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Influence of Subclinical mastitis on milk quality, quantity, and composition in Jersey crossbred cows in tropical climate



ABSTRACT
Aims: Subclinical mastitis (SCM) is a persistent challenge in the dairy sector, responsible for huge economic losses in terms of production and productivity. The present study was conducted to understand the impact of SCM on milk quality, milk yield, and composition. 
Methodology: The quality of milk was assessed by Methylene blue reduction test (MBRT), Total bacterial count (TBC), California mastitis test (CMT), and Somatic cell count (SCC). Morning milk yield, Evening milk yield, and total milk yield were recorded to monitor the milk yield in both groups, and milk fat percent, total protein (TP), Solid non-fat (SNF), and Total solids (TS) were analyzed to study the milk composition difference in the two groups. The animals under study were Jersey crossbred. Animals in lactation were screened for SCM by direct microscopic somatic cell count (DMSCC). From the screened animals, a total of 24 animals of the same age and parity were selected. These animals were categorized into two groups: Healthy (n=12) and SCM positive (n=12).  
Place of study: The study was conducted in the cattle yard of ICAR-NDRI, ERS Kalyani, West Bengal. India. 
Results: In this study, we found a significant difference (P<0.01) in log10TBC and MBRT between the healthy and the SCM-positive groups and a significant difference (P<0.05) in log10 SCC, CMT, Milk yield, milk fat percentage, and total solids between the healthy and the SCM-positive groups. No significant difference was observed in the total protein and solid non-fat between the groups.  Conclusion: The cause for SCM is multi-factorial in nature, and considering proper management practices, including hygiene and sanitation, can serve as a booster to maintain better udder health in dairy animals.
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INTRODUCTION
Mastitis is an inflammatory disease of the mammary gland and is one of the most common and costly diseases in dairy animals. In tropical climates, higher temperatures and humidity create an environment conducive to bacterial growth, such as Staphylococcus aureus and Streptococcus agalactiae, which are common pathogens causing subclinical mastitis. These conditions also stress animals, weakening their immune response. Subclinical mastitis can reduce milk production by 10-20%, leading to significant economic losses over time. It includes a reduction in milk yield, quality, and also affects the longevity of lactating animals, and it simultaneously increases the cost of milk production, treatment, and labour (Pinzon-Sanchez and Ruegg 2011). The estimated economic losses as a result of different forms are as follows: reduction in milk production (70%), premature culling (14%), veterinary expenses (9%), and loss due to low-grade milk (7%) (NMC 1996). SCM affects the quality and quantity of milk, increases the rate of culling and veterinary expenses (Koskinen et al. 2009). Detection of subclinical mastitis (SCM) is considered more challenging, as there are no visible gross abnormalities. Subclinical mastitis is not detectable during physical examination, and there are no visible abnormalities in milk (Harjanti and Sambodho 2019).  The diagnosis of subclinical mastitis is done by testing the milk samples by different established tests. The synthesis of milk is dependent on the structure of secretory cells. The function and structure of these cells are related. At the level of mammary alveoli, milk production and its components' secretion are dependent on the biochemical function and structure of the cell. The studies have revealed that the agents responsible for SCM lead to loss in alveolar cell integrity, sloughing of cells, induced apoptosis, and increased the number of poorly differentiated cells (Akers and Nickerson 2011). In SCM, due to the immune response, the leukocyte level is elevated, and it migrates from the blood circulation into mammary cells to fight inflammation (Nyman et al. 2014). This is the reason for the increase in somatic cell count in the milk of SCM-positive dairy animals. The milk yield of a dairy animal is dependent upon the number of functional milk secretory cells. It has been reported that an increase in mammary inflammation in dairy animals is associated with a decrease in milk production. California mastitis test (CMT) is an easy, practical, and reliable method for quantifying the number of somatic cells in milk and detecting SCM. Higher scores of CMT are associated with a higher level of infection. Despite many years of research, mastitis remains the most economically damaging disease that severely reduces milk yield, reduces the profit margins, and also affects the quality of milk and milk products throughout the world. In tropical countries, due to the poor management and prevailing climatic conditions, efficient diagnosis of SCM is still a challenge, because it occurs in higher frequencies than Clinical mastitis (Mungube et al. 2004; Swami et al. 2017). Wu et al. (2022) revealed that the diversity and quantity of microorganisms in milk are influenced by the milking environment, milking conditions, and handling during transportation. Due to the diverse nature of the causative agents for SCM, it is of utmost importance to maintain the standard milking procedure and hygiene while handling the udder and milk. The present study was conducted to understand the changes in the quality of milk, milk yield, and composition in case of SCM in Jersey crossbred dairy cows in tropical climatic conditions.
MATERIALS AND METHODS
