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ABSTRACT 

High pressure processing (HPP) on cow and goat milk was conducted at 450 

MPa for 7 min, 600 MPa for 5 min and 600 MPa for 7 min to investigate the effects 

on physico-chemical and microbiological properties in comparison to high­

temperature-short-time (HTST) pasteurization at 72°C for 15 sec. Both HPP and 

pasteurization effectively reduced the bacterial and spore populations to beyond the 

permissible limit, with highest total plate count reduction of 99.99% by HPP 

treatment at 600 MPa and 5 min. All treatments caused no significant changes to 

most of the physico-chemical properties such as titratable acidity, specific gravity, 

total protein, total fat, total solid and solid-non-fat. However, pH of pasteurized cow 

milk has decreased significantly (from 6.59 to 6.52) while both pasteurized and HPP 

treated goat milk have significant increased pH (from 6.34 to 6.38-6.42). During 

storage at 8°C, HPP treated cow and goat milk both achieved microbial shelf life of 

22 days with no increase in Bacillus cereus, mesophilic aerobic spores, coliform, 

yeast and mould but slight increase in psychrotrophic bacteria and total plate count. 

However, pasteurised goat milk was spoilt at the end of the storage as both 

psychrotrophic bacteria (9.0 x 108 CFU/ml) and total plate count (3.5 x 108 CFU/ml) 

have exceeded the permissible limits. HPP treated cow milk exhibited higher 

physico-chemical stability than goat milk which is most evident in the significant 

increment (average 0.04%) in goat milk's titratable acidity while no significant 

changes observed in cow milk. 
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1.1 Overview 

CHAPTER1 

INTRODUCTION 

Milk is well-known as a major source of dietary energy, protein and fat. It 

contributes 134 kcal of energy/capita per day on averagely (Weaver et al., 2013). 

Apart from cow milk which has accounts for 83 percent of global production, goat 

milk has also started to gain interest worldwide in recent years (Muehlhoff et al., 

2013). Goat milk contains lower amount of caseins, hence give a greater digestive 

utilization compared to cow milk (Ulusoy, 2015). However, the nature of milk and 

its chemical composition render it as one of the ideal culture media for microbial 

growth and multiplication (Woldemariam & Asres, 2017). Hence, the major 

challenge in milk industries is to ensure delivery of safe and healthy milk products of 

consistent quality to an ever-increasing demand of milk. 

Thermal treatments such as pasteurization (HTST - 72°C/15 s, L TL T -

63°C/30 min) and UHT (135°C/3 s) are usually used to treat raw milk in order to be 

rendered safe for consumer and increase its shelf life (Barraquio, 2014). Studies have 

shown that microbial population counted is significant beyond 20 days of storage for 

pasteurized milk (Holsinger et al., 1997; Nagla et al., 2009; Ziamo et al., 2005). 
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600 MPa for 3 min could only achieve 10 days of shelf life when stored at 10°C, 

which is 18 days shorter than that of storing at 4 °C. 

While studies about the HPP effects on nutrient content like fat, protein and 

moisture are very limited, several studies have proven that HPP is able to preserve 

vitamins in milk better than pasteuriz.ation and UlIT (Amador-espejo et al., 2015; 

Sharabi et al., 2018). From the microbiological perspective, a more pronounced 

microbial inactivation was obtained by increasing HPP pressure levels and holding 

time. Alexandros et al. (2019) reported that HPP above 550 :MPa and 3 min reduced 

the number of E. coli, Salmonella spp. and L. monocytogenes to below limit of 

detection while pressure regime of 400 :MPa for 1 min did not result in statistically 

significant differences in reduction levels. Yang et al. (2012) reported that holding 

time of 30 min at 300 :MPa is sufficient to inactivate Salmonella spp., E. coli, 

Shigella and S. aureus. Hence, it is obvious that the pressure and holding time is 

critical for the safety for consumption in milk. 

1.2 Problem Statement 

Most HPP studies conducted on milk are based in countries with seasonal 

climates. For a hot tropical country like Malaysia, HPP for milk is a new technology. 

Milk collected from different geographical locations may have different properties 

shown, particularly the microbiological properties due to the milking practice, 

climates and the hygiene of the environment. In a hot and humid country like 

Malaysia, the growth of the microbial populations may be very rapid and causes milk 

spoilage in a time frame lesser than usual if the milk was stored at improper 

conditions. Hence, it is necessary to carry out a comprehensive study on the physico-
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2.2 Goat Milk 

Besides cow milk, a niche market in the Malaysian market for drinking milk 

products is goat milk. Consumed mainly for health purposes, goat milk is found 

mainly in Malaysian Indian communities, who represent about 7.3% of Malaysian's 

population (Malaysian-German Chamber of Commerce, 2015). A special feature of 

goat milk in Malaysia is that goat milk is usually sold in small plastic bags without 

company brands by farmers, which is largely differed from cow milk that is usually 

well marketed and sold in milk cartons. 

