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Correlation between Methylene Blue Reduction Test and Standard Plate Count of raw and pasteurized milk

Abstract 
Milk is highly nutritive food containing all essential nutrient necessary for growth and development of children and adults. Milk is sterile at secretion, but it gets contaminated during milking, processing and storage with pathogenic bacteria which is of public health significance. Milk borne infection is an important constituent of food borne disease globally and responsible for approximately 4% of the food borne infection worldwide. The objective of study was to evaluation of the initial bacterial load of milk to determine whether to accept or reject the milk at farm level. A total of 100 milk samples (50 raw and 50 pasteurized milk) were collected from Ranchi, Jharkhand. Bacteriological analysis of milk was evaluated by Methylene Blue Reduction Test (MBRT) and Standard Plate Count (SPC). The MBRT result revealed that 10%, 40%, 42% and 08% of raw milk were of very good, good, fair and poor quality, respectively. While 16%, 52% and 32% of pasteurized milk were of very good, good and fair quality, respectively. SPC of raw milk ranged from 3.54 to 6.74 log10CFU/ml and 82% were of very good quality, 14% were of good quality, 02% were of fair quality and 02% poor quality. The pasteurized milk was found to be within the acceptable limit. A correlation coefficient (r) was 0.875 (P<0.01) it showed a strong positive relationship between MBRT and SPC indicating that the microbial quality of raw milk can be assessed by MBRT. MBRT can be performed as it effective, economical, takes less time and not laborious as compared to other expensive and time taking microbiological methods.
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1. INTRODUCTION 
Milk is rich in nutritive value containing protein, carbohydrate, vitamins, minerals and considered to be a complete food. It can be consumed by all age groups from infant to senectitude and it is easily digestible. Milk when secreted from mammary gland is sterile but during milking it gets contaminated due to poor hygienic practices in the farm. Milk is an ideal medium for the growth of microorganism (Chatterjee et al., 2006). Pathogens can be introduced into milk directly or indirectly through various sources like environment, infected cow’s udder, dung, utensils or equipment and milker or handler (Anderson et al., 2011). Milk goes through various processes from farm to the consumer’s table. If the milk is not hygienically processed the milk and milk product may cause food borne illness in human (Kakati et al., 2021).
The incidence of food borne outbreaks had increased and more than 250 pathogens are identified for causing food borne poisoning worldwide (Abebe et al., 2024). Microbiological quality of milk is of public health importance because of zoonotic milk borne diseases like Campylobacter, Escherichia coli, Salmonella, Listeria monocytogenes, Staphylococcus aureus, Yersinia and Clostridium botulinum are transmitted through milk (Bindulekha, 2019). 
[bookmark: bbib53]Food borne campylobacteriosis occur due improper pasteurization or post pasteurization contamination of milk. It causes severe gastroenteritis, abdominal cramps, bloody diarrhoea, nausea, vomiting, dizziness, headache, malaise and fever (Khademi & Sahebkar, 2020). 
