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Abstract
The study aims to evaluate the effect of different lactation stages on the physiochemical parameters of milk in local buffaloes of the Jammu region. Milk was collected from 300 healthy, multiparous local buffaloes reared by Gujjars at various sites in the Jammu region. These buffaloes were divided into groups according to their lactation stage: early (60±30 days), mid (120±30 days), and late (180±30 days). Selection criteria included health status, parity, and an average lactation length of about 290 days. Early morning milk samples were collected in sterile containers after discarding the first few streams of milk. Teats were soaked in 0.5% iodine or 4% hypochlorite for at least 20 to 30 seconds, and the udders received a lukewarm water wash before milking. Fifty milliliters of milk was collected in clean, sterile tubes from each animal and maintained at a temperature between 2ºC-8ºC from the time of sampling until analysis.The samples were then taken to the lab for analysis, where milk protein, fat, lactose, and total solids were determined.The protein percentage showed significant (P [image: ][image: ]0.05) variations at all stages of lactation, with a significantly (P[image: ][image: ] 0.05) higher value (4.103±0.01) recorded in late lactation compared to the other two stages. Milk lactose exhibited significant (P[image: ][image: ] 0.05) differences across early, mid, and late lactation stages. The lowest fat percentage (8.01 ±0.06) was observed in milk from early lactation, while the highest mean value (9.57±0.16) was recorded in late lactation. The results of SNF indicated a significant (P 0.05) increasing trend from early to late lactation, demonstrating significant (P[image: ][image: ] 0.05) interactions between all three stages of lactation.
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Introduction
The cattle industry is an essential part of Indian agriculture and contributes significantly to the nation's economy. With roughly 302.79 million cattle (Livestock Census, 2019), India boasts a diverse genetic pool. A smaller fraction of livestock is owned by the organized and private sectors in India, with livestock ownership being further evenly distributed amid small-scale farmers and landless laborers. Animals are the best safeguard against the unpredictability of nature, including famine, drought, and other disasters. The dairy sector in India is pivotal in increasing rural incomes by providing nutritious milk, manure as organic fertilizer for agriculture, fuel for rural homes, and draft power for transport and farming (Patbandha et al., 2015).India is known as one of the leading repositories of buffalo genetic material around the globe. With a buffalo population of 109.85 million, they represent approximately 20.45 percent of the total livestock count in the country (Livestock Census, 2019) and contribute roughly 49.2 percent of India’s overall milk production (DAHD, 2017–18). The country's milk output was 155.5 million tonnes in 2015–16, increasing to 165.4 million tonnes in 2016–17, reflecting an annual growth rate of 6.37 percent. In 2016–17, the per capita milk obtainability was about 355 grams daily (DAHD, 2017–18). Indigenous buffaloes exhibit a notably higher production average of 5.92 kg per day per animal, compared to indigenous cattle, which produce 3.54 kg per day per animal. Their remarkable feed conversion efficiency and adaptability underscore their significance as dairy livestock in India (DAHD, 2017–18). Additionally, buffaloes also play a vital role in meat production, draft power, manure generation, and fuel supply. The diverse buffalo genetic resources in India encompass 16 recognized breeds (NBAGR, 2019). Among the total buffalo population, 56.63 percent are categorized as descript, while the remaining 43.37 percent are non-descript.Some relatively unknown buffalo populations in our country warrant recognition. One such group is the local buffalo from the Jammu region, which has yet to be properly characterized. Therefore, it is crucial to identify and describe this buffalo population. These lesser-known groups possess specific benefits, and economic value, and are generally more suited to their native environments.In Jammu & Kashmir, buffalo rearing is a traditional practice. The buffalo population in Jammu & Kashmir comprises approximately 797,500 buffaloes in the Jammu region, while the Kashmir region accounts for around 21,400 buffaloes, contributing 293.70 thousand metric tons (18.19%) of buffalo milk out of a total of 1,645.70 thousand metric tons, according to Ministry of Agriculture, Department of Animal Husbandry, Dairying & Fisheries, Government of India. To date, developing countries have contributed roughly 39 to 40 percent of global milk production.Buffalo milk is prominent for its superior milk characteristics. In comparison to cow's milk, it contains greater amounts of fat, protein, lactose, and minerals, making it more suitable for producing various dairy products (Michelizzi et al., 2010). The fatty acid, fat, protein, carbohydrate, calcium, and vitamin levels in buffalo milk are significantly higher (Yuliana et al., 2023). It is highly nutritious, boasting twice the caloric content of cow's milk, and is exceptionally rich in calcium, along with being a good source of minerals such as magnesium, potassium, and phosphorus. The primary components of buffalo milk are milk protein and fat, followed by lactose and additional proteins. Furthermore, buffalo milk is recognized for containing elevated levels of the natural antioxidant tocopherol. Peroxidase activity in buffalo milk is typically 2 to 4 times more than that found in cow milk. Unfortunately, the prevalence of cow milk allergy (CMA) is on the rise. However, buffalo milk is a suitable alternative for many individuals affected by CMA. The elevated milk solids content in buffalo milk not only makes it ideal for creating high-quality dairy products but also helps to save considerable energy during the processing stage. Unlike modern dairy cows, buffalo can thrive without relying heavily on concentrated feed, particularly the local breeds. The composition of milk holds significant economic value for milk producers, is crucial for dairy industries aiming to enhance product quality, and is vital for consumers' health. Of all the components in milk, proteins are particularly effective in signaling fullness, and milk proteins are more satisfying compared to other protein types. (Mitoma et al. 2011) Recently, there have been a limited number of studies focused on identifying candidate genes linked to milk production in Indian cattle and buffaloes (Sodhi et al., 2007; Li et al., 2011; Garcia et al., 2012). Currently, there is an increasing interest in the study of lactation physiology in native dairy animals.To fulfill future food requirements and promote sustainable farming, it is essential to enhance the productivity of native animal breeds by utilizing modern technological advancement insights into the nutritional makeup of milk from indigenous buffaloes that could provide valuable scientific data regarding the quality of their milk in comparison to that from other regions worldwide. The productivity of local breeds is undoubtedly a critical factor in assessing the economic viability of a buffalo dairy operation. The performance of dairy animals should be evaluated based on various metrics, such as production characteristics including lactation milk yield, fat yield, solid non-fat (SNF) yield, and protein yield throughout the lactation period.
Materials and Methods
Research was conducted at the Division of Veterinary Physiology and Biochemistry within the Faculty of Veterinary Sciences and Animal Husbandry at Sher-e-Kashmir University of Agricultural Sciences and Technology, located in R. S. Pura, Jammu, 181102. For the study, 300 healthy multiparous local buffaloes, managed by local Gujjars at various sites in the Jammu region, were selected. The animals were randomly divided into three groups of 100 each based on their stage of lactation: early (60±30 days), mid (120±30 days), and late (180±30 days). The selection criteria included health status, parity, and an average lactation length of approximately 290 days. These buffaloes were raised under semi-migratory conditions.
Milk Sampling and Analysis
Milk samples were obtained during in the early morning hours. Three separate milk samples were taken from each animal at different lactation stages. Each sample, 50 ml in volume, was collected in clean, sterile tubes and maintained at a temperature between 2ºC-8ºC from collection until analysis. Morning milk samples were collected in sterile vials after discarding the first few streams of milk using the manual full hand milking method. Prior to the milking process, the udder was cleaned with lukewarm water, and the teats were dipped in a 0.5% iodine or 4% hypochlorite solution for 20-30 seconds. After this the samples were bought to lab for analysis of phyiochemical properties of milk. 
Milk Lactose
Lactose content was determined by using Fehling’s solution method (Sharma et al., 2013).  
               Protein percentage
  Estimation of protein content in milk was done  by Kjeldahl Method. Nitrogen content     in milk samples was estimated by Kjeldhal method as per IS: SP-18 (1981).
Fat percentage
Fat percentage in milk was determined by Gerber method.
SNF
Determination of Solids-not-fat content of Milk was done by LactometerMethod.

