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Abstract This study was aimed to investigate the effect of raw milk qualities on 

their corresponding pasteurized milk stored at different chilled temperatures. Raw 

milk collected from two different sources, Banhong (BH) milk farm and Mae Tha 

(MT) collection center, were pasteurized at 78 ± 2ºC for 30 s and kept for 21 days 

at 4-8ºC. During the storage period, representatives of milk treatments were 

assessed for their chemical, microbiological and sensorial characteristics. 

Collected data revealed that there was only minor alteration for the chemical 

properties of pasteurized milk throughout the studied storage period. The 

microorganism numbers in the pasteurized milk were significantly increased 

during storage and higher at higher storage temperatures. Poorer microbial 

quality of raw milk, including thermoduric bacteria, strongly contributed to higher 

microbial load of the correspondence pasteurized milk during chilled storage. 

The coliform number of all the pasteurized milk samples was found to be below 1 

cfu/ml during 21 days of storage, while no Escherichia coli, Listeria 

monocytogenes and Staphylococcus aureus was detected in the pasteurized milk 

samples. The appraisal of the sensory features of pasteurized milk, including color, 

flavor, odor, creamy taste, texture and overall acceptance, were gradually 

decreased with longer storage period. 
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INTRODUCTION 

Pasteurization is a minimum treatment required for some food commodities, in 

particular milk and milk products, to eliminate pathogenic microorganisms. The 

process can also extend the product shelf life by reducing the level of spoilage 

bacteria (McAuley et al., 2012; Ding et al., 2020). The minimum pasteurization 

condition applied for milk is at 72ºC for 15 s (Ding et al., 2020; Al-Farsi et al., 2021), 

even though in practical higher temperatures for up to 80-85ºC are sometimes 

applied. By doing pasteurization, pathogenic microorganisms, including 

Mycobacterium tuberculosis, Salmonella and Esherichia coli, are eliminated (Lewis, 

2010). Other pathogens in raw milk, such as Mycobacterium avium subsp. 

paratuberculosis associated with Crohn’s disease (Mulan, 2019) and Coxiella burnetii,  

an aetiological agent of Q fever in humans (Ahmadi, 2020), should also be 

significantly decreased by the heat treatment. On the other hand, thermoduric, heat 

resistant and spore forming bacteria can survive the process (McAuley et al., 2012; 

Júnior et al., 2018). Due to these survival microorganisms, the application of 

refrigeration to extend the shelf life of pasteurized milk are necessary (Li et al., 

2020). Depending on the storage temperatures, pasteurized milk can be preserved 

between 7 to 40 days (Lewis, 2010; Li et al., 2020; Zhu et al., 2020). Petrus et al. 

(2010) reported that the shelf life of pasteurized milk kept in high-density 

polyethylene bottle was estimated to be 43 and 36 days at 2 and 4ºC storage 

temperatures, respectively, while the milk filled in low-density polyethylene pouch 

had shelf life estimation of 37 and 35 days, respectively. Another work of Ziyaina  

et al. (2018) showed that pasteurized milk stored at 5 and 7ºC had shelf life periods 

of 30 and 24 days, respectively. 

Beside storage temperatures, keeping quality of pasteurized milks are affected 

by raw milk quality, time and temperature pasteurization and post pasteurization 

contamination (Lewis, 2010; Zhu et al., 2020; Al-Farsi et al., 2021). It was suggested 

that the total bacterial count of raw milk at processing plant should be less than 

300,000 cfu/ml (Barbano et al., 2006; Hasan et al., 2015). The work of Ding et al. 

(2020) about milk pasteurization at 72-85ºC for 15-30 s displayed that Streptococcus 

and Cyanobacteria were dominant genus in the milk processed at 85ºC for 15 s and 

at 80ºC for 15 s, respectively. This study also showed that residuals of Pseudomonas, 

Corynebacterium, Streptococcus, Cyanobacteria as well as Lactobacillus were found 

in different pasteurized milk treatments. A review by Sarkar (2015) delivered that 

milk pasteurized at lower temperatures (76.1 vs. 79.4ºC) significantly produced 

lower bacterial count (1.39 vs. 1.58 log cfu/ml, respectively) in pasteurized milk. Post 

pasteurization contamination is another important factor affecting the shelf life of 

pasteurized milk. Although the post pasteurization contamination could occur at 

various points after milk production, studies indicated that filling equipment as an 

area that particularly susceptible to the contamination (Alles et al., 2018). Martin et 

al. (2018) informed that there were four primary groups of psychrotolerant bacteria, 

which were important in post pasteurization contamination of fluid milk, including 

Pseudomonas; coliforms; non-Pseudomonas, non-coliform Gram negative bacteria 

and Gram positive spore forming bacteria. 

