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Abstract. This paper explored the nutritional composition, functional features, cultural and economic
value of camel, yak, buffalo, and cow milk. Studies on non-bovine milk sources by comparative
analysis that are high in therapeutic bioactive molecules increasingly reveal their distinctive profiles.
Camel milk has immune-boosting and anti-inflammatory qualities owing to its elevated levels of
lactoferrin, lysozyme, and immunoglobulins. Yak milk provides cardiovascular and anti-inflammatory
benefits thanks to its high conjugated linoleic acid (CLA) and omega-3 fatty oil content Buffalo milk,
high in whey proteins, calcium, magnesium, and phosphorus, promotes muscle development and
bone health. Their adaptability in dairy processing and the practices around their production offer
more hope for creativity in the global dairy industry.
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1. Introduction

Milk is an essential component of human diet since it provides important macronutrients and
micronains!*! Though cattle milk dominates global dairy production, other sources such camel, yak,
and buffalo milk are progressively being acknowledged for their unique nutritional, functional, and
cultural benefits. Most of these non-milks are produced in areas with extreme climatic conditions or
regions with traditional animal husbandry. Every type shows different profiles shaped by evolutionary
adaptation to local environments, which results in variations in fat content, protein structure, and
bioactive compound makeup 2. This publication investigates the nutritional and functional qualities
of four different types of milk as well as their cultural and financial value.

1.1. Diversity of Nutritional and Bioactive Availability

Milk's nutritional makeup depends on the species, habitat, and dietary patterns of the animals.
Camel milk is usually produced in dry areas, with low fat and lactose content, high vitamin C content,
and insulin-like protein . In Central Asia and the Middle East, it is often employed for therapeutic
purposes. Originally from high-altitude areas such as the Tibetan Plateau, yak milk is rich in
conjugated linoleic acid (CLA), immunoglobulins, and other bioactive that assist groups manage
chilly surroundings El. Prevalent in South Asia and Southern Europe, buffalo milk exceeds cow's
milk in total solids, casein, and calcium, so making it useful in energy-dense diets (.. By contrast,
bovine milk provides a balanced profile that strengthens its function as a worldwide mainstay, though
often lower in bioactive B,

1.2. Geographical Distribution and Cultural Heritage

Each type of milk is deeply intertwined with the environmental conditions and cultural traditions
of its production region. Camel milk, for instance, is central to the cultures of Kazakhs and Bedouins,
supporting desert pastoralists in harsh arid environments ©l. Yak milk, processed into butter tea,
cheese, and other high-energy foods, serves as a dietary staple for Tibetan and Mongolian
communities ['l. Buffalo milk is essential in Indian, Pakistani, and Italian cuisines, forming the basis
for products like mozzarella and paneer €. Although standardized bovine milk dominates
international trade, it lacks the same level of cultural embedding as these regionally significant milks.
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1.3. Research Objectives

Alternative dairy products are becoming more and more popular; there aren't any thorough
comparative investigations. This paper seeks to:

(1) Examine the bioactive components and macro- and micronutrient content of milk from camels,
yaks, buffalo, and cattle.

(2) Look at the geographic and socioeconomic background of their use and manufacture.

(3) Investigate their possible uses in sustainable dairy industries and functional foods.

2. Milk

2.1. Camel milk

Originally drunk in dry lands including North Africa, the Middle East, and Central Asia, camel
milk is now being prized for its nutritional value and medicinal properties. Since it contains less
lactose and higher amounts of bioactive molecules than cow milk, camel milk is especially good for
lactose intolerant people and others searching for functional dairy substitutes [,

2.1.1 Composition

The higher content of a-lactalbumin and B-lactoglobulin further supports the claim that the camel
meal enhances the level of bioactive proteins. This, in turn, improves the solubility and bioavailability
of all amino acid components [l

2.1.2 Processing Adaptability

Especially, the content of k-casein in camel milk is low, and the traditional cheese-making methods
cannot effectively retain k-casein in camel milk 1. This means that the special components of camel
milk impose certain restrictions on the normal processing of dairy products. However, creative
processing methods based on enzymes have proved to overcome some obstacles M. In addition,
technological advancements in membrane filtration and high-pressure processing can enhance the
versatility of camel milk, making it suitable for the production of a wide range of products, including
infant formula, probiotic yogurt, and milk powder 1. By 2022, the economic value generated by
camel milk worldwide will exceed 10 billion US dollars. The rapid development of the camel milk

industry is due to consumers' pursuit of sustainable and hypoallergenic alternatives to dairy products
[12]

