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Abstract

In Indonesia, the buffalo is important for small and marginal farmers’ livelihood and economic development as a source of
food, working animal, and tourist attraction. Therefore, an in-depth study is needed to examine challenges and opportunities
for buffalo development in Indonesia. In Indonesia, the buffalo is divided into two types: swamp buffalo and river buffalo.
The buftalo population in Indonesia has declined significantly. A decrease of approximately 39.35% was recorded from 2022
to 2017. The decline occurred due to low reproduction rate and suboptimal rearing management systems. There are three
buffalo-rearing systems: Intensive, semi-intensive, and extensive. The productivity of buffalo is diverse and closely related
to the characteristics of the regional agroecosystem, consistent with existing natural resources and rearing management
systems. The diversity of buffalo productivity provides a good opportunity to improve productivity. Improvement of buffalo
genetics is urgently needed, by improving mating management, etc., especially to reduce potential inbreeding. In recent
years, genetic and molecular research on Indonesian buffalo has made progress, including use of molecular markers, such
as microsatellites and single-nucleotide polymorphisms, to evaluate genetic diversity within and among buffalo populations
across Indonesia. In addition, studies are being conducted on the relationship of genotype mutations that contribute to
appearance and phenotypic performance (heat stress, reproduction, behavior, coat color, and production attributes)
in buffaloes. Identification of genetic diversity in local buffaloes can be improved using various genetic and genomic
techniques. These findings will form a basis for the targeted conservation of local buffaloes in Indonesia. This study aimed
to collect information on the genetic resources of the local buffalo, particularly its status and production system and provide
recommendations for developing buffalo production in Indonesia.
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trend has been reported: (i) A positive trend in the buf-
falo population in milk-producing countries of South
Asia and (ii) a dramatic decline in many Southeast
Asian countries where buffaloes are used mainly as
draft animals [4].

Studies on the scope and prospects of buffalo
production in Indonesia are lacking. Their contri-
bution to the agricultural sector and potential for
economic development have not been adequately
examined or comprehensively addressed in academic
research. This has resulted in a limited understand-
ing of the scope and opportunity associated with buf-
falo production, preventing their full potential from
being realized in Indonesia’s agricultural landscape.
Therefore, extensive studies must aim to close this
knowledge gap, emphasizing the importance of buffa-
loes, and developing strategies that effectively utilize
their advantages.

This study aims to fill the gap on the genetic
resources of indigenous buffalo in Indonesia, espe-
cially their status, production system, and opportuni-
ties, as well as provide recommendations for buffalo
production in Indonesia.

Domestication of Buffalo and its Dispersal in
Indonesia

Macgregor [5] first recognized two types of
water buffaloes native to Asia, based on morpholog-
ical and behavioral features — river and swamp types.
The river breeds include Mullah, Nirirabi, and Surti in
India and Nirirabi and Kundi in Pakistan [6]. The river
buffalo is native to the Indian subcontinent and has
spread westward to the Balkans, Greece, Egypt, and
Italy, whereas the swamp buffalo is found through-
out Southeast Asia — from Assam and Bangladesh in
the west to the Yangtze River Valley in China [7, 8].
River buffalo makes up almost 75% of the Asian
buffalo population. Molecular and morphological
evidence indicates that swamp buffalo populations
have strong geographic genetic differentiation and
a lack of gene flow, but strong phenotypic unifor-
mity [9]. In contrast, river buffalo populations show
a weaker phylogeographic structure, but higher phe-
notypic diversity [8, 10]. Molecular evidence, as well
as archeological evidence by Nagarajan et al. [11],
have indicated that the river buffalo was domesticated
in an atypical manner, involving continuous intro-
gression of wild animals into domestic stocks in the
Indian subcontinent before the mature phase of the
Indus Valley civilization (2600—-1900 BC), whereas
the swamp buffalo was domesticated in a region far
south of China, northern Thailand, and Indochina.
Following domestication, it spreads south through
peninsular Malaysia to Sumatra, Java, and Sulawesi,
and north through China to Taiwan, the Philippines,
and Borneo [12]. Cockrill [13] suggested that the
swamp buffalo was domesticated in the Yangtze
Valley approximately 4000—5000 years ago. Recently,
molecular analysis using complete mitochondrial

D-loop sequences suggested the Lower Yangtze as
the first domestication center of the swamp buffalo,
followed by migration into two different routes: one
along the Upper Yangtze to Southwest China and the
other to Southeast China and then to Southeast Asia
through Guangxi province [14].