Before analysis milk  samples  were properly  mixed  and  heated  to 40°C   for   5   minutes   to   remove   air   bubbles. During mixing care was taken in such  a  way  that  no  air  bubbles were  formed,  because  these  bubbles  may  contribute  to  specific  gravity  of  milk. After  heating  milk  was  cooled  to  required  temperature,  for  ISI  lactometer milk was cooled to 27°C. During pouring of milk to lactometer jar, formation of bubbles was  avoided  by  pouring  milk  through  sides  of  the  jar  and  in  a  slow  manner. Lactometer reading  of  sample  was  noted  at  different  temperatures  rather  than calibrated   temperatures;   a   correction   factor   was   applied   to   get   corrected lactometer reading (CLR).
Statistical AnalysisThe collected data was tabulated in MS Excel sheets  for  descriptive  statistical analysis (Mean, Standard error). The data were evaluated using analysis of variance with SAS version 9.0. The collected results were presented as mean ± standard error. The difference between the means were assessed using Turkey’s least significant difference test, with a p-value of less than 0.05 considered statistically significant. 
Results
Lactose percentage
The effects of lactation stages on lactose percentage are presented in Table 1. The values of the milk lactose varied from 5.075 ± 0.11 to 5.951 ± 0.02 throughout all the stages of lactation.The data revealed a significant (P0.05) interaction in all the three stages of lactation ie early, mid and late lactation. A significant (P0.05) decreasing trend was observed from early stageto late stage of lactation. The minimum mean value (5.075 ± 0.11) was recorded in late lactation and the highest mean value was recorded in early lactation (5.951 ± 0.02).