E. coli commonly inhabits the gastrointestinal tract of both humans and warm-blooded animals (Obaidat and Stringer, 2019). E. coli is also a good hygienic indicator their presence reflects the feacal contamination of milk (Rios et al., 2019). Shiga toxin-producing Escherichia coli (STEC) can cause potential public health hazards globally. STEC causes severe enteritis, diarrhoea, dysentery, hemorrhagic colitis and hemolytic urinary syndrome in humans (Ullah et al., 2024).
Salmonella Typhimurium and Salmonella Enteritidis are the most common nontyphoidal Salmonella spp. prevalent in animals and humans causing septicaemia and gastroenteritis (Asefa et al., 2023). S. Typhi and S. Paratyphoid causes typhoid fever and paratyphoid fever, respectively in humans (Amsalu et al., 2021).
Listeria monocytogenes causes fatal food borne infection in humans worldwide. It is an intracellular and opportunistic pathogen affecting new born, pregnant women and immunocompromised individuals causing gastroenteritis, meningitis and abortion (Sathiesh et al., 2025).
Staphylococcus aureus mainly transmitted through milk and milk products causing food poisoning. Staphylococcal food poisoning occurs due to production of heat stable enterotoxins by S. aureus causing symptoms like nausea, vomiting, abdominal cramps and diarrhoea (Lin et al., 2025).
Yersinia is one of the enteric microorganisms transmitted by consumption of contaminated milk. Y. enterocolitica causes yersiniosis in human with the symptom showing gastroenteritis, abdominal pain and pseudoappendicitis (Eltoukhy et al., 2021).
C. botulinum causes food poisoning by producing neurotoxin The symptoms of botulism include nausea, vomiting and abdominal pain, followed by nervous system such as visual disturbances, swallowing difficulties, speech and breathing disorders (Bilska et al., 2024).
The bacteriological quality of milk can be assessed by methylene blue reduction test (MBRT) which can be easily performed on the reception dock to decide whether to accepted or rejected the milk. It is based on the principle of methylene blue dye colour reduces to colourless due to the microbial activity in the milk. Methylene blue is redox indicator which is blue in oxidised state but, as the number of bacteria grows and their metabolism activities deplete the oxygen thus the redox potential decreases turning blue colour of milk to colourless. The shorter the time of decolourization indicates the higher bacterial load. The assessment of bacteriological quality of milk was done by standard plate count (SPC). It gives the number of viable aerobic bacteria present in the milk sample. 
2. MATERIALS AND METHODS
Collection of samples
The study was conducted in Ranchi, Jharkhand to conduct bacteriological analysis of fifty raw milk sample and fifty pasteurized milk sample. A total of hundred milk samples were collected from Ranchi in an ice box and send immediately for further analysis to the laboratory of Veterinary Public Health & Epidemiology, Ranchi College of Veterinary Science & Animal Husbandry, Kanke.
2.3. Bacteriological analysis of milk
Bacteriological analysis of milk was analyzed using Methylene Blue Reduction Test (MBRT) and Standard Plate Count (SPC).
2.3.1. Methylene Blue Reduction Test (MBRT) of milk sample
MBRT of the milk sample is conducted by adding 1 ml of methylene blue dye to 10 ml of milk sample. After mixing it the test tube is kept in water bath maintained in 370C± 0.50C (Marimuthu et al., 2013). The time taken for decolourization of milk from blue to white colour will indicate bacterial load in milk (ISI.1479, 1962). The milk is graded according to the time taken for decolourization (Table 1).
Table 1: Grading of milk
	Methylene Blue Reduction Time in hours
	Graded 

