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The juice and beverages industry shows rapid growth from year to year in line 

with the rise of fruits consumption. The consumers tend to add fresh fruit juice to 

supplement their healthy lifestyle and these choices include nutrient-rich mango 

fruit of Chokanan variety. Nonetheless, the risk of cross-contamination of fresh 

fruits are increasing as the import volume from other countries are also 

amplifying. The risk may exacerbate if the hygiene practice of the fruit juice 

handlers is abysmal. Secondary preservation methods to produce safe fruit juice 

is imperative as S. typhimurium contamination of mango juice could potentially 

cause severe harm to consumers since this pathogen can attach and infiltrate 

the mango fruit. Even though the thermal pasteurization method has been 

proven effective towards microorganism inactivation, the treatment can affect the 

nutritional quality of mango juices (MJ). Thus, the juice industry and academia 

are actively investigating alternative pasteurization technologies and ozone is 

one of the novel technologies attracting their interests because it does not leave 

any undesirable residue in the treated food product in addition to its ability to 

destroy harmful pathogens. However, it is challenging to predict ozone’s 

antimicrobial behaviour in fruit juices as it depends not only on the ozone 

processing parameters (processing time and ozone dose) but also on the treated 

juice composition. Hence, this study was done to evaluate the efficiency of ozone 

as a substitute pasteurization method to thermal treatment towards S. 

typhimurium inactivation and retention of physicochemical and antioxidant 

properties of various concentration ratios of Chokanan mango juice diluted with 

distilled water (DW); 100MJ:0DW, 75MJ:25DW, and 50MJ:50DW. The above-

mentioned mango juice samples were then treated to ozone treatment with 

ozone doses of 0.33, 0.67, 1.00, and 1.33 mg/mL for 10, 20, 30, and 40 min. The 
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results from this study have shown that the efficacy of ozone pasteurization is 

significantly (p < 0.05) affected by mango juice concentration ratios; where it can 

be seen that the inactivation rates for 5-log reduction of S. typhimurium was 

observed at 36.39 min, 1.20 mg/mL (for sample 100MJ:0DW), 28.38 min, 0.95 

mg/mL (for sample 75MJ:25DW) and 24.82 min, 0.82 mg/mL (for sample 

50MJ:50DW). In addition to that, the inactivation of S. typhimurium in MJ 

samples has successfully achieved the 5-log reduction within 40 min (at ozone 

dose of 1.33 mg/mL) and 30 min (at ozone dose of 0.33 mg/mL) and these 

results fitted well to the Weibull model. This study also offers some insight into 

the effects of ozone on the quality attribute of MJ samples. The results showed 

significant changes (p < 0.05) in the pH and total soluble solids (TSS) value of 

MJ samples. Ozone was found to be effective in lowering the pectin 

methylesterase (PME) activity (p < 0.05) from de-esterifying the pectin molecules 

and increased (p < 0.05) the DPPH activity of MJ samples, thereby increasing 

the juice's quality. However, a significant decrease (p < 0.05) was seen in the 

total color difference (TCD), ascorbic acid, and total phenolic content (TPC) on 

ozone-treated MJ samples. Therefore, to further support physicochemical 

analysis findings, colour kinetic was studied to predict mango fruit juice's quality 

degradation due to ozone treatment. The first-order reaction model was shown 

to best fit the color L*, b*, and TCD values. A significant difference (p < 0.05) can 

be observed between the degradation rate constant (k-value) for all MJ samples, 

which implies that the k-value is not only affected by ozone dose but also by 

juice’s matrix. The 50MJ:50DW sample also shows the lowest percentage 

changes in color (b*) value and kTCD degradation corresponds to juice 

composition. In summary, the results of this study proved that aqueous ozone 

can potentially be used as pasteurization method in juice processing; where it 

can reduce S. typhimurium by 5-log reduction and managed to minimize the 

nutrient content changes in MJ samples. Nevertheless, it is imperative to 

examine the juice composition as a crucial intrinsic parameter in order to gauge 

the efficacy of juice preservation perusing ozone technology. 
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Industri jus dan minuman menunjukkan pertumbuhan pesat dari tahun ke tahun 
sejajar dengan peningkatan pengambilan buah-buahan. Pengguna cenderung 
menambah jus buah segar untuk menokok gaya hidup sihat mereka dan pilihan 
ini termasuklah buah mangga dari jenis Chokanan yang kaya dengan nutrien. 
Namun begitu, risiko pencemaran silang dari buah segar semakin meningkat 
apabila jumlah import dari negara lain juga semakin bertambah. Risiko boleh 
bertambah jika amalan kebersihan pengendali jus buah adalah buruk. Dengan 
itu, kaedah pengawetan sekunder untuk menghasilkan jus buah yang selamat 
adalah mustahak kerana pencemaran jus mangga oleh S. typhimurium 
berpotensi menyebabkan kemudaratan kepada pengguna lantaran patogen ini 
dapat melekat pada permukaan dan menyusup masuk ke dalam buah mangga. 
Walaupun kaedah pasteurisasi terma telah terbukti berkesan terhadap 
penyahaktifan mikroorganisma, rawatan tersebut dapat merosotkan kualiti 
nutrien jus mangga (MJ). Oleh itu, industri jus dan ahli akademik sedang aktif 
meneliti teknologi pasteurisasi alternatif dan ozon adalah salah satu teknologi 
baru yang menarik minat mereka kerana ia tidak meninggalkan sisa yang tidak 
diingini dalam produk makanan yang dirawat selain kemampuannya untuk 
memusnahkan patogen merbahaya. Walau bagaimanapun, adalah sukar untuk 
meramalkan tingkah laku antimikrobial ozon di dalam jus buah kerana ia tidak 
hanya bergantung pada parameter pemprosesan ozon (masa pemprosesan dan 
dos ozon) tetapi juga pada komposisi jus yang dirawat. Oleh itu, kajian ini 
dijalankan untuk menilai kecekapan ozon sebagai kaedah pasteurisasi 
menggantikan rawatan terma terhadap penyahaktifan S. typhimurium dan 
pengekalan sifat fizikokimia dan antioksidan pelbagai nisbah kepekatan jus 
mangga Chokanan yang dilarutkan dengan air suling (DW); 100MJ: 0DW, 75MJ: 
25DW, dan 50MJ: 50DW. Sampel jus mangga yang disebutkan di atas kemudian 
dirawat dengan rawatan ozon dengan dos ozon sebanyak 0.33, 0.67, 1.00, dan 
1.33 mg / mL selama 10, 20, 30, dan 40 minit. Hasil dari kajian ini menunjukkan 
bahawa keberkesanan pasteurisasi ozon adalah dipengaruhi secara signifikan 
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(p < 0.05) oleh nisbah kepekatan jus mangga. Di mana dapat dilihat bahawa 
kadar penyahaktifan untuk mengurangkan 5-log S. typhimurium telah 
diperhatikan pada kadar 36.39 min, 1.20 mg/mL (untuk sampel 100MJ: 0DW), 
28.38 min, 0.95 mg/mL (untuk sampel 75MJ: 25DW) dan 24.82 min, 0.82 mg/mL 
(untuk sampel 50MJ:50DW). Selain itu, penyahaktifan S. Typhimurium dalam 
sampel MJ juga berjaya mencapai pengurangan 5-log dalam masa 40 minit 
(pada dos ozon 1.33 mg/mL) dan 30 minit (pada dos ozon 0.33 mg / mL) dan 
keputusan ini adalah berpadanan dengan model Weibull. Kajian ini juga 
memberikan beberapa gambaran mengenai kesan ozon terhadap sifat kualiti 
sampel MJ. Hasil kajian telah menunjukkan perubahan yang ketara (p < 0.05) 
pada nilai pH dan jumlah pepejal larut (TSS) sampel MJ. Ozon didapati berkesan 
dalam menurunkan aktiviti pectin metilesterase (PME) (p < 0.05) daripada 
membebaskan ikatan molekul pektin dan meningkatkan (p < 0.05) aktiviti DPPH 
pada sampel MJ, dengan secara langsung meningkatkan kualiti jus. Walau 
bagaimanapun, penurunan yang ketara (p < 0.05) dapat dilihat pada jumlah 
perubahan warna (TCD), asid askorbik, dan jumlah kandungan fenolik (TPC) 
pada sampel MJ yang dirawat oleh ozon. Oleh itu, untuk lebih menyokong 
penemuan analisis fizikokimia, kinetik warna telah dikaji untuk meramalkan 
kemerosotan kualiti jus buah mangga akibat rawatan ozon. Model reaksi tertib 
pertama ditunjukkan paling sepadan dengan nilai warna L*, b*, dan TCD. 
Perbezaan yang ketara (p < 0.05) dapat diperhatikan di antara pemalar kadar 
degradasi (nilai-k) untuk semua sampel MJ, yang menunjukkan bahawa nilai-k 
tidak hanya dipengaruhi oleh dos ozon tetapi juga oleh matrik jus. Sampel juga 
50MJ: 50DW menunjukkan perubahan nilai peratusan terendah untuk nilai 
warna (b*) dan kemerosotan kTCD yang berkadaran dengan komposisi jus. 
Secara ringkasnya, hasil kajian ini membuktikan bahawa rawatan ozon berair 
berpotensi digunakan sebagai kaedah pasteurisasi dalam pemprosesan jus; di 
mana ia dapat mengurangkan S. typhimurium sebanyak 5-log pengurangan dan 
dapat mengawal perubahan kandungan nutrien yang minimum dalam sampel 
MJ. Walau bagaimanapun, adalah sangat mustahak untuk mengkaji komposisi 
jus sebagai parameter intrinsik yang sangat penting untuk mengukur 
keberkesanan pengawetan jus yang menggunakan teknologi ozon. 
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CHAPTER 1 
 