The buffalo is associated with religious sacrifice
in Indonesia, especially in rural areas — evidenced by
their discovery at ancient ruins and persisting culture
and beliefs in Baan et al. [15] Toraja-South Sulawesi,
Sumba-Nusa Tenggara East, Sumbawa-West Nusa
Tenggara, Minangkabau, West Sumatra, Pampangan-
South Sumatra, etc., where they have become a tour-
ist attraction. Buffalo breeding is ingrained in society
since the reign of Indonesian kings [16].

Buffalo Breeds in Indonesia and their
Importance

The buffalo population in Indonesia almost
entirely (90%) comprises swamp buffaloes, which
have thrived due to remarkable adaptability in accli-
matizing to various environments, resulting in the
development of a breed that is well-suited to the agro-
ecological characteristics of its habitat. Their adaptabil-
ity to a wide range of ecological conditions, including
wetlands, marshes, and other similar settings [15],
has allowed them to thrive in practically every region
of the country. According to the Domestic Animal
Diversity Information System [17], buffalo breeds in
Indonesia consist of Anoa, Gayo, Jawa, Kalang South
Kalimantan, Kalang East Kalimantan, Kuntu, Moa,
Murrah, Pampangan, Simeulue, West Sumatra, North
Sumatra, Sumbawa, and Toraya (Table-1 [17] and
Figure-1). Some live on small islands with a closed
population of other breeds, such as Moa buffaloes.
Their adaptation to their habitats has enabled the
evolution of distinct traits and characteristics that
correspond to the agroecological conditions of their
environments [8, 18]. For example, the buffaloes of
Pampangan, South Kalimantan, and East Kalimantan
have adapted to the environment of swamps, lakes,
and rivers, respectively. Sumbawa buffaloes have
adapted to savanna areas with droughts that last for
more than 8 months a year. Simeulue buffaloes have
adapted to coastal and hilly areas and Toraya to agri-
cultural areas [19, 20].

Buffaloes play a strategic role in the lives of the
Indonesian people. Buffalo is not only a source of
food but also functions as a working animal, produc-
ing organic fertilizer and biogas, which is specially
useful for agricultural areas. In addition, buffaloes
play an important role in sociocultural (tradition
and rituals), religious, and recreational or sporting
activities [20, 21]. Buffaloes play important sym-
bolic roles in Indonesia, such as in Toraja-South
Sulawesi, Sumba-East Nusa Tenggara, Sumbawa-
West Nusa Tenggara, Minangkabau-West Sumatra,
and Pampangan-South Sumatra. They have developed
into tourist attractions globally [19]. The variations in
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Table-1: List of buffalo breeds present in Indonesia and their estimated risk level from the FAO-DAD-IS database [17].

Breed Alternative Use of the breed Risk level Localization and distribution
breed name
Anoa None Culture Unknown Sulawesi
Gayo Koro Meat producer, social, culture, Not at risk  Gayo Lues districk, Aceh Province
labor, and economic uses
Java Kebo Draught power Unknown Java
Kalang South None Draught power, fertilizer, Not at risk  In almost all districts in South
Kalimantan meat, and race Kalimantan, Central Kalimantan, and
also spreaded in East Kalimantan
Kalang East None Meat, fertilizer, and tourist At risk Only in Kalimantan, especially in South
Kalimantan attraction and Central of Kalimantan where the
area is swampy
Kuntu Meat, hobby, and religious Not at risk ~ Kampar Kiri District
ceremonies
Moa Oriory Meat and milk Not at risk  Moa Island and a number of districts in
Maluku; and spread to NTT, NTB,
East Java, South Sulawesi, Papua and
East Timor
Murrah None Milk Unknown North Sumatra, Central Java, East Java
Pampangan Kerbau Draught power, meat, milk, At risk Especially Pampangan Subdistrict,
Lumpur fertilizer, and religious then spread to Subdistricts of Jejawi,
ceremonies Lampam Pangkalan, Air Sugihan, Tulung
Selapan and Pedamaran as well as to
Districts of Banyuasin and Ogan Ilir
Simeulue Kerbau Meat, milk, saving security, Not at risk  Salang region, West Simeulue, Central
Gunung fertilizer, hobby, and religious Simeulue district, and Alafan district
ceremonies
West Sumatra  Kerbau Meat, milk, and fertilizer Unknown West Sumatra
Lumpur
North Kerbau Meat, milk, fertilizer, and Unknown North Sumatra
Sumatra Lumpur draught power
Sumbawa None Meat, milk, saving security, Not at risk  Mostly in NTB, and spread throughout
hobby, and religious the islands of Nusa Tenggara and
ceremonies various provinces in Indonesia; even to
Timor-Leste
Toraya Tedong Meat, transport, religious Not at risk  Tana Toraja and North Toraja
Bonga, ceremonies, and tourist
Kerbau attraction
Belang
N P
A
Q — tera Sulawesi=
Maluku ﬁu Papua
Nusa Tenggara f
A Kalang South A Kalang East Toraya buffalo Anoa A Sumbawa buffalo A Moa buffalo
Kalimantan buffalo Kalimantan buffalo
Gayo buffalo A sil: angit buffalo A Slmuuluu buffalo A K\mlu huffalu Ar ampangan buffalo A Java buffalo
Figure-1: A map showing the distribution of buffaloes in Indonesia [Source: https://www.cleanpng.com/

png-flag-of-indonesia-vector-map-indonesia-752719/].
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regional demand of this species have influenced the
use of different buffalo genetic resources.