Goats are considered the first ruminant to be domesticated and produce about 

2% of the world's total annual milk supply (Arora et al., 2013). India is the main 

producer of goat milk (30%), followed by Bangladesh (11°/o) and Sudan (11 %). 

However, industrialization of the goat milk is not well succeeded because of its poor 

and insufficient volume. More than any other mammalian farm animal, the goat is a 

main supplier of dairy and meat products for rural people, which is why demand for 

goat milk is mainly for home consumption (Haenlein, 2004 ). 

In fact, goat milk is rich in mineral and vitamin content and has creamy 

texture. It also has better digestibility due to its smaller fat globule size, buffer 

capacity, alkalinity and therapeutic values than cow milk. In term of appearance, 

goat milk is always whiter than cow milk due to its higher vitamin A content (Lad et 

al., 2017). 
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1.4 Micl'obiological P.-operties 

Milk is a nutritious liquid food serves as the dietary basis for human being, 

but at the same time it also serves as an excellent medium for microorganism growth, 

especially bacterial pathogens. Fresh milk drawn from a healthy cow normally 

contains a low microbial load, which is usually less than 1000 m1·1
, but the loads 

may shoot up to 100 fold or more once it is kept for a period of time at normal 

temperatures (Richter et al., 1992). The presence of food-borne pathogens in milk 

also may be due to direct contact with contaminated sources in the dairy farm 

environment and to excretion from the udder of an infected animal (Elrahrnan & 

Medani, 2009). In particular, literatures that related on the microbiological quality of 

goat milk today are insufficient for the public. Contrarily, cow milk is subjected to 

strict hygiene and quality regulations controlled while microbiological quality 

standards for production and distribution of goat milk are seems to be quite unclear 

(Lai et al., 2016). 

2.4.1 Total Plate Count 

The total plate count (TPC) is the enumeration of aerobic and mesophilic 

organisms that grow in aerobic conditions under moderate temperatures of 20 - 45°C. 

This includes all pathogens, non-pathogens, aerobic bacteria, yeasts, moulds and 

fungi that grow in the specific agar. A total plate count limit set by the Department 

of Veterinary Services Malaysia for the Price Incentive Programme is lesser than 106

CFU/ml for raw cow milk. 

A study conducted in Peninsular Malaysia which has collected 930 raw cow 

milk samples from 40 Milk Collection Centres reported that the mean count for TPC 

was 12 x 106 CFU/ml (Chye et al., 2004). This shows that the milks have been 

heavily contaminated probably because of the unhygienic practices in most of the 
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2.4.S Mesophilic and Thermophilic Aerobic Spores 

Spore-formers are Gram-positive bacteria that form spores when subjected to 

environmental stresses such as nutrient limitation, osmotic pressure or extreme 

temperature deviation. These spores, which facilitate survival, are resistant to 

chemicals, pH changes, heat, osmotic shock and ultraviolet light penetration (Doyle 

et al., 2015). When conditions again become suitable for growth, spores can 

germinate to vegetative cells. 

Mesophilic spores are the most prevalent spore-former found in bulk tank 

raw milk. In spore form, these organisms are capable of surviving environmental 

stresses including low pH, high temperature, exposure to sanitizers, high pressure 

and others. Aerobic endospore-forming bacteria of the Bacillaceae family have been 

recognized as major contributors to dairy product quality issues over the past twenty 

years (Kent et al., 2016). Contrarily, although thermophilic organisms are less 

harmful to health, but they can cause changes in the organoleptic qualities of milk 

(Shimeles, 2016). These thermophilic spores can endure heat and survive 

conventional heat treatments such as pasteurization. 

2.4.6 Bacillus cereus

Aerobic spore-forming bacteria of the genus Bacillus are commonly present 

in raw milk. Their spores survive pasteurization and subsequently germinate, 

outgrow, and multiply. Certainly, the presence of Bacillus spp. in milk is also 

undesirable because a number of species have been implicated in food-borne disease. 