 

INTRODUCTION 
 
 
1.1  Research Background 
 
 
The fruit juice market is increasing globally as consumer's growing health issues 
have arisen. In 2020, the global fruit juice market gained about 46.8 billion litres 
and was expected to grow at a compound annual growth rate (CAGR) of 2.1% 
in the forecast period of 2021-2026 to reach 53 billion litres (Expert Market 
Research, 2021). The market statistics show that fruit juices are a well-accepted 
and preferred drink for all age groups, as it contains many essential nutrients 
beneficial to human health. This includes mango juice as a popular fruit juice 
among consumers (Expert Market Research, 2021).  Mango is rich in vitamins, 
calcium, iron, potassium, zinc (López-Cobo et al., 2017), and mango's peculiar 
characteristics contain many bioactive compounds in addition to the 
accompanying carotenoid pigment (Ribeiro & Schieber, 2010). In Malaysia, 
mango var. Chokanan has tremendous commercial value and high demand due 
to its distinctive taste, pleasant aroma, and palatable color. It is oblong-shaped 
with tapered tips, firm, fibrous texture, and vibrant yellowish-orangey flesh color 
(Santhirasegaram et al., 2015b).  
 
 
Malaysia's production and hectarage of mango in all states were 15,307 mt and 
6,373 Ha (DOA, 2019). The value of mango exports from Malaysia to various 
countries in the Asia Pacific, Middle East, and the European Union is about USD 
5.2 million (International Trade Centre, 2017). In line with the government’s effort 
to boost gross national income (GNI), twelve National Key Economic Areas 
(NKEAS), which include the agricultural sector, were launched by the 
Performance Management and Delivery Unit (PEMANDU) agency in September 
2010 (PEMANDU, 2010). In addition, the Economic Planning Unit Agency under 
the Prime Minister Department of Malaysia has prepared the National Agro-food 
Policy (DAN) 2011-2020, specifically for the agro-food industry (FAMA, 2011). 
One of this policy's main ideas is to increase agricultural modernization by 
research and development (R & D) technology and strengthening fruit industry 
production. The Ministry of Agriculture (MOA) Malaysia expects the projected 
increases in area productivity of 12.9 tonnes per hectare, including mango fruit, 
which will increase fruit production to 2.6 million tonnes by 2020 (FAMA, 2011). 
In further realizing this policy, diversifying mango fruit production, exportation, 
and processing into valuable food products are highly encouraged. The gross 
income for specifically mango var. Chokanan was reported to be RM 536,200 
(191,500 kg) in 2018 (DOA, 2019). In addition, mango (either Chokanan or other 
variety) ranks at six (49.2%) in weekly fruit consumption among Malaysian adults 
(Othman et al., 2013). Mango var. Chokanan is well-known in Malaysia, and it is 
frequently selected to be processed into juice because of its sweet taste and 
availability throughout the year (Abdullah, 2018). 
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Production of mango fruit juice currently employs grinding mills with sharp knives 
rooted on rotating shafts to crush the fruits and centrifugation machine or 
enzymatic liquefaction for juice viscosity (Mushtaq et al., 2018; Reyes-De-
Corcuera et al., 2014; Sharma et al., 2014). Until recently, various studies have 
been conducted based on demand for least processed juice products to minimize 
the impact of the juice extraction process. This involves cold-pressed techniques 
that have the ability to achieve these attributes. Mushtaq et al. (2018) pointed 
out that mechanical processing used to extract or squeeze the juices can 
influence fruit juice's nutritional and antioxidant quality. A cold-pressed juicer 
uses a squeezing method rather than grinding the fruits (Kim et al., 2017; Khor, 
2015). The juice produced by this method is known as cold-pressed juice (CPJ) 
(Hatab et al., 2016) and has been widely popular among individuals seeking juice 
products with retained nutritional qualities as fresh fruits. Several studies have 
revealed that a cold-pressed juicer is an ideal method in producing juice with the 
ability to either maintain or even increase the antioxidant capacity and the juices' 
yield in purple prickly pear, tomato, and grape juice (Gouws et al., 2019; Kim et 
al., 2017; Kim et al., 2015). 
 
 
The rapid growth of cold-pressed juice in the national or global market depended 
on the higher juice yield after extraction with minimum nutritional quality losses 
(Biancaniello et al., 2018; Koutchma et al., 2016). After extraction, fruit juices 
may be sold directly with their original content (100% fruit juice), reconstituted 
with water, or mixed with other fruit juices. Fruit juices diluted with water are not 
offering high nutritional quality as 100% fruit juice; but can fulfill the juice market's 
availability and consumers' demand for drink products (Kuo et al., 2008). 
Furthermore, the pathogen such as S. typhimurium has been recorded by 
USFDA (2003) as a microorganism frequently discovered in the juice industry 
and is a health risk to the human body. S. typhimurium is a Gram-negative 
bacteria (Shahbaz et al., 2018) and very susceptible to heat. The close contact 
with wildlife, contaminated irrigation water, untreated manure, and inadequate 
hygiene methods all have the potential to expose fresh fruit or juice to S. 
typhimurium infection (Iwu and Okoh, 2019). Mukhopadhyay & Ramaswamy 
(2012) also indicate that the absence of a natural skin barrier may lead to S. 
Typhimurium contamination in fresh fruit. Thus, an ideal method is needed to 
inactivate the S. typhimurium in mango juice (MJ) while preserving its nutritional 
consistency. For these purposes, non-thermal pasteurization technology, ozone, 
has been proposed in this study. 
 

Ozone is the allotropic form of obtuse-angled oxygen and naturally presents as 
a colorless gas, and the odor smell close to "clean air after a thunderstorm" (Oner 
& Demirci, 2016). It is also known as a powerful oxidizing agent (+2.07 eV) 
(Asokapandian et al., 2018), effective as bactericidal towards microbiological 
activity pertinent in fruit juice. The United States Food and Drug Administration 
(USFDA) has acknowledged that ozone as Generally Regarded as Safe (GRAS) 
in the gaseous and aqueous state as an antibacterial agent for treatment, 
storage, and processing of foods (FDA, 2001). In the juice industry, the juice 
processor must obey the 5-log reduction performance standard requirement to 
treat the fruit juice, and ozone has been proven to inactivate pertinent 
microorganisms such as S. typhimurium effectively. Furthermore, ozone has 
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been the research subject since the 1990s as one alternative treatment for food 
processing. Previous researches include the ozone-treated acai, apple, melon, 
probiotic orange juice, peach, and sugarcane juices (Bernardi et al., 2019; Diao 
et al., 2019; Abhilasha & Pal 2018; Fundo et al., 2018; Jaramillo-Sánchez et al., 
2018; Oliveira et al., 2018; Rodrigues et al., 2017; Almeida et al., 2015; Garcia-
Loredo et al., 2015; Song et al., 2015; Sung et al., 2014; Torlak, 2014; Choi et 
al., 2012). Ozone provides environmentally-friendly antimicrobial agents where 
the absence of residual effect of ozone makes it highly suitable for fruit juices 
processing.  
 
