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INTRODUCTION  

Pasteurization is one of the essential methods to destroy any 

pathogen in milk (Abdul Elrahman et al., 2013). Different types of 

pasteurization like Low Temperature Long Time (LTLT), High 

Temperature Short Time (HTST) and post pasteurization contamination 

play an important role in eliminating bacteria growth in milk, including 

beneficial bacteria (Dumalisile et al., 2005). Milk is one of the natural 

habitats that rich in nutrients for lactic acid bacteria growth (Delavenne 

et al., 2012). Lactic acid bacteria play an important role in dairy 

product especially milk. They have antimicrobial compounds that 

promote probiotic properties and can help to prolong their shelf life and 

nutritious component in milk (Khedid et al., 2009; Teshome, 2015). 

However, the temperature of pasteurization may affect the existence of 

lactic acid bacteria. The growth rate of lactic acid bacteria is totally 

counted on the available nutrients in the media (Hutkins and Nannen, 

1993). When the nutrients are reduced with the pasteurization 

temperature (Tesfay et al., 2015), the growth of lactic acid bacteria may 

be affected as well. The different amounts of nutrients are also found in 

different animals such as goat and cow. Protein is high in cow’s milk 

while goat’s milk is higher in fat (FAO, 2013; Balthazaar et al., 2017). 

Lower nutrients in milk may lead to the different patterns of reduction 

in the beneficial effect of lactic acid bacteria in both milks. Lactic acid 

bacteria can also help in reducing the lactose intolerance (de Vrese et 

al., 2001). High temperature of pasteurization may reduce these effects 

too.  

Pasteurization will affect the yeast and mould growth in the milk. It 

can extend the shelf life of milk by destroying almost all yeasts, 

moulds and common spoilage bacteria (Chipilev et al., 2016). Yeast 

and mould are more prominent to grow in a medium that has low pH, 

moisture, temperature and high salt or sugar content which bacteria 

cannot compete (USDA, 2012). However, lactic acid bacteria are 

exception as they can grow in a high acid food which able to threaten 

the survival of yeast and mould in milk.  

Water is the main component in all milks. Previous research has 

mentioned that minimal water activity content would support the 

growth of lactic acid bacteria (Troller and Stinson, 1981). Yeast and 

mould could also able to adapt in less water environment that enabled 

them to grow more (Brock and Madigan, 1986). Lactic acid bacteria 

would able to inhibit the mould growth due the antifungal properties of 

the lactic acid bacteria that subsequently could control the production 

of yeast and mould (Dalie et al., 2010; Blagojev et al., 2012). 

Lactic acid bacteria is classified to synthesize a diverse type of 

enzyme which may influence the composition in food (Patel et al., 

2013). Enzyme that found in the milk is not easily presented for 

digestibility of milk (Claeys et al., 2013). The activity of enzyme is 

mostly affected by the temperature, pH, and presence of substrate, 

activators and inhibitors. Enzyme is mostly inactive at pasteurization 

condition due to long treatment with high temperature. However, not 

all enzymes will be destroyed during the pasteurization process. Many 

of these enzymes are remained active even after the heat treatment of 

milk which also may be related with the presence of lactic acid bacteria 

in pasteurized milk (Samarzija et al., 2012). 

EXPERIMENTAL  

Sample collection 
This experiment was conducted in Universiti Malaysia Terengganu. 
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Abstract  

This study was done to determine the effect of pasteurization on the stability of lactic acid bacteria 
and its enzyme, and also its relation with physico-chemical properties in raw and pasteurized cow’s 
and goat’s milk. Most of the physico-chemical properties (pH, protein, ash and fat) were highest in 
pasteurized goat’s milk. The total viable count for plate count of the bacterial concentration was 
higher in both pasteurized cow’s and goat’s milk which were 2.48 log CFU/ml. This was followed by 
raw cow’s milk (1.59 log CFU/ml) and raw goat’s milk (0.65 log CFU/ml). There was no yeast and 
mould detected in both raw and pasteurized cow’s and goat’s milk, respectively. Lactic acid bacteria 
(LAB) was found significantly higher in raw milk compared to pasteurized milk and higher 
macronutrients (proximate composition) could be considered as one of the factors for the survival of 
LAB. Interestingly, based on API ZYM assay kit result, there were nine different enzymes were 
detected in all samples which were leucine arylamidase, valine arylamidase, cystine arylamidase, 
trypsin, α-chymotrypsin, naphthol-AS-BI-phosphohydrolase, α-glucosidase, β-glucosidase and acid 
phosphatise. This result revealed that different types of lactic acid bacteria were detected in treated 
and non-treated milk samples produced by different animals. 
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Milk samples were collected at Marang, Terengganu and Veterinary 

Laboratory, Kelantan. After the collection of the samples, they were 

then separated into three different analyses which were physico-

chemical, microbiological status and lactic acid bacteria detection. The 

remaining samples were kept in freezer at (-20℃) until required.  

