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Abstract. Suhardi, Summpunn P, Duangjinda M, Wuthisuthimethavee S. 2020. Phenotypic diversity characterization of Kalang and 
Thale Noi Buffalo (Bubalus bubalis) in Indonesia and Thailand: Perspectives for the buffalo breeding development. Biodiversitas 21: 
5128-5137. Kalang (KBuf) and Thale Noi buffaloes (TBuf) are swamp buffalo breeds important for biodiversity resources and permeate 

culture, religion, meat supply, and livelihood in Indonesia and Thailand. This study aimed to analyze the phenotypic characterization 
within breeds of KBuf/TBuf using quantitative and qualitative performance to define diversity. A total of 240 buffaloes from North 
(NK), East (EK), South Kalimantan (SK), Indonesia, and Phatthalung (PT), Thailand were observed. Phenotypic characterization 
showed female TBuf had the highest quantitative variable values with significant difference (P<0.05) from KBuf. Also, SK KBuf males 
had the highest qualitative variable values with significant difference (P<0.05) from EK and NK. The morphometric indices showed 
male buffaloes from SK and PT had close index values (P>0.05) and females from EK, SK, and PT showed a close relationship 
(P>0.05). The cumulative index results demonstrated KBuf/TBuf as very good meat-producing livestock. In conclusion, variations in 
qualitative and quantitative variables indicate phenotypic diversity in KBuf/TBuf which is a basis to perform selection and breeding 

development through pedigree recording, reproductive efficiency, cross-breeding, and genetic modification to produce high-quality 
buffalo breeding stock. KBuf/TBuf can provide high-quality red meat through improved genetic quality, productivity, and economic 
management towards modern buffalo breeding development. 
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INTRODUCTION 

Biodiversity is very important in the context of the 

analysis of ecology, sustainable development, and the 

protection of the local/endemic species of the natural 

environment (FAO 2019). Conservation international 
considers Indonesia to be one of the 17 megadiverse 

countries, with 2 of the world’s 25 biodiversity hotspots 

(von Rintelen et al. 2017). This strategic position of 

biological resources has diversity and endemism. More 

importantly, all activities related to biodiversity does not 

stop at the national borders (ACB 2010).  

Buffaloes are an important part of Indonesia’s livestock 

which has a significant role which underpins the economic 

growth in rural and remote areas. According to the Ministry 

of Agriculture of the Republic of Indonesia (2020), the 

number of buffaloes in 2019 increased by 27.62% 

compared to 2018. Currently, Indonesia has 1.141 million 
buffaloes, approximately 40% (522,400 heads) are males. 

In addition, Kalimantan 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 a great potential for buffalo 

development where it has sustainable likelihood, abundant 

natural resources, and spacious environmental habitat. 

Kalang buffalo (KBuf) is a local buffalo breed in Indonesia 

which has an original geographical distribution in lake 
ecology in East to South Kalimantan and is an authentic 

biodiversity resource in the region as established by the 

directorate general of livestock and animal health resources 

the Minister of Agriculture of the Republic of Indonesia 

(Lita 2009).  

Thale Noi buffalo (TBuf) is a breed originating from 

the Thale Noi wetlands located in Phatthalung, southern 

Thailand. Thale Noi is one of the largest natural lakes in 

South East Asia and is home to almost 4,000 swamp 

buffaloes. The lake ecosystem, supported by the 

availability of forage makes for an excellent habitat for 

improving buffalo performance (FAO 2020).  
KBuf and TBuf are a wealth of genetic resources for 

Indonesia and Thailand local livestock and needs to be 

protected, preserved, and developed to produce high-

quality breeding stock. These buffalo breeds share a 

common ecological niche of being able to thrive in 

swamplands. The significance of conducting buffalo 
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development research is to fill the gap in the fundamental 

science behind the diversity of KBuf/TBuf breeds. Previous 

research only reported the productivity and epidemiology 

of diseases of buffaloes and provided limited information 

on genotypic and phenotypic characterization (Eriani et al. 

2019; Konda et al. 2019; Pratama et al. 2019; Yaemkong et 

al. 2019; Priyono et al. 2018; Terkawi et al. 2011; 

Komariah et al. 2014; Chaikhun et al. 2010). Therefore, the 

exploration of phenotypic diversity and variation in 

KBuf/TBuf is necessary to assess the important aspects 
suitable for their breeding and development. Also, it is 

necessary to develop local commodities such as 

KBuf/TBuf, where it has a bright prospect of supporting 

the achievement of self-sufficiency in red meat in 

Indonesia and Thailand. 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 (de Melo et al. 2018; 

Vohra et al. 2015; FAO 2012). Phenotypic characterization, 

including information of quantitative and qualitative 

variables, is essential to observe the KBuf/TBuf diversity 
to select strategies for improved genetic quality, buffalo 

farming system, and economic management of the genetic 

resource towards the modern buffalo breeding farm. 

