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Assessment of Milking Hygiene Practices and Their Impact on Somatic Cell Count in Murrah Buffaloes Under Field and Farm Conditions


Abstract 
This study evaluated milking hygiene management practices and their direct impact on Somatic Cell Count (SCC) in Murrah buffaloes maintained under field versus organized farm conditions. The overall mean SCC was significantly higher (p = 0.015) in buffaloes under field conditions (1.11 ± 0.10× 105cells/mL) compared to those under farm conditions (0.81 ± 0.07× 105 cells/mL). Assessment of field practices (n = 72) revealed that while 100% of respondents washed animal udders and utensils prior to milking, and 90.27% washed the animals regularly, significant hygiene deficits remained. Specifically, 51.38% of milkers/handlers wore unclean clothing during milking, and 72.22% of field units lacked a proper drainage system, leading to dung and urine accumulation on shed floors. These findings indicate that higher SCC levels in field-retained Murrah buffaloes are closely tied to inadequate milker personal hygiene and poor shed drainage infrastructure, highlighting a need for improved field-level farm management practices. 
Keywords: Murrah buffaloes, Somatic Cell Count (SCC), Milking hygiene, Field vs. farm conditions, Udder health, Shed drainage 
1. Introduction	Comment by Muhammad Zeeshan: The Introduction lacks a clear research gap and objective. It ends with management/hygiene background but does not clearly state the specific knowledge gap, hypothesis, and study objective before moving directly into Materials and Methods. 
Over 49% of India's total milk production comes from the Asian water buffalo (Bubalus bubalis), especially the Murrah breed, which is the backbone of the dairy industry in developing agrarian countries (Singh & Ludri, 2001; Sharma et al., 2023). Murrah buffaloes are susceptible to intramammary bacterial invasion and subclinical mastitis, which seriously impair milk production efficiency and commercial processing quality, despite their innate environmental adaptability and disease resilience when compared to dairy cattle (Costa et al., 2020). The gold-standard biomarker for assessing udder health, milk hygiene, and subclinical inflammatory responses is the somatic cell count (SCC), which is mainly made up of leukocytes (neutrophils, macrophages, and lymphocytes) and shed mammary epithelial cells (Sharma et al., 2011; AHDB, 2021). While values above 2.00 ×105 cells/mL closely correspond with pathogen colonization and structural tissue damage, healthy, uninfected buffalo quarters usually a baseline threshold below 1.00 ×105 cells/mL (Patil et al., 2015; Arya et al., 2021). 
The mechanical transmission of environmental pathogens into the teat canal during or in between milkings is the main cause of increased somatic cell counts in smallholder dairy operations (Das & Singh, 1999; De et al., 2011). According to Bytyqi et al., (2010), milkers often disregard important personal and infrastructure sanitation practices in disorganized field management situations. Serious hygiene violations are still common, despite the 100% adoption of fundamental pre-milking practices like cleaning equipment and udders (Sharma et al., 2023). According to recent field evaluations, 72.22% of rural housing units lack functional floor drainage, and 51.38% of milkers wear dirty or contaminated garments when milking. As a result, teats are constantly exposed to pooling urine and dung (Sharma et al., 2023)
2. Material Method
1.Animal management and hygiene
Farm Level
Housing of dairy animals
All animals were maintained under loose housing system except at the time of milking. Fodder was fed ad libitum in the paddock and the concentrate was fed twice during milking in the milking byres. During the experimental period, housing, feeding and other managemental conditions were near similar for all the dairy animals.
Table 1: Housing of dairy animals at NDRI
	Particulars
	Existing shed

