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ABSTRACT 
	Aims: The milk quality traits have recently become more relevant because of increased consumer awareness and processing suitability, influenced by many genetic and environmental factors. Thus the current study aimed to compare the milk composition and antioxidant stability of different indigenous breeds of Cattle and buffaloes.
Study design:  
Place and Duration of Study: The animals were housed at National Kamadhenu Breeding Centre (NKBC), Chintaladeevi and the analysis of samples was carried out at department of Veterinary Biochemistry, CVSc, S.V.V.U, Tirupati, and Andhra Pradesh.
Methodology: A total of 88 milk samples (8 from each breed-Kangayam, Deoni, Gir, Kankrej, Ongole & Tharparkar; Murrah, Banni, Jaffarabadi, Mehasana & Pandharpuri) were collected from animal in mid lactation and transported to laboratory under refrigerated conditions. The percent fat, protein, lactose and SNF of milk was measured using automatic analyser, Milkoscan Minor 4. Malonaldehyde (MDA) levels and Total antioxidant Capacity (DCPIP & DPPH) of milk samples were measured using UV-Vis Spectrophotometer. The resulting data was analysed statistically. 
Results: The current investigation revealed a significantly highest fat content in Gir milk and Pandharpuri milk, lowest fat percentage in Deoni milk and Jaffarabadi milk among the cattle and buffalo breeds respectively. Kankrej milk recorded significantly highest lactose and protein content while Gir milk showed lowest lactose, protein among cattle breeds.  Milk from Murrah buffalo breed showed the highest lactose % and SNF % compared to other buffalo breeds while Protein % was highest in Jaffarabadi milk. Highest Antioxidant activity and lowest MDA levels were recorded in Gir milk as against lowest antioxidant activity and highest MDA levels in Ongole milk among cattle. In buffaloes, TAC & DPPH activity was lowest and MDA level was highest in Jaffarabadi milk. 
Conclusion: The distinct composition and antioxidant activity of each breed reveals the breed influence on milk quality.  



Keywords: Milk, Milk Fat, Nutritional Quality, Antioxidant quality, Cattle and Buffalo

1. INTRODUCTION 
Milk is an important source of energy, high quality protein, essential minerals and vitamins; it plays a critical role in supplying the essential nutrients of human nutrition. Though, all milk varieties share identical constituents, they differ in concentrations. The milk quality traits have recently become more relevant because of increased consumer awareness and processing suitability. Thus, the composition of bovine milk is of the greatest importance for the dairy industry. It is well documented that the composition of milk to be influenced by many genetic and environmental factors [1]. 
One of the main challenges to preserve the nutritional value, flavor   and texture of dairy products is in their oxidative stability against lipid peroxidation. Thus the antioxidant status of milk can be considered as a marker of stability and shelf life of milk. Antioxidant capacity of milk depends on vitamins A, E, carotenoids, amino acids, uric acid and enzyme systems like superoxide dismutase, catalase and glutathione peroxidase [2]. The concentration of antioxidants in milk depends upon factors such as breed, lactation stage parity, season and geography [3]. 
Furthermore, consumers are faced with decisions regarding the type of milk they include in their diets, with choices typically indigenous milk. Moreover, in current scenario of increased prevalence of non- communicable diseases, demand for foods with antioxidants is more than ever before. Though the antioxidant capacity of milk has been acknowledged earlier, the reports of the breed influence on antioxidant capacity of cattle and buffalo milk are scarce. There are limited studies on comparative proximate composition and antioxidant status of milk from different indigenous cattle and buffalo breeds of India. Thus the current investigation was carried out to determine the effect of breed on milk composition and antioxidant stability of milk in Indian Cattle and buffalo breeds.

2. material and methods
The present investigation was carried out on the indigenous cattle (Deoni, Tharparkar, Kankrej, Gir, Ongole & Kangayam,) and buffalo (Murrah, Banni, Mehasana, Pandharpuri & Jaffarabadi) breeds located at National Kamadhenu Breeding Centre, Chintaladeevi, Andhra Pradesh. The animals were housed under similar environment and fed with uniform feed. Milk samples were collected from the selected lactating animals in mid lactation. A total of 88 milk samples, 8 from each breed were collected.  About 50 ml of milk from individual cow was collected in clean and dry labeled sample containers and transported to laboratory under refrigerated conditions Milk samples were preheated to 370C and then percent fat, protein, lactose and SNF were measured using automatic analyser, Milkoscan Minor 4 (Foss, Denmark) at APLDA, Tirupati. The lipid peroxidation of milk samples was assessed by estimating Malonaldehyde (MDA) [4], Total antioxidant Capacity was estimated by 2,6-Dichlorophenol indophenol (DCPIP) assay [5] and  2,2-Diphenyl-1-picrylhydrazyl (DPPH) radical scavenging assay [6] using UV-Vis Spectrophotometer(Schimadzu, USA). Data was analyzed by SPSS (statistical package for social science version 20.0). One-way Analysis of Variance was used to determine the statistical difference of milk quality and antioxidant status of cows and buffalo breeds.