Buffalo Population in Indonesia

The Indonesian government has made sev-
eral efforts to protect its local livestock species and
breeds. The Indonesian government has established
site-specific buffalo breeds based on the Decree of the
Indonesian Minister of Agriculture. The determina-
tion of local livestock breeds refers to the Regulation
of the Minister of Agriculture Number: 19/Permentan/
OT.140/2/2008 concerning the Registration and
Release of Livestock Breeds or Lines, which has been
revised to the Regulation of the Minister of Agriculture
Number: 117/Permentan/SR.120/10/2014.

Buffaloes are frequently utilized as draft animals
to plow paddy fields and for other farming-related
activities and are an essential part of Indonesia’s agri-
cultural sector. Despite their substantial importance
to the national economy, there have been growing
concerns about the decrease in buffalo population.
According to data from the Directorate General of
Livestock and Animal Health, Indonesian Ministry
of Agriculture [22], the buffalo population in 2002
was 2.4 million, which declined to 1.17 million in
2022. The trend for buffalo population in Indonesia
was negative (y = —152664x + 3E + 06, R* = 0.8903)
(Figure-2) [22]. A sharp decline in the buffalo popu-
lation occurred from 2010 to 2012 (—28%) and from
2016 to 2018 (—34%). Hegde [23] reported a —39.35%
reduction in the Indonesian buffalo population from
2002 to 2017, the third largest population decline
after Sri Lanka (—57.04%) and Thailand (—44.67%).
Factors such as limited feed during dry season, con-
version of grazing lands, and long periods of rearing
[24] have contributed to this decline and the increas-
ing popularity of motorized farming equipment [8].
Ernest et al. [25] discovered that habitat fragmenta-
tion, loss, and limited genetic diversity are key drivers
of the decrease in buffalo population. Metzger et al.
[26] and Mureithi ef al. [27] emphasized the impor-
tance of community-based conservation activities in
reducing the decline in buffalo populations.

Figure-3 [22] shows the distribution of buffaloes
in 37 provinces in Indonesia with different population

3,000,000
2,500,000

2,000,000 y = -152664x + 3E+06

1,500,000 R*=0.8903

1,000,000 —

Population (head)

500,000

| 2002 2004 2006 2008 2010 2012 2014 2016 2018 2020 2022
year
——Population ——Linear (Population)

Figure-2: Trend of buffalo population in Indonesia from
2002 to 2022 [22].

densities. The distribution of buffalo populations is
considerably affected by geographical and climatic
conditions and cultural and economic factors. Based
on the population data of 2022 [22], most buffa-
loes (46%) are found in the provinces of East Nusa
Tenggara (172,850), West Nusa Tenggara (129,037),
South Sulawesi (118,074), and Aceh (117,317), with
a total population of >500,000. Other provinces
with significant buffalo populations include North
Sumatra, West Sumatra, West Java, Central Java,
and Jambi, contributing 32% to the total buffalo pop-
ulation (population of each province in the range of
50,705-98,246), whereas the other provinces account
for 21%. However, no information is available on
buffalo distribution based on the type or breed among
Indonesia’s reported 1.17 million buffaloes. This lack
of information poses challenges for effective breeding
and management practices, because different breeds
may have distinct requirements and characteristics.

Buffalo Breeding System in Indonesia

Specific buffalo breeds are raised in specific
agroecosystems (lowland, midland, and highland).
For instance, the Simeulue, Kuntu, Sumbawa, Moa,
and Silangit buffaloes are raised in lowlands; Silangit
in oil palm and rubber plantations; Toraya in mid-
lands; Gayo in highlands; and Pampangan in lowland,
swampy areas.

Kalang buffalo, a local buffalo that is geograph-
ically distributed along the river from East to South
Kalimantan, is a regional biodiversity resource.
Kalang buffalo can thrive in swamplands [28].