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/TBuf and offers perspectives that can be 

helpful for the buffalo breeding and farming industry. 

MATERIALS AND METHODS 

The present study observed KBuf (n=180) and TBuf 

(n=60) through a survey method with purposive 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) (30 males and 

30 females), East Kalimantan (EK) (30 males and 30 

females), South Kalimantan (SK) (30 males and 30 

females) in Indonesia, and Phatthalung (PT) Thailand (30 

males and 30 females) (Figure 1). The diversity traits were 

observed based on phenotypic characteristics as the 

primary data. The study involved the participation of local 

farmers and the local government. The Secondary data 

included farmer characteristics, farm management, climate, 

feeding system, disease control, migration, and recording 

of artificial insemination by interview. 
The phenotypic characterization of buffaloes was 

composed of quantitative and qualitative variables. 

Quantitative variable consisted of morphometric and body 

weight; (i) wither height, (ii) body length, (iii) heart girth, 

(iv) shoulder width, (v) chest depth, (vi) rump height, (vii) 

rump width, (viii) rump length, and (ix) body weight 

estimation. The morphometric/body size was measured by 

a measuring stick (Modified Amano et al. 1981) (Figure 2). 

The body weight (BW) estimation 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. Qualitative variable; (i) 

body appearance, three classes; small (<300 kg), medium 

(300-400 kg), and large (>400 kg) was based on body 

weight classification (Sahu et al. 2017), (ii) skin color, (iii) 

coat color, (iv) horns pattern, was based on buffalo horns 

patterns classification (Stepanus 2008), (v) back-line, (vi) 

chevron, (vii) hair whorls on the head, (viii) hair whorls on 

the back, (ix) hair whorls on the rump, and, (x) foot color, 

were recorded. 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; (i) height slope = wither height – 

rump height, (ii) length index = body length/wither height, 

(iii) width slope = rump width – chest width, (iv) depth 

index = chest depth/wither height, (v) foreleg length = wither 

height – chest depth, (vi) balance = (rump length x rump 

width)/ (chest depth x chest width), (vii) cumulative index 

= (body weight/average weight) + length index + balance. 

 
 

 
 
Figure 1. Swamp buffalo breeds of: A. Thale Noi buffalo (TBuf), and B. Kalang Buffalo (KBuf). The figure provides a profile of 
similarity in the ecological niche and environmental conditions as well as a semi-intensive farming system 
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Figure 2. The method of measuring the quantitative variables in 
buffalo. 1. wither height, 2. body length, 3. heart girth, 4. shoulder 
width, 5. chest depth, 6. rump height, 7. rump width, 8. rump 
length. Source: Modified from Amano et al. (1981) 

 

Data analysis 

Data recorded from swamp buffaloes in three provinces 
in Kalimantan Island, Indonesia, and Phatthalung province, 

Thailand were calculated and subjected to statistical 

analysis. The average, standard deviation (SD), and 

coefficient of variation (CV) were calculated for the 

measured traits. Descriptive statistics were performed using 

the Duncan Multiple Range Test (DMRT) at the level of 

5% with the SPSS 24 program (SPSS Inc, Chicago, IL, 

USA). The coefficient of variation (CV%) was determined 

as a variability index. 

RESULTS AND DISCUSSION 

Quantitative characteristics 
The results of the nine quantitative variables observed 

in the present study are listed in Table 1. It was observed 

that the highest average for all nine variables was observed 

from female TBuf, while the lowest average was 

distributed among the male and female KBuf in NK. The 

wither height results of the present study (122.57–

139.80±5.79 cm) agreed with buffaloes breeds from Surin 

province, Thailand (139.42±1.83 cm) (Buranakarl et al. 