The study was conducted under farm conditions. The animals in lactation were tested for subclinical mastitis by the direct microscopic somatic cell count (DMSCC) method (Dang et al. 2018). From the lactating lot, 24 animals were chosen, which were more or less of same age and lactation. They were divided into two groups, healthy and SCM positive, based on the SCC/ml of milk. The threshold to categorize the animals into separate groups was an SCC count of ≥2lakh/ml. If the SCC/ml of milk exceeded the standardized threshold value, the animal was categorized as an SCM-positive animal. DMSCC was performed as follows: 10µl of milk was pipette to a degreased glass slide and spread to an area of 1cm2 on the glass slide. The milk film was kept to air dry, following which the film was fixed with 96% ethyl alcohol for 3 minutes, which was followed by de-fatting of the films with xylene for 10 minutes. The defatted slide was then rinsed with 60% ethyl alcohol and was left to air dry. The dried slides are then stained with methylene blue dye for 15 minutes, followed by rinsing of the stained slides under slow-running tap water. The slides were left to dry and were observed under a microscope. SCC/ml of milk was converted to log10 SCC in order to normalize the skewed data. The CMT test was performed as per the methods mentioned in the manufacturer’s label. 3-5ml of milk was stripped into the CMT paddle, and an equal amount of the CMT reagent was added. The change in the viscosity of the mixture was graded as negative, trace, 1+, 2+, and 3+. TBC (CFU/ml) was done by pour plate technique. Following serial dilution, 0.1 ml of diluted milk sample was poured into the petri plate containing approximately 8ml of plate count agar media. The mixture was allowed to blend properly and was incubated at 37°C for 24 hours. The plates having colony count between 30- 300 were taken into consideration. TBC (CFU/ml) was converted to log10 TBC to normalize the data. MBRT was performed by standard procedure as per BIS 1479 (Part 3): 1997. 10ml of milk sample was taken in a sterile test tube to which 1ml of methylene blue dye was added. The solution was mixed properly and incubated at 37 ºC. The time taken for the discoloration of the mixture was noted for the grading of the milk. Daily milk yield (kg/day) was recorded in the morning and evening in both groups. Milk composition was analyzed in an automatic milk analyzer. 
STATISTICAL ANALYSIS	
The data were analyzed with one-way ANOVA using SPSS version 27.
RESULT AND DISCUSSIONS
Milk quality
1. Total bacterial count (CFU/ml).
In this study significant (P<0.01) difference was reported between the log10 TBC in healthy and SCM-positive animals.  It was found that TBC in the SCM positive group was significantly higher than in the healthy group. Total bacterial count is indicative of the microbial load in milk samples and hence determines the quality of the milk. Higher TBC in milk indicates the severity of infection (Qaio et al. 2015). The Mean ± SE of log10 TBC in both groups is depicted in Table 1. The Mean ± SE of log10 TBC in the healthy group and SCM positive groups was 4.96±0.06 and 5.53±0.04, respectively. 
2. Methylene blue reduction test (MBRT)
Table 1 shows that the MBRT of healthy and SCM positive groups differs significantly (P<0.01). It was observed that the MBRT time in the case of the SCM positive group is much higher than that of the healthy group. The Mean ±SE of MBRT in healthy and SCM groups was 290±10 and 115±18.03, respectively. MBRT works on the principle of redox reaction, and the colour imparted to the milk due to the addition of methylene blue dye disappears depending upon the quality of the milk. In case of SCM positive milk, the microorganisms responsible for inflammation release reducing substances, which are responsible for the disappearance of the blue color in the milk sample. Therefore, MBRT time gives us an idea about the bacterial load in the milk and, hence, the quality of milk. The higher the number of bacteria, lesser will be the time taken for discoloration and vice versa. MBRT is influenced by SCC, which is further a direct indicator of the activity of mastitis-causing microorganisms (Mayra et al. 2020). The rate of discoloration was in proportion to the number of viable organisms in the sample. In the present study, it was reported that when the SCC is high, the CFU/ml of milk and MBRT also show higher values. 
3. Log10 somatic cell count (SCC)
There was a significant (P<0.05) difference between the log10 SCC of the healthy and SCM-positive group.  Log10 SCC of the SCM positive group was 5.75±0.10, and that of the healthy group was 4.44±0.05. Somatic cell count (SCC) is a useful predictor of intramammary infection (IMI) that includes leucocytes (75%), i.e., neutrophils, macrophages, lymphocytes, erythrocytes, and epithelial cells (25%). Leucocytes increase in response to bacterial infection, tissue injury, and stress. Somatic cells are protective for the animal body and fight infectious organisms. An elevated SCC in milk has a negative influence on the quality of raw milk (Sharma et al. 2011).
4. California mastitis test
CMT scores in both groups differ significantly (P<0.05). The CMT score in the healthy and SCM positive group was 0.00±0.00 and 2.33±0.21, respectively. CMT score reflects the amount of somatic cells present in the milk (Wahba et al. 2005). Similar results were reported by Kumari et al. (2018). This significant difference in CMT scores between the two groups is due to the increased leukocytes in the SCM-infected udder. 
Table1. Milk quality in healthy and subclinical mastitis dairy animals (TBC, MBRT, SCC and CMT)
	Milk quality parameters
	Healthy
	SCM positive