 
1.2  Problem statement 
 
 
The frequency of fresh fruit outbreaks increases as there are increments in 
cross-country shipping and/or importing products from other countries. 
Contamination of fruit juice with spoilage and pathogen bacteria can potentially 
cause harm to consumers. Fresh produce, including fruits, has been recognized 
as a common source for Salmonella since the bacteria can attach and internalize 
in fruit (Kilonzo-Nthenge and Mukuna, 2018). The S. typhimurium outbreaks 
linked to fresh fruits have occurred in 2012 and 2010 at multistate locations in 
the United States (CDC, 2012; CDC, 2010). The outbreaks were caused by 
Cantaloupe melon and frozen Mamey fruit pulp consumption, respectively, with 
228 and 9 infected individuals. In 2005, a multistate outbreak of S. typhimurium 
infection linked with unpasteurized orange juice was reported in the United 
States involved 152 cases (Jain et al., 2009).  
 
 
A foodborne illness caused by Salmonella sp. infection is called Salmonellosis. 
Most people infected with Salmonella sp. will have diarrhea, fever, stomach 
cramps, and required hospitalization if severe. Meanwhile, Typhoid fever is a 
foodborne illness caused by Salmonella serotype Typhi bacteria (CDC, 2018). 
In Malaysia, the exact number of Salmonellosis incidences associated with fresh 
fruits remains unknown as a chain of events must be addressed before it is 
brought to the authority. The only Salmonella cases in fruit juice were recorded 
locally in a research study by Diana et al. (2012). The study had stated that the 
prevalence and concentration of S. typhimurium in apple juice was 30% and 9.20 
MPN/g, meanwhile for orange juice was 10% and 6.10 MPN/g and in starfruit 
juice at 10% and 3.00 MPN/g, sold by fruit juice vendors and hawker stall in 
Serdang and various places in Klang Valley. It was proven that fruits could be a 
reservoir for Salmonella.  Hence, more prevalence studies on Salmonella in fresh 
produce and its by-products are needed to produce food safety and quality. 
 
 
Consequently, the juice industry is encouraged to implement the proper 
pasteurization and preservation technique in its processing line to avoid food 
safety issues. This includes conventional heating methods used widely in the 
fruit juice processing industry to pasteurize and preserve fruit juice products. The 
low-temperature long-time (LTLT) and high-temperature short-time (HTST) 
heating methods are conventionally applied as a preservation method in fruit 
juice to achieve the minimum 5-log reduction of the microbial pathogen (USFDA, 
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2001). The conventional heat pasteurizing method on mango juice utilizes a 
temperature of 90 ± 5℃ and time up to 60 seconds (Jolayemi, 2019; 
Abedelmaksoud et al., 2018; Santhirasegaram et al., 2015a). Although the 
thermal treatment has been proven its effectiveness towards the inactivation of 
microbial growth, the treatment affected the nutritional quality of fruit juices, 
including bioaccessibility of carotenoids leading to the degradation of beneficial 
phenolic contents (Aschoff et al., 2015).  
 
 
Furthermore, the usage of preservatives, either natural or chemical, could avoid 
fruit juice spoilage caused by microbes. Chemical preservatives such as sodium 
benzoate, potassium sorbate, and natural preservatives include bacteriocins and 
organic acids commonly used to inactivate microbial growth and subsequently 
prolong fruit juice's shelf life (Pandey & Negi, 2018). However, the excessive 
presence of these preservatives has been reported to have high risks to human 
health (Walker & Philips, 2018).  
 
 
Over the past few years, industry and food academia have explored novel 
alternative technology to destroy harmful pathogens while improving or 
maintaining the fruit juice's quality and shelf life. The Generally Recognized as 
Safe (GRAS) status by FDA (Food and Drug Administration) (FDA, 2001) makes 
ozone to be one of the promising non-thermal technology used for pasteurization 
in the food processing industry. Jermann et al. (2015) reported that ozone has 
the potential to be used in the drinks and beverages industry, and it has been 
categorized as a potential technology for commercialization in the next five 
years. Ozone does not involve a heating process but exploits its oxidation 
potential (+2.07eV) to pasteurize and preserve fruit juices. Despite that, it is 
challenging to predict ozone behavior in juices as it depends not only on the 
ozone processing parameter (time and concentration) but also on the juice matrix 
or composition. Several studies have proven the microbial reductions in ozone-
treated fruit juices, including cantaloupe melon, peach, apple, and orange juice 
(Sroy et al., 2019; Garcia Loredo et al., 2015; Torlak, 2014, Patil et al. 2010b). 
Ozone treatment had reduced the L. innocua population to 5.3 log reductions at 
ozone concentration 7.7 g/L after 6 minutes of ozone exposure in Cantaloupe 
melon juice (pH and TSS: 6.35 and 10.65 oBrix) (Sroy et., 2019).  However, the 
majority of previous researches mainly focused on the microbial reduction 
perusing ozone processing parameters, and studies are limited on the intrinsic 
parameters of the juice. Prabha et al. (2015) reported that ozone molecules’ 
reaction in fruit juice could be disturbed by the presence of organic or inorganic 
matter in juice. The solid content of the juice contributes to the limitation of 
ozone’s synergistic towards its bactericidal effect. Choi et al. (2012) review that 
at an ozone concentration of 0.10 and 0.90 g/hr in 36 oBrix of apple juice solid 
content, it needed 6 to 10 min treatment time to achieve 5.0 log reduction while 
in 18 oBrix of solid juice content, it took only 6 min. Furthermore, certain 
microorganisms are able to survive the acidic condition of the juice, including 
Gram-negative bacteria, S. typhimurium (Pandey and Negi 2018). An acid-loving 
microorganism such as Salmonella can adapt and survive for a few days or even 
weeks in an acidic environment formed by organic acids of the fruit juices 
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Therefore, it is vital to study the influence of juice composition on aqueous ozone 
efficacy for antimicrobial activity and its effect on the quality attribute of fruit 
juices. Specifically, the effects of juice ratio (different pH and TSS) and ozone 
dose toward mango juices will be studied in-depth. 
 
 
1.3  Research objectives 
 
 
This research evaluates the efficiency of ozone treatment towards 
microbiological inactivation and its effect on physicochemical properties, 
antioxidant contents, and antioxidant activities of mango (Mangifera indica L.) 
fruit juice (MJ). The specific objectives of this study are: 
 
 

1) To determine and model the inactivation kinetics of S. typhimurium of 
ozone-treated mango (Mangifera indica L.) fruit juice. 

 
 

2) To study and correlate the effect of ozone treatment on the 
physicochemical properties (pH, TSS, turbidity, PME activity, and color), 
antioxidant contents (TPC, AA), and antioxidant activities (DPPH) of 
mango (Mangifera indica L.) fruit juice. 

 
 

3) To investigate the kinetic modeling of color degradation of ozone-treated 
mango (Mangifera indica L.) fruit juice as a means to predict the effect 
of ozone treatment on the antioxidant contents of MJ. 
 
 

1.4  Scope of research 
 
 
The selected sample was limited to a fully ripe yellow color of mango fruit (var. 
Chokanan) purchased from the local market in Serdang, Selangor. The samples 
were prepared according to the ratio (mango juice (MJ): distilled water (DW)) of 
100MJ:0DW, 75MJ:25DW, and 50MJ:50DW and store at the temperature of 4 ± 
1 ℃ prior to ozone treatment. S. typhimurium species NCTC 12023 was used in 
this study as it is the most frequent serovars that caused the foodborne outbreak 
to human health (Herrero-Fresno & Olsen et al., 2018; Abdul-Mutalib et al., 
2015). Even though it was reported that S. typhimurium is primarily found in the 
poultry product, Kilonzo-Nthenge and Mukana (2018) indicate that this pathogen 
can attach and internalize in fresh fruit. In this study, the untreated mango juices 
undergo treatment with ozone parameters at a treatment time of 10, 20, 30, and 
40 min. The limitation was fixed by the ozone generator model (Model GL-3189, 
China) with the maximum power and frequency output of 20 W and 50 Hz, 
respectively. The ozone dose at the specific treatment time of 10, 20, 30, and 40 
min was calculated based on Oxidation Technology's formula (Oxidation 
Technology, 2017), which gave out 0.33, 0.67, 1.00, and 1.33 mg/mL. 
Meanwhile, the physicochemical, antioxidant content and antioxidant activity 
analysis were done based on the previous research method; pH, total soluble 

© C
OPYRIG

HT U
PM



6 
 

solids (TPC) (AOAC, 1996), turbidity (Shah, 2015), PME activity (Agcam et al., 
2014), color (Aguilar et al., 2018), ascorbic acid (AOAC, 2007), total phenolic 
content (TPC), and DPPH (Guan et al., 2016). Furthermore, for the microbial 
study, the method was adopted from the standard EN ISO 6579-1:2017 (ISO, 
2017) and research by Sung et al. (2014). The chosen agar and media were 
explicitly chosen for enumeration of S. typhimurium (refer to Chapter 3) for a 
positive outcome. 
 