B. cereus produces a number of extracellular toxins and other harmful metabolites.

Of these, the most significant are the diarrhoeagenic enterotoxins and emetic toxin 

(Juffs & Deeth, 2007). B. cereus was incriminated in a large food poisoning outbreak 
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3.2 Milk sampling 

Collect fresh cow & goat milk 

• 
Phy..sico-chemical & 

microbiological analysis for fresh 
milk samples 

• 
High Pressure Processing (HPP) 

using Hiperbaric 55 for 450 
MPa/7 min, 600 :MJ>a/5 min & 

600 :MJ>a/7min 

• 

HTST Pasteurization at 72°C for 
15 seconds 

• 

Physico-chemical & 
microbiological analysis at day 0 

• 

Store other samples at 8°C until 
day 11 and day 22 

• 

Physico-chemical & 
microbiological analysis at day 11 

• 

Physico-chemical & 
microbiological analysis at day 22 

Figure 2: Research framework 

IO litres of fresh cow milk was collected from the university farm, Ladang 16, 

Universiti Putra Malaysia while fresh goat milk was collected from a private farm, 

Janggut Temak Farm, Dengkil, Selangor, Malaysia. The milk was maintained below 

I 0°C during transportation to the HPP facility (Kara F&B Productions, Sdn. Bhd.) 
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within I hour for bottling into milk samples in 250 ml plastic bottles (HPP grade) 

after thorough stirring. 3 bottles of milk sample, each for cow and goat was used 

directly for analysis as control or fresh milk samples. 

3.3 High pressure processing 

The two HPP pressures applied are 450 MPa and 600 MPa, while the two 

HPP durations are 5 mins and 7 mins. The three HPP treatments combinations were 

450 MPa/7 min, 600 MPa/5 min and 600 MPa/7 min was conducted at 15 ± 2°c. 27 

milk samples (3 HPP treatments x 3 storage durations x 3 analysis) each for cow and 

goat milk were used for analysis on day 0, 11 and 22 for physico-chemical and 

microbiological properties. Both cow and goat milk samples were loaded into the 

pressure chamber of HPP unit (Hiperbaric 55, Hiperbaric, Spain) for the same 

treatment level. 

3.4 Pasteurization 

Pasteurisation of cow and goat milk was done at 72°C for at least 15 sec 

(IITST - 72°C/l 5). Milk was poured into beakers which were pre-heated with 

boiling water to ensure sterile condition and heated in the water bath (BS-21, Jeio 

Tech, South Korea) with temperature monitored using clean thermocouples while 

stirring the milk regularly. After pasteurization, the milk was cooled rapidly to room 

temperature in an ice cooler box filled with ice cubes. Then, the milk was bottled 

into 9 plastic bottles (3 storage days x 3 analysis) each for cow and goat milk. All 

treated milk samples were kept in a chiller (RV710, Hitachi, Japan) at 8 ± 2°C before 

for storage until analysis. 
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added and shaken vigorous with stopper cork. The mixture was then allowed to stand 

until the upper liquid was practically clear. The ether solution was decanted into a 

suitable flask. The lip and stopper of extraction flask were washed with mixture of 

equal parts of the two ethers and added into the flask. The extraction of fat was 

repeated twice, using 15 ml of each solvent each time. The solvent in the flask was 

evaporated in a steam bath at temperature that does not cause spattering or bumping. 

The fat in the flask was dried to constant weight in oven (UM500, Memmert, 

Germany) at 102 ± 2°C and was recorded. Then, the fat in the flask was removed 

completely using 15 - 25 ml of warm petroleum ether, dried and weighed as before. 

The total fat was calculated using the following formula: 

Total Fat(%)= 
Weightofflaskcontaining

.
fat-weightofflaskaft:erfatwashing 

X lOO
Weight of sample 

3.5. 7 Solid-non-fat 

Milk solid-non-fat was determined by subtracting the total solid(%) with the 

total fat content (% ). 

3.6 Microbiological Analysis 

3.6.1 Total Plate Count 

The total plate count in milk was determined using the method as described 

in FDA Bacteriological Analytical Manual (BAM) Chapter 3. A rotated agar plate 

with liquid sample was inoculated by a mechanical plater in the spiral plate count 

(SPLC) method. The sample volume dispensed decreases as the dispensing stylus 

moved from the center to the edge of the rotating plate. The microbial concentration 
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pH 

15 min increased the pH of cow milk; while Zobrist et al. (2005) reported that 

pressure of 100 - 600 MPa for 30 min also caused an average 0.08 units of pH 

increment in cow milk. 

In general, the results show that the titratable acidity, specific gravity, total 

protein, total fat, total solid and solid-non-fat in both cow and goat milk were not 

influenced by both HPP and pasteurization. The values changed slightly after HPP 

treatment but they were statistically insignificant when compared with untreated 

samples (P>0.05). 