Protein percentage
The protein percentage of local buffalo milk in the Jammu region at different lactation stages (early, mid, and late) is presented in Table 3. The protein content values were 3.974 ± 0.023 in early lactation, 3.782 ± 0.03 in mid-lactation, and 4.103 ± 0.01 in late lactation. The milk protein content did not follow a specific trend, increasing in early lactation, decreasing in mid-lactation, and increasing again in late lactation. The protein percentage differed significantly (P<0.05) across all lactation stages, with the highest value (4.103 ± 0.01) recorded in late lactation and the lowest (3.782 ± 0.03) in mid-lactation.

Fat Percent
	The mean fat percentage of the local buffalo of Jammu region in different lactation stages i.e. early, mid and late lactation period is presented in Table 4, that reveals the value of fat percent in early, mid and late lactation ranged from 8.01 ± 0.06 to 9.57 ± 0.16. Data presented suggests a significant (P0.05) increasing trend from early lactation to late lactation. A significant (P0.05) variation of fat percentage was recorded in all the three stages of lactation. The results revealed that the minimum fat percentage value (8.01 ± 0.06) was observed in milk during early lactation and the highest mean value (9.57±0.16) was recorded in late lactation.

Solid-Not-Fat 
	The mean Solid Not Fat (SNF) percentage of local buffalo milk in the Jammu region at different lactation stages (early, mid, and late) is presented in Table 5. The SNF values ranged from 8.36 ± 0.14 to 8.98 ± 0.06 throughout the lactation period. The data shown in Table 5 indicates a significant (P<0.05) increasing trend in SNF as lactation progresses from the early to the late stage. This suggests significant (P<0.05) interactions between all three lactation stages. The highest SNF content (8.98 ± 0.06) was observed in the late lactation stage, followed by the mid (8.73 ± 0.04) and early stages (8.36 ± 0.14).


Table 2   Effect of different stages of lactation on Lactose percent (Mean±SE;%) in local  buffalo of Jammu region.


	Stage of lactation
	Mean±SE(%)


	
Early stage

	
5.951c±0.02


	
Mid stage

	
5.428b±0.03


	
Late stage

	
5.075a±0.11





Mean ± SE with different superscripts in column wise (a,b,c) differ significantly (P<0.05) n= 100 for each stage. 





Table 3 Effect of different stages of lactation on protein percent (Mean±SE;%) in local  buffalo of Jammu region.

	Stage of lactation
	Mean±SE(%)


	Early stage

	3.974b±0.023


	Mid stage

	3.782a±0.03


	Late stage

	4.103c±0.01




Mean ± SE with different superscripts in column wise (a,b,c) differ significantly (P<0.05) n=100 for each stage. 

Table 4 Effect of different stages of lactation on fat percent (Mean±SE;%) in local  buffalo of Jammu region.

	Stage of lactation
	Mean±SE(%)


	
Early stage

	
8.01a ±0.06


	
Mid stage

	
8.72b±0.03


	
Late stage

	
9.57c±0.16





Mean±SE with different superscripts in column wise (a,b,c) differ significantly (P<0.05) n=100 for each stage. 