	5 h and above
	Very good

	3 to 4 h
	Good 

	1 to 2 h
	Fair 

	Within ½ h
	Poor 



2.3.2. Standard plate count (SPC)of milk sample
SPC of milk was carried out by pour plate technique using nutrient agar by serial dilution of milk in normal saline solution. After preparing serial dilution, 1 ml sample was poured in sterile petridish in duplicate and about 15-20 ml molten agar is poured into it and mixed thoroughly then allowed to solidify. After incubation for 24 h at 370C the colonies were counted and results were interpreted according to IS:1479 (Part III), 1977 (Table 2).
Table 2: Bacteriological standard of raw milk (IS- 1479 PART III- 1997)
	Grades 
	Standard Plate Count Per ml (lakhs)

	Very good 
	Less than 2 lakhs

	Good 
	2-10

	Fair 
	10-50

	Poor 
	More than 50


For pasteurized milk the standard plate count – maximum 4.47 log10 cfu/ml
3. Statistical analysis 
Analysis of data was done using SPSS version-20.0 software. Significant differences were mean were determined by Likelihood ratio (G test), Multinomial probability mass function, Odd’s Ratio, Mann-Whitney U test, Levene’s test for equality of variance, t-test (both student’s and Welch’s test).
4. RESULTS AND DISCUSSION
4.1 Methylene blue reduction test (MBRT) of milk
MBRT of raw milk revealed that 10% sample were of very good quality the decolourization time was more than 5.5 h, 40% sample were of good quality the dye reduction time was between 3 to 4 h, 42% of the sample were categorized under fair quality the time taken for decolourization was 1 to 2 h and 8% were of poor quality as it got decolourization within half an hour (Table 3). Similar results were obtained by Gurusaran et al., 2024; Gupta et al., 2020. The findings were in contrary to the results of Kakati et al., 2021 who revealed that more than 50% of the milk samples were of poor to very poor quality. MBRT for pasteurized milk showed that 16% sample were of very good quality the reduction time for decolourization was more than 5.5 h, 52% sample were of good quality decolourization time was 3 to 4 h, 32% sample were of fair quality the time taken for decolourization was 1 to 2 h (Table 4). The fair quality of pasteurized milk may be due to the storage temperature of milk was not maintained at lower temperature of 0-40C (Fig. 1, 2). 
Table 3: MBRT of raw milk
	Time for decolourization
	Grade 
	Percentage 

	More than 5 h
	Very Good
	10%

	3-4 h
	Good 
	40%

	1-2 h
	Fair 
	42%

	Less than 0.5 h
	Poor 
	08%



Table 4: MBRT of pasteurized milk
	Time for decolourization
	Grade 
	Percentage 

	More than 5 h
	Very Good
	16%

	3-4 h
	Good 
	52%

	1-2 h
	Fair
	32%

	Less than 0.5 h
	Poor
	NIL



Table 5: Raw milk (Methylene Blue Reduction Test)
	Time taken for decolorization

	Grades 

	Percentage 

	Likelihood ratio (G test)

	Multinomial probability mass function


	More than 5 h

	Very Good (n=5)
	10% 
	22.307**

	0.0000034**


	3-4 h

	Good (n=20)

	40%
	
	

	1-2 h

	Fair (n=21)

	42%
	
	

	Less than 0.5 h

	Poor (n=4)

	08%
	
	



Raw milk quality follows significantly un-uniform distribution (Table 5). It may due to individual health status of cow, environment and hygienic condition of the farm like utensils used in milking. In a similar study Ahmed et al., 2020 suggested that the quality of milk depends upon various factors like animal hygiene, milking hygiene, equipment hygiene and processing hygiene.
Table 6: Raw milk Vs Pasteurized Milk (MBRT)
	Quality of milk
	Raw milk
	Pasteurized milk
	Odd’s Ratio

	Mann-Whitney U test


	Very good
	5
	8
	2.125
	U statistics ≈ 915;
 p- value ≈ 0.036* 


	Good 
	20
	26
	
	

	Fair 
	21
	16
	
	

	Poor 
	4
	0
	
	