Table 3: Physico-chemical properties of cow and goat milk before and after 
treatment 

Analysis 
Before 

Treatment 
450MPa / 600MPa / 

7min 5min 

Cow Milk 

6.56 ± 0.01• 6.ss ± o.oo•

600MPa / 
7min 

Pasteurized 

Titratablc Acidity 

Specific Gravity 

Total Protein 

Total Fat 

6.59 ± 0.01• 
0.16 ± 0.01• 

1.03 ± o.oo• 
3.13 ± o.oo• 
3.33 ± o.os• 
11.65 ± 0.01• 
8.32 ± 0.098

0.15 ±o.oo• 0.16±0.01•

1.03 ± o.oo• 1.02 ± o.oo•
2.87 ± 0.12• 3.04 ± 0.12•
3.29 ± 0.068 3.24 ± 0.09•

6.61 ± 0.021

0.17 ± 0.01• 
1.03 ± o.oo• 
3.04 ± 0.12• 
3.30 ± 0.148

11.64±0.11• 
8.34 ± o.oJ• 

6.52 ± 0.006

0.16 ± 0.01• 
1.03 ± o.oo• 
2.96 ±0.25• 
3.32 ± 0.08• 
11.88 ± 0.061

8.56 ± 0.141

Total Solid 

Solid-non-fat 

11.61 ± 0.21• 11.55 ± 0.19•
s.32 ± 0.151 8.31 ± 0.281

Goat Milk 

pH 6.34 ± o.ooc 6.38 ± 0.006 6.42 ± 0.01• 6.38 ± 0.016 6.38 ± 0.016

TitratablcAcidity 0.22±0.011 0.22±0.011 0.22±0.018 0.21±0.011 0.23±0.0l• 

Specific Gravity 1.03 ± 0.oo• 1.03 ± 0.oo• 1.03 ± 0.oo• 1.03 ± 0.001 1.03 ± 0.oo• 
Total Protein 3.57±0.121 3.39±0.121 3.57±0.12• 3.31±0.00• 3.48±0.001

Total Fat 4.51 ± o.os• 4.43 ± 0.491 4.44 ± 0.411 4.42 ± 0.45• 4.34 ± 0.61• 

Total Solid 13.88 ± 0.061 13.73 ± 0.141 13.69 ± 0.oo• 13.70 ± 0.131 13.08 ± 1.42• 

Solid-non-fat 9.37 ± 0.101 9.30 ± 0.351 9.35±0.41• 9.28 ± 0.581 8.74 ± 2.031

Note: Values are mean ± standard deviation. Means that do not share a superscript within a row are 
significantly different (P<0.05). 
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Figure 7: Changes in total fat of (a) cow and (b) goat milk during storage period of 
22 days. Solid lines represent HPP-treated milk ( 450MPa/7min, 600MPa/5 min, 
600MPa/7min), dashed lines represent pasteurized milk and dotted lines represent 
fresh milk before treatment. 

Figure 8 and 9 show a mimicking trend of total solid and solid non-fat 

contents of cow and goat milk over the fat content trend, i.e. no significant difference 

during 22 storage for HPP treated samples and significant decrease (P<0.05) for 

pasteurized samples. The significant decrease in fat content could affect milk 

composition in terms of total solid and non-fat contents (Zajac et al., 2015). Omer 

and Eltinay (2009) have reported similar results where total solid and non-fat content 

of camel milk reduced significantly after two weeks of storage at 7°C. 
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Figure 8: Changes in total solid of (a) cow and (b) goat milk during storage period 
of 22 days. Solid lines represent HPP-treated milk ( 450:MPa/7min, 600:MPa/5 min, 
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600MPa/7min ), dashed lines represent pasteurized milk and dotted lines represent 
fresh milk before treatment. 
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Figure 9: Changes in solid-non-fat of ( a) cow and (b) goat milk during storage 
period of 22 days. Solid lines represent HPP-treated milk ( 450MPa/7min, 600MPa/5 
min, 600MPa/7min ), dashed lines represent pasteurized milk and dotted lines 
represent fresh milk before treatment. 
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4.4 Changes in Mic.-obiological Properties during Storage 

Table 5 presents the count of two microbiological measurements that turned 

positive during 22 days of storage. The psychrotrophic bacteria population in both 

cow and goat milk grew progressively throughout the storage period. At the end of 

22 days, the best treatment was HPP at 600 MPa/7 min giving the smallest colony 

count in cow milk, followed by 600 MPa/5 min, pasteurization and 450 MPa/7 min. 