2012) and Murrah crossbred buffaloes in Brazil 

(130.05±5.04 cm) (de Melo et al. 2018) but was higher 

compared to values of Vietnamese Swamp Buffaloes 
(120.30±4.40 cm) reported by Berthouly et al. (2009). The 

average body length (129.62±7.30 cm) was lower 

compared to water buffaloes from Istanbul, Turkey 

(146.1±8.82 cm) (Kocaman et al. 2017) but higher than 

reports from Nili-Ravi buffaloes from Okara, Pakistan 

(129.90±19.2 cm) (Tariq et al. 2013). The average heart 

girth (181.17±6.59 cm) was lower compared to Murrah 
buffaloes from Hisar, India (226.27±4.78 cm) (Dhillod et 

al. 2017) but agreed with swamp buffaloes from Cirebon, 

Indonesia (180.20±13.40 cm) (Galib et al. 2017). The 

average shoulder width (43.13±2.64 cm) was similar to 

swamp buffaloes from Sylhet, Bangladesh (44.78±3.17) 

(Rahman et al. 2015) but lower than local Egyptian buffalo 

bulls (47.16±3.30) (Genedy et al. 2019) and higher 

(40.85±3.70 cm) compared to swamp buffaloes from 

Cirebon, Indonesia (Galib et al. 2017). The average chest 

depth (73.27±3.78 cm) was higher than the average chest 

depth of the male Murrah and swamp buffaloes 

(63.50±0.70 cm and 64.25±2.87 cm) in Tapanuli Utara, 

Indonesia (Gerli et al. 2012) but lower than Murrah 

buffaloes from Hisar, India (76.23±1.27 cm) (Dhillod et al. 

2017). The average rump height (128.28±5.5 cm) was in 

line with male Mediterranean buffaloes in Northern 
Corrientes, Argentina (129.58±8.15) (Crudeli et al. 2007). 

However, the average rump height observed in the present 

study was lower compared to water buffaloes from 

Istanbul, Turkey (136.22±4.17 cm) (Kocaman et al. 2017). 

The average rump width (45.17±3.14 cm) and rump length 

(33.04±3.00 cm) was higher than Murrah crossbred 

buffaloes in Brazil (39.99±5.62 cm and 25.38±4.23 cm) (de 

Melo et al. 2018), swamp buffaloes from Cirebon, 

Indonesia (38.97±2.40 cm and 28.07±3.14 cm) (Galib et al. 

2017), and Italian Mediterranean buffaloes (40.77±2.35 cm 

and 27.41±6.50 cm) (Allegrini et al. 2007), but lower than 
Azikheli Buffaloes in Swat valley, Pakistan (49.52±2.30 

cm and 40.51±4.01 cm) (Khan et al. 2013), and water 

buffaloes from Istanbul, Turkey (53.69±3.32 cm and 

38.82±2.51 cm) (Kocaman et al. 2017). For the average 

body weight (411.23±25.01 kg), the results of the present 

study agreed with Sambalpuri buffaloes of India 

(411.47±5.34 kg) (Sahu et al. 2017), and swamp buffaloes 

from Cirebon, Indonesia (409.30±5.10 kg) (Galib et al. 

2017) but were higher than Nili-Ravi buffaloes from 

Okara, Pakistan (359.30±160.9 kg) (Tariq et al. 2013) and 

lower than Murrah female buffaloes in North Sumatera, 
Indonesia (446.05±45.06 kg) (Djaja 2013), male Murrah 

and swamp buffaloes in Tapanuli Utara, Indonesia 

(474.20±73.06 kg) (Gerli et al. 2012), and swamp buffaloes 

in Trishal, Bangladesh (458.70±49.94) (Siddiquee et al. 

2010). The distribution of buffaloes can influence 

variations in results due to the adaptation to local 

environmental conditions and farm management strategies 

(Escarcha et al. 2018). The buffalo bodyweight is an 

important indicator of the quality of management and 

farming system by farmers (Nicolas et al. 2018). The 

results demonstrated the variation in quantitative variables 

and the phenotypic diversity among KBuf/TBuf breeds. It 
was observed that KBuf/TBuf were fairly-maintained by 

the farmers. Overall, the results of the present study 

indicated that KBuf/TBuf were at a medium-class 

performance breed when compared to other buffalo breeds 

in other regions around the globe. The potential for genetic 

enrichment of KBuf/TBuf are high and can be enhanced 

through improved selection, cross-breeding (artificial 

insemination), and genetic modification to produce high-

quality buffalo breeding stock towards the modern buffalo 

breeding and farming industry (El Debaky et al. 2019). 