2.1.3 Active Ingredients

Camel milk is replete with bioactive compounds supporting its previously established dietary and
medicinal value. Among the most prevalent are immunoglobulins, lactoferrin, lysozyme, and
peptidoglycan recognition proteins (PGRPs), all of which contribute importantly to immunity by
inhibiting pathogens (antimicrobial and antiviral activities) **1. As contrasted from cow’s milk, camel
milk harbors a much higher concentration of lactoferrin, the compound associated with all the above-
mentioned properties: anti-tumor, anti-oxidative, and anti-inflammatory. In addition, it serves as a
good hypoallergenic alternative for kids and adults—who suffer from cow’s milk allergies since it
does not have the B-lactoglobulin that causes allergies. A significant number of insulin-like proteins
also indicates a similar property: the potential to regulate blood sugar levels, prompting the
investigation for it as an additional nutritional solution for people suffering from type 1 and type 2
diabetes. Camel milk also offers valuable nutrients such as high levels of fatty acids like omega-3 and
omega-6 that aid the body's antioxidant mechanisms, supporting healthy skin and offering various
vitamins such as C and E. Not only because it is rich in bioactive components, but it also should be
considered as a source of common nutrition—think of it as a functional food. Users experience some
pretty remarkable advantages when it comes to health and nutrition.
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2.1.4 Products

From refreshing fermented shubat, a somewhat bubbly, sour drink that originates from Central
Asia, for simplified milk powder, probiotic yogurts, baby formulas, and hypoallergenic dairy
alternatives, some of these products being on the market are more diverse and popular than ever
before. Their market value surpassed USD 10 billion in 2022, showing that more and more people
are interested in these products 2. Particularly among health-conscious customers searching for
natural cures and alternatives to cattle milk, who are aware of the health advantages connected with
camel milk, this expansion is driven by that knowledge . Moreover, improvements in processing
techniques have enhanced product stability and worldwide distribution, therefore allowing camel
milk to enter European, North American, and Southeast Asian foreign markets [*51. Camel milk is set
for ongoing development in both mainstream dairy markets and small wellness industries given rising
consumer interest in natural, organic, and functional foods, especially those with immune-boosting
and anti-inflammatory qualities [1°],

2.2. Yak Milk

Under the harsh Tibetan Plateau and Central Asia hum aspect far from sea level, Yak milk is a
usual manner to eating. Yak milk protein, fat, and bioactive content surpasses Cow milk’s content,
which strengthens the growing side of Yak milk toward novel functional food 7).

2.2.1 Composition

The various bioactive substances present in yak milk have been proven to be nutritional
components, including vitamins, minerals, fats and proteins 71, Yak milk has more overall protein
and fat as well as beneficial omega-3 fatty oils that Cow milk lacks. Particularly because of its great
calcium, iron, and potassium level as well as vitamins A, B, and E, the milk has been demonstrated
to be beneficial for the immune system, general well-being, and bone condition 281,

2.2.2 Processing Adaptability

Yak milk has more fat than cow milk, therefore it has a wonderful feature of its thickness. That's
why it is ideal to create dairy products mainly from butter, cheese, and yogurt. For the process,
however, it could be a matter of high fat concentrations since the milk will be more prone to separate
its fat during the fermentation phase. Thus, even consistency might need using some implications
with suitable approaches. Less "normal” composition of milk might require using inappropriate
bacterial strains for fermentation and other operations just different from those used in conventional
cow milk goods 19,

2.2.3 Active Ingredients

Yak milk, a nutrient-rich beverage with a unique composition, boasts a plethora of active
ingredients that contribute to its health benefits. It contains high-quality proteins, including casein
and whey proteins, which provide essential amino acids crucial for muscle repair and growth, making
it an excellent choice for athletes and those seeking to maintain a balanced diet 2%, Additionally, yak
milk is rich in calcium, phosphorus, and vitamin D, all of which work synergistically to support bone
health, enhancing bone density and reducing the risk of osteoporosis. Its natural fats, predominantly
medium-chain fatty acids, are easily digestible and can boost metabolism 181, Furthermore, yak milk
contains bioactive compounds such as immunoglobulins, lactoferrin, and lysozyme, which possess
immune-boosting, antibacterial, and anti-inflammatory properties, helping to fortify the body's
defenses and combat various infections. These active ingredients collectively make yak milk not only
a delicious drink but also a valuable addition to a health-conscious lifestyle 21,