Table 5 Effect of different stages of lactation on SNF percent (Mean±SE;%) in local buffalo of Jammu region.

	Stage of lactation
	Mean±SE(%)


	
Early stage

	
8.36a±0.14


	
Mid stage

	
8.73b±0.04


	
Late stage

	
8.98c±0.06




Mean±SE with different superscripts in column wise (a,b,c) differ significantly (P<0.05) n=100 for each stage.

Discussion
The mean lactose percentage of local buffaloes in the Jammu region at different lactation stages (early, mid, and late) was found to be highly significant (P<0.05). A similar result was observed by Yadav et al. (2012), who found a significant (P<0.05) interaction in all three lactation stages in Murrah buffaloes. Mahdi (2014) also reported a significant (P<0.05) effect of lactation stage on lactose content in Iraqi Riverine Buffalo, with lactose increasing significantly in the early lactation period to about 4.53g/l.The present study revealed a significantly (P<0.05) decreasing trend in lactose from early to late lactation stages. The lowest mean value (5.075 ± 0.11) was recorded in late lactation, while the highest mean value (5.951 ± 0.02) was recorded in early lactation. Similar findings were observed by Arote et al. (2021), who found that lactose percentage was highest in early lactation and lowest in late lactation in Murrah buffaloes. Pathbanda et al. (2015) also reported that milk lactose decreased significantly (P<0.05) with the advancement of lactation in Jaffrabadi buffaloes.
In contrast, Gurmessa and Melaku (2012) found that lactose levels were not affected by the stage of lactation in Holstein cows. Shuiep et al. (2016) reported that the stage of lactation had no effect on lactose content in local cows but affected crossbred cows. Abrar et al. (2021) found no significant variation in lactose content among different lactation stages in Jersey cows. Kuralkar et al. (2022) also observed that the stage of lactation had no significant effect on milk lactose percentage in Purnathadi buffaloes.
The protein content of buffalo milk is higher than in cow (Ahmad et al., 2013). According to the present study (Table 2), it is evident that the protein percentage in the local buffalo of Jammu region varied significantly (P0.05) in all stages of lactation. These results are in conjunction with the observations of numerous researcher workers. Upendra et al. (2019) conducted a study on Murrah buffaloes and found the overall means for protein as (3.313±0.019) and reported that all the three stages of lactation i.e. early, mid and late lactation showed significantly(P0.05) different values. Mishra et al. (2022) also found significant variations throughout the lactation period on protein percentage of Sahiwal and Kankrej breeds of cattle. A significantly (P0.05) higher value (4.103±0.01) was recorded in late lactation as compared to other two stages of lactation. The mean protein percentage in milk was higher in the later part of lactation than in the early stage.  Similar results were also recorded by Patbandha et al.(2015) in Jaffrabadi buffaloes who revealed the  higher value of protein (4.44±0.05%) in late lactation stage. Similar finding were reported in Anatolian buffaloes by Catillo et al. (2002), in Murrah buffaloes by Cero´n Mun˜ oz  et al. (2002)  and in buffalo calfs by Aspilcueta-Borquis et al. (2010). The results of present study are in agreement with the findings of (Arote et al., 2021) who found the protein percentage in milk of Murrah buffaloes was highest at the advanced stage of lactation that valued as (4.00 ± 0.055). According to the current study (Table 4, Fig 1) a significant (P0.05) variation of fat percentage was recorded in all the three lactation stages in the local buffalo of Jammu region. Patel et al. (1991) and Sethi et al. (1994) had similarly determined that the mean fat content of water buffalo milk was significantly affected by the lactation stage. Our results are consistent with the findings of Yadav et al. (2013) who  observed  variation  in  milk  constituents  during different  lactation stages of  Murrah  buffaloes  and  found  that milk  fat significantly (P0.05)  increased from  7.19 ± 0.04  to  8.63 ± 0.07  g%  during  first  stage to  last stage  of lactation.  