 
1.5  Thesis structure 
 
 
The introductory chapter (Chapter 1) briefly reviews ozone technology, the 
selected fruit sample (mango var. Chokanan), and fruit juice’s pathogen (S. 
typhimurium). This chapter also presents the problem statements, the research 
objectives, scopes, and this study contribution. 
 
 
Chapter 2 reviews the previous studies in mango fruit juice, the potential market 
of mango and its product (juices), and their nutritional value. This chapter also 
presented information on fruit juice processing (mechanical and cold-pressed 
technology), fruit juice outbreaks, and the regulation applied in the juice industry. 
The pasteurization method details on the conventional (thermal) and non-
thermal (HPP, PEF, ultrasound, and ultraviolet) was briefly described in this 
chapter. This chapter also discussed the previous works on ozone pasteurization 
on fruit juice, including its regulations, advantages, and disadvantages of this 
treatment. Besides that, the kinetic modeling of bacterial inactivation used in fruit 
juice studies is also listed and discussed in this chapter. 
 
 
Chapter 3 fully described all aspects needed for experimental research, and a 
summary of the overall experimental designs is represented in the flow charts. 
This chapter highlights mango fruit juice preparation (MJ) and comprehensively 
presented the experimental ozone treatment setup. In addition, the chapter 
presents the methodologies for microbiological (S. typhimurium), 
physicochemical (pH, TSS, turbidity, PME activity, color), and antioxidant 
analysis (TPC, DPPH, ascorbic acid), and statistical analysis procedures 
(General Linear Model, Full Factorial Design, and Pearson Correlation). 
 
 
Chapter 4 reports and discussed the findings of research on the objectives 
mentioned previously. The preliminary study observes the effect of different 
untreated (control) mango juice ratios on physicochemical, antioxidant 
properties, and microbiological (S. typhimurium) population are done and further 
analyzed. Then, the effects of ozone treatment on physicochemical (pH, TSS, 
turbidity, PME activity, color), antioxidant properties (TPC, DPPH, ascorbic acid), 
and microbiological (S. typhimurium) inactivation in various treated mango juices 
are elaborately discussed. The inactivation kinetics of S. typhimurium (Log-linear 
model and Weibull model) and modeling color (Zero-order model and First-order 
model) are also discussed in this chapter.  
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A summary of all findings is presented in Chapter 5. This chapter also mentioned 
the recommendation for future work of ozone pasteurization in fruit juice. 
 
 
1.6  Contribution of thesis 
 
 
Ozone is actively being studied on various fruit juices because of its antimicrobial 
properties and zero toxic by-products. Thus, this research study could contribute 
further knowledge for the fruit juice industry on the usefulness of ozone as an 
alternative to a non-thermal pasteurization method. This study focused on the 
effect of ozone-treated mango juice (MJ) on the inactivation kinetics of S. 
typhimurium, physicochemical properties, antioxidant content, and antioxidant 
activity. This research data could be used as a reference source by food 
processors or researchers to design or implement aqueous ozone applications 
in their industry or field of study, respectively. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

© C
OPYRIG

HT U
PM



89 
 

REFERENCES 
 
 
Aadil, R. M., Zeng, X. A., Wang, M. S., Liu, Z. W., Han, Z., Zhang, Z. H., Hong, 

J., & Jabbar, S. (2015). A potential of ultrasound on minerals, micro-
organisms, phenolic compounds and colouring pigments of grapefruit juice. 
International Journal of Food Science & Technology, 50(5), 1144–1150. 

 
Abdul Aziz, N. A., Wong, L. M., Bhat, R., & Cheng, L. H. (2012). Evaluation of 

processed green and ripe mango peel and pulp flours (Mangifera indica var. 
Chokanan) in terms of chemical composition, antioxidant compounds and 
functional properties. Journal of the Science of Food and Agriculture, 92(3), 
557- 563. 

 
Abdullah, F. (2018). Variability in fruit characteristics of Chokanan mango 

(Mangifera indica L.). Journal of Tropical Agriculture and Food Science, 
46(1), 55–63. 

 
Abdul-Mutalib, N. A., Syafinaz, A. N., Sakai, K., & Shirai, Y. (2015). An overview 

of foodborne illness and food safety in Malaysia. International Food 
Research Journal, 22(3), 896-901. 

 
Abedelmaksoud, T., Mohsen, S. M., Duedahl-Olesen, L., Elnikeety, M. M., & 

Feyissa,A. H. (2018). Effect of ohmic heating parameters on inactivation of 
enzymes and quality of not-from-concentrate mango juice. Asian Journal of 
Scientific Research, 11(3), 383-392. 

 
Abhilasha, P., & Pal, U. S. (2018). Comparison of different preservation 

techniques on quality storability of sugarcane juice. International Journal of 
Pure and Applied Bioscience, 6(1), 339–352. 

 
Aganovic, K., Grauwet, T., Siemer, C., Toepfl, S., Heinz, V., Hendrickx, M., & 

Van Loey, A. (2016). Headspace fingerprinting and sensory evaluation to 
discriminate between traditional and alternative pasteurization of 
watermelon juice. European Food Research and Technology, 242(5), 787–
803. 

 
Ağçam, E., Akyildiz, A., & Dündar, B. (2018). Thermal pasteurization and 

microbial inactivation of fruit juices. In G. Rajauria & B. K. Tiwari (Eds.), Fruit 
Juices: Extraction, Composition, Quality and Analysis (pp. 309–339). 
Academic Press. 

 
Agcam, E., Akyıldız, A., & Evrendilek, G. A. (2014). Effects of PEF and heat 

pasteurization on PME activity in orange juice with regard to a new 
inactivation kinetic model. Food Chemistry, 165, 70–76. 

 
Aghajanzadeh, S., & Ziaiifar, A. M. (2018). A review of pectin methylesterase 

inactivation in citrus juice during pasteurization. Trends in Food Science and 
Technology, 71(6), 1–12. 

 

© C
OPYRIG

HT U
PM



90 
 

Aghdam, M. S., Luo, Z., Li, L., Jannatizadeh, A., Fard, J. R., & Pirzad, F. (2020). 
Melatonin treatment maintains nutraceutical properties of pomegranate 
fruits during cold storage. Food Chemistry, 303, 125385. 

 
Aguilar, D., Morales-Oyervides, L., Contreras-Esquivel, J. C., Méndez-Zavala, 

A., Raso, J., & Montañez, J. (2018). Effect of ozone processing conditions 
on stability of fungal pigments. Innovative Food Science and Emerging 
Technologies, 45, 255–263. 

 
Aguilar-Rosas, S. F., Ballinas-Casarrubias, M. L., Elias-Ogaz, L. R., & Al., E. 

(2013). Enzyme activity and colour changes in apple juice pasteurised 
thermally and by pulsed electric fields. Acta Alimentaria, 42(1), 45–54. 

 
Alexandre, E. M. C., Pinto, C. A., & Moreira, S. A. Pintado, M. & Saraiva, J. A. 

(2019). Nonthermal food processing/preservation technologies. In C. M. 
Galanakis (Ed.), Saving Food (pp. 141–169). Academic Press. 

 
Allison, A., Daniels, E., Chowdhury, S., & Fouladkhah, A. (2018). Effects of 

Elevated Hydrostatic pressure against mesophilic background microflora 
and habituated Salmonella serovars in orange juice. Microorganisms, 6(1), 
23. 

 
Almeida, F. D. L., Cavalcante, R. S., Cullen, P. J., Frias, J. M, Bourke, P., 

Fernandes,F. A., & Rodrigues, S. (2015). Effects of atmospheric cold 
plasma and ozone on prebiotic orange juice. Innovative Food Science and 
Emerging Technologies, 32, 127–135. 