According to the value of the nine quantitative variables 
of the present study, male buffaloes originating from SK 

and PT regions have a close value, compared to NK and 

EK. The quantitative variables of male and female 

buffaloes based on subpopulation regions can be seen in 

Table 1. This condition indicated a potential for common 
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ancestry (Vohra et al. 2015). Relative to interviews with 

farmers, it was stated that the history of KBuf development 

in the EK was strongly influenced by the people of the 

Banjar tribe who originated from SK. In 1918, the Banjar 

tribe migrated and brought their KBuf to EK (Wardani 

2007). These pieces of evidence potentially define the 

closeness of phenotypes between SK and EK KBuf.  

The results of the present study showed the highest 

value of heart girth performance were observed from 

buffaloes from PT and SK. 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 (Prihandini et al. 

2020; Soh et al. 2020; Escarcha et al. 2018). Buffaloes in 

PT and SK were maintained using semi-intensive farming 

management where buffaloes have access to select forages 

that have better quality when pastured. Moreover, farmers 

provide concentrate, feed additives, and feed supplements for 

caged buffaloes every morning. This may have contributed 

to higher average values in the nine quantitative variables 
with semi-intensive farming management. Heart girth is a very 

important variable 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; Kargar et al. 2018). These observations seem to imply 

sustainable strategies in buffalo breeding and management 

which addresses areas of environmental influences such as 

forage availability, climate, and overall environmental 

conditions, as well as supplemental management of 

buffaloes with feed additives and supplements. 

Buffaloes require high humidity and an abundance of 
water to release body heat. Stress due to humidity 

influences variations in heart girth (Escarcha et al. 2018; 

Suretno et al. 2017; Marai and Haeeb 2010). In the present 

study, the lowest average values of KBuf quantitative 

variables from NK may be attributed to the lower average 

humidity in North Kalimantan for the last three years 

(77.8%) as compared to East (85.7%) and South 

Kalimantan (86.5%) in Indonesia (BMKG-Pusat Database 

2020), and Patthalung (84.9%) in Thailand (Climate 

Station-Songkhla Thailand 2020). The variations in 

morphometric measurements are shaped by demographic 

conditions and the interaction of past and current 
environmental conditions (Brooks et al. 2016). Buffaloes 

from the PT and SK are situated in swamp ecology, which 

provided abundant water as well as enough exercise as the 

buffaloes have a larger area to forage. Thale Noi lake is a 

TBuf habitat located in Phatthalung, southern Thailand 

with an area of 45,700 Ha with a foraging area covering 

about 2,800 Ha (Meksuwan et al. 2011). KBuf from SK is 

situated in Panggang Lake located in North Hulu Sungai 

Regency, South Kalimantan, Indonesia. This Lake has an 

area of approximately 19,598 Ha and more than 60% of 

this area is covered by forage (Hymenachne amplexicaulis 
(Rudge) Nees) which is very palatable for KBuf (Agusliani 

and Dharmaji 2017) This may be a positive influence on 

the superior results of buffaloes in PT and SK compared to 

buffaloes situated in EK and NK. These observations 

demonstrate the potential negative and positive influences 

(direct or indirect) that climate, environment, and habitat 

exert on buffalo quality. Several conditions in PT and SK 

are very supportive of optimizing buffalo production through 

genetic improvement, the application of reproductive 

efficiency technology, and genetic engineering to support 

the realization of a sustainable buffalo breeding and 

farming industry (Warriach et al. 2015; Singh et al. 2009). 

The results of the present study indicated that 

differences in subpopulation regions 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 farming and 

breeding was in large and open access areas, although they 

are on the same island, Kalimantan Island is a vast 

landmass. Kalimantan is the third largest island in the 

world after Greenland and New Guinea with Kalimantan 

covers an area of 746,309 km2 (Rodriguez 2019). Nguyen 

et al. (2020) 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 regions has open access, 

the diversity of the population will be higher. Also, 

diversity was enhanced by the introduction of buffalo 

breeds from outside of the region. The Indonesian 

government has allocated 170 thousand tons of buffalo 

meat imports from India by 2020. It should have been 

reduced by importing live buffalo for genetic improvement 

through crossbreeding and upgrading. (Komariah et al. 

2020; Nasution 2020). 

Morphometric characteristics index 

Generally, the differences in quantitative variable 
values from buffaloes in the region have influenced the 

index values (Table 2). The results of the seven 

morphometric indices of male and female buffaloes based 

on the subpopulation regions of the present study are 

highly variable when compared to reports of buffalo breeds 

in other countries, similar to the observations of the 

quantitative characteristic results as previously presented. 