Since pasteurized milk only receives a mild heat treatment, the growth of 

survival and contaminant bacteria in the final product is an important parameter 

determining the product shelf life. Factors, such as degradation resulting from 

microbial contamination, protein breakdown from microbial growth and fat hydrolysis 

leading to compounds associated with quality defects, determine the shelf life of 

pasteurized milk (Ziyaina et al., 2018). Although raw milk is the main ingredient in 

the production of pasteurized milk, there is a very limited up-to-date information that 

directly investigate the raw milk quality and the shelf life of its corresponding 

pasteurized product. Due to this scarce information, the current study was aimed to 

examine the effect of raw milk qualities on the keeping quality of the corresponding 

pasteurized milk kept at different storage temperatures. 
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MATERIALS AND METHODS 

Procurement and quality assessment of raw milk 
Raw milk in this study was collected from two dairy farms. The first farm was 

Banhong (BH) milk farm located in Banhong district, Lamphun province, Thailand and 

the second source was Mae Tha (MT) milk collection center in Mae Tha district, 

Lamphun province, Thailand. The BH milk farm was part of a project Lanna High 

Quality Milk, in which the quality of raw milk was controlled through improvement   

of farm management and milk collection center. The raw milk was transported at  

4.0 ± 1.0ºC to a processing plant in Chiang Mai. In the processing plant, the raw milk 

was checked for antibiotic substances and its stability using 75% alcohol test. Both 

raw milk sources showed the absence of antibiotic substances and no coagulation in 

the 75% alcohol test (no shown data). Subsequently, the raw milk was stored at 

chilled temperature before pasteurization. Samples of the raw milk was also 

subjected to chemical and microbial analyses. The chemical assessment included pH 

value measured by a pH meter (OHAUS model ST3100, USA), total titratable acidity 

using 0.1 N NaOH (RCI Labscan, Thailand) with phenolphthalein indicator (RCI 

Labscan, Thailand) following the method of Ziyaina et al. (2018) and total soluble 

solid determined by a digital refractometer (ATAGO PR101, Japan). For fat, protein, 

total solids, solids-non-fat and specific gravity, they were evaluated using Lactoscope 

Fourier Transform Infrared Spectroscopy (FTIR) milk and dairy analyzer (Delta, 

Netherlands). The microbial qualities of raw milk were assessed for standard plate 

count (SPC) using 3M Petrifilm AC (3M, USA) with an incubation temperature of 32.0 

± 1.0ºC for 48 ± 3 h, laboratory pasteurized count (LPC) (Martin et al., 2011), 

coliform by 3M Petrifilm CC (3M, USA) incubated at  32.0 ± 1.0ºC for 24 ± 2 h, E. coli 

using 3M Petrifilm EC (3M, USA) incubated at 32 ± 1ºC for 24-48 h and somatic cell 

count measured by Delaval Cell Counter DCC (Delaval, New Zealand).  

Production process and storage of pasteurized milk 
Raw milk was pasteurized using a continuous method through plate heat 

exchanger. On the processing day, the raw milk was filtered for any foreign matters 

and thermized at 75 ± 3ºC for 30 s. It was then homogenized at 150 bar, pasteurized 

at 78.0 ± 2.0ºC for 30 s, cooled down to below 5ºC and filled in sanitized 200 ml 

glass bottle with aluminium twist-off lid under clean environment. The final 

pasteurized milk products were then stored for 3 weeks period at 4, 6 or 8 ± 1ºC. 

During the storage period, representative pasteurized milk samples were separated 

and analyzed for their chemical, microbiological and sensory properties. 

Keeping quality of pasteurized milk at low storage temperature 
Pasteurized milk samples separated from storage temperatures of 4, 6 or 8ºC 

were subjected to chemical analyses, such as pH values, total soluble solids, fat 

content, protein content, total solids and solids-non-fat content, using similar 

methods as in the raw milk. For microbiological properties, milk samples were 

analyzed for SPC (Maturin and Peeler, 2001), LPC, coliform (Feng et al., 2021) and 

enumeration of pathogens of E. coli (Feng et al., 2021), Bacillus cereus (Tallent  

et al., 2021b), Listeria monocytogenes (Hitchins et al., 2021) and Staphylococcus 

aureus (Tallent et al., 2021a). At the same time, the milk samples were also assessed 

for their sensory characteristics, including color, flavor, odor, creamy taste, texture 

and overall acceptance. The sensory assessment was carried out by 20 panelists 

using a 9-point hedonic scale (Gandy et al., 2008). 

