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ABSTRACT

Buffalo and cow, both are vital to global agricultural landscapes; possess distinct
traits that shape their roles in farming. Despite belonging to the Bovidae family,
buffaloes excel in resilience and adaptability to harsh environments, while
cows thrive in temperate climates. Their evolutionary history reveals separate
domestication events, with buffaloes originating later, around 3,000-7,000 years
ago. Their chromosome numbers and breeding patterns reflect their genetic
differences. Anatomically, buffaloes exhibit unique digestive, reproductive, and
thermoregulatory adaptations, influencing productivity. Buffalo milk, richer in
fat and solids, surpasses cow milk in nutritional value, driving its prominence
in global dairy markets. FAO data indicates a notable surge in buffalo milk
production, outpacing that of cows global. This perspective review discusses
the diverse benefits of buffalo and highlights the importance of distinguishing
between buffaloes and cows in order to comprehend their crucial contributions to
agricultural livelihoods and global culinary traditions.

Introduction

differences is their adaptability to various environments.
Buffaloes, renowned for their resilience and ability to

The buffalo and the cow are two iconic creatures that
stand out in the rich tapestry of agricultural settings.
Both buffaloes and cows, esteemed for their valuable
contributions to farming communities globally, contain
distinct characteristics and attributes that determine
their responsibilities in agriculture. Since they are both
members of the Bovidae family and provide milk, meat,
and draught, buffaloes and cows may initially seem to be
comparable. However, a closer examination reveals distinct
characteristics that set them apart. One of the most notable
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thrive in challenging conditions, are often found in regions
with hot climates and limited resources. Their sturdy build
and efficient feed conversion make them well-suited for
marginal landowners where other livestock may struggle to
survive. In contrast, cows are more commonly associated
with temperate climates and lush pastures, although they
too can adapt to a range of environments with proper
management. The production of milk is another key
distinction. While both buffaloes and cows produce milk
rich in nutrients, there are differences in composition
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and volume (Siddiky andFaruque, 2018; Hegde, 2019).
Many culinary traditions favour buffalo milk for its rich
flavour and creamy texture, praising its higher fat content
and solids. Cows, on the other hand, typically produce
larger quantities of milk but with lower nutritional values,
making them the primary source of dairy products in many
parts of the world. In brief, buffaloes and cows are both
indispensable assets to farming communities worldwide,
each offering unique benefits and opportunities (Bertoni
et al., 2020). Whether it’s the resilience of the buffalo in
challenging environments or the productivity of the cow
in dairy production, these animals continue to shape the
agricultural landscape and nourish communities around
the globe. This review aims to explore the comparative
advantages of buffalo over cows, particularly focusing
on their genetics, anatomy, phenotype, production, and
nutritional aspects.