*Significant; P0.05
On the basis of Odd’s Ratio, pasteurized milk has over 2 times higher odds of being of acceptable quality compared to raw milk. On the basis of Mann-Whitney U test, pasteurized milk has significantly higher quality scores than raw milk (Table 6). In a similar survey Abhang et al., 2024 revealed that the pasteurized had lower microbial count as compared to raw milk.
4.2 Standard plate count (SPC) of given milk sample
SPC of raw milk revealed that 82% of milk samples were of very good quality and it ranges between 3.54 to 5.28 log10 cfu/ml, 14% were of good quality and it ranges between 5.39 to 6.02 log10 cfu/ml, 2% were of fair quality only one sample having SPC of 6.32 log10 cfu/ml and 2% were of poor quality only one sample having SPC of 6.74 log10 cfu/ml (Table 7). Similar results were obtained by Doot et al., 2026 who reported that SPC of raw milk ranged from 4.47 to 7 log₁₀ cfu/ml. The result was not according to Melese and Tesfaye (2015) who revealed the SPC was varying from 5.401 to 12.699 log10 cfu/ml for the raw milk samples. The result was in concordance with Tamirat (2018) who reported the SPC of raw ranging from 5x103 to 3.8x 108 cfu/ml. The findings were in accordance with the result of Gurusaran et al., 2024 who reported that most of the raw milk samples in their study belonged to good and very good category.
SPC of all pasteurized milk were within the prescribed limit of 2.64 to 4.44 log10 cfu/ml. The findings slightly vary from the report of Doot et al., 2026 who revealed the SPC of pasteurized milk ranged from 2.47 to 5.44 log₁₀ cfu/ml which was slightly higher than the acceptable limit. The findings were similar result of Tamirat (2018) who reported SPC of pasteurized milk ranged from 4.4x101 to 4.43x105cfu/ml. 
Limitation of MBRT and SPC that it gives estimate of total bacteria present in the milk it does not give the specific type of bacteria present whether pathogen or spoilage bacteria.
A correlation coefficient between the MBRT and SPC of pasteurized milk was calculated. A correlation coefficient (r) was 0.875 (P< 0.01) it showed a strong positive relationship between MBRT and SPC indicating that the microbial quality of pasteurized milk can be assessed by MBRT. Similar result was obtained by Gurusaran et al., 2024 who revealed a correlation coefficient of 0.82.  The result was in line with Homhual and Jindal (2001) who reported a correlation coefficient of about 0.754. However, the correlation coefficient between the MBRT and SPC of raw milk was 0.551 (P< 0.01) which revealed it may be not so strongly significant depending upon metabolic activity of various types of bacteria.
Table 7: SPC of raw milk
	Standard Plate count per ml (lakhs)
	Grades 
	log10 cfu/ml
	Percentage 

	< 2 lakhs
	Very Good 
	3.54- 5.28
	82%

	2 – 10 lakhs
	Good 
	5.39- 6.02
	14% 

	10- 50 lakhs
	Fair
	6.32
	02%

	> 50 lakhs
	Poor 
	6.74
	02%



Table 8: Least square mean± standard error of SPC (log10 cfu/ml)
	Milk status
	N
	Mean ± Std error mean

	Range 

	Raw milk
	50
	4.90710.9042

	3.2 log10 cfu/ml


	Pasteurized milk
	50
	3.7488 ± 0.7040

	1.76 log10 cfu/ml



Raw and pasteurized milk mean± SE of SPC is 4.9071± 0.9042 and 3.7488± 0.7040, respectively. The mean value of SPC of raw and pasteurized milk showed that their range are within the limit (Table 8).
Table 9: SPC for raw and pasteurized milk
	
	Levene’s test for equality of variance

	t-test (both student’s and Welch’s test)


	
	F 
	Sig.
	t
	df
	Sig. (2- tailed)


	Equal variances assumed 
(Student’s t-test)
	.877

	.351

	10.132**

	97
	.000
(5.306665E-18)


	Equal variances not assumed
 (Welch’s t-test)
	
	
	10.108**

	91.057

	.000
(1.18654E-17)



Pasteurized milk is significantly (**; P) better than raw milk on the basis of standard plate count for both (Figure 4, Table 9).
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Figure 1: Tube with blue colour milk shows very good quality of milk (as it did not decolourized for more than 5.5 hrs) and white colour milk shows poor quality of milk (as it decolourized within 0.5 hr).


Figure 2: Comparison of raw and pasteurized milk based on MBRT.
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Figure 3. Standard plate count of milk


Figure 4: Comparison of SPC of raw and pasteurized milk 
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5. Conclusion 
MBRT is easy to perform, takes less time, efficient and economical can be conducted at farm level as compared to SPC which is time consuming and tedious microbiological procedure. The farmer should be made aware to follow strict hygienic measures during milk production and maintain cleanliness required throughout processing of milk from the farm till it reaches the table of the consumer to prevent transmission of milk borne infection. The stored temperature of pasteurized milk should be maintained properly to avoid post pasteurization contamination and bacterial growth.
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