Statistical analysis 
The analysis results of pasteurized milk during storage were statistically 

analyzed using analysis of variance (ANOVA) and Duncan test based on triplicate 

replication using IBM SPSS Statistics 22. Significance difference between treatments 

was set at P < 0.05. Data are presented as mean ± standard deviation (x ̄ ± sd).  
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RESULTS  

Raw milk qualities 
Physicochemical characteristics of raw milk used in this study can be seen in 

Table 1. In general, the raw milk from MT collection center had higher pH values, 

total solids and acidity compared to those of the milk collected from BH milk farm. 

Higher milk constituents, particularly fat and protein, can be useful for some milk 

products, such as cheese, cream and butter. On the other hand, the milk of MT 

collections had lower specific gravity of the milk from BH milk farm. 

 

Table 1. Physicochemical properties of raw milk. 

Raw milk properties BH milk farm MT collection center 

pH values 6.71 ± 0.01 6.76 ± 0.01 

Total soluble solid (ºBrix) 9.80 ± 0.10 10.10 ± 0.10 

Total titratable acidity (% lactic acid) 0.14 ± 0.00 0.16 ± 0.00 

Fat (%) 3.99 ± 0.01 4.17 ± 0.01 

Protein (%) 3.01 ± 0.01 3.09 ± 0.01 

Total solid (%) 12.42 ± 0.01 12.79 ± 0.01 

Solids-non-fat (%) 8.44 ± 0.01 8.61 ± 0.01 

Specific gravity (g/ml) 1.02 ± 0.00 1.02 ± 0.00 

Note: * BH: Banhong milk farm, MT: Mae Tha collection center. 

 

Table 2 displays the microbiological qualities of raw milk from BH milk farm and 

MT collection center. It was clearly shown that the raw milk quality of BH milk farm 

had lower microbial counts compared to that of the milk from MT collection center. 

Nevertheless, both of raw milk were suitable for further processing, since the total 

microorganisms, measured as Standard Plate Count, were lower than 3 x 105 cfu/ml 

(Barbano et al., 2006; Hasan et al., 2015) and somatic cell count was less than 

750,000 cells/ml (Barbano et al., 2006). 

Table 2. Microbiological qualities of raw milk.  

Raw milk properties BH milk farm MT collection center 

Standard Plate Count (cfu/ml) 14,700 ± 200 122,500 ± 23 

Laboratory Pasteurized Count (cfu/ml) 260 ± 5 4,500 ± 395 

Coliform (cfu/ml) 1,600 ± 50 2,300 ± 180 

E. coli (cfu/ml) ND* 80 ± 7 

Somatic cell count (cells/ml) 159,000 ± 1,000 490,000 ± 500 

Note: * Not detect. BH: Banhong milk farm, MT: Mae Tha collection center. 

Keeping quality of pasteurized milk at different storage 
temperatures 

Raw milk from BH milk farm and MT collection center were undergone heating 

at 78 ± 2ºC for 30 s before stored at different refrigerated temperatures, including 

4, 6 and 8ºC. Various storage temperatures used in this study were designed to 

anticipate fluctuation of temperatures during cold storage chain. Petrus et al. (2010) 

had cited that improper refrigeration of low-quality raw material and an inadequate 

packaging system caused problems in maintaining the quality of pasteurized milk. 

Changing in the chemical properties of pasteurized milk treatments during chilled 

storage are displayed in Figures 1–3. In general, collected data showed that the 

chemical qualities of pasteurized milk, including pH, total soluble solids, total solids, 
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fat, protein and solids-non-fat, were slightly fluctuated during the storage period. 

However, the changing did not denote any spoilage patterns in all of the milk 

treatments. 

 

Figure 1. Chemical properties of pasteurized milk kept at 4ºC for 3 weeks. 

BH: Banhong milk farm, MT: Mae Tha collection center. The results are expressed as 

mean ± standard deviation (n = 3). Different letters within a chemical property and 

similar milk source indicate significantly different at P < 0.05.  

 

Figure 2. Chemical properties of pasteurized milk kept at 6ºC for 3 weeks. 

BH: Banhong milk farm, MT: Mae Tha collection center. The results are expressed as 

mean ± standard deviation (n = 3). Different letters within a chemical property and 

similar milk source indicate significantly different at P < 0.05. 
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Figure 3. Chemical properties of pasteurized milk kept at 8ºC for 3 weeks.  