 
Alothman, M., Kaur, B., Fazilah, A., Bhat, R., & Karim, A. A. (2010). Ozone-

induced changes of antioxidant capacity of fresh-cut tropical fruits. 
Innovative Food Science and Emerging Technologies, 11(4), 666–671. 

 
Altendorf, S. (2019). Major tropical fruits market review 2018. Food and 

Agriculture Organization. Retrieved 15th April 2020 from 
http://www.fao.org/documents/card/en/c/ca5692en/ 

 
Álvarez, R., Carvalho, C. P., Sierra, J., Lara, O., Cardona, D., & Londoño-

Londoño,J. (2012). Citrus juice extraction systems: Effect on chemical 
composition and antioxidant activity of clementine juice. Journal of 
Agricultural and Food Chemistry, 60(3), 774–781. 

 
Alwi, N. A., & Ali, A. (2014). Reduction of Escherichia coli O157, Listeria 

monocytogenes and Salmonella enterica sv. Typhimurium populations on 
fresh- cut bell pepper using gaseous ozone. Food Control, 46, 304–311. 

 
Anaya-Esparza, L. M., & Montalvo-González, E. (2018). Nutritional quality of 

Mangifera species. In J. M. Merillon & K. G. Ramawat (Eds.), Bioactive 
Molecules in Food. Springer. 

 © C
OPYRIG

HT U
PM

http://www.fao.org/documents/card/en/c/ca5692en/


91 
 

Aneja, K. R., Dhiman, R., Aggarwal, N. K., Kumar, V., & Kaur, M. (2014). 
Microbes associated with freshly prepared juices of citrus and carrots. 
International Journal of Food Science, 2014, 1–7. 

 
AOAC. (1996). Official methods of analysis of the Association of Official 

Analytical Chemists (17th ed.). AOAC Publisher. 
 
AOAC. (2007). Official methods of analysis of the Association of Official 

Analytical Chemists (18th ed.). AOAC Publisher. 
 
Aschoff, J. K., Kaufmann, S., & Kalkan, O. et al. (2015). In vitro bioaccessibility 

of carotenoids, flavonoids, and vitamin C from differently processed oranges 
and orange juices [Citrus sinensis (L.) Osbeck]. Journal of Agricultural and 
Food Chemistry, 63, 578–587. 

 
Ashurst, P. R., Hargitt, R., & Palmer, F. (2017). Chapter 8 - Fruit juices and fruit 

nectars. In P. R. Ashurst, F. Palmer, & R. Hargitt (Eds.), Soft Drink and Fruit 
Juice Problems Solved (2nd ed., pp. 137–144). Woodhead Publishing. 

 
Asokapandian, S., Periasamy, S., & Swamy, G. J. (2018). Ozone for fruit juice 

preservation. In G. Rajauria & B. K. Tiwari (Eds.), Fruit Juices: Extraction, 
Composition, Quality and Analysis (pp. 511–527). Academic Press. 

 
Balasubramaniam, V. M., Martinez-Monteagudo, S. I., & Gupta, R. (2015). 

Principles and application of high pressure–based technologies in the food 
industry. Annual review of food science and technology, 6, 435-462. 

 
Ball, C. O., & Olson, F. C. W. (1957). Sterilization in food technology theory, 

practice, and calculations. New York: Toronto: London: McGraw-Hill Book 
Company, Inc. 

 
Banerjee, I., & Ghosh, U. (2018). Effect of thermal treatment on phenolic and 

antioxidant content of fresh bael juice. International Journal of Agricultural 
Engineering, 11(2), 282–288. 

 
Bansal, V., Sharma, A., Ghanshyam, C., Singla, M. L., & Kim, K. H. (2015). 

Influence of pulsed electric field and heat treatment on Emblica officinalis 
juice inoculated with Zygosaccharomyces bailii. Food and Bioproducts 
Processing, 95, 146–154. 

 
Barba, F. J., Esteve, M. J., & Frígola, A. (2014). Bioactive components from leaf 

vegetable products. In Studies in natural products chemistry (Vol. 41, pp. 
321- 346). Elsevier. 

 
Barba, F. J., Jäger, H., Meneses, N., Esteve, M. J., Frígola, A., & Knorr, D. 

(2012). Evaluation of quality changes of blueberry juice during refrigerated 
storage after high-pressure and pulsed electric fields processing. Innovative 
Food Science and Emerging Technologies, 14, 18–24. 

 
© C

OPYRIG
HT U

PM



92 
 

Beltrán, D., Selma, M. V., Tudela, J. A., & Gil, M. I. (2005). Effect of different 
sanitizers on microbial and sensory quality of fresh-cut potato strips stored 
under modified atmosphere or vacuum packaging. Postharvest Biology and 
Technology, 37(1), 37–46. 

 
Bernardi, R., Jorge, L. M. D. M., & Paraíso, P. R. (2019). Kinetic modeling of 

sugarcane juice clarification by ozonation in batch reactor with ozone 
saturation control. Food Science and Technology, 39(1), 81–84. 

 
Bevilacqua, A., Petruzzi, L., Perricone, M., Speranza, B., Campaniello, D., 

Sinigaglia, M., & Corbo, M. R. (2018). Nonthermal technologies for fruit and 
vegetable juices and beverages: Overview and advances. Comprehensive 
Reviews in Food Science and Food Safety, 17(1), 2–62 

 
Bevilacqua, A., Speranza, B., Sinigaglia, M., & Corbo, M. (2015). A focus on the 

death kinetics in predictive microbiology: Benefits and limits of the most 
important models and some tools dealing with their application in foods. 
Foods, 4(4), 565– 580. 

 
Bhadekar, R., & Bhola, J. (2019). Nonconventional preservation techniques: 

Current trends and future prospects. In Preservatives for the Beverage 
Industry (pp. 115– 147). Elsevier Inc. 

 
Bhat, R., & Stamminger, R. (2015). Impact of ultraviolet radiation treatments on 

the physicochemical properties, antioxidants, enzyme activity and microbial 
load in freshly prepared hand pressed strawberry juice. Food Science and 
Technology International, 21(5), 354–363. 

 
Bi, X., Liu, F., Rao, L., Li, J., Liu, B., Liao, X., & Wu, J. (2013). Effects of electric 

field strength and pulse rise time on physicochemical and sensory 
properties of apple juice by pulsed electric field. Innovative Food Science 
and Emerging Technologies, 17, 85–92. 

 
Biancaniello, M., Popovi, V., Fernandez-avila, C., & Ros-polski, V. (2018). 

Feasibility of a novel industrial-scale treatment of green cold-pressed juices 
by UV-C light exposure. Beverages, 29(4), 1–15. 

 
Bigelow, W. (1921). The logarithmic nature of thermal death time curves. The 

Journal of Infectious Diseases, 528-536. 
 
Brodowska, A. J., Nowak, A., & Śmigielski, K. (2018). Ozone in the food industry: 

Principles of ozone treatment, mechanisms of action, and applications: An 
overview. Critical Reviews in Food Science and Nutrition, 58(13), 2176–
2201. 

 
Cantalejo, M. J., Zouaghi, F., & Pérez-Arnedo, I. (2016). Combined effects of 

ozone and freeze-drying on the shelf-life of broiler chicken meat. LWT - 
Food Science and Technology, 68, 400–407. 

 
 

© C
OPYRIG

HT U
PM



93 
 

Cao, X., Bi, X., Huang, W., Wu, J., Hu, X., & Liao, X. (2012). Changes of quality 
of high hydrostatic pressure processed cloudy and clear strawberry juices 
during storage. Innovative Food Science and Emerging Technologies, 16, 
181–190. 

 
Caritá, A. C., Fonseca-Santos, B., Shultz, J. D., Michniak-Kohn, B., Chorilli, M., 

& Leonardi, G. R. (2020). Vitamin C: One compound, several uses. 
Advances for delivery, efficiency and stability. Nanomedicine: 
Nanotechnology, Biology and Medicine, 24, 102117. 