For example, although the average height slope index of 

the current study was higher than the results from Pasundan 

cattle, Indonesia (Sulasmi et al. 2017) and Balami sheep, 

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 White Park cattle 

(Alderson 1999). In the present study, the length index 

values of KBuf from EK 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 reports from Pasundan cattle in Indonesia 

(Sulasmi et al. 2017). The value of the balance index in the 

present study was lower than reports from Alderson (1999) 

and Sulasmi et al. (2017), while the cumulative index 

values were similar to values from Handiwirawan et al. 

(2011) who reported swamp buffalo characteristics in West 
Java, Indonesia. Overall based on the morphometric 

characteristics index, KBuf/TBuf have great potential to 

produce red meat through genetic improvement, productivity, 

and economic management of the genetic resource towards 

the modern buffalo breeding and farming industry. 
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Table 1. Quantitative description of male and female buffalo based on subpopulation regions 

 

Variables 
NK EK SK PT 

Male Female Male Female Male Female Male Female 

Wither height (cm) Average 
SD 
CV 

124.38a 
 5.28 
 4.24 

122.57a 
 3.35 
 2.74 

132.02b 
 4.07 
 3.08 

130.00b 
 3.51 
 2.70 

136.07c 
 3.18 
 2.34 

131.08b 
 3.03 
 2.31 

135.05c 
 3.24 
 2.40 

139.80d 
 2.70 
 1.93 

Body length (cm) Average 

SD 
CV 

119.13a 

 4.09 
 3.43 

117.43a 

 4.28 
 3.65 

131.55bc 

 4.25 
 3.23 

132.87bcd 

 6.12 
 4.61 

134.53de 

 3.31 
 2.46 

130.37b 

 3.37 
 2.58 

133.95cd 

 3.02 
 2.26 

137.15e 

 2.19 
 1.59 

Heart girth (cm) Average 
SD 
CV 

170.43a 
 5.11 
 3.00 

172.53a 
 4.89 
 2.84 

183.28bcd 
 4.16 
 2.27 

180.18b 
 5.73 
 3.18 

186.43de 
 3.72 
 2.00 

182.12bc 
 6.51 
 3.58 

185.20cd 
 3.14 
 1.69 

189.15e 
 2.56 
 1.35 

Shoulder width (cm) Average 
SD 
CV 

 38.98a 
 6.02 
 15.44 

40.93ab 
 12.33 
 30.13 

 43.25abc 
 4.33 
 8.67 

 42.00ab 
 4.71 
 11.21 

 45.32bc 
 3.93 
 8.67 

 42.33ab 
 5.47 
 12.93 

 45.15bc 
 3.18 
 7.04 

 47.10c 
 3.18 
 6.75 

Chest depth (cm) Average 

SD 
CV 

69.55ab 

 6.62 
 9.52 

 68.23a 

 8.71 
 12.77 

 71.72b 

 4.32 
 6.03 

 72.13b 

 3.97 
 5.51 

 76.53c 

 3.89 
 5.09 

 72.18b 

 3.40 
 4.71 

 76.90c 

 3.24 
 4.21 

 78.95c 

 2.54 
 3.22 

Rump height (cm) 

 

Average 
SD 
CV 

121.28a 
 5.09 
 4.20 

119.32a 
 4.42 
 3.71 

129.58bc 
 4.26 
 3.29 

127.13b 
 3.88 
 3.06 

132.02cd 
 3.78 
 2.86 

129.08b 
 3.03 
 2.35 

132.25d 
 3.16 
 2.39 

135.55e 
 2.96 
 2.18 

Rump width (cm) 

 

Average 
SD 
CV 

 40.32a 
 6.30 
 15.62 

42.48ab 
 12.60 
 29.65 

 45.20bc 
 4.45 
 9.84 

 43.75abc 
 4.76 
 10.89 

 47.67cd 
 3.80 
 7.97 

44.27abc 
 5.19 
 11.71 

 47.70cd 
 2.87 
 6.02 

 49.95d 
 2.67 
 5.35 

Rump length (cm) 

 

Average 
SD 
CV 

 28.93a 
 6.12 
 21.15 

 28.68a 
 4.81 
 16.79 

 33.30bc 
 6.45 
 19.37 

 31.75ab 
 5.76 
 18.15 

 35.87c 
 3.66 
 10.19 

 34.43bc 
 3.89 
 11.30 

 34.85bc 
 3.15 
 9.05 

 36.50c 
 3.75 
 10.27 

Body weight (kg) Average 
SD 
CV 

370.19a 
 19.22 
 5.19 

378.88a 
 20.32 
 5.36 

418.02bcd 
 15.66 
 3.75 

408.44b 
 23.30 
 5.70 

429.79d 
 13.62 
 3.17 

415.91bc 
 27.31 
 6.57 

425.32cd 
 11.79 
 2.77 

443.30e 
 10.38 
 2.34 

Note: The average number accompanied by different superscripts has a significant difference at the level of 5%. SD: Standard deviation, 