BH: Banhong milk farm, MT: Mae Tha collection center. The results are expressed as 

mean ± standard deviation (n = 3). Different letters within a chemical property and 

similar milk source indicate significantly different at P < 0.05. 

Compared to the chemical properties, the microbiological qualities of 

pasteurized milk stored at 4-8ºC for 21 days exhibited a significant increase during 

storage period as shown in Figures 4-6. Both of pasteurized milk had Standard Plate 

Count of less than 44 cfu/ml after the pasteurization process with MT pasteurized 

milk had lower microbial count than that of the BH pasteurized milk. This microbial 

number increased significantly with longer storage period and at higher storage 

temperatures, particularly for MT pasteurized milk (Figures 4-6 and Table 3). 

Therefore, the pasteurized milk had the highest microbial numbers at the end of 21 

days storage and stored at 8ºC. The measurement of LPC for pasteurized milks in 

Figures 4-6 and Table 3 clearly exhibited that the thermoduric bacteria in pasteurized 

milk was also increased with longer storage period and higher at higher storage 

temperatures. This finding was consistent with the trend of Standard Plate Count, 

albeit at lower microbial numbers. 

 

Figure 4. Microbiological properties of pasteurized milk kept at 4ºC for 3 

weeks. BH: Banhong milk farm, MT: Mae Tha collection center. The results are 

expressed as mean ± standard deviation (n = 3). Different letters within a microbial 

group and similar milk source indicate significantly different at P < 0.05. 
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Figure 5. Microbiological properties of pasteurized milk kept at 6ºC for 3 

weeks. BH: Banhong milk farm, MT: Mae Tha collection center. The results are 

expressed as mean ± standard deviation (n = 3). Different letters within a microbial 

group and similar milk source indicate significantly different at P < 0.05. 

 

 
 

Figure 6. Microbiological properties of pasteurized milk kept at 8ºC for 3 

weeks. BH: Banhong milk farm, MT: Mae Tha collection center. The results are 

expressed as mean ± standard deviation (n = 3). Different letters within a microbial 

group and similar milk source indicate significantly different at P < 0.05. 

Table 3. Standard plate count and laboratory pasteurized count (cfu/ml) of pasteurized milk 

kept at different storage temperatures of 4, 6 and 8ºC throughout the storage period of 3 

weeks. 

Storage 
temperature 

(ºC) 

Standard Plate Count (cfu/ml)  Laboratory Pasteurized Count 
(cfu/ml)  

BH* MT BH MT 

4 184.10 ± 130.50A 3,064.70 ± 1263.10A 134.20 ± 105.70A 155.00 ± 138.10A 

6 267.50 ± 224.10A 3,789.70 ± 1519.80A 166.00 ± 97.60AB 198.70 ± 167.20AB 

8 368.00 ± 247.90B 6,014.70 ± 5458.00B 162.10 ± 107.40B 342.60 ± 405.50B 

Note: * BH: Banhong milk farm, MT: Mae Tha collection center. 

A-C Different superscript letters within a column and storage temperature indicate significantly different at P < 0.05. 
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Beside chemical and microbiological qualities, the pasteurized milk treatments 

were also subjected to sensory characterization during 21 days of storage at 4-8ºC 

(Figure 7). This characterization is important affecting the product acceptance and 

shelf life (Jo et al., 2018). The sensory description of the milk samples is shown in 

Figures 8-10 for color, flavor, odor, creamy taste, texture and overall acceptance. In 

general, it could be seen that the sensory attributes of pasteurized milk were 

decreased with longer storage period, while different storage temperatures did not 

significantly affect the milk sensory properties (Table 4). 

 

  

 

Figure 7. BH pasteurized milk samples stored at different storage 

temperatures of 4, 6 and 8ºC for 3 weeks period. A = Day 1, B = Day 12 and C 

= Day 21.  1 = pasteurized milk stored at 4ºC, 2 = pasteurized milk stored at 6ºC 

and 3 = pasteurized milk stored at 8ºC. 

 
 

Figure 8. Sensory characteristics of pasteurized milk kept at 4ºC for 3 weeks. BH: Banhong 

milk farm, MT: Mae Tha collection center. The results are expressed as mean ± standard deviation  

(n = 3). Different letters within a sensory attribute and similar milk source indicate significantly 

different at P < 0.05; ns: Not significant within a sensory attribute and similar milk source . 
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Figure 9. Sensory characteristics of pasteurized milk kept at 6ºC for 3 weeks. BH: Banhong 

milk farm, MT: Mae Tha collection center. The results are expressed as mean ± standard deviation  

(n = 3). Different letters within a sensory attribute and similar milk source indicate significantly 

different at P < 0.05; ns: Not significant within a sensory attribute and similar milk source. 