In Indonesia, the number of buffalo owned per
farmer is relatively low (Table-2): 1-7 in Aceh [29] and
4-10 in West Sumatra [30]. However, some farmers
own relatively large numbers (>50 heads per farmer)
of buffalo, for example, in Gayo, Silangit, Pampangan,
Kalang South Kalimantan, and Sumbawa. The own-
ership of Simeulue, Kuntu, Kalang East Kalimantan,
and Moa buffaloes ranges from 10 to 50 per farmer.
Fewer than ten of Toraya buffaloes are owned per
farmer. This small number has a significant influence
on the development of management systems for buf-
faloes. A survey conducted by Kartika et al. [31] in
South Sulawesi showed that the five main factors that
contribute to the low numbers include limited land for
feed, low capital, limited labor, lack of bulls, and low
fertility rate.

The 10 buffalo breeds observed had three types
of management systems: Intensive, semi-intensive,
and extensive (Table-2). Toraya buffaloes are kept in
intensive systems; Silangit, Kalang South Kalimantan,
Kalang East Kalimatan, Pampangan, and Sumbawa in
semi-intensive systems; and Simeulue, Gayo, Kuntu,
and Moa in extensive systems. The Kalang East and
South Kalimantan buffaloes are raised on the Kalang
system (a wooden structure on the river) [32]. In the
intensive system, buffaloes are kept in barns. In the
semi-intensive system, buffaloes are kept in the barn
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West Sulawesi, East Kalimantan, North
Kalimantan, Southeast Sulawesi, Centre
Sulawesi, West Kalimantan, Bali, Papua,
North Maluku, Yogyakarta, Bangka
Belitung, Jakarta, and Riau Islands Province

Banten, Riau, Bengkulu, South Sumatra,
East Java, South Kalimantan, Lampung,
Maluku, and Centre Kalimantan Provinces

East Nusa Tenggara, West Nusa Tenggara,
South Sulawesi, and Aceh Provinces

Centre Java, and Jambi Provinces

T

LNorth Sumatra, West Sumatra, West Java,

® >100.000 @ 50.000 - 100.000 @ 10.000 - 50.000 ® <10.000
Figure-3: Population distribution of buffalo based on the data of 2022 [22].
Table-2: Buffalo management practiced by the farmers.
Breed Management types Mating system Agroecosystem Ownership (head)
Simeulue Extensive Natural Lowland 1-23
Gayo Extensive Natural Upland 1-59
Silangit Semi-intensive Natural Lowland (integrated with oilpalm) 14-110
Kuntu Extensive Natural Lowland 1-30
Pampangan Semi-intensive Natural Lowland (swamp) 3-84
Kalang South Kalimantan Semi-intensive Natural Lowland (river) 5-100
Kalang East Kalimantan Semi-intensive Natural Lowland (river) 20-30
Sumbawa Semi-intensive Natural Lowland 2-119
Toraya Intensive Natural Middleland 1-5
Moa Extensive Natural Lowland 10-40

at night and grazed on the pasture during the day. The
grazing activities start in the morning and last the
afternoon. Every morning, the keeper or farmer opens
the barn door and lets the buffaloes out into the pasture
to graze and wallow. During the night, forages are pro-
vided in the barn. During the dry season, buffaloes are
grazed all day in the paddy field after harvest and then
sleighed to the river or swamp area to wallow. In the
rainy season, buffaloes are kept in the Kalang at night.

The feeding system can be grouped into three
types: fully grazing (extensive), cut and carry (inten-
sive), and grazing during the day and feeding at night
(semi-intensive). Simeulue, Gayo, Kuntu, and Moa
graze on the pasture all day. Sumbawa and Pampangan
graze on the pasture, whereas Silangit graze in oil palm
and rubber plantations. Silangit buffaloes are given
concentrate feed and additional minerals every day to
improve milk production. Farmers provide additional
feed at night, such as tofu byproduct, palm oil cake,
and sweet potato byproduct. Kalang South and East
Kalimantan buffaloes were grazed on swamp land
according to their habitat. The types of forages avail-
able are local and natural grasses. Forage availability
is influenced by the season in South Kalimantan and is
limited [33]. The feeding system of Toraya buffaloes
is intensive.

According to Rusli et al. [34], Gayo buffaloes
can develop because of abundant land and natural

resources, such as agricultural waste, are available.
Pampangan buffaloes are grazed on swamp land.
Kalang East and South Kalimantan buffaloes are
grazed on swampland during the day and provided
forages, such as Kumpai grass (Hymenachne amplexi-
caulis [Rudge] Nees) at night in the Kalang barn, with
no additional concentrate or supplement [35].