Physico-chemical properties 

pH 
pH value for each sample was measured using pH meter. 

Replication was done to obtain an accurate reading of pH for the 

samples.  

Chemical analysis 
Chemical analysis was carried out using AOAC (2000) method. 

Moisture content was analyzed using standard method while protein 

content was determined by using Kjedahl method. Ash content 

determination was done by using dry ashing method. Fat content was 

analyzed using Soxhlet dry extraction.  

Microbiological analysis 
A total of 25 g of milk sample was homogenized with 225 ml of 

buffered peptone water aseptically. A serial dilution was done up to 10-8 

using buffered peptone water and 0.1 ml of the dilution was spread on 

Plate Count Agar (PCA) plate and potato dextrose agar (PDA), 

respectively.  The prepared PCA was incubated at 37°C for 24 h while 

PDA was kept for 5 days at room temperature.  

LAB identification in milk 
Milk sample (25 g) was homogenized in 225 ml of buffered 

peptone water. Then, 1 ml of homogenized sample was added into 9 ml 

of Man Rogosa Sharpe (MRS broth). This step was repeated for every 

sample. These samples were incubated at 30°C for 24 to 48 h in 

anaerobic condition. A serial dilution was done up to 10-8 using saline 

solution and 0.1 ml of final dilution was pipetted and spread on MRS 

agar. The prepared petri dishes were incubated at anaerobic condition 

for 2 days. 

API ZYM 
The identification and confirmation of lactic acid bacteria (LAB) 

were analyzed using API ZYM (BioMerieux, France). API ZYM is a 

system that able to identify enzyme that has been applied by total 81 

bacteria that belong to several species. The LAB presence in milk 

could be identified by the enzymes produced which were alkaline 

phosphatase, esterase, esterase lipase, lipase, leucine arylamidase, 

valine arylamidase, cystine arylamidase, trypsin, α-chymotrypsin, 

aidphosphatase, naphthol-AS-BI-phosphohydrolase, α-galactosidase, β-

galactosidase, β-glucuronidase, α-glucosidase, β-glucosidase, N-acetyl-

β-glucosaminidase, α-mannosidase or α-fucosidase (Humble et al., 

1977). The incubation box was spread with 5 ml of distilled water into 

the honey comb wells of the tray to create humid atmosphere. The 

sample reference was analyzed by elongated flap of the tray. The strips 

were removed from the individual packaging and placed in the 

incubation box. 65μL of specimen was dispensed using micropipette 

each cupule. After inoculation, the plastic lid was placed on the tray 

and incubated for 4 h at 37°C. Then a drop of ZYM A and ZYM B were 

added into each cupule and then kept in the dark for 5 minutes and 

under the light for about 10 seconds. This would help to eliminate any 

yellow colour which might be appeared in the cupules due to any 

excess of Fast Blue BB which has not reacted. The reactions were then 

graded depending on the intensity of colour compared with 

representations on a colour.  

Statistical analysis 
All obtained data was analyzed with two-way analysis of variance 

(ANOVA) using Minitab software to see the interaction between 

animals and pasteurization at (p< 0.05). Pearson correlation coefficient 

was also used to determine the strength and direction of the linear 

relationship between all the variables.  

RESULTS AND DISCUSSION  

Physico-chemical composition 
Physico-chemical contents of all samples were shown in Table 1. 

The pH of milk was within the normal range (6.50 ± 0.01 to 6.77 ± 

0.01), indicating that there was no sign of mastitis infection in all 

samples (Ogola et al., 2007). There was significant interaction (p<0.05) 

between animals and pasteurization on the pH value of milk. The lower 

pH of goat’s milk (pasteurized and non-pasteurized) was due to the 

presence and accumulation of carbon dioxide, phosphate, citrates, 

caesins and whey protein (Lai et al., 2016). In addition to that, the 

process of lactation period would also cause the milk to exhibit higher 

acidity than cow’s milk (John, 1996). In general, pasteurized milk 

showed slightly higher pH value than raw milk. This was because raw 

milk was easily acidified than pasteurized milk (Caprita et al., 2014). 