 

 

Figure 10. Sensory characteristics of pasteurized milk kept at 8ºC for 3 weeks. BH: Banhong 

milk farm, MT: Mae Tha collection center. The results are expressed as mean ± standard deviation  

(n = 3). Different letters within a sensory attribute and similar milk source indicate significantly 

different at P < 0.05; ns: Not significant within a sensory attribute and similar milk source. 

 

Table 4. Sensory properties of pasteurized milk kept at different storage temperatures of 4, 6 and 

8ºC throughout the storage period of 3 weeks. 

Sensory 
properties  

at 4ºC at 6ºC at 8ºC 

BH MT BH MT BH MT 

Colorns 7.18 ± 0.57 6.94 ± 0.47 7.08 ± 0.55 6.98 ± 0.50 7.08 ± 0.60 6.97 ± 0.46 

Flavorns 6.45 ± 0.96 6.42 ± 0.86 6.40 ± 0.92 6.48 ± 0.83 6.33 ± 0.93 6.46 ± 0.79 

Odorns 6.47 ± 0.79 6.51 ± 0.72 6.43 ± 0.71 6.45 ± 0.76 6.33 ± 0.78 6.51 ± 0.76 

Creamy tastens 6.38 ± 0.82 6.53 ± 0.63 6.33 ± 0.77 6.53 ± 0.72 6.23 ± 0.78 6.49 ± 0.68 

Texturens 6.38 ± 0.84 6.47 ± 0.63 6.31 ± 0.82 6.53 ± 0.68 6.33 ± 0.82 6.50 ± 0.66 

Overallns 6.52 ± 0.72 6.58 ± 0.60 6.46 ± 0.70 6.54 ± 0.68 6.41 ± 0.71 6.54 ± 0.68 

Note: * BH: Banhong milk farm, MT: Mae Tha collection center. ; ns : Not significant within a similar storage temperature. 
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DISCUSSION 

Raw milk used in this study and was collected from two different dairy farms 

slightly had different physicochemical and microbiological properties. The fat and 

total solid of the raw milk (3.99-4.17% and 12.42-12.79%, respectively) were in an 

agreement with commercial pasteurized milk in Sudan, which were 3.82-4.37 and 

12.4-13.1%, respectively, reported by Sulieman et al. (2014). On the other hand, 

the protein content in this study of 3.01-3.19% was slightly lower from the 

commercial milk in Sudan, which was 3.21-3.82% (Sulieman et al., 2014).  Moreover, 

the amounts of fat, protein and total solid of raw milk in this study were lower than 

those of raw milk in Sudan (Elsheikh et al., 2015). Discrepancies in raw milk 

composition of different studies could be affected by synthetic and secretory tissues 

of the mammary gland, initiation and establishment of lactation, milk ejection reflex, 

breed and genetic factors, nutrition, environment and milking management practices 

(Elsheikh et al., 2015). For pH and total t itratable acidity in the current study, they 

were closed with the values of pasteurized trim milk determined by Ansari et al. 

(2020) and a pH value of pasteurized milk of 6.72 found by Sadhu (2018). The pH 

value of raw milk was correlated with the milk stability during heat treatment (Nian 

et al., 2012). 

For the microbiological properties, beside total microorganisms in raw milk 

somatic cell count is an important factor indicating udder health. The count was 

affected by several factors, including animal species, milk production level, lactation 

stage, individual and environmental factors and management practices (Li et al., 

2014). LPC or Laboratory Pasteurized Count was carried out by heating milk samples 

at 62.8ºC for 30 min followed by standard microbial enumeration (Pantoja et al., 

2009; Martin et al., 2011). The method measures the number of thermoduric bacteria 

in the milk samples after pasteurization (Pantoja et al., 2009). The results in Table 2 

showed clearly that the raw milk from MT collection center had much higher number 

of LPC compared to that in the milk from BH milk farm. A LPC number for up to 

11,140 cfu/ml had been earlier conveyed by Pantoja et al. (2009). The authors also 

mentioned that LPC could be used as an indicator of milking-equipment sanitation. 

In addition, Elmoslemany et al. (2009) wrote that high numbers of thermoduric count 

in bulk tank milk indicated the presence of heat tolerant bacteria on milking 

equipment. 

