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Abstract 

The Gir Gai, a distinguished breed of Zebu cattle, are scientifically identified as Bos primigenius indicus 

in India, renowned for their adaptability to harsh climates, offer a unique milk source with exceptional 

nutritional and pharmacological properties. This study comprehensively analyzed the macronutrient, 

micronutrient, and bioactive components of Gir Gai milk obtained from Sai Nath University. Results 

revealed a rich profile of essential nutrients, including proteins, fats, vitamins (A, D, B2, B12), and minerals 

(calcium, phosphorus, magnesium, potassium, zinc). Moreover, the milk exhibited a strong immune-

enhancing profile, characterized by high levels of immunoglobulins and antimicrobial enzymes. These 

findings highlight the potential of zebu cattle milk as a valuable dietary resource with significant health 

benefits. Further research is warranted to explore the specific mechanisms underlying its nutritional and 

pharmacological properties and to evaluate its potential applications in human nutrition and wellness. 
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Introduction 

Gir cattle, also known as Gir Gai in India, represent a distinguished breed within the Zebu cattle, 

scientifically identified as Bos primigenius indicus [1, 2]. These cattle exhibit unique characteristics, 

including a prominent shoulder hump, drooping ears, and loose skin, all of which are evolutionary 

adaptations that enable them to thrive in hot and arid climates [3, 4]. Originating from the Gir forest region 

in Gujarat, India, Gir cattle are highly valued for their exceptional milk production and quality, which 

significantly contributes to the dairy industry in regions where they are bred [5, 6]. The distinctive 

appearance of Gir cattle is marked by a glossy coat that often displays red and white speckles. This not 

only adds to their aesthetic appeal but also reflects their robust nature [7]. The adaptability of Gir cattle to 

harsh climates is one of their most remarkable traits. Their ability to withstand high temperatures and resist 
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diseases common in tropical regions makes them an ideal choice for dairy farming in such environments. 

Milk from Gir cattle is rich in essential nutrients, making it a valuable dietary component. It contains high 

levels of proteins, fats, vitamins, and minerals, which are crucial for human health [8, 9]. One of the 

notable features of Gir cattle milk is the presence of A2 beta-casein protein. Unlike A1 beta-casein, which 

is found in milk from many other cattle breeds and is associated with digestive discomfort in some 

individuals, A2 beta-casein is considered easier to  

 

 

Fig. 1.  Bos primigenius indicus in Sai Nath University 

 

digest and may reduce the risk of gastrointestinal issues [10-12]. This makes Gir cattle milk particularly 

appealing to health-conscious consumers and those with lactose intolerance or other digestive sensitivities. 

In addition to their nutritional benefits, Gir cattle are known for their docile and friendly temperament, 

which makes them easier to manage compared to more temperamental breeds.  

This temperament, combined with their heat tolerance, makes them highly suitable for dairy farming 

across a range of environmental conditions. Farmers appreciate the Gir breed not only for their 

productivity but also for their relatively low maintenance requirements. The historical and cultural 

significance of Gir cattle in India cannot be overstated [13-15]. They have been integral to agricultural 

practices in the region for centuries, providing both milk and draft power. Their resilience and ability to 

thrive in challenging environments have made them a symbol of sustainability and reliability in Indian 

agriculture. Selective breeding programs have further enhanced the desirable traits of Gir cattle, such as 

milk yield, disease resistance, and adaptability. These programs aim to maximize the genetic potential of 

Gir cattle, ensuring that they continue to meet the demands of modern dairy farming. Advances in 

veterinary care and nutrition have also contributed to improving the overall health and productivity of 

these cattle. Gir cattle's contribution to the dairy industry extends beyond India. They have been exported 

to other countries with similar climatic conditions, where they have also proven to be highly effective 

dairy producers. Their ability to adapt to different environments while maintaining high milk production 

levels underscores their global importance in the dairy sector [16-19]. Research into the genetic makeup 

of Gir cattle has revealed insights into their unique adaptations and resilience. Studies have shown that 
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their genetic diversity is a key factor in their ability to resist diseases and thrive in harsh conditions. This 

genetic resilience is being harnessed in breeding programs to develop new cattle breeds that can withstand 

the challenges of climate change and increasing global temperatures [20, 21]. 

