 
Genetics Research, 52: 65-70. DOI: 10.1017/
S2078633613000027

Kocaman, I., E.K. Gurcan, H.C. Kurc and 
M.I. Soysal. 2017. Determination of 
body measurements, live weights and 
manure production of dairy Anatolian 
water buffaloes in the Istanbul region. 
Journal of Scientific and Engineering 
Research, 4(4): 62-66. Available on: http://
jsaer.com/download/vol-4-iss-4-2017/
JSAER2017-04-04-62-66.pdf

Komariah., Kartiarso and M. Lita. 2014. 
Productivity of swamp buffalo in Muara 
Muntai subdistric, Kutai Kartanegara 
regency, East Kalimantan. Buletin 
Peternakan, 38(3): 174-181. DOI: 10.21059/
buletinpeternak.v38i3.5253

Lita, M. 2009. The productivity of swamp buffalo 
in Muara Muntai subdistrict, Kutai 
Kartanegara regency, East Kalimantan. 
Msc. Thesis, Institut Pertanian Bogor. 
Bogor, Indonesia.



Buffalo Bulletin (July-September 2022) Vol.41 No.3

389

Marai, F.M. and A.A.M. Haeeb. 2010. Buffalo's 
biological functions as affected by heat 
stress-A review. Livest. Sci., 127(2-3): 89-
109. DOI: 10.1016/j.livsci.2009.08.001

Ministry of Agriculture of the Republic of 
Indonesia. 2012a. Penetapan kerbau Kalang 
Kalimantan Timur. Kepmen Pertanian 
Republik Indonesia, 430(2843): 1-4.

Ministry of Agriculture of the Republic of 
Indonesia. 2012b. Penetapan rumpun kerbau 
Kalimantan Selatan. Kepmen Pertanian 
Republik Indonesia, 430(2884): 1-4.

Ministry of Agriculture of the Republic of 
Indonesia. 2019. Indonesia's Ability to Fulfill 
Domestic Animal Proteins. Pusat Data dan 
Sistem Informasi Pertanian Sekretariat 
Jenderal Kementerian Pertanian, Jakarta, 
Indonesia.

Mwacharo, J.M., A.M. Okeyo, G.K. Kamande and 
J.E.O. Rege. 2006. The small east African 
shorthorn zebu cows in Kenya. I: Linear 
body measurements. Trop. Anim. Health 
Pro., 38(1): 65-76. DOI: 10.1007/s11250-
006-4266-y

Natalia, L., Suhardono and A. Priadi. 2006. Swamp 
buffalo in South Kalimantan: Problem, 
disease and control. Wartazoa, 16(4): 206-
215.

Norusis, M.J. 1998. SPSS/PC Advanced Statistics. 
FL: SPSS. Chicago, USA.

Nozawa, K. and S. Na Phuket. 1974. Coat color of 
water buffaloes in Thailand-A preliminary 
report on the coat color polymorphism in 
swamp buffaloes in South-Eastern Asia. The 
Society for Research on Native Livestock, 
Tokyo, Japan.

Nurfaridah, A., S.K. Bandiati and S. Nurachma. 
2013. A cumulative index of body size and 
bodyweight composite ewe mutton as sheep 

meet. Jurnal Ilmu Peternakan Unpad, 2(1): 
1-10.

Phatthalung Province Statistics Report. 2017. 
Province Statistics Report. Available on: 
http://phatlung.nso.go.th

Presicce, G.A. 2016. The Buffalo (Bubalus bubalis) 
- Production and Research. Bentham 
Science, United Arab Emirates. DOI: 
10.2174/97816810841761170101

Putu, I.G. 2003. Reproductive technology 
application for increasing production 
performance of buffalo in Indonesia. 
WARTAZOA Indonesian Bulletin of Animal 
and Veterinary Sciences, 13(4): 172-180. 
DOI: 10.14334/wartazoa.v13i4.779