	Roof
	Asbestos shed

	Ventilation
	Moderate ventilation

	Central height
	Less centrer height

	Floor
	Floor made up of concrete



Feeding management of dairy animals
Feeding standards that were being followed in NDRI were based on nNutrient requirements of cattle and buffalo published by The Indian Council of Agricultural Research, New Delhi (ICAR), which is based on DM, DCP, TDN, Calcium and phosphorus intake. Cows were fed ad-lib available green succulent roughages (Nov-Dec: mustard and jowar: Jan-Mar: berseem and oats) and dry fodders and/or silage with limited concentrates based on the animal's body weight and the nutritional composition of the fodders offered. Feeding schedule (particularly concentrate) of individual animals was adjusted fortnightly based on the stage of gestation of the animal so that the DMI of dry animal should be 3% of B.W Extra 0.9-1.1 kg concentrate above the maintenance was provided to animals (having 20 22% CP and 70-75% TDN) 30 days before the expected date of calving daily in the morning. 	Comment by Muhammad Zeeshan: All abbreviations should be defined at their first occurrence in the manuscript and used consistently thereafter.
Details of milking operations
The milking machine used in the present investigation was of DeLaval make 10 cluster Flat Barn Milking Parlour system. The machines were operated electrically. The pulsation rate was around 50 pulsations per minute and the vacuum was adjusted at 400 mm/hg. After washing, each animal was stimulated for milk letdown for about one minute before connecting to the milking machine. The claw was held in the left hand and the teat cups were attached to the teats by the other hand. The stripping was done by slightly pulling down the claw and the udder was stroked down gently in rhythm with the pulsators.	Comment by Muhammad Zeeshan: Inappropriate and inconsistent capitalization occurs repeatedly throughout the manuscript. Please revise the text carefully and use capitalization only where grammatically required, including proper nouns, brand names, and abbreviations.	Comment by Muhammad Zeeshan: Check it, The standard notation is usually mmHg 
Clean Milk Production 
Milking was carried out in clean milking byres by hand and machine milking. Before milking, udders were thoroughly washed with clean water (Luke warm water during winter months) and prior to udder-wash, the animals were groomed and washed. Antiseptic solution (1: 1000 Savlon) was used by milkers for washing their hands before milking. Towels soaked with the same solution were used for wiping the udder and teats just before attaching the teat cups.	Comment by Muhammad Zeeshan: “Hand and machine milking” but the previous section appears to describe only machine milking.
 	Field Level
Housing and feeding of dairy animals
  The animals were maintained under conventional as well as loose housing systems. They were fed limited green fodder through grazing or stall feeding in the paddock and ad libitum bhoosa. In addition, a small quantity of concentrate was also fed by some farmers to the animals at milking time. Housing, feeding and all the other managemental conditions were different for all the breeds under field conditions.	Comment by Muhammad Zeeshan: Did you mean wheat straw? If yes then use that term	Comment by Muhammad Zeeshan: The manuscript is explicitly about Murrah buffaloes, but the field Methods state: “Housing, feeding and all the other managemental conditions were different for all the breeds under field conditions.”
Milking operations 
  Milking of all the dairy animals under field condition was done by hand. Two methods of hand milking viz; Knuckling and full hand were practiced. Before milking, udders of dairy animals were thoroughly washed with fresh clean water during summer and Luke warm water during winter.
	Collection of milk samples
Milk samples (50 ml) were collected from the milk pooled from all quarters. Samples were collected aseptically in falcon tube measuring 50 ml for the estimation of SCC and other parameters from individual dairy animal. The samples were brought to the laboratory immediately after collection and analysed. 
 	Test Performed in Laboratory	Comment by Muhammad Zeeshan: Your methods completely omit the dilution step. Buffalo milk fat content is typically 6–8%, far exceeding the 5% threshold. Without dilution, the sample cannot properly enter the microfluidic chip, causing measurement failure or inaccurate results. 
The samples were brought to the laboratory immediately after collection for SCC. Milk composition i.e., fat, protein, lactose, SNF and pH were estimated by lactoscan milk analyzer.	Comment by Muhammad Zeeshan: The sentence structure, wording, and overall flow should be improved throughout the manuscript.
Somatic cell counts (SCC) of milk sample: Milk SCC were estimated by Lactoscan SCC kit 4 (manufactured by Milkotronic Ltd.) consisting of,
· Lactochip
· Sofia green lypholized dye
· Automatic pipette tip
100 µl of milk sample were taken in an Eppendorf tube (coated with Sofia green lyophilized dye) that was provided with the kit and vortexed for 10-15 times. Kept it for 2 minutes and again vortexed for 10-15 times. After that 8.5 µL of dyed sample was used for charging the lactochip (cassette). Somatic cell counts (SCC) (×103 cells/ml) displayed by the somatic cell counter machine was noted.
2	Collection of data
 	Farm Level
 Farm record information was collected from the record room maintained by NDRI.
            Field Level
Information regarding proforma was collected from the farmers and milk samples collected in a falcon tube 50 ml. Later milk sample were transported to the laboratory in ice immediately after collection for further processing.
Table 2: Proforma for recording various parameters	Comment by Muhammad Zeeshan: According to the data collection form, the data should be reported 
Proforma developed for various parameters of field conditions
	SR. NO.
	FACTORS
	MEASURES