Origin and ancestral history

The Bovidae family, the largest within the Artiodactyla
order, encompasses a diverse range of species. Within
the Bovidae family, the subfamily Bovinae, also known as
bovines, comprises nine genera: Bos (cattle), Poephagus
(yak), Bison (bison), Syncerus (African buffalo),
Boselaphus (nilgai), Pseudoryx (saola), Tetracerus (four-
horned antelope), Tragelaphus (kudu and relatives), and
Bubalus (domestic buffalo). Bubalus, a genus within the
Bovidae family was distributed widely across Europe and
Asia during the Pleistocene era. Humans have subjected
both water buffalo and cattle to significant artificial
selection for similar traits since their domestication,
despite their divergence over 5.8 million years ago
(Mintoo et al., 2019). The two distinct subspecies of
water buffalo, the river (Bubalisbubalis) and the swamp
(Bubaliskerebau), originated around 900,000 years ago
from separate populations of the most likely ancestor,
the wild Asian water buffalo. These subspecies evolved in
different geographical regions. Current findings suggest
that domestication began with a wild Swamp-like ancestor,
which was widespread across mainland of Asia and later
diverged into the present B. arnee population (Lei et al.,
2007; Colli et al., 2018). Two independent domestication
events occurred for river and swamp buffaloes. Water
buffalo domestication occurred relatively recently, around
3,000-7,000 years ago, which is much later compared
to that of cattle, Bostaurus (10,000 years ago). The
domestication of the river buffalo likely started around
6,300 years ago in north-western India (Minervino et al.,
2020). Domesticated river buffalo spread westward across
Anatolia, Egypt, and south-western Asia, eventually
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reaching the Balkans and the Italian peninsula (Kumar et
al., 2007). The process of river buffalo domestication was
complex, involving multiple maternal lineages and the
successive introgression of wild animals into domestic
stocks (Nagarajan et al., 2015). The Arab invasion in
the eighth century brought water buffalo to Egypt and
Italy, and during the Ottoman Empire’s expansion in the
tifteenth century, crusaders also introduced them to the
Balkans and Turkey. On the other hand, the domestication
of swamp buffaloes likely occurred near the China-
Indochina border around 3,000-7,000 years ago, leading
to their spread across Southeast Asia. While swamp buffalo
display strong phenotypic uniformity, molecular studies
have revealed higher diversity in maternal and paternal
lineages, significant genetic differentiation influenced
by geography, and limited gene flow (Sun et al., 2020;
Zhang et al., 2020). However, there is an exception, with
a swamp buffalo lineage from China showing a complex
diversity pattern, suggesting long-term gene flow likely
due to extensive migrations alongside human movements
(Yue et al., 2013).

Cattle are descendants of the aurochs, a wild species
that once roamed the forests of Europe and Asia. But
new genomic studies have found that the genetic patterns
of cattle and buffalo breeds are similar. This suggests
that both species were domesticated separately but
developed similar mutations (Dutta et al., 2020). Genetic
research suggests that approximately 10,500 years ago,
approximately 80 female aurochs domesticated in what is
now southeastern Turkey, giving rise to the global cattle
population. Since then, the global bovine population has
surpassed 1.4 billion, comprising two primary subspecies:
Bostaurus (taurus cattle) and Bosindicus (zebu cattle). The
processes of cattle domestication and selective breeding
have resulted in the emergence of over 1000 distinct
breeds (Felius et al., 2015). Archaeological findings from
the Middle East suggest that the domestication process of
Bostaurus followed a particular pathway. Initially, there
was a transition from generalized to specialized hunting,
leading to the management of herds in the natural habitats
of their wild ancestors (Zeder, 2009; Zeder, 2011). The
domesticated aurochs eventually evolved into humpless
domestic cattle, known as Bostaurus. From the Fertile
Crescent, a crescent-shaped region in Western Asia,they
spread to Eurasia and Africa. Aurochs domestication was
also significant on the Indian subcontinent, including
modern-day India and Pakistan, was another significant
site of Aurochs domestication. Approximately 2,000 years
after the initial domestication, a secondary domestication
event occurred in the Indus Valley, resulting in the
development of the Aurochs subspecies that later evolved
into Bosindicus (Patel, 2009).



Priya et al.