Toraya buffalo is highly priced because it is
related to local culture. Toraya buffaloes are fed cul-
tivated grasses, such as elephant grass, Taiwan ele-
phant, and Setaria spp., and agricultural byproducts
(corn, rice, and soybeans) from their own fields. Moa
buffaloes graze on natural grasses, and it seems that
no improvement in pasture management has occurred,
which still relies on natural vegetation.

Challenges in Buffalo Farming

Buffaloes play strategic roles in the Indonesian
community. Buffalo meat is considered a complement
or substitute to beef, thus emphasizing its essential role
in supplementing national protein needs [36]. Buffalo
milk significantly impacts human nutrition because
it contains more essential nutrients than cow milk.
Individuals with bovine milk allergies can consume
buffalo milk without experiencing adverse reactions.
Buffalo milk has elevated levels of lipids, lactose, pro-
tein, casein, and arsenic [37, 38]. Although the cho-
lesterol content of buffalo milk is lower than that of
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cow milk, it delivers more energy per unit volume of
milk and is a rich source of iron, phosphorus, vitamin
A, and tocopherol (a natural antioxidant). However,
unlike raw cow milk, raw buffalo milk is not widely
consumed [39, 40].

Buffaloes are mainly used in farming activities
due to their strong ability to plow rice fields [41].
However, due to increased farming mechanization,
buffaloes have experienced a decline in value and pro-
duction (—4.92%) over the past two decades [42], and
their use has shifted to meat and milk production. The
demand for buffalo meat has increased in Indonesia,
leading to the development of buffalo production,
although challenges exist, such as decreased grazing
land, low productivity, poor access to investors, and
low adoption of technology.

Traditional agricultural practices contribute to
low productivity because buffaloes are released on
land that has been used since the livestock existed.
Natural feed is still relied upon, and it is highly
uncommon for breeders to use plant forage reserves
for animal feed. The increase in the buffalo popula-
tion is insignificant because breeders that practice
such maintenance systems pay little attention to ani-
mal health, rely on natural mating, and use inefficient
recording. The inbreeding rate in the population is
very high because breeding programs are lacking [29,
43]. According to Rusdiana et al. [44], the mortality
rate of buffaloes is high. Buffaloes spend most of the
day grazing and return to the stables at night, limiting
the farmers’ ability to monitor their health.

Buffaloes are slow-breeding animals. According
to Budiarto and Ciptadi [45], in Malang regency, male
and female swamp buffaloes attained sexual maturity
at 2 and 2-2.5 years, respectively. With a long gesta-
tion (10-11 months), the first birth is at 40 months.
The leading cause of low buffalo productivity is the
adult female buffalo’s lack of intense maintenance,
lack of recording, and occurrence of silent heat. As a
result, reproduction management becomes inefficient.
Inefficient feeding nutrition and lack of feed avail-
ability also impact reproductive and productive per-
formance by delaying the resumption of the estrous
cycle, increasing calving interval, and reducing
growth rate [4]. Despite breeding inefficiencies, keep-
ing even small populations of buffaloes (2—10 ani-
mals) is expected to contribute to the development of
buffalo farming in Indonesia.

A widespread problem in the field of livestock
in Indonesia is a lack of education for breeders, which
restricts technological adaptation and knowledge

Table-3: The products of buffalo milk in Indonesia.

development, notably in buffalo farming. According
to Nafianda ef al. [46], the level of education of the
breeders influences their intake of information and
outlook. Farmers who are uneducated find it difficult
to adopt new technologies. However, these challenges
will be overcome gradually due to the breeders’ expe-
rience and the extension operations that have been
implemented. However, when raising livestock is a
secondary occupation, the condition becomes worse.
Furthermore, Indonesia does not have a designated
institution for buffalo development that aims to
improve production and reproduction performance,
by providing a centralized platform for research,
knowledge dissemination, and technical support [47].

In Indonesia, buffalo milk is processed into prod-
ucts similar to yogurt, cheese or processed buffalo
milk using bacteria and extracted vegetables (wild
eggplant), fruit (orange, pineapple), or leaves (papaya
leaves) (Table-3) [48-52]. The products were found
in several provinces with different local names. These
products have high nutritional value, such as high
protein and low fat. Wirawati et al. [48] reported that
the nutritive value of dadih from West Sumatra had
5.01%—7.06% protein; 6.5%—8.17% fat, 0.68%—0.92%
ash, pH 4.47-4.8, and 1.17%-2.28% total titratable
acidity. Sulmiyati and Said [49] reported that dangke
has a nutritive value within the following ranges: curd
production 41.38%—52.20%, pH 6.92—6.96, and lactic
acid 0.15%—0.70%. This study revealed that the best
quality of dangke from buffalo milk was derived with
the addition of 1% crude papain. The physicochemical
characteristics of our dangke were as follows; 43.94%
curd, 51.14% whey, pH 6.96, and 0.15% lactic acid.
Thus, farmers can benefit from processing buffalo
milk into traditional cheese using locally available
ingredients, such as crude papain.