CV: Coefficient of variation 

 
 

 
Table 2. Morphometrics index of male and female buffalo based on subpopulation regions 
 

Variables 
NK EK SK PT 

Male Female Male Female Male Female Male Female 

Height slope Average 
SD 
CV 

 3.11cd 

 1.45 

46.55 

 3.25d 

 1.94 

59.76 

 2.43bcd 

 1.28  

52.80 

 2.87cd  

 1.29 

45.10 

 1.82ab 

 1.05 

57.59 

 2.32abc 

 0.93 

40.27 

 1.80ab 

 0.86 

47.57 

 1.45a 

 0.60 

41.28 

Length index Average 
SD 
CV 

 0.96a 
 0.06 

 6.25 

 0.96a  
 0.04  

 4.11 

 1.00b  
 0.01 

 1.47 

 1.02c 

 0.04  

 3.78 

 0.99b 

 0.03 

 2.67 

 0.99b 

 0.03 

 3.01 

 0.99b 

 0.01 

 0.91 

 0.98ab  
 0.01  

 0.89 

Width slope Average 
SD 
CV 

 1.33a 
 0.71 

53.34 

 1.55a 

 0.91 

58.91 

 1.95abc 

 0.94 

48.25 

 1.75ab 

 1.23  

70.29 

 2.35bcd 

 0.85 

36.28 

 1.93abc 

 0.91 

46.92 

 2.55cd  
 0.93  

36.33 

 2.85d  

 1.16 

40.56 

Depth index Average 
SD 
CV 

 0.56a 
 0.06 
10.82 

 0.56a  

 0.08 

13.73 

 0.54a  
 0.02  

 3.29 

 0.56a 

 0.03 

 5.68 

 0.56a 

 0.03 

 5.50 

 0.55a 

 0.03 

 5.04 

 0.57a  
 0.01 

 2.01 

 0.56a  
 0.02  

 2.86 

Foreleg length Average 
SD 
CV 

53.83ab 
 8.66 
15.80 

54.33a 

10.16 

18.69 

60.30c 

 1.39  

 2.30 

57.87abc 

 4.97 

 8.35 

59.53c 

 4.97  

 8.35 

58.90bc 

 4.33 

 7.35 

58.15abc 

 0.82 

 1.41 

60.85c 

 2.75 

 4.52 

Balance 

 

Average 
SD 
CV 

 0.43a 

 0.08 

17.52 

 0.44ab  

 0.08 

19.14 

 0.49bc  

 0.10  

20.16 

 0.46abc  

 0.08 

18.45 

 0.49bc  
 0.03  

 5.45 

 0.50c  

 0.06 

11.58 

 0.48abc  
 0.03 

 5.85 

 0.49bc  
 0.05 

 9.46 

Cumulative Index) 

 

Average 
SD 
CV 

 2.39a  
 0.09 

 3.90 

 2.40a  
 0.10 

 4.18 

 2.48b  
 0.10  

 3.90 

 2.48b  
 0.11  

 4.18 

 2.48b  
 0.06 

 2.45 

 2.50b  
 0.10 

 4.01 

 2.47b  
 0.05  

 1.86 

 2.47b  
 0.04  

 1.65 

Note: The average number accompanied by different superscripts has a significant difference at the level of 5%. SD: Standard deviation, 
CV: Coefficient of variation 
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Table 3. Qualitative morphological characters of male and female buffalo based on subpopulation regions 
 

Qualitative characters 

Region 

NK EK SK PT 

Percentage (%) Percentage (%) Percentage (%) Percentage (%) 

Male Female Male Female Male Female Male Female 

Body 
appearance 
 
Skin color 
 
 
 
Coat color 
 

 
 
Horns pattern 
 
 
 
 
Back-line 

 
Chevron 
 
Hair whorls on 
the head 
 
Hair whorls on 
the back 

 
Hair whorls on 
the rump 
 
Foot color 
 

a. Big 
b. Medium 
c. Small 
a. Black  
b. Grayish black 
c. Gray 
d. Albino 
a. Black 
b. Grayish black 

c. Blonde 
d. White 
a. Tarangga 
b. Pampang 
c. Sikki 
d. Sokko 
e. Langi 
a. Flat 

b. Concave 
a. Single strip 
b. Double strip 
a. One 
b. Two 
c. Not observable 
a. One 
b. Two 

c. Not observable 
a. One 
b. Two 
c. Not observable 
a. Dark gray 
b. Light gray 
c. White 