Genetic differences

The most common cattle across several continents
are taurine and indicine, followed by river and swamp
buffalo. Domestic forms of the yak, banteng, and gaur are
mostly found near the areas where their wild ancestors
lived. Cattle have 60 chromosomes, while river and
swamp buffalo have 50 and 48, respectively. In cattle,
there are 58 acrocentric autosomes and two bi-armed sex
chromosomes, whereas in buffalo, there are 38 acrocentric
autosomes, five pairs of bi-armed autosomes, and two
bi-armed sex chromosomes. The buffalo’s chromosomes
consist of five pairs of bi-armed chromosomes, which
correspond to ten one-armed pairs in cattle. These five
pairs of buffalo chromosomes (1-5) came from centric
fusiontranslocations between certain cattlechromosomes:
1-25, 2-23, 8-19, 5-28, and 16-29 (Di Berardino et al.,
1981; Di Berardino and Iannuzzi, 1984; Iannuzzi et al.,
1987; 1990). Comparative cytogenetics and gene mapping
demonstrate genetic homology via chromosome band
homology and conservation (Lalley et al., 1978; O’Brien
and Nash, 1982). Despite different chromosome numbers,
there’s significant chromosome homology between them,
as evidenced by similar banding patterns. Molecular
phylogenies indicate that taurine and zebu cattle can
cross with other bovines, with the exception of buffaloes
(Lenstraand Bradley, 1999; Buntjer et al., 2002; Verkaar
et al., 2004; Nijman et al., 2008; MacEachern et al., 2009;
Decker et al., 2009). Interspecific breeding occurs either
spontaneously or for specific purposes, such as terminal
crossing or breed improvement. Offspring from taurine-
zebu hybrids are fertile, but crossing zebu or taurine
cattle with other species results in fertile cows and sterile
bulls. The same fertility pattern applies to swamp and
river buffalo (Yindee et al., 2010; Groeneveld et al., 2010).
The two subspecies interbreed, resulting in offspring
with 49 chromosomes. Male hybrids may encounter
fertility issues, while female hybrids tend to have longer
intervals between calving. However, further backcrossing
primarily observes these challenges in subsequent
generations.

Phenotypic and anatomical differences

Both cattle and buffalo are members of the Bovidae family;
however, their distinct karyotypes reflect differences in
theiranatomical, behavioral, physiological, phenotypic,and
morphometric traits. Variations in digestive, reproductive,
and thermoregulatory systems also contribute to their
divergent production traits (Bertoni et al., 2020). Buffalo
often exhibit superior body measurements compared to
cattle.Skin thickness also shows a significant difference
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between the two species (Bertoni et al., 2020). The
morphology of the two buffalo subspecies also differs
significantly. River buffaloes tend to be larger, weighing
between 450 and 1,000 kg, with curled horns. In contrast,
swamp buffaloes are smaller and lighter, typically weighing
between 325 and 450 kg (Cockrill, 1974; Borghese, 2005).

The main anatomical and physiological distinctions
between buffalo and cow are evident in the digestive tract,
reproductive system, thermoregulation, mammary gland,
and hooves, contributing to variations in productivity
and reproductive capabilities. River buffaloes, though
considered large ruminants like dairy cows, exhibit
differences in their digestive systems. Compared to
domestic cattle, they have longer and more capacious
gastrointestinal tracts, faster tract passage, improved
digestion, ruminal contractions, and a distinct microbiota.
These differences enable river buffaloes to efficiently use
nutrients, particularly in systems dominated by low-to-
medium-quality forages. Comparative studies have shown
that the rumen-reticulum complex in buffaloes can store
more food than that of cattle, and that buffaloes also
retain more food (Angulo et al., 2005; USDA, 2018). Also,
compared to cattle, dairy buffaloes have a wider range
of microorganisms living in their rumen. These include
cellulolytic, proteolytic, amylolytic, and lipolytic bacteria
and fungi, which break down forage cell walls and proteins
more efficiently (Singh et al., 1992). This leads to a higher
conversion rate of low-quality forage into volatile fatty
acids (VFA) and ammonia (Chanthakhoun et al., 2012).
Notably, river buffaloes produce less methane, contributing
to reduce greenhouse gas emissions compared to dairy
cows or beef cattle (Pant and Roy, 1970; Ranjhan, 1992;
Franzolin and Dehority, 1999; Malik et al., 2021).