Consistent with the results of Standard Plate Count and LPC, the numbers of 

coliform and E. coli were higher in the raw milk collected from MT collection center 

(Table 2). The presence of coliform in raw milk has been reported by several 

researchers, including a number of 1.0x104 to 2.0x105 cfu/ml for raw milk in 

Bangladesh by Banik et al. (2014), a number between 4.56 and 5.63 log cfu/ml for 

raw milk in Nairobi area by Wanjala et al. (2017), an amount of 2.3x102 to 9.4x102  

cfu/ml for raw milk in Bangladesh by Hasan et al. (2015) and the presenc e between 

0 and 1,520 cfu/ml for raw milk in USA by Pantoja et al. (2009). This showed that 

the coliform numbers in the current work were in the range of the coliform results 

from previous studies. Factors, such as poor hygiene, contaminated water, 

unsanitary milking practices and improperly washed and maintained equipment , 

could contribute to higher amounts of coliform in raw milk (Banik et al., 2014).  

In addition, Zucali et al. (2011) suggested that the presence of coliform was also 

correlated with cow c leanliness and cow environment. No E. coli was detected in the 

raw milk from BH milk farm, while some were found in the raw milk from MT collection 

center. The number of E. coli in this study was lower that the raw milk in Bangladesh, 

which was 2.3 to 9.4 x102 cfu/ml (Hasan et al., 2015). The presence of shiga-toxin 

producing E. coli in bulk tank milk worldwide was reported to be between 0 and 

33.5% (Quigley et al., 2013). Since cow is one of the main reservoir of shiga-toxin 

producing E. coli, milk can be contaminated by the pathogen during milking or 

processing if the hygiene standard is not good (Quigley et al., 2013). Moreover, 

coliform, in particular E. coli, in raw milk could be used as an indicator of fecal 

contamination (Zucali et al., 2011; Hasan et  al., 2015).  
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The chemical properties of pasteurized milks in the terms of pH, total solid, fat, 

protein and solids-non-fat had values that were closed to those of the corresponding 

raw milk (Table 1). Zhu et al. (2020) had reported that milk pasteurization at  

63-64.5ºC for 30 min was a mild process, causing minor metabolite changes in the 

liquid and volatile fractions. The pH results in this study was in an agreement with 

the results of Al-Farsi et al. (2021), who stated that the pH and acidity of pasteurized 

milk stored at 5 and 8ºC for 12 days were 6.57-6.76 and 0.14-0.18% lactic acid, 

respectively. A slight alteration for fat, protein and total solid contents of pasteurized 

milk samples could be affected by proteolysis from the action of plasmin and protease 

from somatic cells or microbial proteases and lipolysis from lipases of somatic cells 

during storage (Li et al., 2020: Zhu et al., 2020). Results in Figures 1-3 also displayed 

that in general, different storage temperatures did not influence the chemical 

properties of pasteurized milks during 21 days of storage at low storage 

temperatures.  

During storage at chilled temperature, the rate of microbial growth in the MT 

pasteurized milk was much higher than that of the BH pasteurized milk. This reflected 

that poorer microbial quality in raw milk (Table 2) could be a crucial factor in affecting 

the microbial property of the final product. A similar finding was also reported by 

Júnior et al. (2019). Azizkhani and Tooryan (2017) conveyed the numbers of Total 

Plate Count of Iranian commercial pasteurized milk samples at the end of their shelf 

lives were 2.16-6.72 log cfu/ml. Microbial numbers of 3.19 to 3.59 were found by 

Wanjala et al. (2017) for pasteurized milk in Nairobi region. On the other hand, Petrus 

et al. (2010) showed that pasteurized milk processed at 75ºC for 15 s in high-density 

polyethylene bottle and low-density polyethylene pouch had mesophilic counts of 

4.00 ± 1.53 and 3.42 ± 0.72 log cfu/ml, respectively, after 21 days at 4ºC and 

mesophilic numbers of 7.01 ± 0.02 and 7.84 ± 0.25 log cfu/ml, respectively, after 9 

days at 9ºC. The finding in this study and previous research works clearly 

demonstrated the important of storage temperatures of pasteurized milk as well as 

the microbial quality of raw milk. A summary from Sarkar (2015) disclosed that the 

shelf life of pasteurized milk was affected by raw milk quality, storage duration of 

raw milk prior to processing, the heat treatment that is employed, concentration of 

heat resistant microorganisms, the extent of post pasteurization contaminants, 

packaging system, post-pasteurization storage conditions and effect of light. Even 

though the number of Standard Plate Count of the MT pasteurized milk reached a 

number of 19,500 ± 500 cfu/ml on the 21st day of storage at 8ºC, this number was 

still lower than the Thai standard for milk products issued by the Ministry of Public  

Health (2013a), which specified that the number of bacteria in pasteurized milk 

should not be more than 50,000 cfu/ml at the end of the milk shelf life, and a limit  

of 20,000 cfu/ml for the legal limit in USA (Fromm and Boor, 2004). 