	1
	Name of village
	

	2
	Name of farmer
	

	3
	No. of animals kept
	

	4
	Type of breed
	

	5
	Milk yield
	

	6
	Stage of lactation
	

	7
	Parity of animal
	

	CLEAN MILK PRODUCTION

	8
	Washing of animals
	YES                                     NO

	9
	Washing of udder
	YES                                     NO

	10
	Washing of utensils
	YES                                     NO

	11
	Cleanliness of animal handler
	

	12
	Use of teat dip/ disinfectant
	YES                                     NO

	13
	Roofing system
	

	14
	Beding material	Comment by Muhammad Zeeshan: Wrong spelling
	

	15
	Drainage system
	PRESENT                       ABSENT




	












Statistical analysis 
The data was analyzed for mean SE. one-way ANOVA (Tukey’s multiple comparison test) was used for data analysis and t-test. GraphPad Prism (version 9.4.1) and SPSS software (version 26.0) was used for statistical analysis
3. Results & Discussion	Comment by Muhammad Zeeshan: Tables and figures should be placed after the relevant text in the Results section, preferably immediately following the subsection in which they are first cited.
[bookmark: OLE_LINK1]Table 3: Managemental practices recorded in Murrah buffaloes kept under field conditions	Comment by Muhammad Zeeshan: Please add an explanatory footnote to Table 3 defining “n” and clarifying the response categories used for each management practice.
	Sr. no.
	Management practices
	Observations (n)
	Response
	%

	1. 
	Washing of animal before milking
	72
	Yes-65
	90.27%

	
	
	
	No-7
	9.72%

	2. 
	Washing of udder before milking
	72
	Yes -72
	100%

	
	
	
	No-0
	0%

	3. 
	Washing of utensils
	72
	Yes-72
	100%

	
	
	
	No-0
	0%

	4. 
	Cleanliness of handler/milker
	72
	Yes- 35
	48.61%

	
	
	
	No-37
	51.38%

	5. 
	Drainage system
	72
	Present-20
	27.77%

	
	
	
	Absent-52
	72.22%



[image: ][image: ]

Fig 1 a: Washing of animals before milking   Fig 1 b: Washing of udder before milking	Comment by Muhammad Zeeshan: Please provide a single comprehensive caption for Figure 1 that clearly describes all panels (a–e), defines the response categories, and states the number of observations (n).
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Fig 1 c: Washing of utensils                      Fig 1 d: Cleanliness of handler/milker
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Fig 1 e: Drainage system

Table 4:  Comparison of SCC between farm and field conditions	Comment by Muhammad Zeeshan: Please add a complete explanatory caption/footnote to Table 4 defining SCC, specifying that values are presented as mean ± SE, indicating the sample size for each group, and stating the statistical test used for comparison. Superscript notation should also be added where required to indicate statistically significant differences between groups.
	Parameter
	Farm condition (n = 72)
	Field condition (n = 72)
	t-value
	df
	P-value
	Significance

	SCC (×10⁵ cells/mL)
	0.81 ± 0.07
	1.11 ± 0.10
	−2.458
	142
	0.015
	Significant	Comment by Muhammad Zeeshan: No need for separately telling the significance. P value is enough 