Several studies have been conducted to inves-
tigate the probiotic activity of lactic acid bacteria
in buffalo milk in West Sumatra province [53] and
North Sumatra [54] using buffalo milk of dairy buf-
falo breeds, as well as the milk of the Tedong Bonga
breed in South Sulawesi [55]. These investigations are
of interest because researchers are trying to determine
the potential of buffalo milk of different breeds in var-
ious provinces.

Susmiati et al. [56] reported that buffalo milk
in West Sumatra was also processed into a probi-
otic beverage using Lactiplantibacillus pentosus
HBUASS53657 and 20% sweet orange juice. Similarly,
farmers on Moa Island in Maluku province processed
milk into a beverage using papaya leaves. At least two

Product name Product type Added ingredient Province References
Dadih Cheese Lactobacillus spp. West Sumatra [48]
Dangke Cheese Crude papain South Sulawesi [49]
Dali ni horbo Cheese Extract papaya leave, pineapple North Sumatra [50]
Palopo Processed buffalo milk Soy milk, extract of wild eggplant West Nusa Tenggara [51]
Keju Moa Cheese Extract papaya leave Maluku [52]
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studies [57, 58] have reported the use of dadih and dali
ni horbo as food additives for children to prevent from
stunting. The result showed a correlation between
body weight and dadih or dali ni horbo consumption
in children. In addition, children with lactose intoler-
ance could consume local buffalo milk. This finding is
of interest because local government can provide food
substitutes for children by utilizing local products.
However, more studies and longer periods of obser-
vation are required to confirm the correlation between
dadih consumption and growth in children.

Development of Genetic Studies in Indonesian
Indigenous Buffalo

Compared to other livestock species, research
interest in buffalo, especially buffalo genetics, is lim-
ited. The potential for developing indigenous buffalo
is not widely recognized or appreciated, leading to a
lack of interest in this animal. Many buffalo studies
have been limited to the characterization of breeders
in a specific location [59, 60] or the performance char-
acterization of a specific buffalo breed [35, 43, 61].

Inrecent years, genetic and molecular research on
Indonesian buffaloes has advanced, offering valuable
insights into their genetic diversity and potential for
selective breeding [62]. Genetic diversity is crucial for
the survival and adaptability of a species [63]. Recent
studies have focused on assessing the genetic diver-
sity of Indonesian buffalo populations to ensure their
conservation and sustainable utilization. Researchers
have utilized molecular markers, such as microsatel-
lites and single-nucleotide polymorphisms, to eval-
uate the genetic diversity within and among buffalo
populations across Indonesia [62, 64].

Genetic diversity analysis based on mitochon-
drial DNA (mtDNA) from Indonesian buffalo pop-
ulations has been studied; The evolution of mtDNA
occurs by the pair substitution of a single base, and the
rate of mtDNA evolution is approximately 10 times
faster than that of nuclear DNA [65, 66]. According
to Sukri et al. [67] and Rusdin et al. [68], sequence
alignment of the cyt » gene in Indonesian buffalo
populations showed that the T—C transition (silent
substitution) was more prevalent than transversions.
The mutation sites reported by Sukri et al. [67] are
shown in Figure-4 [67]. The mtDNA D-loop gene of
Indonesian buffalo was reported in a study by Suhardi
et al. [69]. Alignment of mtDNA D-loop sequences
of Kalang and Kayan buffaloes from Kalimantan with
those of buffaloes from Thailand revealed 24 haplo-
types with several mutations, including transitions
(293), transversions (60), deletions (15), and inser-
tions (20) (Figure-5 [69]). Priyono et al. [70] showed
highly variable sites of COI genes in Anoa, a dwarf
buffalo from Sulawesi (Figure-6 [70]). Phylogenetic
tree analysis, based on COI gene sequences, showed
two types of Anoa in separate clades (Figure-7 [70]).

Neighbor-joining analysis distinguished the
samples into two subclades, but all were present in

one cluster compared with Bison bison [71]. The
phylogenetic tree constructed by Winaya et al. [72]
showed that the most plausible route of buffalo
domestication in Indonesia began in mainland China
and then split into two branches in the Philippines
and Malaysia. The domestic buffalo population in
Indonesia is divided into two major clusters: western
Indonesian B. bubalis (Aceh, Madiun, and Blitar) and
central-eastern Indonesian B. bubalis (Kalimantan,
Sulawesi, and Lombok). Consistently, Rusdin et
al. [68] reported that cluster one contained Aceh,
North Toraja, West Nusa Tenggara, Banten, Kolaka,
and Konawe populations and cluster two contained
Bombana Island, Bombana mainland, Kolaka, and
Konawe populations. Phylogenetic studies based on
mtDNA sequences revealed that the buffalo popula-
tion groupings have a genetic link corresponding to
their biogeographic origin. These studies revealed
significant genetic variation, highlighting the need
appropriate conservation strategies to maintain diver-
sity and prevent the loss of unique genetic resources.