The scientific classification of Gir cattle as Bos primigenius indicus highlights their significant role in 

dairy productivity and environmental adaptability. Their unique traits and abilities not only enhance the 

sustainability of dairy farming but also ensure a reliable source of high-quality milk for populations in 

tropical and subtropical regions. As the demand for sustainable and healthful dairy products continues to 

grow, the importance of Gir cattle in the global dairy industry is likely to increase [22, 23]. 

 

The Nutritional Efficacy of Bos primigenius indicus Milk 

Bos primigenius indicus, more commonly referred to as Gir Gai, are prominent contributors to milk 

production in tropical and subtropical regions, lauded for the nutritional potency of their milk. An intricate 

analysis reveals the multifaceted richness of Bos primigenius indicus milk, encapsulating both 

macronutrient and micronutrient spectra. Macronutrient content portrays a balanced profile, with each 100 

ml yielding approximately 60-70 kcal energy, alongside proteins, fats and carbohydrates, primarily in the 

form of lactose. The lipid profile encompasses both saturated and unsaturated fats, reflecting a diverse 

nutritional matrix [24, 25]. Micronutrient analysis elucidates a wealth of essential vitamins and minerals, 

underscoring the milk's nutritional prowess. Vitamins such as Vitamin A, pivotal for vision and immune 

modulation, Vitamin D, critical for skeletal health, and B vitamins (B2 and B12), pivotal for metabolic 

vigor and neurocognitive function, are abundantly present. Essential minerals including calcium which 

facilitating skeletal integrity, phosphorus which plays a pivotal role for dental and osseous health, 

magnesium, a linchpin in multifarious biochemical cascades, potassium, indispensable for muscular vigor 

and fluid balance, and zinc, instrumental in immunological fortification and wound healing, compose a 

formidable micronutrient array. Furthermore, the milk harbors a modest cholesterol quota, alongside 

immunoglobulins, augmenting immune resilience, and enzymes like lactoperoxidase and lysozyme, 

endowing antimicrobial fortification [26-30].  

The physiological benefits conferred by Bos primigenius indicus milk are manifold and substantiated by 

empirical evidence. Notably, its high calcium and phosphorus content fortify skeletal architecture, 

fostering bone health and mitigating osteological afflictions. The richness in high-quality proteins 

engenders muscle hypertrophy and facilitates efficient tissue repair, thereby fostering vigor and 

recuperative potential. Moreover, the vitamin and mineral ensemble orchestrates immune fortification, 

bolstering host defense mechanisms and resilience against microbial incursions. Despite these salubrious 

attributes, pertinent concerns necessitate consideration. Lactose intolerance poses a notable challenge for 

certain demographics, necessitating judicious consumption or alternatives. Furthermore, allergic reactions 

to milk proteins, particularly casein or whey, mandate vigilance, underscoring the importance of allergen 

awareness [31, 32]. 

 

Experimental Section 

Sample collection 

The milk sample was aseptically collected in a sterile container from the dairy farm from Sai Nath 

University’s dairy farm, transported under refrigeration in coolant packs to the laboratory, and stored at -

20℃ for subsequent analysis. Various parameters including Crude Protein (A2-Beta Casin Protein), Fat, 

Total Solids, Solids Not Fat, and Ash were assessed. On-site measurements of milk pH, temperature, and 
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water content were conducted using pH strips (Loba Chemie), a thermometer, and a lactometer 

(Quevene's), respectively. Standard laboratory procedures were employed for the analysis of these 

parameters. Crude Protein content was determined using the Kjeldahl method, while the fat content was 

assessed using the Gerber centrifuge method. Total Solids were measured in oven-dried samples, and ash 

content was determined using a muffle furnace. Solids Not Fat were calculated using the formula: Milk 

Solid Not Fat% = Total Solids - Fat%. 