The absence of pasteurization and delay in chilling after milking 

caused the increase in lipase activity by bacteria which led to lower pH 

value caused by their respiration (Wanjala et al., 2017). Increased level 

of acidity might influence the growth of lactic acid bacteria (LAB; 

Azizkhani and Tooryan, 2017) which would provide a medium for the 

growth of other microorganisms and LAB as well. This statement was 

supported with later result (Table 2) which showed that raw milk

would give major contribution to the LAB growth. Even though 

pasteurized milk showed less acidity and appeared to be good quality, 

it might also contain bacteria that resulted in the spoilage to the milk 

(Anderson et al., 2011). 

      The moisture content in all samples was within range from 86.90 ± 

1.71% to 90.44 ± 0.56%. There was significant interaction (p <0.05) 

between animals and treatments. In raw milk, goat’s milk showed 

higher moisture percentage than cow’s milk due to high water 

component and total milk solid (Lai et al., 2016). The water content in 

goat’s milk was higher compared to reference which ranged from 80-

90% (Imran et al., 2008). Lower moisture content in raw cow’s milk

was related to the decreasing of microbial growth (Table 2) Higher 

moisture was detected in pasteurized milk (Table 1) which was caused 

by the presence of whey proteins and their hydrophilic properties 

which has been shown in cow’s milk (Meinardi et al., 2003). While 

lower moisture in goat’s milk was due to the presence of high 

precipitation of tri-calcium phosphate (Lai et al., 2016). Soliman 

(2005) reported that, goat’s milk was less resistant to heat which one of 

the causes to the lower water activity and moisture content.  

The protein content in milk samples was ranged from 0.74 ± 0.45% 

to 2.59 ± 0.79%. Table 1 showed that the protein was increased after 

undergoing pasteurization process. Result showed that raw cow’s milk 

had the lowest value of protein content and pasteurized goat’s milk 

showed the highest value. There were significant interactions (p<0.05) 

between animals and pasteurization towards protein content in milk. 

Goat’s milk has high protein content because the milk was rich in 

casein. Hassan (2005) stated that the important components in milk 

were casein (75%) and whey protein (25%) that including 

lactoalbumin, lactoglobulin, serum albumin, immunoglobulin, 

lactoferrin and lysozyme. Due to this, the effect after undergoing 

pasteurization was still the same when the goat’s milk was still high in 

protein. The protein in goat’s milk was digested more readily and its 

constituents of amino acids were absorbed more effectively than cow’s 

milk (Arora et al., 2013). However, for cow’s milk, the decrease in 

protein was due to the milk presence of acid-enzyme and mixed 

coagulation in protein that might be occurred in milk (Malacarne et al.,

2002). Studies from O’Donnell et al. (2004) stated that, low in casein 

in milk would lead to low abundance of protein which has shown in 

cow’s milk. According to Lewis and Deeth (2009), pasteurization did 

not give major contribution for protein content in milk. Further 

supported by MacDonald et al. (2001), they mentioned that the protein 

denaturation has no impact on protein nutritional quality in milk. Law 

and Kolstand (1983) mentioned that LAB was able to increase their 

growth development when there was protein rich medium. Korhonen 

and Pihlanto (2007) said that, LAB would utilize the milk protein as 

their main source of essential and growth-stimulation amino acids. 

Ash content was increased after undergoing pasteurization process. 

There was significant interaction (p< 0.05) for this content. High ash 

http://www.foxitsoftware.com/shopping


Malik et al. / Malaysian Journal of Fundamental and Applied Sciences 
Special Issue on International Conference on Agriculture, Animal Sciences and Food Technology (ICAFT 2018) 341-345 

343 

content in raw goat’s milk was due to the presence of mineral contents 

like potassium and chloride in milk (Jennes, 1978). Imran et al. (2008) 

stated that the minerals that mostly found in ash were oxide and 

chloride. Pasteurized milk showed higher ash content compared to raw 

milk. However, the result was contradicted to previous studies whereby 

the concentration of minerals should be higher in raw milk (Zamberlin 

et al., 2012). Unfortunately, not all minerals would be affected by the 

heat treatment as the pasteurized milk itself could influence the content 

of minerals in the various milk ingredients (Abebe and Markos, 2009). 