The fundamental problem in genetics is deter-
mining the significance of genetic variants in and their
physiological effects on phenotypic features [73, 74].
Various studies have been conducted to investigate
the relationship between genotypic mutations that
contribute to phenotypic appearance and perfor-
mance (heat stress, reproduction, behavior, coat color,
and production attributes) in buffaloes, especially in
India [75-78]. However, in Indonesia, reports regard-
ing nucleotide variants of economical candidate genes
are lacking.

The growth hormone (GH) gene controls
growth performance in livestock. Sumantri et al. [79]
revealed that the GH/Mspl and GHRH/Haelll loci
were polymorphic, whereas the GH|Alul, GHR|Alul,
and Pit-1|Hinfl loci were monomorphic. In Simeulue
buffalo, only GHRH/Haelll was polymorphic, but
did not significantly influence (P > 0.05) body size
characteristics [80]. Polymorphisms in GH/Mspl and
GHRH/Haelll loci were found in swamp buffaloes in
Kabaena Island, Bombana District [81]. For a differ-
ent gene, no polymorphisms were detected in exon 6
Pit-1|Hinfl in four populations of Indonesian buffa-
loes (Banten, North Sumatra, Central Java, and West
Nusa Tenggara) [82].

For milk production, the amplified fragments
were restricted with EcoRV, which cuts the k-casein
gene in exon 4 at GAT|ATC, revealing one polymor-
phism at base position 23, which occurs with a sub-
stitution of Ile (ATC) of the T genetic variant into Thr
(ACC) of the C genetic variant. In the river buffalo,
the k-casein/EcoRV loci produced three genotypes
(CC, CT, and TT), whereas in the swamp buffalo,
it produced one genotype (CC). This study showed
that k-casein|EcoRV were polymorphic in riverine
buffalo and monomorphic in swamp buffalo [83].
The study of CSN3 gene reported by Margawati
et al. [84] showed that all samples possessed BB
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Figure-4: The variations of nucleotide base of cyt b gene sequences of the Indonesian Bubalus bubalis and the outgroup

(Syncerus caffer) [67].
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(bp)=Base pair, B.b=Bubalus bubalis (GenBank: KX758374.1), .=Identity, -=Deletion, M-NK=male North Kalimantan, F-NK=female North
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Figure-5: The variations of nucleotide base of d-loop gene sequences of the Indonesian Bubalus bubalis [69].

genotypes, which merged the pattern of the digested
fragments with sizes of 255 and 154 bp. This find-
ing suggests that genotyping using HindlIII reveals
monomorphic BB types associated with milk content
of casein.

Regarding  morphological  characteristics,
Indonesian buffaloes possess one of the most unique
physical characteristics, for example, characteris-
tics of the white-spotted buffalo are only found in
the Carabao breed from the Philippines and Fuling

breed from China [85]. The Toraja people of South
Sulawesi, Indonesia, place a high cultural value on
this breed, which they call Tedong Bonga. Toraja
people use Tedong Bonga for customary ceremonies,
such as funerals, and as a sign of prosperity and social
rank, in contrast to other buffaloes employed to plow
paddy fields or produce meat and milk. Therefore,
Tedong Bonga is quite valuable economically [86].
Yusnizar et al. [87] identified two independent loss-
of-function mutations that cause white-spotted coat
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Figure-6: The variations of nucleotide base of COI gene sequences of the Anoa, a dwarf buffalo of Indonesia [70].
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Figure-7: Reconstruction of the Anoa phylogenetic tree [70].

color in swamp buffaloes: a premature stop codon
(c.328C>T, p.Arg110*) and a donor splice-site muta-
tion (c.840 + 2T > A, p.Glu281 Leu282Ins8). The
nonsense mutation leads to a premature stop codon in
exon 3, and likely removes the mRNA through non-
sense-mediated decay pathway, whereas the donor
splice-site mutation leads to aberrant splicing of exon
8, which encodes part of a highly conserved region
of MITF.