 

Macronutrient Analysis  

The crude protein content in the milk was measured using the Kjeldahl method, which involves digesting 

the sample to convert nitrogen into ammonia, subsequently quantified to estimate protein levels. Fat 

content was determined via the Gerber centrifuge method, which separates fat from milk using sulfuric 

acid and centrifugation for accurate measurement. Total solids were quantified by oven-drying milk 

samples to a constant weight, representing the sum of all solid components in the milk. Solids Not Fat 

(SNF) content was calculated using the formula: SNF% = Total Solids - Fat%, indicating the portion of 

milk excluding fat, such as proteins, lactose, and minerals. Ash content, reflecting the mineral content, 

was determined by incinerating the sample at high temperatures in a muffle furnace to leave behind 

mineral residues. [33, 34] 

 

Micronutrient Analysis 

The milk was also rich in essential vitamins and minerals. Vitamin A, vital for vision and immune function, 

and Vitamin D, crucial for bone health and calcium absorption, were abundantly present. B vitamins, 

including B2 and B12, were identified as crucial for energy metabolism and neurological function. Key 

minerals included calcium for bone health, phosphorus for bone and dental health, magnesium for 

numerous biochemical reactions, potassium essential for muscle function and fluid balance, and zinc 

important for immune function and wound healing. [35, 36] 

 

Other Components 

The milk contained moderate amounts of cholesterol and beneficial immunoglobulins (esp. 

immunoglobulin G), which enhance immune properties. Enzymes like lactoperoxidase and lysozyme were 

also present, contributing antimicrobial properties to the milk. [37-40] 

 

On-Site Measurements 

On-site measurements included pH, determined using pH strips (Loba Chemie), which indicate the acidity 

or alkalinity of the milk. Temperature was monitored with a thermometer to ensure appropriate sample 

preservation and processing conditions. Lactometer readings were used to measure milk density, providing 

insights into its composition and quality. [41, 42] 

 

Result 

Estimation of total Macronutrients 

Name of the Macronutrients Amount in per 10 ml. sample (gm.) 

A2-Beta Casin Proteins 3.5 

Fat 0.37 

Total Solids 0.42 
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SNF 0.85 

Table-I. Represents total amounts of Macronutrients presents in per 10 ml. of milk sample 

The table presents the macronutrient composition of a 10 ml Bos primigenius indicus milk sample. The 

macronutrients analyzed were crude protein, fat, total solids, and solids-not-fat (SNF). The results indicate 

that the sample contained 3.5 grams of crude protein, 0.37 grams of fat, 0.42 grams of total solids, and 

0.85 grams of SNF. These data provide valuable information about the nutritional value of Bos 

primigenius indicus milk. 

 

Estimation of total Micronutrients 

Name of the Micronutrients Amount in per 10 ml. sample 

(Micrograms) 

Vitamin A 5.42 

Vitamin D 0.0048 

Vitamin B12 0.0046 

Vitamin B2 1.61 

Table-II. Represents total amounts of Micronutrients presents in per 10 ml. of milk sample 

The table presents the micronutrient composition of a 10 ml Bos primigenius indicus. The micronutrients 

analyzed were vitamin A, vitamin D, vitamin B12, and vitamin B2. The results indicate that the sample 

contained 5.42 micrograms of vitamin A, 0.0048 micrograms of vitamin D, 0.0046 micrograms of vitamin 

B12, and 1.61 micrograms of vitamin B2. These data provide valuable information about the micronutrient 

content of Bos primigenius indicus milk. 

 

Estimation of total other components 

Name of the Components Amount in per 10 ml. sample 

Cholesterol 3.84 mg. 

Immunoglobulins G 750 mg. 

Enz. Lactoperoxidase 287 mcg. 

Enz. Lysozyme 16007mcg,  

Table-III. Represents total amounts of other components presents in per 10 ml. of milk sample 

The table presents the alternative composition of a 10 ml Bos primigenius indicus milk sample. 