 
CBI. (2021). The European market potential for mango puree. Centre for the 

Promotion of Imports from developing countries. Retrieved 13th July 2021 
from https://www.cbi.eu/market-information/processed-fruit-vegetables- 
edible- nuts/mango-puree/market-potential  

 
CDC. (2010). Multistate outbreak of human Typhoid fever infections associated 

with frozen mamey fruit pulp. Centre of Disease Control and Prevention. 
Retrieved 15th April 2020 from https://www.cdc.gov/salmonella/2010/frozen-
fruit-pulp-8-25- 10.html 

 
CDC. (2011). Multistate outbreak of Salmonella Panama infections linked to 

Cantaloupe. Centre of Disease Control and Prevention. Retrieved 15th April 
2020 from https://www.cdc.gov/salmonella/2011/cantaloupes-6-23-2011 

 .html 
 
CDC. (2012a). Multistate outbreak of Salmonella Typhimurium and Salmonella 

Newport infections linked to Cantaloupe. Centre of Disease Control and 
Prevention. Retrieved 15th April 2020 from 
https://www.cdc.gov/salmonella/typhimurium-cantaloupe-08-12/map.html 

 
CDC. (2012b). Multistate outbreak of Salmonella Braenderup infections 

associated with mangoes. Centre of Disease Control and Prevention. 
Retrieved 15th November 2020 from https://www.cdc.gov/salmonella/ 

 braenderup-08- 12/index.html 
 
CDC. (2013). Infection with Salmonella. Centre of Disease Control and 

Prevention. Retrieved 15th November 2020 from https://www.cdc.gov/ 
 training/SIC_CaseStudy/Infection_Salmonella_ptversion.pdf 
 
CDC. (2017). FDA Investigates multiple Salmonella outbreak strains linked to 

papayas. Centre of Disease Control and Prevention. Retrieved 15th April 
2020 from https://www.fda.gov/food/outbreaks-foodborne-illness/fda-
investigates-multiple-salmonella-outbreak-strains-linked-papayas 

 
CDC. (2018). FDA Investigated multistate outbreak of Salmonella Adelaide 

infections linked to pre-cut melons. Centre of Disease Control and 
Prevention. Retrieved 15th April 2020 from https://www.fda.gov/food/ 

 outbreaks-foodborne-illness/fda-investigated-multistate-outbreak-
salmonella-adelaide-infections-linked-pre-cut- melons  

 

© C
OPYRIG

HT U
PM

https://www.cbi.eu/market-information/processed-fruit-vegetables-
https://www.cbi.eu/market-information/processed-fruit-vegetables-
https://www.cbi.eu/market-information/processed-fruit-vegetables-edible-nuts/mango-puree/market-potential
https://www.cdc.gov/salmonella/2010/frozen-fruit-pulp-8-25-10.html
https://www.cdc.gov/salmonella/2010/frozen-fruit-pulp-8-25-10.html
https://www.cdc.gov/salmonella/2010/frozen-fruit-pulp-8-25-10.html
https://www.cdc.gov/salmonella/2011/cantaloupes-6-23-2011
https://www.cdc.gov/salmonella/typhimurium-cantaloupe-08-12/map.html
https://www.cdc.gov/salmonella/braenderup-08-12/index.html
https://www.cdc.gov/salmonella/braenderup-08-12/index.html
http://www.cdc.gov/training/SIC_Case
http://www.cdc.gov/training/SIC_Case
http://www.cdc.gov/training/SIC_Case
https://www.cdc.gov/training/SIC_CaseStudy/Infection_Salmonella_ptversion.pdf
https://www.fda.gov/food/outbreaks-foodborne-illness/fda-
https://www.fda.gov/food/outbreaks-foodborne-illness/fda-
https://www.fda.gov/food/outbreaks-foodborne-illness/fda-investigates-multiple-salmonella-outbreak-strains-linked-papayas
https://www.fda.gov/food/outbreaks-foodborne-illness/fda-investigated-multistate-outbreak-salmonella-adelaide-infections-linked-pre-cut-melons
https://www.fda.gov/food/outbreaks-foodborne-illness/fda-investigated-multistate-outbreak-salmonella-adelaide-infections-linked-pre-cut-melons
https://www.fda.gov/food/outbreaks-foodborne-illness/fda-investigated-multistate-outbreak-salmonella-adelaide-infections-linked-pre-cut-melons
https://www.fda.gov/food/outbreaks-foodborne-illness/fda-investigated-multistate-outbreak-salmonella-adelaide-infections-linked-pre-cut-melons


94 
 

CDC. (2019). Outbreak investigation of Salmonella Uganda fresh papayas. 
Centre of Disease Control and Prevention. Retrieved 15th April 2020from 
https://www.fda.gov/food/outbreaks-foodborne-illness/outbreak-
investigation- salmonella-uganda-fresh-papayas-june-2019 

 
Chawla, A. S., Kasler, D. R., Sastry, S. K., & Yousef, A. E. (2012). Microbial 

decontamination of food using ozone. In A. Demirci & M. O. Ngadi (Eds.), 
Microbial decontamination in the food industry: Novel methods and 
applications (pp. 495–532). Elsevier. 

 
Chemat, F., & Khan, M. K. (2011). Ultrasonics Sonochemistry Applications of 

ultrasound in food technology: Processing, preservation and extraction. 
Ultrasonics-Sonochemistry, 18(4), 813–835. 

 
Chen, J., Tao, X. Y., Sun, A. D., Wang, Y., Liao, X. J., Li, L. N., & Zhang, S. 

(2014).Influence of pulsed electric field and thermal treatments on the 
quality of blueberry juice. International Journal of Food Properties, 17(7), 
1419–1427. 

 
Cho, M., Chung, H., & Yoon, J. (2003). Disinfection of Water Containing Natural 

Organic matter by using ozone-initiated radical reactions. Applied and 
Environmental Microbiology, 69(4), 2284–2291.  

 

Choi, M. R., Liu, Q., Lee, S.-Y., Jin, J.-H., Ryu, S., & Kang, D.-H. (2012). 
Inactivation of Escherichia coli O157:H7, Salmonella typhimurium and 
Listeria monocytogenes in apple juice with gaseous ozone. Food 
Microbiology, 32(1), 191–195. 

 

Criegee, R. (1975). Mechanism of ozonolysis. Angewandte Chemie 
International Edition in English, 14(11), 745-752. 

 
Croak, S., & Corredig, M. (2006). The role of pectin in orange juice stabilization: 

Effect of pectin methylesterase and pectinase activity on the size of cloud 
particles. Food Hydrocolloids, 20(7), 961–965. 

 
Crowe, K. M., Skonberg, D., Bushway, A., & Baxter, S. (2012). Application of 

ozone sprays as a strategy to improve the microbial safety and quality of 
salmon fillets. Food Control, 25(2), 464–468. 

 

Cruz-Cansino, N. del S., Reyes-Hernández, I., Delgado-Olivares, L., Jaramillo- 
Bustos, D. P., Ariza-Ortega, J. A., & Ramírez-Moreno, E. (2016). Effect of 
ultrasound on survival and growth of Escherichia coli in cactus pear juice 
during storage. Brazilian Journal of Microbiology, 47(2), 431–437. 

 
Cullen, P. J., Tiwari, B. K., O'Donnell, C. P., & Muthukumarappan, K. (2009). 

Modelling approaches to ozone processing of liquid foods. Trends in Food 
Science & Technology, 20(3–4), 125–136. 
 
Diana, J. E., Pui, C. F., & Son, R. (2012). Enumeration of Salmonella spp., 

Salmonella Typhi and Salmonella Typhimurium in fruit juices. 
International Food Research Journal, 19(1), 51-56. 

© C
OPYRIG

HT U
PM

http://www.fda.gov/food/outbreaks-foodborne-illness/outbreak-investigation-
http://www.fda.gov/food/outbreaks-foodborne-illness/outbreak-investigation-
http://www.fda.gov/food/outbreaks-foodborne-illness/outbreak-investigation-


95 
 

Diao, E., Wang, J., Li, X., Wang, X., Song, H., & Gao, D. (2019). Effects of ozone 
processing on patulin, phenolic compounds and organic acids in apple 
juice. Journal of Food Science and Technology, 56(2), 957–965. 

 

DOA. (2019). Crop statistic (Food crops sub-sector) 2019. Department of 
Agriculture Malaysia. Retrieved 18th March 2020 from 
http://www.doa.gov.my 

 
DOA. (2020). Phytosanitary requirements for exportation of horticulture produce 

from Malaysia. Department of Agriculture, Malaysia. Department of 
Agriculture Malaysia. Retrieved 18th March 2020 from 
http://www.doa.gov.my 

 

DOA. (2009). Pakej teknologi mangga. Department of Agriculture. Retrieved 18th 

March 2020 from http://www.doa.gov.my 
 
DOSM. (2020). Press release supply and utilization accounts selected 

agricultural commodities, Malaysia 2015-2019. Department of Statistics 
Malaysia. Retrieved 18th March 2020 from https://www.dosm.gov.my 

 
Ehuwa, O., Jaiswal, A. K., & Jaiswal, S. (2021). Salmonella, food safety and food 

handling practices. Foods, 10(5), 907. 
 