3. results and discussion
3.1 Nutritional quality of milk
Milk composition is the primary criterion for determining its quality. There are various factors that influence the milk composition, i.e., species, breed, parity, dietary composition, season, locality, and udder health, along with the lactation stage [7].
The current investigation revealed a significantly higher fat content in Gir milk and the lowest fat percentage in Deoni milk among the 6 indigenous cattle breeds (Table 1). Among buffalo breeds, Jaffarbadi milk recorded the lowest fat content, while Pandharpuri milk samples recorded the highest fat percentage (Table 2). Milk fat percentage in cattle breeds was recorded in the range of 4.13% and in buffalo breeds, 6.2%. The current study revealed that the fat percentage in indigenous cattle breeds is higher than the FSSAI standard value for cow milk (3.20%) and buffalo milk (5.0%) (FSSAI, 2020). The results are in agreement with the findings of Mishra et al. [7], who revealed that breed has a significant impact on milk fat percentage in Sahiwal (3.46%) and Kankrej (4.36%) cows in the Bikaner district of Rajasthan. Similarly, Sharma et al. [8] reported a significant difference between the milk fat of Sahiwal and HF cows under an intensive system of rearing. In buffaloes, Abdel-Hamid et al. [9] observed a significant difference in the milk fat percentage in Murrah (7.17%) and Mediterranean buffaloes (8.98%) of China. 
Table 1: Nutritional quality of cow milk from different cattle breeds
	  Breed
	Lactose %
	Fat %
	SNF %
	Protein g   %

	Deoni
	5.28 ± 0.25cd
	3.17 ± 0.26a
	9.63 ± 0.05b
	3.47 ± 0.03ab

	Tharparkar
	5.22± 0.48bc
	4.10 ± 0.21c
	9.24 ± 0.02ab
	3.43 ± 0.03a

	Kankrej
	5.42± 0.24e
	4.49 ± 0.17d
	8.76 ± 0.09a
	3.72 ± 0.01c

	Gir
	4.86 ± 0.28a
	5.18 ± 0.05e
	   8.6 ± 0.36a
	3.35 ± 0.04a

	Ongole
	5.11 ± 0.24b
	3.62 ± 0.84b
	9.24 ± 0.07ab
	3.35 ± 0.04a

	Kangayam
	5.38 ± 0.79de
	4.22 ± 0.02c
	9.34 ± 0.06ab
	3.59 ± 0.03bc


 Means ± SE with different superscripts (a, b, c, d, e) with in a column differ significantly(P < 0.05).

 Kankrej milk recorded significantly the highest lactose and protein content. Gir milk showed the lowest lactose and protein levels.  Protein % was highest in milk samples of Jaffarabadi and lowest in Pandharpuri milk. Murrah milk showed the highest lactose % and SNF % compared to that of other breeds. A previous study on the comparison of milk quality between Sahiwal and Kankrej cows revealed a significant difference in SNF percentage but not in protein and lactose percentage [7]. Another study reported breed specific physico-chemical properties of buffalo milk in Murrah, Nili-Ravi and Surti breeds in Haryana [8]. Abdel-Hamid et al. [9] observed a significant difference of milk protein and SNF between Murrah and Nili-Ravi milk, while there was no significant difference in lactose content. Sharma et al. [10] reported no significant difference between the protein content of Sahiwal and HF cow’s milk, while the lactose content was higher in Sahiwal milk. However, a study on chemical properties of milk revealed no significant difference among buffalo breeds (Surti, Marathabadi and Jaffarabadi) in Madhya Pradesh [11]. The SNF percentage recorded in the present study was higher than the FSSAI standard value for cow milk (8.3%); however, only in Murrah and Mehasana, was SNF higher than the FSSAI standard value for buffalo milk (9.0%) (FSSAI, 2020). 
The higher milk fat recorded in buffaloes compared to milk fat of cows during the current investigation is in line with the previous reports [12, 13]. Lactose and SNF content of buffalo milk was comparable with that of cow milk during the current study, which is in accordance with earlier reports [14]. However, buffalo milk was reported to be nutritionally dense (particularly fat, protein, lactose, and total solids) compared to cow milk [15].
Table 2: Nutritional quality of buffalo milk from different buffalo breeds
	Breed
	Lactose %
	Fat %
	SNF %
	Protein g %

	Murrah
	5.08 ± 0.02e
	7.39 ± 0.08 c
	9.56 ±  0.14d
	3.51 ± 0.10 c

	Banni
	4.48 ±0.02 d
	5.33 ± 0.10 b
	8.48 ± 0.17b
	4.10 ± 0.08d

	Mehasana
	4.10 ± 0.03b
	5.18 ± 0.06 b
	9.06 ± 0.02c
	3.27 ± 0.01b

	Pandharpuri
	4.30 ± 0.01c
	9.36 ± 0.08d
	7.89 ± 0.01a
	3.08 ± 0.01a

	Jaffarabadi
	3.35 ± 0.04a
	3.72 ± 0.01a
	8.51 ± 0.11b
	4.84 ± 0.03e


Means ± SE with different superscripts (a, b, c, d, e) with in a column   differ significantly (P < 0.05).