Buffalo and dairy cows share similar reproductive
organs; however, dairy cows are slightly larger and weigh
less than buffalo cows and are less stiff and muscular.
This could help to explain why uterine prolapses are
more common in dairy buffaloes (De Rosa et al., 2015).
Biometric analyses have demonstrated that bovines and
Murrah buffaloes exhibit distinct reproductive parameters,
underscoring the evident disparities in their anatomical
characteristics (Sane et al., 1965; Carvalho et al., 2010; De
Rosa et al., 2015). In addition, river buffaloes have specific
benefits in regulating their body temperature in extremely
hot situations, which sets them apart from dairy and
feedlot cattle. They possess less abundant hair and a denser
outer layer of skin with a significant amount of melanin,
which absorbs heat and offers defence against UV rays.
Buffaloes have a lesser number of sweat glands, but their
greater size helps them regulate their body temperature.
To cope with extreme temperatures, they rely on extra
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processes such as seeking shade, water sources, and mud to
maintain a normal body temperature and stay comfortable.
In general, the morpho-physiological disparities between
river buffaloes and dairy cattle highlight their unique
adjustments to different environmental conditions and
production systems.

Milk productivity difference

Milk production in buffaloes follows a distinct lactation
curve, characterized by arapidincrease, peak, plateau phase,
and gradual decline until the end of lactation. The ability
to maintain high milk production levels after the peak,
known as lactation persistence, is economically significant
(Togashi and Lin, 2004; Boselli et al., 2020). Water buftalo,
among the most productive domestic animals, boasts a
longer productive lifespan compared to cattle, making it
economically vital, particularly for small-scale producers
in developing nations (Minervino et al., 2020). Buffaloes
possess a superior ability to convert low-nutrient feed
into milk, making them valuable in the agricultural
sector. Global farmers cultivate this docile, intelligent, and
curious animal, primarily prized for its high-quality meat
and rich milk. Buffalo milk is gaining recognition for its
intrinsic value as a dairy product, consumed directly in
many Asian countries and transformed into high-demand
dairy products elsewhere (Younas et al., 2013; Borghese
and Moioli, 2016). According to FAO data, buffalo milk
production accounted for approximately 15.14% of global
fresh milk production in 2018, with Asia leading the way
(accounting for 35.30% of the total milk production),
where buffaloes are major milk producers in countries like
India, Pakistan, Egypt, and Nepal. Moreover, Egypt and
Nepal have a higher population of dairy buffaloes than
cows. The top ten buffalo milk producers, including India
at the top, followed by Pakistan, China, Egypt, Nepal, Italy,
Myanmar, Iran, Colombia, and Brazil, contribute to 97.59%
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of global production (FAO, 2019). The reported values
only represent estimates of the actual production potential
of the species due to the lack of production data from over
50 out of the 77 countries that raise buffaloes. Out of the
208 million buffaloes globally, countries lacking buffalo
milk production data raise approximately 7.48 million of
these animals. Italy, the fifth-largest global milk producer
(97% of buffalo milk production in Europe), stands out
as the only country with an official system that provides
real-time information on milk production and the entire
buffalo supply chain since 2014 (Vecchio et al., 2017).

Based on FAO data, global buffalo milk production
surged by 32.57% between 2011-2018, rising from 96
to 127 million tons. In contrast, cattle milk production
experienced a more modest growth of 10.67%, increasing
from 617 to 683 million tons during the same period. As per
the expert analysis, cow’s milk production reached 757.5
million tons in 2022, marking a 0.7% increase compared to
the previous year. Buffalo milk, on the other hand, exhibited
notable growth dynamics, with production totaling 142.5
million tons, reflecting a 3.3% increase from 2021. Buffalo
milk production has seen a significant increase, outpacing
that of cattle milk, with factors such as breed, production
purpose, breeding type, feeding techniques, and genetic
selection influencing manufacturing (Pasha and Hayat,
2012; Ahmad et al, 2017). Compared to cow’s milk,
buffalo milk contains roughly double the fat content and
approximately 30% more total solids, making it nutritionally
richer and more energy-dense (Costa et al., 2020). Table 1
presents a comparison of the compositions of buffalo and
cow milk. Buffalo milk plays a crucial role in the cheese
industry, particularly in the production of mozzarella
cheese. The designation “Mozzarella di BufalaCampana
PDO” guarantees the cheese’s exclusive production from
buffalo milk in specific regions of Italy, underscoring the
significance of buffalo milk in the global dairy landscape
(Borghese and Moioli, 2016; Cesarani, 2021).