Minerals were required for beneficial growth which might also include 

the LAB (Macleod and Snell, 1947). Some minerals like manganese 

would give a major contribution to the production of LAB (Raccach, 

1985).  

The fat content was ranged from 3.00 ± 0.20% to 3.60 ± 0.13%. 

Result obtained was similar to the previous finding whereby 

pasteurized goat’s milk would provide high fat content (Getaneh et al., 

2016). There was significant difference (p<0.05) between animals and 

treatment. In raw milk, goat’s milk showed slightly higher in fat 

content than cow’s milk which might be due to the presence of short 

and medium chain fatty acid that would increase the fat content in the 

raw milk. Xu et al., (2015) mentioned that, goat’s milk was rich in fatty 

acid and its ability to give a better digestibility compared to cow’s 

milk. Cerbulis et al., (2011) stated that, major fat contributions to the 

milk were triacylglycerols and high number of esterified fatty acids. 

Goat’s milk has high tendency on having LAB content. Taufiq and 

Hadisaputro (2013) mentioned that, goat’s milk has high nutritional 

value especially in fat content, thus it might influence the existence of 

LAB in milk. 

Table 1  Physico-chemical content of raw and pasteurized cow’s and 
goat’s milk. 

Note: RCM = Raw cow’s milk; RGM = Raw goat’s milk; PCM = 
Pasteurized cow’s milk; PGM = Pasteurized goat’s milk 
Each value was presented as mean ± standard deviation (n=3). Different 
letters were indicated for significant different (p<0.05) between column. 

Microbiological analysis 
Total bacterial count was the highest in pasteurized milk for both 

ruminants (Table 2). Although raw milk contained lower bacteria, it 

has the possibility in having various bacterial populations (Quigley et 

al., 2013).  

Table 2  Total bacteria, yeast and mould, and lactic acid bacteria in raw 
and pasteurized cow’s and goat’s milk. 

Sample RCM RGM PCM PGM 

Analysis 
(cfu/ml) 

Total plate count 

1.59±0.28b 0.65±0.06c 2.48±0.00a 2.48±0.00a

Yeast and mould 

0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 

Lactic acid bacteria 

2.43±0.03a 2.41±0.03a 2.18±0.01b 2.11±0.09b 

Note: RCM = Raw cow’s milk; RGM = Raw goat’s milk; PCM = 
Pasteurized cow’s milk; PGM = Pasteurized goat’s milk 
Each value was presented as mean ± standard deviation (n=3). Different 
letters were indicated for significant different (p<0.05) between column. 

Tamine and Robinson (1999) stated that, most of the bacteria that 

survived in pasteurized milk were known as thermoduric bacteria 

which might cause in high number of colonies. Thermoduric bacteria 

were normally consisted of gram-positive bacteria such as species from 

genus Enterococcus, Bacillus, Microbacterium, Micrococcus,

Corynebacterium, Streptococcus and Arthrobacter (Thomas and 

Prasad, 2014; Murphy, 2007). Other probiotic bacteria known as LAB 

were also categorized as thermoduric bacteria and might increase their 

population. The amount of LAB in the milk would lead to the decrease 

in the diversity of microorganisms (Widyastuti et al., 2014). This also 

known as synergistic effect when LAB were able to overcome the 

population of microorganisms (Wedajo, 2015).  

Table 2 showed that there was no interaction of milk samples 

towards yeast and mould. Different animals and treatments did not 

affect the yeast and mould count of the milk. According to Garnier et 

al. (2017), dairy products were less vulnerable to yeast and mould due 

to refrigerated storage. The low count of yeast and mould bacteria in 

raw milk would give major impact in pasteurized milk which helped to 

reduce more pathogenic bacteria (Ledenbach and Marshall, 2009). The 

absence of yeast and mould might be due to the inhibition by LAB 

(Lipińska, 2016). 

Higher LAB colonies were detected in raw milk compared to 

pasteurized milk. This result was similar to study by Bluma and 

Ciprovica (2015). Raw milk was reported to be rich with variety of 

LAB (Wassie and Wassie, 2016; Azhari Ali, 2011). The existence of 

LAB in pasteurized milk was indicated for the high stability of LAB 

against high temperature due to its thermoduric properties (Carminati 

et al., 2014). This property was really important for the LAB to be 

developed as the starter culture for any fermented product. 

API ZYM test 
API ZYM was used to identify the enzyme profile of different 

lactic acid bacteria in milk samples (Stoyanovski et al., 2013). The 

enzyme presence has introduced the potential LAB in milk samples. 