3.2 Milk antioxidant capacity
Lipid peroxidation is the primary cause of the chemical spoilage in dairy products, resulting from oxidative stress-induced deterioration of the nutritional value, flavor, and texture of foods. MDA, an end product of lipid peroxidation, has been utilized as a biomarker to assess oxidative stress in biological samples [16]. Milk exhibits antioxidant activity as a line of defense against reactive oxygen species. The antioxidant capacity of milk is governed by its constituents, like fat-soluble components, water-soluble components, bioactive molecules, and enzymes [17]. The antioxidative properties of milk are influenced by various factors like age, physiology and diet [13].  
The antioxidant activity was highest in Gir and the lowest in Ongole milk. Whereas MDA level was significantly highest in Ongole milk and lowest in Gir milk, corresponding to their antioxidant potential (Table 3). In buffaloes, TAC & DPPH radical scavenging assay was lowest and MDA level was highest in Jaffarabadi milk (Table 4). Several authors studied  the antioxidant oxidant quality of cow and buffalo milk in comparison with plant products and fermented milk products [18, 19, 20]. The total antioxidant capacity milk from Vechur cattle was reported to be significantly higher than that of Holstein Fresian Crossbreds during mid and late lactation [21]. Antioxidant activity of buffalo milk from various breeds has not yet been reported.
Table 3: Oxidative status and total antioxidant capacity of cow milk from different 
                   cattle breeds
	Breed
	TAC (X10-3mM GSH)
	DPPH (%)
	TBARS (µg/ml)

	Deoni
	0.12 ± 0.002b
	64.50 ± 1.25d
	16.78 ± 0.02c

	Tharparkar
	0.12 ± 0.000b
	47.08 ± 0.97c
	16.88 ± 0.01c

	Kankrej
	0.15 ± 0.013c
	46.36 ± 1.07c
	16.45 ± 0.07b

	Gir
	0.22 ± 0.004d
	74.33 ± 1.40e
	10.33 ± 0.14a

	Ongole
	0.04 ± 0.002a
	32.50 ± 0.76a
	20.42 ± 0.04d

	Kangayam
	0.14 ± 0.000c
	42.80 ± 1.03b
	16.39 ± 0.008b


Means ± SE with different superscripts (a, b, c, d, e) with in a column   differ significantly (P < 0.05).


Table 4: Oxidative status and Total antioxidant capacity of buffalo milk from different     
               buffalo breeds
	Breed
	TAC (X10-3mM GSH)
	DPPH (%)
	TBARS (µg/ml)

	Murrah
	0.14 ± 0.000c
	53.80 ± 1.41 c
	17.53 ±0.10c

	Banni
	0.15 ± 0.001d
	66.80 ± 1.12d
	11.28 ± 0.07a

	Mehasana
	0.14 ±0.001c
	53.33 ± 1.33c
	19.19 ± 0.04d

	Pandharpuri
	0.04 ± 0.003b
	46.00 ± 0.60b
	12.31 ± 0.10b

	Jaffarabadi
	0.02± 0.002a
	28.51 ± 0.40a
	31.16 ± 0.47e


Means ± SE with different superscripts (a, b, c, d, e) with in a column differ significantly (P < 0.05).

The findings are consistent with earlier reports of positive correlation of milk fat and antioxidant capacity in cattle and sheep [3, 22, 23]. Increased antioxidant capacity with an increase in milk fat content could be attributed to lipid-soluble antioxidants and the fat globule membrane proteins [24]. Small amounts of retinol, α- and γ-tocopherol, β-carotene, carnitine, and short-chain acylcarnitines in milk fat could also contribute to the antioxidant pool of milk [3, 25]. The peptides derived from casein and whey proteins are important contributors to antioxidant activity of milk [13]. The antioxidant property of a novel peptide VLPVPQK (from β-casein) and δVB has been reported earlier in buffalo milk [26, 27]. However, Stocco et al. [23] reported that milk proteins have the opposite effect on their antioxidant capacity in sheep, while Singh et al. [3] reported a weakly positive correlation between milk protein and antioxidant capacity of bovine milk.
Similar to earlier findings, the antioxidant activity of buffalo milk is comparable with that of cow milk during the current study [18]. However, Khan et al. [28] reported that the antioxidant capacity of buffalo milk was more than that of cow milk. The disagreement in the research findings could be due to the difference in experimental conditions like environment, age, breed, stage of lactation and nutrition of animals.
4. Conclusion
Each indigenous cattle and buffalo breed has a distinct milk composition and antioxidant potential. The high antioxidant potential of milk from cattle and buffalo is linked to milk fat, which may be caused by lipid-soluble antioxidants.The current results can guide selective breeding strategies according to consumer preferences and have implications for dairy processing and public health.
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