Elamin, W. M., Endan, J. B., Yosuf, Y. A., Shamsudin, R., & Ahmedov, A. (2015). 

High pressure processing technology and equipment evolution: A review. 
Journal of Engineering Science & Technology Review, 8(5). 

 
Expert Market Research. (2021). Global Fruit Juice Market: By Type: 100% Fruit 

Juice, Nectars, Juice Drinks, Concentrates, Powdered Juice, Others; By 
Flavour: Orange, Apple, Mango, Mixed Fruit, Others; By Distribution 
Channel; Regional Analysis; Historical Market and Forecast (2016-2026); 
Market Dynamics; Competitive Landscape; Industry Events and 
Developments. Expert Market Research. Retrieved 7th July 2021 from 
https://www.expertmarketresearch.com/reports/fruit-juice-market#:~:text=  

 Global%20Fruit%20Juice%20Market%20Outlook,volume%20of% 
 2053%20billion%20litres 
 
FAMA. (2019). National agro-food policy (DAN) 2011-2020. Federal Agricultural 

Marketing Authority. Retrieved 18th March 2020 from https://www.fama. 
 gov.my/dasar-agromakanan-negara-2011-2020-dan- 
 
FAO. (2005). Codex general standard for fruit juices and nectars (CODEX STAN 

247- 2005). Food and Agriculture Organization of United Nations. Retrieved 
5th May 2020 from http://www.fao.org/fao-who-codexalimentarius/sh- 
proxy/en/? 

 
FAO. (2020a). Major tropical fruits - Preliminary market results 2019. Food and 

Agriculture Organization of United Nations. Retrieved 5th May 2020 from 
http://www.fao.org/3/ca7566en/CA7566EN.pdf 

 
 

© C
OPYRIG

HT U
PM

http://www.doa.gov.my/
http://www.doa.gov.my/
http://www.doa.gov.my/
https://www.dosm.gov.my/
http://www.expertmarketresearch.com/
http://www.expertmarketresearch.com/
http://www.fao.org/fao-who-codexalimentarius/sh-%20proxy/en/
http://www.fao.org/fao-who-codexalimentarius/sh-%20proxy/en/
http://www.fao.org/3/ca7566en/CA7566EN.pdf


96 
 

FAO. (2020b). Major tropical fruits: Market review february 2020 snapshot. Food 
and Agriculture Organization of United Nations. Retrieved 5th May 2020 
from http://www.fao.org/3/ca9213en/ca9213en.pdf 

 
Farhadi Chitgar, M., Aalami, M., Maghsoudlou, Y., & Milani, E. (2017). 

Comparative study on the effect of heat treatment and sonication on the 
quality of barberry (Berberis Vulgaris) juice. Journal of Food Processing 
and Preservation, 41(3). 

 
FDA. (2001). Part 184-Direct food substance affirmed as Generally Recognized 

as Safe: Subpart 184.1563 Ozone. Food and Drug Administration. 
Retrieved 8th September 2018 from https://www.accessdata.fda.gov 

 
Franken, L. (2001). The application of ozone technology for public health and 

industry. Population. 1–16. 
 
Fundo, J. F., Miller, F. A., Tremarin, A., Garcia, E., Brandao, T. R. S., & Silva, C. 

L.M. (2018). Quality assessment of Cantaloupe melon juice under ozone 
processing. Innovative Food Science and Emerging Technologies, 47(4), 
461– 466. 

 
Gabriel, A. A. (2012). Microbial inactivation in cloudy apple juice by multi-

frequency Dynashock power ultrasound. Ultrasonics Sonochemistry, 
19(2), 346–351. 

 
Gabriel, A. A., Albura, M. P., & Faustino, K. C. (2015). Thermal death times of 

acid- habituated Escherichia coli and Salmonella enterica in selected fruit 
beverages. Food Control, 55, 236–241. 

 
Gao, G., Zhao, L., Ma, Y., Wang, Y., Sun, Z., & Liao, X. (2015). Microorganisms 

and some quality of red grapefruit juice affected by high pressure 
processing and high temperature short time. Food and Bioprocess 
Technology, 8(10), 2096– 2108. 

 
Garcia Loredo, A. B., Guerrero, S. N., & Alzamora, S. M. (2015). Inactivation 

kinetics and growth dynamics during cold storage of Escherichia coli 
ATCC 11229, Listeria innocua ATCC 33090 and Saccharomyces 
cerevisiae KE162 in peach juice using aqueous ozone. Innovative Food 
Science and Emerging Technologies, 29, 271–279. 

 
García-García, R., Escobedo-Avellaneda, Z., Tejada-Ortigoza, V., Martín-

Belloso, O., Valdez-Fragoso, A., & Welti-Chanes, J. (2015). Hurdle 
technology applied to prickly pear beverages for inhibiting 
Saccharomyces cerevisiae and Escherichia coli. Letters in Applied 
Microbiology, 60(6), 558–564. 

 
Garud, S. R., Priyanka, B. S., Rastogi, K. N., Prakash, M., & Negi, P. S. (2018). 

Efficacy of ozone and lactic acid as nonthermal hurdles for preservation 
of sugarcane. Ozone: Science & Engineering, 40(3), 198–208. 

 

© C
OPYRIG

HT U
PM

http://www.fao.org/3/ca9213en/ca9213en.pdf
https://www.accessdata.fda.gov/


97 
 

Gayán, E., Torres, J. A., & Paredes-Sabja, D. (2012). Hurdle approach to 
increase the microbial inactivation by high pressure processing: Effect of 
essential oils. Food Engineering Reviews, 4(3), 141–148. 

 
Geeraerd, A., Herremans, C., & van Impe, J. (2000). Structural model 

requirements to describe microbial inactivation during a mild heat treatment. 
International Journal of Food Microbiology, 59(3), 185–209. 

 
Goldstein Research (2021). global mango juice industry outlook: By product type, 

by concentration type, by packaging type, by distribution channel, by 
geography with COVID-19 impact | Forecast period 2017-2030. Goldstein 
Market Intelligence. Retrieved 5th May 2020 from 
https://www.goldsteinresearch.com/report/global-mango-juice-market-
outlook-2024-global-opportunity-and-demand-analysis-market-forecast-
2016-2024 

 
Gonçalves, A. A. (2009). Ozone - An emerging technology for the seafood 

industry.Brazilian Archives of Biology and Technology, 52(6), 1527–1539. 
 
Gouma, M., Gayán, E., Raso, J., Condón, S., & Álvarez, I. (2015). Influence of 

dimethyl dicarbonate on the resistance of Escherichia coli to a combined UV- 
Heat treatment in apple juice. Frontiers in Microbiology, 6(5), 1–6. 

 
Gouws, C. A., Georgouopoulou, E., & Mellor, D. D. (2019). The effect of juicing 

methods on the phytochemical and antioxidant characteristics of the purple 
prickly pear (Opuntia ficus indica)-Preliminary findings on juice and pomace. 
Beverages, 5(28), 1–18. 

 
Grand View Research (2019). Processed mango products market size, share & 

trends analysis report by product type (primary, secondary), by distribution 
channel (online, offline), by region, and segment forecasts, 2019 - 2025. 
Grand View Research. Retrieved 5th May 2020 from 
https://www.grandviewresearch.com/ industry-analysis/processed-mango-
products-market 

 
Guan, Y., Zhou, L., Bi, J., Yi, J., Liu, X., Chen, Q., Wu, X., & Zhou, M. (2016). 

Change of microbial and quality attributes of mango juice treated by high 
pressure homogenization combined with moderate inlet temperatures during 
storage. Innovative Food Science & Emerging Technologies, 36, 320–329. 

 
Halmi, M.I.E, Shukor, M.S. Johari, W.L.W. and Shukor, M.Y (2014). Mathematical 

modeling of the growth kinetics of Bacillus sp. on Tannery effluent containing 
chromate. Journal of Environmental Bioremediation and Toxicology, 2(1), 6-
10. 

 
Hatab, S., Athanasio, R., Holley, R., Rodas-gonzalez, A., & Narvaez-bravo, C. 