	MBRT (in minutes)
	290±10.01***
	115±18.03***

	CMT
	0.00±0.00**
	2.33±0.21**

	Log10 SCC (lakh/ml)
	4.44±0.05**
	5.75±0.10**

	Log10 TBC (CFU/ml)
	4.96±0.06***
	5.53±0.04***


***and** indicates significance at 1 and 5 percent level respectively. 
MBRT: Methylene blue reduction test; CMT: California mastitis test; SCC: Somatic cell count; TBC: Total bacterial count; CFU/ml: California mastitis test.
Milk yield
The results for milk yield show that there is a significant difference in the total milk yield between the healthy group of animals and the SCM-infected group. The healthy group appears to have significantly (P<0.05) higher milk production than the SCM positive group. The morning and evening milk yield was also significantly (P<0.05) different between the healthy and SCM-positive animals (Figure 1). The variation in the milk yield between the two groups is because of the damaged udder secretory epithelial cells, which are disrupted as a result of inflammation in the udder tissue. The free calcium ions in milk activate the cascade of immune response, which causes necrosis of the udder epithelium, thereby reducing the secretory capacity of the mammary gland. Contagious pathogens like Staphylococcus aureus, which cause SCM, lead to a noteworthy reduction in milk production and also productivity (Bobbo et al. 2017). 