According to Talukder et  al. (2013)  fat  per  cent  of  early  lactation  (3.69 %)  was  lower  than  middle (4.27 %)  and  late  lactations  (4.50 %)  in  crossbred  cows. Result reveals highest milk fat percent was recorded at late lactation, whereas lowest milk fat % was record at early lactation. The changes in milk fat percentage may have been partially due to the dilution and subsequent concentration of milk fat as milk volume rose and fell during lactation. The changes in energy balance that occurs throughout the lactation would have been important in determining the extent of variation of these components. During early lactation the buffaloes would have been in negative energy balance with the precursors for the synthesis of milk fat needed for meeting energy requirement. Milk fat can increase or decrease depending on ration composition. Early lactation cows have a tendency to mobilize body reserves while ingesting rations that are low in effective fiber will tend to decrease milk fat levels (Eicher, 2004). Lower milk fat content is frequently used in farms as an indicator of sub-acute ruminal acidosis and to predict the effectiveness of diet structure for chewing (Bergamini, 1987 and Merters, 1997). Low milk fat content is caused by a lack of major precursor-acetic acid in rumen that is produced in insufficient quantity (Illek, 2008). As the lactation proceeded and the t milk yield decreased. These findings were in close agreement as these reported by Catillo et al. (2002), and Cero´n-Mun˜ oz, et al. (2002), Mushtaq et al. (2010), Mushtaq et al. (2012), Singh et al. (2015). Our results are in disagreement with the findings of Aspilcueta-Borquis et al. (2010) who found that fat, percentage in Murrah buffaloes had higher means in early lactation, thereby suggesting a positive association between milk and its constituents. Stoop et al. (2009) observed higher milk fat content during early lactation, which decreases with the advancing lactation in Holstein Friesian cows. The solid non-fat (SNF) portion of milk consists of all solids in milk (protein, lactose, minerals) other than fat. Milk with high SNF is valuable to the consumer for its flavour and nutritional value and to the manufacturer of dairy products, especially related to cheese yield (Roberts, 1987). As depicted from the present investigation (Table 5) the mean Solid non fat (SNF) percentage of the local buffalo of Jammu region in different lactation stages i.e. early, mid lactation and late lactation period suggests a significant (P0.05) increasing trend as the lactation advances i.e.  from early lactation stage to late lactation stage, indicating a significant (P0.05) interaction between all the three stages of lactation.The results are constant with the findings of  Shuiep et  al.  (2016) who reported that the SNF content of milk was affected by the stage of lactation and the lowest SNF values in both local and  crossbred  cows  were observed  during the early  stage  of  lactation. The same observations were reported by Radhika et al. (2012) who found that the SNF percentage in crossbred cows of Kerala was around 8.35 ± 0.04. The SNF content of milk was highest at parturition and reached a minimum at the time of peak milk yield, after which it increased towards the end of lactation cycle. Upendra et al. (2016) found overall mean for SNF as 9.077 ± 0.040. Also found SNF significantly (P0.05) influenced by stage of lactation and showed increasing trend of milk constituents as the lactation advanced. However, Suman (2009) observed variations in physiochemical parameters in buffaloes and found that, the milk SNF (8.86 ± 0.03%) during first month of lactation decreased successively after calving to its lowest level (8.33 ± 0.03 %) during fifth month and increased at subsequent months to 8.73 ± 0.03 % during tenth month of lactation.  However, Dubey et al. (1997) reported that milk SNF remained higher level at the initial stage of lactation and reached lower level at 4th month of lactation and then gradually increased with advancement of lactation stage. Rose et al. (2020) while studying the comparative study on chemical composition and mineral contents of milk at different stages of lactation in Murrah buffalo found a decreasing trend of SNF from early to late lactation period.
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Highlights
· The physiochemical properties of milk in local buffaloes of the Jammu region are influenced by different stages of lactation.

· The overall values of protein, lactose fat, SNF content were well above than the legal limits as per PFA rules.

The late stage of lactation was highly favorable for the nutrient value of the milk, as major milk constituents such as fat percentage, protein, and SNF increased during this period.

Conclusion
In conclusion the results showed that that the local buffalo of Jammu region has shown better performance under the climatic conditions of Jammu region. Major milk constituents of the local buffalo i.e. protein, lactose, fat and SNF were significantly (P<0.05) influenced by the stage of lactation. The overall values of protein, lactose fat, SNF content were well above than the legal limits as per PFA rules.The late stage of lactation was found to be very much condusive with regard to the nutrient value of the milk as major milk constituents as fat percent, protein and SNF increased in late lactation.
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