Rahman, M.D.M., M.D.R. Islam, M.K. Hossain, 
N.S. Lucky, N.Z. Shoshe, S. Islam 
and M.D.M. Haque. 2015. Phenotypic 
characterization of indigenous buffalo 
at Sylhet district. International Journal 
of Scientific Research in Agricultural 
Sciences, 2(1): 1-6. DOI: 10.12983/ijsras-
2015-p0001-0006

Sahu, S., G.D. Nayak and D.K. Karna. 2017. 
Phenotypic characteristics of Sambalpuri 
buffaloes of India. Buffalo Bull., 36(4): 615-
621. Available on: https://kuojs.lib.ku.ac.th/
index.php/BufBu/article/view/915/103

Sitorus, A.J. and A. Anggraeni. 2008. 
Morphological characterization and 
estimation of genetic distances of swamp 
buffalo, river (Murrah) and its crossing in 
North Sumatera. In National Proceedings, 
Seminar and Bussiness Workshop of 
the Tanah Toraja Buffalo. Puslitbang 
Peternakan, Bogor, Indonesia.

Stepanus, B. 2008. The Importance of Water 
Buffalos in Torajanese tradition. Pusat 
Kajian Indonesia Timur, Hasanuddin 



Buffalo Bulletin (July-September 2022) Vol.41 No.3

390

University Press, Makassar, Indonesia.
Sulasmi., A. Gunawan, R. Priyanto, C. Sumantri and 

J. Arifin. 2017. Uniformity and adjacency 
morphometrics body size of Pasundan 
cattle. Jurnal Veteriner, 18(2): 263-273. 
DOI: 10.19087/jveteriner.2017.18.2.263

Sumantri, C., A. Einstiana, J.F. Salamena and I. 
Inounu. 2007. Phylogenic performance 
and relationships between local sheep in 
Indonesia through a morphological analysis 
approach. Indonesian Journal of Animal 
and Veterinary Science, 12(1): 42-54.

Suretno, N.D., B.P. Purwanto, R. Priyanto and I. 
Supriyatna. 2017. Environmental suitability 
evaluation based on the performance 
production four breed cattle on some 
different altitudes in Lampung province. 
Journal Veteriner, 18(3): 478-486.

Syawal, S., B.P. Purwanto and I.G. Permana. 2013. 
Studi hubungan respon ukuran tubuh dan 
pemberian pakan terhadap pertumbuhan 
sapi pedet dan dara pada lokasi yang 
berbeda. Jurnal Ilmu Ternak dan Veteriner, 
2(3): 175-188. Available on: https://core.
ac.uk/download/pdf/25493665.pdf

Takaendengan, B.J., R.R. Noor, C. Sumantri and 
S. Adiani. 2011. Determination of genetic 
distance on North Sulawesi native horses 
based on analysis of morphology and blood-
protein polymorphism. Jurnal Ilmiah Sains, 
11(1): 48-57. Available on: https://media.
neliti.com/media/publications/288388-
jarak-genetik-populasi-kuda-lokal-sulawe-
22d21795.pdf

Tappa, B. 2013. Buffalo reproduction: Problems and 
current technologies, p. 325-329. In Buffalo 
International Conference 2013. Universitas 
Hasanuddin, Makassar, Indonesia. 

Tariq, M., M. Younas, A.B. Khan and E. Schlecht. 

2013. Body measurements and body 
condition scoring as the basis for estimation 
of live weight in Nili-Ravi buffaloes. Pak. 
Vet. J., 33(3): 325-329. Available on: http://
pvj.com.pk/pdf-files/33_3/325-329.pdf

Walpole, R.E. 1982. Introduction to Statistics, 3rd 

ed. Macmillan Publishing, New York, USA.
Yunusa, A.J., A.E. Salako and O.A. Oladejo. 

2013. Principal component analysis of the 
morphostructure of Uda and Balami sheep 
of Nigeria. International Research Journal 
of Agricultural Science, 1(3): 45-51. 

Zhang, Y., D. Sun., Y. Yu and Y. Zhang. 2007. 
Genetic diversity and differentiation of 
Chinese domestic buffalo based on 30 
microsatellite markers. Anim. Genet., 
38(6): 569-575. DOI: 10.1111/j.1365-
2052.2007.01648.x