Although the MT pasteurized milk had a lower number of LPC than that of the 

BH pasteurized milk after an overnight at refrigerated temperatures, the number of  

LPC in the first milk was significantly increased after 5 days storage at three different 

storage temperatures. On the other hand, the increase in LPC in the BH pasteurized 

milk was more gradual. This finding could be affected by the number of 

microorganisms in raw milk (Table 2). Results in this study were also consistent with 

some previous works that found thermoduric bacteria from raw milk could survive 

pasteurization process and grow during the storage period at chilled temperatures of 

4-8ºC. A previous work of Júnior et al. (2018) had reported the identification of 

several thermoduric bacteria in raw milk included Bacillus licheniformis, Bacillus 

circulans and Paenibacillus. Some strains of B. licheniformis had proteolytic and 

lipolytic activities and the bacteria could grow at refrigerated temperatures (Júnior  

et al., 2018). Another work of Mugadza and Buys (2018) isolated Bacillus spp., 

including B. pumilus, B. subtilis, B. licheniformis, B. sonorensis and B. circulans, and 

Paenibacillus spp. from pasteurized milk processed at 73ºC for 15 s. When subjected 

the isolates to grow at temperature of 7ºC, the researchers found out that 

Paenibacillus spp. had the highest growth rate followed by B. pumilus (Mugadza and 

Buys, 2018). Major isolates Paenibacillus, Pseudomonas and Bacillus spp. from 43 

pasteurized milk samples have also be conveyed by Martin et al. (2011). In order to 

maintain the keeping quality of pasteurized milk during refrigerated storage, it was 
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advisable to avoid contamination of thermoduric microorganisms during milking, 

storage and transport of raw milk (Júnior et al., 2018). 

It would be worthy to note that in the BH pasteurized milk with lower 

microorganism number in its raw milk, the survival microorganisms, such as 

thermoduric, would be the dominant microorganism in the final product (Figures 4-

6). The growth of these survival microorganisms was found to be slower at 

refrigerated temperatures. It has been mentioned earlier that BH raw milk was part 

of the Lanna High Quality Milk that was aimed to produce high quality dairy products 

and this study proved that lower microbial numbers in the raw milk produced a better 

pasteurized milk quality. On the other hand, the MT pasteurized milk that had a 

higher initial microbial number of 122,500 ± 23 cfu/ml had a significant increase in 

the total microorganism number (Standard Plate Count) after 5 days storage at 

chilled temperatures and the LPC number was only a small proportion of the 

population. This finding clearly indicated that lower microbial count in the raw milk is 

one of the critical criteria to have a good quality pasteurized milk.  

Although this study was concentrated with pasteurized milk, the finding of 

thermoduric bacteria in the final product could arise a concern for several milk 

products that used pasteurization as the main heat treatment to decrease the 

microbial load in raw milk. These products include cream, butter, fermented milk 

products (yogurt and cheese), milk powders and ice cream. It was reported earlier 

the presence of enterococci in milk post-pasteurization could cause spoilage problems 

because of the ability of the microorganisms to produce lipase (McAuley et al., 2012). 

The detection of spore and thermoduric bacteria for 3.24 ± 0.09 and 3.23 ± 0.10 log 

cfu/g, respectively, in non-fat dry milk powders was informed by Buehner et al. 

(2015). The authors concerned that these microbial load could have a serious 

implication if the product would be further process as a reconstituted milk products.                

Pasteurized milk treatments were also subjected to pathogen analyses, such as 

E. coli, B. cereus, L. monocytogenes and S. aureus, as well as coliform testing. For 

the coliform analysis, all of the pasteurized milk samples had a number of less than 

1 cfu/ml throughout the storage periods at different storage temperatures (no shown 

data). The coliform finding in this study was complied with the Thai regulation no. 