[bookmark: OLE_LINK2]The overall mean values for SCC in farm and field condition were 0.81±0.07 and 1.11±0.10 respectively. The overall mean values of SCC were higher in field than farm condition (Table 4). Higher value of SCC in field were due to lack of management practices like, washing of animals before milking on regular basis were 90.27% while 9.72% were on irregular basis. All farmers washed the animal’s udder and utensils before milking. In case of hygiene of milker/handler all the respondents washed their hands before milking but 51.38% wore dusty, old unclean clothes. While 48.61% were properly hygienic. It was discouraging to note that only 27.77% of farmers had a proper drainage system for passage of urine and dung while 72.22% did not have facilities for proper drainage. Dung and urine were spread all over the floor of shed.	Comment by Muhammad Zeeshan: The narrative description is not fully consistent with Table 3. The table reports “Yes” and “No” responses for washing animals before milking, whereas the text interprets these categories as “regular” and “irregular” washing. Please use the same response categories reported in the table.
The mean SCC was significantly higher in buffaloes maintained under field conditions (1.11 ± 0.10 × 10⁵ cells/mL) than in those maintained under farm conditions (0.81 ± 0.07 × 10⁵ cells/mL; t = −2.458, df = 142, p = 0.015).	Comment by Muhammad Zeeshan: Avoid repetition of results 