2.2.4 Products

Yak milk is employed in making many dairy products because of its high-nutritional content €1,
Yak cheese is a unique type of cheese that is very popular in regions such as Xinjiang, Tibet and
Mongolia 221, In butter tea, yak butter is an indispensable component and holds both cultural and
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dietary significance in Tibetan life [2%1. Yaks are meat animals, so they are utilized in foods like baking
and cooking. Yak milk is usually dried and transformed into yak milk powder, which is exported and
used as a dietary supplement or functional foodstuff ingredient due to its long shelf life and dense
nutritional value 2%,

2.3. Buffalo Milk

Buffalo milk is often the go-to choose for certain dairy products because of its naturally higher fat
and protein content 24, This makes it especially suitable for producing rich, creamy items like
mozzarella cheese, butter, and traditional desserts. Compared to cow's milk, buffalo milk tends to be
more nutritionally dense, offering more calories, calcium, and essential nutrients per serving. For
many people, especially in regions like South Asia and parts of the Mediterranean, it's not just a
dietary preference, it’s a part of cultural tradition and everyday life, valued for its thickness, taste,
and the satisfying richness it brings to food !,

2.3.1 Composition

It is a source of essential fatty acids, both saturated and unsaturated 2. Also noteworthy, buffalo
milk is rich in vitamins A, B, and E [?81. With its mode of operation, buffalo milk offers significant
nutritional advantages because of its creamy texture and high protein and fat content ©l. It plays a
crucial role in diets where additional calorie consumption is necessary, particularly in some regions.

2.3.2 Processing Adaptability

Because of its thick texture and higher fat content, buffalo milk has a wonderful composition which
allows it to be processed with ease into items such as dairy products like cheese and butter.
Additionally, because it is creamier, some processing modifications might require dilution or heat
treatments before conversion into other products such as yogurt or powdered milk 27, Its high protein
and fat content alternatively provides good vantage points for producing new specialty cheeses, such
as mozzarella and ricotta, enjoying considerable popularity due to excellent taste and texture (281,

2.3.3 Active Ingredients

Buffalo milk contains several potential biologically active constituents in its favor. Thus, it can be
considered a nutritionally valuable commodity . Immunoglobulin and lactoferrin respectively
enhance immunity and anti-infection ability. Immunoglobulins directly target pathogens, while
lactoferrin has antibacterial properties 2. Furthermore, unsaturated fats, which are key to heart health,
also play a role in brain development % The next addition to supporting claims that buffalo milk
may be [d?emed a functional food are said to be antihypertensive, antioxidant, and antimicrobial
activity B4,

2.3.4 Products

Buffalo milk is employed in the manufacture of many diverse kinds of dairy products, some of
which are popular for their complex taste and texture. Other typical items: Buffalo mozzarella, a
classic Italian cheese first highly appreciated in Mediterranean cooking, is renowned for is soft and
stretchy nature. Because buffalo milk has a higher fat content, buffalo milk butter is a basic in many
parts of the world for cooking and baking. Apart from mozzarella, buffalo milk is used to create many
kinds of cheeses—ricotta, paneer, burfi—that have a creamy texture and strong flavor.

Buffalo yogurt is thicker, more luxurious and creamier than cow yogurt; it is employed in several
different types of culinary preparations. Buffalo milk is turned into powdered milk which has a longer
shelf life and is regularly found in infant formulas and other dairy products. Buffalo Ice Cream:
Buffalo milk, high in fat, makes especially rich and indulgent ice cream sometimes spiced with local
or traditional ingredients 271,
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2.4. Bovine Milk

Bovine milk, long cherished for its remarkable versatility in the dairy industry, continues to hold
its place as the most widely consumed and commercially produced type of milk across the globe.
Whether it's used to make cheese, yogurt, butter, or simply enjoyed as a beverage, its rich nutritional
profile—packed with essential proteins, calcium, and vitamins—makes it a staple in countless
households. Despite the growing popularity of plant-based alternatives, many people still rely on
cow’s milk as a wholesome and familiar source of nourishment, deeply woven into culinary traditions
and daily diets worldwide 21,