352 about milk products (Minister of Public Health, 2013a) and consistent with the 

research of Al-Farsi et al. (2021), who worked with commercial pasteurized milks 

that were stored at 5 and 8ºC for 12 days.  A previous work of Azizkhani and Tooryan 

(2017) had detected coliform at numbers between 0.25 ± 0.10 and 2.08 ± 0.11 log 

cfu/ml in ten Iranian commercial pasteurized milk samples. Regarding the results of 

E. coli, L. monocytogenes and S. aureus, the pathogens were not detected in all of 

the pasteurized milk samples examined during 21 days storage at 4-8ºC (no shown 

data). This result was consistent with the requirement of Thai standard no. 364 about 

pathogenic microorganisms in food (Minister of Public Health, 2013b) and were in an 

agreement with the outcome of Al-Farsi et al. (2021) study. On the other hand, the 

BH and MT pasteurized milk samples were found to have B. cereus at the end of their 

storage periods. The pathogen was detected in the BH pasteurized milk treatments 

for a number of less than 2.0 ± 0.0 cfu/ml on 19th and 21s t storage days at 4ºC and 

for a number of less than 1.5 ± 0.7 cfu/ml on 19th and 21s t storage days at 8ºC. The 

recovery of B. cereus in the MT pasteurized milk samples was revealed for a number 

of 1.0 ± 0.0 cfu/ml on the 19th storage day at 6ºC and for a number of  

1.5 ± 0.7 cfu/ml on 19th and 21s t storage days at 8ºC. The presence of B. cereus in 

the BH and MT pasteurized milk at low numbers was still conformed to the Thai 

standard no. 364 that allowed the pasteurized cow’s milk products to contain  

B. cereus for not more than 100 cfu/ml (Minister of Public Health, 2013b). The ability 

of B. cereus to produce endospore was one of the factor that causing the pathogen 

to be detected in the pasteurized milk (Deeth, 2017; Mugadza et al., 2019). Beside 

raw milk, the bacteria could also contaminate pasteurized milk from post processing 

contamination through processing equipment (Mugadza et al., 2019).  

A declining of sensory acceptance of pasteurized milk samples in this study was 

unavoidable, since there was still chemical and microbiological changes in the milk 

treatments kept at refrigerated temperatures. It was previously stated that the flavor 

of high-quality milk would be bland, pleasantly sweet and free from defects (Fromm 
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and Boor, 2004). During storage, the flavor profile of liquid milk products were 

affected by a combination of factors, including processing parameters, microbial 

growth levels, the extent of lipid and protein degradation and exposure to UV light  

(Fromm and Boor, 2004; Jo et al., 2018; Ziyaina et al., 2019). Moreover, the somatic  

cell count of raw milk and temperature of refrigerated storage could also influence 

the extent of enzyme activities (Barbano et al., 2006). Zhu et al. (2020) reported the 

increase of some metabolites during refrigerated storage of pasteurized milk, 

including some fatty acids, succinic acid, glycine, betaine, glycerol 3-phosphate, 

some tripeptides and volatile compounds of 2-nonanone and 2-heptanone.  

The results of sensory evaluation in this study demonstrated that the panelists 

gave a preference of ‘slightly like’ to ‘moderately like’ (values of 6 to 7 based on  

9-hedonic scale) for most of the sensory attributes of pasteurized milk, except for 

the flavor, odor and creamy taste of BH pasteurized milk stored at 8ºC and at the 

end of the milk shelf life. This finding was consistent with the report of Gandy et  al. 

(2008). The researchers informed that panelists gave preferences of 6.2 for flavor 

acceptability and 6.1 for overall acceptability based on 9-point hedonic scale for 

pasteurized milk processed 77ºC for 15 s during 6 days storage at 7 ± 1ºC. The work 

of Petrus et al. (2009) conveyed the acceptability of panelists for pasteurized milk 

heated at 75ºC for 15 s. They found that the overall appreciation of the milk was 6.0 

for milk in low-density polyethylene pouch and 5.8 for milk in high-density 

polyethylene bottle (based on 7-point hedonic scale) at the beginning of the storage 

period at 4ºC. These preferences were found to be reduced to 5.0 and 5.7, 

respectively, after 28 days of storage, confirming the results in this study. 

CONCLUSION 

It could be concluded that raw milk quality and storage temperature were 

important factors affecting the microbial quality of pasteurized milk. Higher 

microorganism numbers in raw milk and higher storage temperatures could 

significantly reduce the keeping quality of pasteurized milk. There was only minor 

changes for the chemical properties of pasteurized milk during 21 days of storage at 

chilled temperatures. Thermoduric bacteria could play a significant role in the keeping 

quality of pasteurized milk produced from raw milk with low microbial load. In 

addition, the sensory properties of pasteurized milk were gradually dec reased at 

longer storage period. 
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