The present study was carried out to assess some hygienic and environmental managemental practices in field maintained buffaloes and to compare the somatic cell count (SCC) in buffaloes maintained under farm and field conditions. Under field conditions washing of animals before milking was practiced in 90.27 per cent observations. Washing of udder before milking and washing of milking utensils were reported in 100 per cent observations. Satisfactory cleanliness of the handler/milker was observed only in 48.61% of observations. Only 27.77% of field units had an adequate drainage system. Thus, while basic animal, udder and utensil washing practices were widely adopted there were significant gaps in personnel hygiene and environmental sanitation. Management and environmental factors are important determinants of udder health as they affect the degree of microbial exposure of the teat and mammary gland (Harmon, 1994; Radostits et al., 2007; Ruegg, 2017).
The high proportion of buffaloes washed before milking in the present study may reflect the awareness of importance of animal cleanliness. However, udder-health protection is not guarantyd by washing alone. The hygienic value of washing is dependent on the quality of the water, the cleanliness of hands and cloths used, dry teats and the cleanliness of the milking environment. Singha et al. (2023) have reported important gaps in hygiene practices of milking buffaloes in Bangladesh, including poor hand washing and udder cleanliness. Their analysis of 377 samples of buffalo milk also highlighted the relevance of hygiene and milk-chain practices to somatic cell and bacterial contamination. 	Comment by Muhammad Zeeshan: Wrong spelling
In the present study, udder washing and utensil washing were universally reported, indicating a good adoption of two basic hygienic practices. However, the low percentage of clean handlers (48.61%) is of importance since the milkers’ hands may be a vehicle for transfer of microorganisms to the teat and milk. The importance of milking hygiene has been highlighted in the literature on dairy udder health, with routine milking procedures, teat preparation, drying and post-milking hygiene contributing to mastitis prevention (Dufour et al., 2011; Ruegg, 2017). Much of this evidence is derived from dairy cattle, but the same basic principles of preventing microbial transfer during milking are applicable to buffalo production. 
Another important finding was the low proportion of field units with adequate drainage (27.78 per cent). Poor drainage can result in environmental contamination by encouraging the build-up of stagnant water, manure and organic material around the animals and milking area. The degree of contamination to which teat ends are exposed between and during milkings has a strong influence on environmental mastitis (Bradley, 2002; Green et al., 2004). However, the current study did not have individual level observations of SCC related to drainage status. Hence, poor drainage should not be taken as evidence that it causes the higher SCC. Rather, it is a failure of environmental management that can lead to greater microbial exposure, especially when coupled with other adverse factors.
SCC was found to differ significantly between the two management systems. Farm-maintained buffaloes had a mean SCC of 0.81 ± 0.07 × 105cells/mL, while field-maintained buffaloes had a mean SCC of 1.11 ± 0.10 × 105cells/mL. There was a significant difference between the two groups (t = −2.458, df = 142, p = 0.015). Because inflammatory reactions and intramammary infections typically increase the amount of leukocytes entering milk, somatic cell count is commonly accepted as an indicator of mammary-gland health (Harmon, 1994; Alhussien and Dang, 2018). Dhakal (2006) employed a threshold of ≥200,000 cells/mL in association with bacterial culture to identify subclinical mastitis in buffaloes and showed increased SCC in CMT-positive quarters. Similarly, Arya et al. (2021) found that buffalo quarters with bacterial isolation had significantly higher quarter-milk SCC than quarters without. Additionally, Bansal et al. (2007) showed connections between electrical conductivity, SCC, CMT, and udder health in Murrah buffaloes. These results validate the use of SCC as a helpful measure for comparing udder health across groups.	Comment by Muhammad Zeeshan: Not amount, use number
Although direct comparison between studies should be done with caution because SCC is influenced by animal, physiological, environmental, and methodological factors, the SCC levels recorded in the current study are likewise comparable with values reported in buffalo populations. Verma and Kimothi (2021) reported that breed, parity, season, and lactation stage all affected the mean SCC values in Murrah buffaloes, which were roughly 1.10 × 10³ cells/mL. According to Managuli et al. (2014), SCC in Murrah buffaloes varied significantly between early, mid, and late lactation, with SCC rising as lactation came to a conclusion. In a large research of 222 Murrah buffaloes, Ceron-Munoz et al. (2002) also discovered substantial effects of lactation month and calving order on SCC. 
The quality of milk may potentially be affected by the current findings. In addition to being a sign of mammary inflammation, elevated SCC may also be linked to modifications in the content and technological characteristics of milk. According to Ceron-Munoz et al. (2002), transformed SCC was negatively correlated with buffalo milk and lactose output. In their study of the various factors influencing milk somatic cells, Alhussien and Dang (2018) highlighted that SCC can be increased by poor management, environmental stress, and poor cleanliness. The larger dairy literature also clearly demonstrates the connection between mastitis, SCC, and milk quality (Le Maréchal et al., 2011; Moradi et al., 2021). Maintaining a low and consistent SCC is therefore important for buffalo milk quality and processing value as well as animal health.
However, rather from being evidence that a specific field management technique led to the higher SCC, the distinction between farm and field buffaloes should be understood as a difference between production locations. When it comes to housing, drainage, cleanliness, water availability, animal exposure, and milking practices, field production is frequently more variable than controlled farm management. According to current research on buffalo, milk handling techniques and farming systems can affect BMSCC and bacterial contamination (Ape et al., 2025). Similarly, management, environmental exposure, infections, and antibiotic resistance were identified as significant elements of the illness complex in a recent assessment of subclinical mastitis in Asian buffaloes (Chowdhury et al., 2026). Therefore, rather of concentrating on a particular technique, the current findings encourage an integrated management approach.
Overall, the current study shows that while handler hygiene and drainage indicated significant opportunities for improvement, fundamental animal, udder, and utensil washing techniques were extensively adopted in the field buffaloes surveyed. The SCC of buffaloes kept in the field was substantially greater than that of those kept on farms (1.11 ± 0.10 vs. 0.81 ± 0.07 × 105 cells/mL; p = 0.015). The results are in line with the larger body of literature showing that environmental exposure, parity, stage of lactation, hygiene, mammary infection, and other animal-related factors all have an impact on SCC. Thus, the findings are in favor of implementing regular SCC-based udder-health monitoring and improving environmental cleanliness and general field-level hygiene. However, future research employing individual-level, longitudinal, and microbiologically validated data should assess causal links between particular management approaches and SCC.	Comment by Muhammad Zeeshan: The same SCC result—0.81 vs. 1.11 × 10⁵ cells/mL, p = 0.015—is repeated several times. The Results and Discussion should be condensed substantially.
5. Conclusion:
According to this study, Murrah buffaloes raised in unorganized field circumstances have considerably higher somatic cell counts (1.11 ± 0.10 × 105 cells/mL) than those raised in organized farm conditions (0.81 ±0.07 ×105 cells/mL; p = 0.015). Although 100% of field farmers follow basic sanitation practices, such as cleaning udders and utensils before milking, serious sanitary and structural flaws still exist. In particular, inadequate shed architecture (72.22% missing proper floor drainage) and poor milker hygiene (51.38% wearing dirty clothing) result in direct contamination and increased pathogen exposure at the teat canal. To improve udder health, lower the risk of subclinical mastitis, and guaranty higher milk quality in rural dairy production systems, it is crucial to address these particular field-level management gaps through focused extension programs, increased awareness of milker hygiene, and better farm drainage infrastructure.

7.	Ethics approval:
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