2.4.1 Composition

Proteins, fats, vitamins, and minerals are all present in bovine milk. While it remains a significant
source of energy, it generally contains between 3-4% fat, lower than milk from other animals such as
buffalo or yak. It is nearly composed of casein, an amino acid that is needed for growth and muscle
development; it is also rich in digestible whey proteins. Casien makes up much of bovine milk. Apart
from this protein, it is an excellent calcium source—crucial for bone health—as well as other minerals
including potassium, magnesium, and phosphorus. Vitamin supplies and A, B12, D, and riboflavin
ensure general health, energy metabolism, and immune function. Its low-fat level means it can make
an adaptable ingredient for several dairy products 21,

2.4.2 Processing Adaptability

Bovine milk is very flexible when it comes to manufacture with dairy products. It is the most
abundant milk globally. Many dairy products can be made from bovine milk with its relatively
unchanging composition. They include milk butter, cheese, and yoghurt. Bovine milk is particularly
noted for its ability to undergo homogenization, a method that preserves the fat molecule integrity to
ensure uniformity of products finished. Pasteurizing bovine milk is simple and keeps it nutritional
information intact with eradication of harmful bacteria. It may be dried to milk powder for products
in foods like sweets, baked items and baby formula. The major attribute that brings up its, essential

factor towards global taste is that “It can continue to be made in the form of both liquid and powder”
[33]

2.4.3 Active Ingredients

There are several bioactive ingredients in bovine milk that may be helpful to maintain the
beneficial outcomes of the product. Major bioactive ingredients include: 1) immunoglobulins: These
body molecules aid in immune effectiveness and guard against pathogens 2) an iron-binding protein,
lactoferrin, which have anti-inflammatory and antimicrobial outcomes that regulate the wider well-
being and immune reaction. Especially useful in phases of growth and repair, there are many growth
factors in bovine milk that can be effective. Released during digestion or fermentation, bioactive
peptides have been shown to have several health benefits including improving antioxidant activity,
improving gut health, lowering blood pressure, and enhancing hair strength. Apart from that, cow's
milk provides good fatty acids including omega-3s that help brain and cardiovascular function. Rich
in calcium, the milk aids in strong teeth and bones maintenance 1.

2.4.4 Products

Bovine milk is a good source of fat, protein, and other nutrients, and makes up the basis of many
dairy products. The most well-known bovine milk product is whole beef fat. In spite of the fact that
there have been alternatives made of various fat proportions (whole, skim, half skim, etc.), bovine
milk remains the most widely used form of milk when considering different types of fat content.
Bovine milk is processed into many types of cheese, for example: cheddar, mozzarella, gouda, brie,
and parmesan. Compared to cow’s milk, these dairy products have unique characteristics, such as
differences in texture and flavor. Butter is made by churning milk cream, which is an important
ingredient in cooking and baking. A mixed live bacterial culture is fermented food known as yogurt.
It is widely used and sold in various forms such as Greek yogurt, flavored yogurt, and probiotic yogurt.

440



Highlights in Science, Engineering and Technology FENBC 2025
Volume 153 (2025)

Full and reduced fat milk powders from bovine milk are utilized in several articles like baked products,
snacks, and infant formula main ingredient. The one of the most popular dairy products worldwide,
ice cream is prepared using sugar, cream, milk, and flavorings. Whey protein is a byproduct of
Manchurian manufacturing; it is extracted for use in products like functional food and nutritional
supplements to supply a good protein source. This part of milk that can be isolated and used for
cooking, baking, or making whipped cream is the cream part 341,

3. Conclusion

The comparison of camel, yak, buffalo, and cattle milk reveals a great variety in cultural
significance, functional advantage, and nutritional value. That camel milk is hypoallergenic and
antidiabetic; yak milk, its great nutritional density for rough environments; buffalo milk, its richness
and gastronomic diversity; and cow milk, its versatility and global distribution. This is complete with
the idea that integrating these other milks into conventional food systems presents new challenges,
from personalized nutrition to sustainable food systems and products. Future dairy discoveries should
apply these distinctive properties to accommodate the evolving demands of distance diets and people's
needs while advancing diversity, sustainability or cultural history. Is. Reference regional milk types
the idea that they can be appreciated in themselves not only because of their nutritional advantages
but also do for their sociocultural and economic function in sustainable foods networks.
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