Components analyzed were Cholesterol, IgG, Enz. Lactoperoxidase and Enz. Lysozyme. The results 

indicate that the sample contained 3.84 mg. of Cholesterol, 750 mg of IgG, 287 micrograms of Enz. 

Lactoperoxidase and 16007 micrograms of Enz. Lysozyme. These data provide valuable information 

about the micronutrient content of Bos primigenius indicus milk. 

 

Discussion 

The analysis of Bos primigenius indicus milk obtained from Sai Nath University revealed a comprehensive 

nutritional profile, rich in essential macronutrients and micronutrients. The presence of significant 

quantities of crude protein, fat, total solids, and solids-not-fat underscores the milk's nutritional value. The 

abundance of vitamins A, D, B2, and B12 highlights its role in supporting various physiological functions. 

Beyond its nutritional composition, the milk demonstrated a strong immune-enhancing profile. The 

substantial levels of immunoglobulins, particularly IgG, and antimicrobial enzymes like lactoperoxidase 

and lysozyme, suggest its potential benefits in bolstering the immune system. These findings align with 
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previous studies that have emphasized the nutritional and immunological properties of zebu cattle milk. 

However, further research is warranted to explore the specific mechanisms underlying these beneficial 

effects and to evaluate the potential applications of Bos primigenius indicus milk in human nutrition and 

health. 

 

Nutritional Composition 

Bos primigenius indicus milk is a nutrient-dense beverage, rich in essential macronutrients and 

micronutrients. It provides a substantial source of high-quality protein, essential for tissue repair and 

growth. Additionally, the milk contains a balanced profile of fats, including saturated, monounsaturated, 

and polyunsaturated fatty acids, which play crucial roles in energy metabolism, cell signaling, and 

inflammation regulation. 

Beyond macronutrients, zebu cattle milk is a treasure trove of vitamins and minerals. Vitamins A, D, B2, 

and B12 are particularly abundant, offering essential support for vision, bone health, energy metabolism, 

and red blood cell production. The milk also contains a range of minerals, including calcium, phosphorus, 

magnesium, potassium, and zinc, which are vital for various physiological functions. [43-45] 

 

Pharmacological Properties 

Bos primigenius indicus milk exhibits a pronounced pharmacological profile, with a particular emphasis 

on its immune-enhancing properties. The elevated levels of immunoglobulins, especially IgG, provide 

passive immunity against pathogens, reducing the risk of infections. Antimicrobial enzymes, such as 

lactoperoxidase and lysozyme, further contribute to the milk's antimicrobial activity, potentially reducing 

inflammation and promoting overall immune health. [46, 47] 

 

Nutraceutical Potential 

Beyond its nutritional and pharmacological properties, Bos primigenius indicus milk presents a promising 

source of bioactive compounds with potential nutraceutical applications. The milk contains a variety of 

bioactive peptides, which have been shown to exhibit anti-inflammatory, antioxidant, and antimicrobial 

properties. Additionally, the unique fatty acid profile of zebu cattle milk may contribute to cardiovascular 

health and metabolic benefits. [48-50] 

 

Conclusion 

The present study comprehensively explored the nutraceutical and pharmacological attributes of Bos 

primigenius indicus milk obtained from Sai Nath University's dairy farm. The findings highlight the milk's 

exceptional nutritional profile, rich in essential macronutrients and micronutrients. Moreover, the milk 

demonstrated a strong immune-enhancing profile, characterized by elevated levels of immunoglobulins 

and antimicrobial enzymes. These results underscore the potential of Bos indicus milk as a valuable dietary 

resource with significant health benefits. Future research should delve deeper into the specific mechanisms 

underlying the bioactive properties of Bos indicus milk, focusing on the potential benefits for human 

health. Additionally, investigating the optimal processing and preservation methods to maintain the 

nutritional and pharmacological attributes of the milk would be crucial for its wider application in 

functional foods and dietary supplements. 
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