Different enzymes have been detected in different strains of LAB in 

different samples (Table 3). This showed that there was interaction 

between conditions of the sample, either due to the difference of 

available macronutrients or heating treatments. Higher macronutrients 

were found in pasteurized milk (Table 1) which might also help in the 

survival of LAB in pasteurized milk. Table 3 showed different types of 

enzyme profile by lactic acid bacteria isolated from different samples. 

The enzyme profile could be used to assume the potential type of LAB 

in the sample (Humble et al., 1977).  

Table 3 Enzyme activities of lactiç acid bacteria isolates grown on MRS 
agar as determined by the API ZYM reactions. 

ENZYME ASSAY FOR SAMPLE 

RCM RGM PCM PGM 
Control + + + + 
Alkaline phosphatase - - - - 
Esterase (C4) - - - + 
Esterase Lipase (C8) - + + + 
Lipase (C14) - - - - 
Leucine arylamidase - + + + 
Valine arylamidase - + + + 
Cystine arylamidase - - + + 
Trypsin - - + + 
α-chymotrypsin - - + + 
Acid phosphatase - + + + 
Naphtol-AS-BI-phosphohydrolase - + + + 
α-galactosidase - - - - 
β-galactosidase - - - - 
β-glucuronidase - - - - 
α-glucosidase - - + + 
β-glucosidase - - + + 
N-acetyl-β-glucosaminidase - - + + 
α-mannosidase - - - - 
α-fucosidase - - - - 

Note: RCM = Raw cow’s milk; RGM = Raw goat’s milk; PCM = 
Pasteurized cow’s milk; PGM = Pasteurized goat’s milk. 

Analysis RCM RGM PCM PGM 

pH 6.60±0.01b 6.50±0.01d 6.77±0.01a 6.52±0.01c 

Moisture 
content 

86.90±1.71b 89.25±1.45ab 90.44±0.56a 88.22±0.24ab 

Ash 0.42±0.02b 0.50±0.04b 0.44±0.13b 0.74±0.04a 

Protein 0.74±0.45c 1.68±0.36b 1.23±0.29bc 2.59±0.79a 

Fat 3.00±0.20b 3.20±0.21b 3.50±0.13a 3.60±0.04a 
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Different enzyme activities were showed by different samples 

(Table 3). Most of the enzymes produced by the LAB strain were 

leucine arylamidase, valine arylamidase, cystine arylamidase, trypsin, 

α-chymotrypsin,naphthol-AS-BI-phosphohydrolase, α-glucosidase, β-

glucosidase and acid phosphatase. All of these enzymes have different 

characteristics that indicated to the different stability between strains of 

LAB. More enzyme activities of LAB were shown by pasteurized milk. 

The difference was related to the type of animals and also heat 

treatments. Higher enzyme activity in pasteurized milk was indicated 

to the thermal stability by the LAB. In contrast, lower activity in raw 

milk could be due to the synergestic effect between other aerobic 

bacteria and LAB. The diverse type of enzyme by LAB might 

influence the composition and taste in food (Patel et al., 2013; 

Stoyanovski et al., 2013). 

CONCLUSION 
The purpose of this study was to study the effect of pasteurization on 

the stability of lactic acid bacteria (LAB) in milk. Goat and cow’s milk 

were tested to see if is there any interaction between different types of 

animals. The existence of LAB was also studied to see the correlation 

between the macronutrients in the milk. Other general microorganisms 

were tested to see if their existences would create a synergestic 

condition towards the LAB growth. Study showed that raw milk of 

both animals contained slightly higher LAB compared to pasteurized 

milk. Lower count of total bacterial growth was also detected in the 

raw milk which might be the result of synergestic effect between both 

aerobic bacteria and LAB in the milk. No yeast and mold were detected 

in all samples which might due to the inhibition properties by LAB. 

Higher macronutrients (proximate composition) in pasteurized milk 

could be considered as one of the factors for the survival of LAB 

against pasteurization temperature. By using API ZYM assay kit, all of 

the LAB strains showed different enzyme activities. Most of the 

enzymes produced by the LAB strain were leucine arylamidase, valine

arylamidase, cystine arylamidase, trypsin, α-chymotrypsin, naphthol-

AS-BI-phosphohydrolase, α-glucosidase, β-glucosidase and acid 

phosphatase. All of these enzymes showed different characteristics that 

indicated to the different stability between strains of LAB. 
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