Table 1: Milk compositions of buffalo and cow (Salman et al., 2014; Hegde, 2019; Kausar et al., 2023)

S.No. Components Buffalo milk Cow milk
1. Fat (%) 5.25 4.04

2. Protein (%) 4.13 3.80

3. Carbohydrate (gm) 5.00 4.40

4. Calcium (mg/100g) 195.00 120.00
5. Phosphorus (mg/100 g) 268 213

6. Magnesium(mg/100 g) 30.0 23.0

7. Potassium (mg/100 mg) 107.0 185.0

8. Sodium (mg/100 g) 65 73

9. Cholesterol (mg/100g) 8.00 14.00
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10. Lactose (%) 4.82 4.28

11. Water (g/100g) 81.10 87.80
12. Total solids (%) 15.03 12.84
13. Saturated Fatty Acids (g/100g) 4.20 2.40

14. MuFAs: Monounsaturated Fatty Acids (g/100g) 1.70 1.10

15. PuFAs: Polyunsaturated Fatty Acids (g/100g) 0.20 0.10

16. Ash (%) 0.82 0.72

17. Calorific values (Kcal/100g) 83.11 66.77
18. Energy (KJ/100g milk) 463.00 275.00
19. Somatic cell count (per mL) 135916.78 161608.70
20. Electrical conductivity (mS/cm) 4.55 5.70

21. pH 6.56 6.61

22. N-acetyl-B-D-glucosaminidase (NAGase) activity (units/ml) 46.93 46.43
23. Mineral (gm) 6.50 4.10

Physical characters

24. Viscosity (cP) 2.04 1.86
25. Fat globule size (um) 5.01 3.85

26. Phosphatase activity (units/100) 28.00 82.00
27. Fluorescence under UV light Greenish Yellow Pale Bluish

Conclusion The ancestral histories and genetic differences

Both buffalo and cow belong to the Bovidae family and
serve as sources of milk, meat, and draught; however, their
distinct traits and qualities shape their roles in agriculture.
Buffaloes, renowned for their resilience and ability to
thrive in challenging conditions, excel in hot climates
and marginal lands where other livestock may struggle.
With their sturdy build and efficient feed conversion,
buffaloes prove invaluable assets for small-scale producers
in developing nations. They exhibit superior digestive
efficiency, enabling them to convert low-nutrient feed
into high-quality milk, making them economically vital in
regions like Asia and Egypt. Notably, buffalo milk, prized
for its rich flavour and creamy texture, plays a critical
role in various culinary traditions and dairy products
worldwide, particularly in the production of mozzarella
cheese. In contrast, cows are more commonly associated
with temperate climates and lush pastures, yet they too
display adaptability to a range of environments with proper
management. Cows typically produce larger quantities of
milk, but with lower fat content and solids compared to
buffalo milk. Despite this, they remain the primary source
of dairy products in many parts of the world, contributing
significantly to global milk production.
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between buffaloes and cows further highlight their distinct
evolutionary paths and breeding characteristics. While
both species underwent domestication by humans, they
diverged over millions of years, resulting in differences
in chromosome numbers and genetic homology.
These genetic variances contribute to phenotypic and
anatomical distinctions, impacting traits such as size,
skin thickness, and reproductive capabilities. Moreover,
buffalo and cow physiologies also exhibit adaptations
to varying environmental conditions, particularly in
thermoregulation and digestive efficiency. Buffaloes, with
their thicker skin and lower density of sweat glands, excel
in heat tolerance, while their efficient digestive systems
enable them to utilize low-quality forages effectively. These
adaptations underscore their suitability for challenging
climates and extensive grazing systems.

In conclusion, buffalo represent a valuable asset in
livestock production, often outperforming cows in terms of
economic returns, ecological sustainability, and nutritional
value. Their resilience, productivity, and versatility make
them a compelling choice for farmers seeking to maximize
profitability while minimizing environmental impact.
Therefore, we can rightfully consider buffalo as the “black
gold” of livestock farming.
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