Opportunities for Genetic Improvement

Almost all buffaloes in Indonesia are used for
producing meat and <1% for producing milk (this is a
cross between local buffalo and Murrah and Nilli Ravi
buffalo). In Indonesia, buffalo farming is predom-
inantly based on smallholder farms and plays a key
role in supporting the livelihoods of millions in rural
areas. In general, buffaloes are raised in a traditional
system. The buffaloes grazed range land during the
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day, without rotation and adjustment of land holding

capacity, and kept in the barn during the night, without

additional feed.

The lack of available male buffaloes and
undirected mating management may have led to
inbreeding. Buffalo mating occurs randomly over
several generations, increasing the inbreeding rate
by 10%-30% in each generation. Albinoid color, few
or many white stripes, horns (one or both) pointing
downward, stubby tail, and blue eyes are indicators of
inbreeding [19].

Farmers select buffaloes to keep based on their
outward appearance. However, some farmers keep
buffaloes with high selling price for traditional events,
such as in Tana Toraya, South Sulawesi, where farm-
ers select specific colors and patterns. Here, buffalo
selection is unrelated to production criteria (body
weight or daily gain). In general, farmers do not
conduct targeted selection and mating programs for
buffalo-rearing; therefore, buffalo productivity in the
field is highly varied. These conditions can increase
productivity by improving genetic quality through
selection and improvement of the mating system.

Genetic quality can be improved through
reduced inbreeding, by providing superior bulls at the
location and rotating bulls between groups of female
buffaloes. For outbreeding programs, the genetic dis-
tance between buffalo populations within a province
can be estimated by analyzing morphology and DNA
markers [68, 71, 88-90]. If applied consistently, this
approach can gradually reduce the inbreeding level in
Indonesia’s buffalo population. Superior male buffa-
loes whose semen is produced at the National Artificial
Insemination Center are distributed in various regions
in Indonesia. In addition, inbreeding reduction and
genetic improvement can be performed using Al
The government has implemented a national program
called “SIKOMANDAN?” to increase the productiv-
ity of cattle and buffaloes. Selected buffalo breeds in
Indonesia are produced by the Center for Superior
Livestock Breeding and Forage Animal Feed (BPTU-
HPT) Siborongborong, which is one of the Technical
Implementation Units in Indonesia involved in the
production, development, and distribution of buffalo
superior breeding stocks. This UPT can be a supplier
of excellent buffalo breeding stock to improve the
quality of buffalo available to farmers. The genetic
quality of buffaloes must be improved with the sup-
port of all relevant stakeholders, including research
institutions, local governments, and universities.

The genetic quality of buffaloes in Indonesia can
be improved with the following objectives:

1. Improved milk production: Milk production is an
important source of income for smallholder farm-
ers in Indonesia. Genetic selection can be used to
identify buffaloes with higher milk yields and bet-
ter milk quality.

2. Increasing reproduction efficiency: Improving
reproductive efficiency is crucial for the

sustainable development of the buffalo industry in
Indonesia. Genetic selection can be used to iden-
tify buffaloes with desirable reproductive traits,
such as early sexual maturity and higher concep-
tion rates, reducing calving intervals, and increas-
ing productivity.

3. Improving meat quality: Meat from buffalo is highly
valued in Indonesia. Genetic selection can help
identify animals with desirable meat quality traits,
such as marbling, tenderness, and flavor, improving
the value and marketability of buffalo meat [91, 92].

Data management systems and software applica-
tions can support the genetic improvement of buffaloes
at BPTU-HPT. These systems allow data collection,
storage, and analysis on animal performance, pedi-
gree, and genetic markers. Such systems can provide
valuable insights into the genetic potential of buffa-
loes and help make informed decisions about breeding
and selection. Genomic selection can be used for the
genetic improvement of buffaloes. Genomic selection
is a modern breeding technique that involves using
DNA markers to predict the genetic potential of an ani-
mal for specific traits. Genomic selection technology
has been extensively used to obtain cattle with superior
economic traits; however, this technology has not been
widely used for buffalo. In buffaloes, genomic selection
can be used to identify animals with desirable traits,
such as superior milk yield and disease resistance.

Conclusion

There is an immediate need to map actual field
conditions regarding buffalo distribution in Indonesia
and provide clarity regarding breeds. To implement
targeted breeding programs, it is essential to lay the
groundwork for understanding the distribution of spe-
cific traits and the genetic makeup of distinct buffalo
breeds. Indonesian indigenous buffalo breeds have
traditionally been classified based on morphologi-
cal distinctions. However, geographical variances
are insufficient to identify closely related breeds.
Therefore, precise identification and evaluation of
distinctions among breeds using genetics and genom-
ics is essential to improve buffalo breeding and con-
servation. Indonesia must create long-term planning
measures and designate organizations to ensure that
resources in various agroecological zones are har-
nessed responsibly to increase buffalo productivity.
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