20.00  
50.00  
30.00  
53.33  
30.00  
16.67  
 0 
46.67  
30.00  

23.33  
 0 
66.67  
 0 
30.00  
 0 
 3.33  
63.33  

36.67  
46.67  
53.33  
76.67  
16.67  
 6.67 
10.00  
83.33  

 6.67  
16.67  
63.33  
20.00  
63.33  
26.67  
10.00 

33.33  
50.00  
16.67  
46.67  
26.67  
26.67  
 0 
43.33 
26.67  

30.00  
 0  
63.33  
 0 
36.67  
 0  
 0 
70.00 

30.00  
50.00  
50.00  
83.33  
10.00  
 6.67  
 6.67  
76.67  

16.67  
12.50  
87.50  
 0  
50.00  
33.33  
16.67 

40.00 
33.33  
26.67  
16.67  
60.00  
23.33  
 0 
66.67  
33.33  

3.33  
 0  
60.00  
 0  
40.00  
 0  
 0  
76.67  

23.33  
16.67  
83.33  
60.00  
26.67  
13.33  
23.33  
60.00  

16.67  
16.67  
70.00  
13.33 
33.33  
53.33  
13.33 

50.00  
36.67  
13.33 
23.33 
53.33 
20.00  
 3.33  
70.00 
26.67  

 0 
 3.33  
63.33  
 0  
33.33  
 0 
 3.33  
80.00  

20.00  
30.00  
70.00  
66.67  
23.33  
10.00  
20.00  
66.67  

13.33  
10.00  
83.33  
 6.67 
16.67  
60.00  
23.33 

50.00 
36.67 
13.33 
20.00 
50.00 
26.67  
 3.33  
56.67  
40.00  

 0  
 3.33  
60.00  
 0 
33.33  
 3.33  
 3.33 
86.67 

13.33  
33.33  
66.67  
70.00  
20.00  
10.00  
16.67  
73.33  

10.00  
23.33  
70.00  
 6.67 
13.33  
66.67  
20.00 

53.33 
30.00 
16.67 
26.67 
53.33 
20.00  
 0  
63.33  
36.67  

 0  
 0  
70.00  
 0  
26.67  
 0  
 3.33  
83.33  

16.67  
23.33  
76.67  
76.67  
16.67  
 6.67  
13.33  
76.67  

10.00  
16.67  
76.67  
 6.67  
 6.67  
76.67  
16.67 

60.00 
30.00 
10.00 
50.00 
30.00 
10.00 
10.00  
50.00  
10.00  

30.00  
10.00  
70.00  
10.00  
20.00  
 0  
 0  
80.00  

20.00  
70.00  
30.00  
70.00  
20.00  
10.00  
30.00  
60.00  

10.00  
40.00  
50.00  
10.00  
60.00  
30.00  
10.00 

80.00 
10.00 
10.00 
60.00 
30.00 
10.00  
 0  
60.00  
10.00  

30.00  
 0  
80.00  
 0  
20.00  
 0 
 0  
90.00  

10.00  
90.00 
10.00 
80.00  
10.00  
10.00  
40.00  
50.00  

10.00 
20.00  
70.00  
10.00  
60.00  
20.00  
20.00 

 

 
 

According to the graph of DMRT 5% on the seven 

index variables, male buffaloes from SK and PT exhibited 

close index values with no significant difference in the 

seven variables (Table 2). Male buffaloes from SK, PT, and 
EK had no significant difference in the five variables. 

However, KBuf from NK had a significant difference with 

other provinces in all variables. Female buffaloes from EK, 

SK, and PT have a close relationship with no significant 

difference in the five index variables. On three index 

variables (height slope, length index, and width slope) 

TBuf showed a significant difference when compared to 

other provinces (Table 3). 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 Handiwirawan et al. (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. KBuf from SK, EK, and TBuf from PT, have very 

good potential as meat-producing livestock, the index value 

can be used as an indicator to distinguish one animal from 

another and can be a standard characteristic of livestock 

based on body size (Takaendengan et al. 2011). The 

morphometric index is strongly influenced by seven 

quantitative variables including wither height, rump height, 

rump length, rump width, chest depth, chest width, and 

body weight, so these variables are crucial aspects that 
require monitoring in the buffalo breeding farm. 