All these counts however, all still far below the limit of 105 CFU/ml set by the 

Malaysians Food Act 1983 and Food Regulations 1985. In the case for goat milk, the 

largest colony count of 9.0xl08 CFU/ml was observed in the pasteurized sample. It 

has exceeded the permissible limit thus considered spoilt at 22 days of storage. The 

results are in lined with Doll et al. (2017) who found that 90% of pasteurized cow 

milk samples stored at 8°C contained 106 to IO 7 CFU/ml of psychrotrophs at the end 

of 24 days storage. Pressure regime of 600 MPa/7 min presented the best result as 

the psychrotrophic bacteria in goat milk remained undetectable at day 22. Garcia­

risco et al. (1998) reported that the bovine milk sample treated at 400 l\fl>a for 3 min 

has a psychrotrophic bacteria count of 106 at clay 30 of storage at 7°C. 

For TPC, progressive increase was observed during the storage period of 22 

days. The lowest TPC observed in the cow milk at day 22 was in the pressure regime 

of 600 MPa/7 min, followed by 600 MPa/5 min, then pasteurization and lastly 450 

MPa/7 min. Despite the increase, the TPC were still below the limit set by MS 

410:1995, which states that the TPC in pasteurized milk should not have TPC above 

10
5 

CFU/ml. For goat milk at day 22, the lowest TPC of 8.8xl0 1 CFU/ml was milk 

treated at 600 MPa/7 min. Pasteurized milk had the highest TPC of 3.5xl08 CFU/ml, 

which has exceeded the permissible limit. These results are in agreement with 

Alexandros et al. 's (2019) work who found that TPC for HPP milk was always lower 
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compared to pasteurized where TPC in HPP milk reached 10 7 CFU/ml after 28 days

compared to pasteurized milk which took only 14 days to reach > 1 O 7 
CFU/ml. From

both the psychrotrophic bacteria population and the TPC microbial count, HPP

pressure regime of 600 MPa/7 min is the best for shelf life extension of both milk 
,

renders them the shelf life of more than 22 days. 

Other monitored microbes which include the C. perfringens, S. aureus, E. 

coli, L. monocytogenes, Salmonella spp. and thermophilic aerobic spore remained 

undetected throughout the 22 days of storage. Yeast and mould that has been 

inactivated by HPP or pasteurization also remained undetected throughout the 

storage period. Although the Bacillus cereus was found present in low number in 

cow milk at Day O after treatment (Table 4), they were not present in all samples on 

storage Day 11 and 22. The same situation goes to coliform and mesophilic aerobic 

spores, which were also present in low number in some pasteurized milk samples at 

Day O after treatment; they were undetected on storage Day 11 and 22. This 

inconsistent result is most probably due to the randomized sampling and testing of 

milk from different bottles for each analysis on respective experimental day. The 

storage results from Table 5 have actually reaffirmed the unexplained presence of 

coliform and mesophilic aerobic spores after HPP and pasteurization treatments 

(Table 4) suggesting either it was experimental randomization error or that the 

microbes were inactivated during storage at low storage temperature which may 

have prevented microbial growth (Garcia-risco et al., 1998) or reduced the microbial 

count to undetectable levels. 
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Table 5: Psychrotrophic bacteria count and total plate count (CFU/ml) in milk for 22 
da�s of storase 

Cow Milk 
Treatment 

DayO Day 11 

Psychrotrophic Bacteria Count 
450MPa / 7min 8.3 x 10

2 
9.0 x 10

3 

600MPa / 5min 1 1.2 X 10
4 

600MPa / 7min <l 6.4 X 10
4 

Pasteurized 5.4 X 10 1 1.2 X 10
4 

Total Plate Count 
450MPa / 7min 6.0x 10

3 2.5 X 10
3 

600MPa / Smin 2.6 X 10 1 6.0 X 103 

600MPa / 7min 2.5 X 10
2 

7.S x 10
4 

Pasteurized l.S X 10
2 

1.1 X 10
4 

Day22 

3.0 X 10
3 

4.6 X 10
2

1.9 X 10
2 

2.0x 10
3 

8.0 X 10
3 

3.7 X 10
2 

2.8 X 10
1

3.0 X 10
3 

Goat Milk 

DayO Daytt Day22 

<I 1.0 X 10
4 

6.8 X 10
1

<l 1.8 X 10
2 

2.2 X 10
1

<1 3 <l 

3.6 X 10
1 

9.0x 10
5

9.0 X 10
1

6.4 X 10
2 

2.0 X 10
3 

7.6 X 10
2 
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