Figure 1. Milk yield of healthy and SCM-positive Jersey crossbred cows
Milk composition
1. Milk fat
Milk fat percent showed a significant (P<0.05) difference between the healthy and SCM positive groups. Milk fat percent is an important parameter for dairy farmers as it determines the price of milk in the market. The milk fat percent in the healthy group was found to be 5.82±0.21, and in the SCM positive group it was 4.32±0.18 (Figure 2). The findings were in agreement with Bochniarz et al. (2023), who reported a difference of 42.5% in milk fat from healthy and SCM-infected animals. Martins et al. (2020) also found a reduction in the milk fat of the SCM-positive animals compared to the healthy ones. During IMI, in response to inflammation, certain enzymes are released, among them the ones responsible for the reduction in the level of milk fat are the plasmin and leukocyte lipase. These enzymes hydrolyze the secretory lipoproteins, thereby reducing the synthesis and secretory capacity of the mammary epithelial cells and resulting in a reduction of milk fat% (Harjanti and Sambodho, 2020). In case of SCM, the animal experiences physiological stress because of which there are changes in the rumen biohydrogenation pathway, which increases the production of conjugated linoleic acid (CLA), which acts as a potent inhibitor of milk fat synthesis (Chouinard et al.1999).
2. Milk total protein
Figure 2 shows that milk total protein was not significantly different between the healthy and SCM-positive groups. Bochniarz et al. (2023) also observed no significant changes in the milk total protein between the two groups. In contradiction to the present findings, Bobbo et al. (2017) reported significantly higher milk protein in SCM-positive animals. A decrease in the total protein is attributed to the inflammatory changes in the udder, because of which the secretion of casein protein reduces, altering the protein balance in the milk. Also, in case of SCM due to immune response, whey protein increases, and serum proteins like serum albumin and immunoglobulin increase in milk, and milk proteins like alpha and beta lactalbumin decrease (Hyvonen et al. 2010). It has also been found that a decrease in the level of milk total protein is due to the proteolytic activity of certain enzymes released during SCM, whereas, increase in the milk protein has been attributed to immune proteins like lactoferrin, which are part of the body’s defense mechanism against the infection, which increases in response to inflammation of the udder tissues. 
3. Solid non-fat (SNF)
Mean ± SE of SNF (%) in healthy and SCM positive animals was 9.36 ± 0.09 and 9.09±0.08, respectively. This shows an insignificant reduction in the level of milk SNF in SCM-infected animals in comparison to its healthy group (Figure 2). The slight reduction in milk SNF can be attributed to the decrease in lactose in the milk of SCM-infected animals, which is due to the changed osmolarity as a result of impaired ionic exchange between the blood and udder barriers due to SCM. Lactose and total protein are the main components of SNF because of which SNF decreases. In contrast to the present findings, Swami et al. (2017) found a significant reduction in SNF of SCM-infected cows and buffaloes. Bagri et al. (2018) also reported a significant reduction of 16.39% in SNF of milk from SCM-positive cows in comparison to the healthy ones. 
4. Total solids 	
The Mean ± SE of TS in the SCM infected group is significantly (P<0.05) less than the healthy group. In the healthy group, it was 15.18±0.30, and in the SCM positive group, it was 14.42±0.23 (Figure 2). Total solids are dependent upon milk fat and SNF (Bagri et al. 2018). Therefore, the difference between the two groups can be attributed to SNF (%) and milk fat (%) in the two groups.
Table 2. Milk yield and milk composition in healthy and SCM positive groups
	Parameters
	Healthy
	SCM positive

	Morning MY (kg/day)
	5.57±0.38**
	4.37±0.44**

	Evening MY (kg/day)
	2.4±0.15**
	1.76±0.51**

	Total MY (kg/day)
	7.97±0.5**
	6.13±0.51**

	Milk fat (%)
	5.82±0.21**
	4.32±0.18**

	TP (%)
	4.18±0.17
	3.88±0.11

	SNF (%)
	9.36±0.09
	9.09±0.08

	TS (%)
	15.18±0.30**
	14.42±0.23**


** indicates significance at 5 percent level.
MY: Milk yield; TP: Total protein; SNF: Solid non-fat; TS: Total Solids

Figure2. Milk composition of healthy and SCM-positive Jersey crossbred cows
CONCLUSION
The effect of SCM, which is often known to be the antecedent of clinical mastitis on the quality, quantity, and composition of milk, is noteworthy. The quality of milk degrades, which can give rise to public health concerns. The change in milk composition and quality reduces the productivity of dairy farms and reduces the income of the dairy farmers. Efficient diagnosis of SCM and its timely management can be a strategy to reduce the loss in production and productivity in dairy animals. Proper management through good hygiene, scientific feeding practice, clean milking, and regular monitoring of udder health through different tests for diagnosis of SCM, and routine intervention from a veterinarian should be followed. Consideration should be given to maintenance of strict bio-security measures during milking process which includes proper cleaning of the barn and mammary gland before milking, drying of the udder using a clean towel before and after milking, observing the first few strips of milk for any abnormalities and it should be done in a bucket rather than on the floor of the milking barn, hand milking for mastitis cows should be followed, maintaining the frequency of milking in high yielding animal is important and using of standard antiseptic for disinfection of udder before and after milking should be strictly followed.
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