Qualitative characteristics 

The results of the ten qualitative variables of the current 

study are highly variable in terms of combinations of 

results as was observed from the quantitative variables and 

morphometric characteristic index. The body appearance 

and skin color of buffaloes in the present study conform to 

swamp buffaloes from Dehong, Diandongnan, Guizhou, 

Dechang, and Xilin, China (Yongwang et al. 2010), swamp 

buffaloes from South and East Kalimantan, Indonesia 

(Hamdan et al. 2010; Lita 2009), swamp buffaloes from 
Trishal, Bangladesh (Siddiquee et al. 2010) and water 

buffaloes from the United Arab Emirates (Presicce 2016). 

The coat colors in the four regions (NK, EK, SK, and PT) 

agreed with Toraja buffalo studies from Tana Toraja, 

Indonesia (Yusnizar et al. 2015), swamp buffaloes from 

China, Vietnam, and Laos (Sun et al. 2019) where swamp 

buffalo coats were generally dominated by black to grayish 
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black colors. The buffalo horn patterns observed from the 

four study sites were the Tarangga, Sikki, Sokko, and 

Langi patterns which were also observed from the parents 

and male descendants (Figure 3). These observations 

agreed with Erdiansyah and Anggraini (2008) who 

obtained data that Tarangga horn patterns were observed 

(98%) in West Nusa Tenggara, Indonesia while in the 

Pampang horn pattern was only observed from TBuf.  
 

 

 

 

 
A 

 
B 

 
Figure 3. Morphometric index of male (A) and female (B) buffaloes based on subpopulation regions 
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Figure 4. Horn patterns and chevron patterns 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 patterns (F and G): F. Single stripe (white arrow), G. Double stripes (white arrows) 
 
  
 
 

As observed in Table 3, the high 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 local 

buffalo in Serang, Pandeglang, and Lebak districts, Banten, 

Indonesia determined the condition of the carcass and body 

condition score, the best buffalo carcass presented a flat 
backline. The present study demonstrated single stripe and 

double stripes chevron patterns (Figure 4). KBuf from EK 

and SK mostly had double stripe chevron while 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, swamp buffaloes demonstrated double stripe 

(80%) and a single stripe chevron (18.5%). Also, Rahman 

et al. (2015) reported that swamp buffaloes from Sylhet 

district, Bangladesh were selected based on chevron 

patterns, in Sylhet the most favored chevron pattern is the 
single stripe. Buffaloes from 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 the body (de Melo et 

al. 2018) in West Sumatera, Indonesia. The foot color of 

buffaloes from NK and PT has a large percentage of dark 

gray legs/feet. In contrast, buffaloes from EK and SK had a 

large percentage of light gray colored legs/feet. These 

observations were in line with reports from Dudi et al. 

(2011) in Banten, Indonesia. Overall, the most common 
buffalo foot color in EK, SK, and NK were dark gray 

(44.67%) and the least common was light gray (23.33%) 

while all of Murrah buffaloes have black (100%) foot color 

(www.bharathidairyfarm.com). 

The results of the present study demonstrated that 

phenotypic variations can be influenced by but are not 

limited to ancestry, distribution, environmental, and human 

management factors such as availability of resources, 

feeding or nutrition, climate, migration, diseases, breeding, 

and reproductive management. 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 breed 

performance, and most importantly, to preserve genetic 

diversity through upgrading and cross-breeding strategies. 

The selection of high-quality buffalo breeds is an important 

consideration in producing the best buffaloes 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 

A 

F G 

B C D E 
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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. 

The phenotypic diversity among Kalang and Thale Noi 

Buffaloes were found to be rich as inferred from 

differences in qualitative and quantitative variables as well 
as the morphometric characteristic index. These phenotypic 

differences indicate high diversity which is a basis to 

perform selection and breeding development through 

pedigree recording, reproductive efficiency, cross-

breeding, and genetic modification to produce high-quality 

breeding stock for the buffalo farming industry. The 

phenotypic variations observed aside from being attributed 

to genetic variations among breeds were also influenced by 

a variety of natural and controlled factors. The cumulative 

index demonstrated that Kalang and Thale Noi buffaloes 

are very good potentials as meat-producing livestock and 
can be further improved through the upgrading of genetic 

quality, productivity, and economic management towards 

the modern buffalo farming industry. The translational 

application of these findings and perspectives, respective of 

buffalo breeds, will be beneficial to buffalo farmers and the 

enhancement of the buffalo genetic resources locally and 

abroad. 
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