(2016). Survival and reduction of Shiga Toxin-producing Escherichia coli in 
a fresh cold- pressed juice treated with antimicrobial plant extracts. Journal 
of Food Science, 81(8). 

 

© C
OPYRIG

HT U
PM

http://www.goldsteinresearch.com/
http://www.goldsteinresearch.com/
http://www.goldsteinresearch.com/
http://www.goldsteinresearch.com/
https://www.goldsteinresearch.com/report/global-mango-juice-market-outlook-2024-global-opportunity-and-demand-analysis-market-forecast-2016-2024
https://www.goldsteinresearch.com/report/global-mango-juice-market-outlook-2024-global-opportunity-and-demand-analysis-market-forecast-2016-2024
https://www.goldsteinresearch.com/report/global-mango-juice-market-outlook-2024-global-opportunity-and-demand-analysis-market-forecast-2016-2024
https://www.goldsteinresearch.com/report/global-mango-juice-market-outlook-2024-global-opportunity-and-demand-analysis-market-forecast-2016-2024
http://www.grandviewresearch.com/
https://www.grandviewresearch.com/industry-analysis/processed-mango-products-market
https://www.grandviewresearch.com/industry-analysis/processed-mango-products-market


98 
 

Hermanns, A. S., Zhou, X., Xu, Q., Tadmor, Y., & Li, L. (2020). Carotenoid 
pigment accumulation in horticultural plants. Horticultural Plant 
Journal, 6(6), 343–360. 

 
Hiremath, N. D., & Ramaswamy, H. S. (2012). High-pressure destruction 

kinetics of spoilage and pathogenic microorganisms in mango juice. 
Journal of Food Processing and Preservation, 36(2), 113–125. 

 
Ignat, I., Volf, I., & Popa, V. I. (2011). A critical review of methods for 

characterisation of polyphenolic compounds in fruits and vegetables. 
Food Chemistry, 126(4), 1821–1835. 

 
International Trade Centre. (2017). Top mangoes exporter 2017. International 

Trade Centre. Retrieved 18th October 2019 from www.intracen.org 
 
ISO. (2017). ISO 6579-1:2017 Microbiology of the food chain — Horizontal 

method for the detection, enumeration and serotyping of Salmonella 
— Part 1: Detection of Salmonella spp. (Vol. 02). International 
Organization for Standardization. Retrieved 20th September 2020 from 
https://www.iso.org/standard/56712.html 

 
Iwu, C. D., & Okoh, A. I. (2019). Preharvest transmission routes of fresh 

produce associated bacterial pathogens with outbreak potentials: A 
review. International Journal of Environmental Research and Public 
Health, 16(22), 4407. 

 
Jahurul, M., Zaidul, I., Ghafoor, K., Al-Juhaimi, F. Y., Nyam, K. L., Norulaini, N., 

Sahena, F., & Mohd Omar, A. (2015). Mango (Mangifera indica L.) by-
products and their valuable components: A review. Food Chemistry, 
183, 173–180. 

 
Jain, S., Bidol, S., Austin, J., Berl, E., Elson, F., LeMaile‐Williams, M., Deasy, 

M., Moll, M., Rea, V., Vojdani, J., Yu, P., Hoekstra, R., Braden, C., & 
Lynch, M. (2009). Multistate outbreak of Salmonella Typhimurium and 
Saintpaul infections associated with unpasteurized orange juice—
United States, 2005. Clinical Infectious Diseases, 48(8), 1065–1071. 

 
Jaramillo-Sánchez, G. M., Garcia Loredo, A. B., Gómez, P. L., & Alzamora, S. 

M. (2018). Ozone processing of peach juice: Impact on 
physicochemical parameters, color, and viscosity. Ozone: Science 
and Engineering, 40(4), 305– 312. 

 
Jermann, C., Koutchma, T., Margas, E., Leadley, C., & Ros-Polski, V. (2015). 

Mapping trends in novel and emerging food processing technologies 
around the world. Innovative Food Science and Emerging 
Technologies, 31, 14–27. 

 
Jolayemi, O. S. (2019). Variation in nutritional properties of mango (Mangifera 

indica) juice based on varietal difference and thermal holding time. 
Acta Universitatis Cibiniensis Series E: Food Technology, 23(1), 43–
54. 

© C
OPYRIG

HT U
PM

http://www.intracen.org/
https://www.iso.org/standard/56712.html


99 
 

Karaca, H., & Velioglu, S. (2014). Effects of ozone treatments on microbial quality 
and some chemical properties of lettuce, spinach, and parsley. Postharvest 
Biol. Technol. 88, 46–53. 

 
Kaur, C., & Kapoor, H. C. (2001). Antioxidants in fruits and vegetables–the 

millennium’s health. International Journal of Food Science & Technology, 
36(7), 703-725. 

 
Khor, S. (2015). Why cold-pressed juices are ’ In ’ and where to find them in KL. 

Says.com website. Retrieved 23rd October 2017 from https://says.com 
        my/lifestyle/why-cold-pressed-juices-are-in-and-where-to-find- them-in-kl 
 
Kilonzo-Nthenge, A., & Mukuna, W. (2018). Salmonella and antimicrobial 

resistance in fresh produce. In Mascellino, M. T., Salmonella‐A re‐emerging 
pathogen (pp. 75–83). IntechOpen. 

 
Kim, M., Choi, J. J. S. P. M., Park, E., & Kim, J. K. M. (2017). Antioxidant activities 

of fresh grape juices prepared using various household processing methods. 
Food Science and Biotechnology, 26(4), 861–869. 

 
Kim, M., Kim, J., Kang, M., Kwon, B., Jun, J., Choi, J., & Kim, M. (2015). Quality 

evaluation of fresh tomato juices prepared using high- speed centrifugal and 
low- speed masticating household juicers. Food Science and Biotechnology, 
24(1), 61–66. 

 
Kohli, P., Kalia, M., & Gupta, R. (2015). Pectin methylesterases: a review. Journal 

of Bioprocessing & Biotechniques, 5(5), 1-7. 
 
Koutchma, T., Popović, V., Ros‐Polski, V., & Popielarz, A. (2016). Effects of 

ultraviolet light and high‐pressure processing on quality and health‐related 
constituents of fresh juice products. Comprehensive Reviews in Food 
Science and Food Safety, 15(5), 844-867. 

 
Kuo, F. J., Sheng, C. T., & Ting, C. H. (2008). Evaluation of ultrasonic propagation 

to measure sugar content and viscosity of reconstituted orange juice. Journal 
of Food Engineering, 86(1), 84–90. 

 
La Cava, E. L. M., & Sgroppo, S. C. (2015). Evolution during refrigerated storage 

of bioactive compounds and quality characteristics of grapefruit [Citrus 
paradisi (Macf.)] juice treated with UV-C light. LWT - Food Science and 
Technology, 63(2), 1325–1333. 

 
Liang, J., Xu, J., Pan, J., Ge, M., & Zong, K. (2015). Identification of the main 

allergenic proteins in high hydrostatic pressure pineapple juice and 
assessing the influence of pressure on their allergenicity. International 
Journal of Food Properties, 18(10), 2134–2144. 

 
Libretexts. (2020). 2.4: Acids and Bases. Medicine LibreTexts. Accessed date: 8th 

September 2021. https://med.libretexts.org/Bookshelves/Anatomy_and_ 
 Physiology/Book%3A_Human_Anatomy_and_Physiology_ 

© C
OPYRIG

HT U
PM

https://says.com/my/lifestyle/why-cold-pressed-juices-are-in-and-where-to-find-
https://says.com/my/lifestyle/why-cold-pressed-juices-are-in-and-where-to-find-them-in-kl


100 
 

 Preparatory_Course_(Liachovitzky)/02%3A_Introduction_to_Anatom
y_and_Physiology_Chemical_Building_Blocks/2.04%3A_Acids_and_
Bases 

 
Lin, D., Xiao, M., Zhao, J., Li, Z., Xing, B., Li, X., Kong, M., Li, L., Zhang, Q., 

Liu, Y., Chen, H., Qin, W., Wu, H., & Chen, S. (2016). An overview of 
plant phenolic compounds and their importance in human nutrition and 
management of type 2 diabetes. Molecules, 21(10), 1374. 

 
Liu, J., Chang, M., Meng, J., Liu, J., Cheng, Y., & Feng, C. (2020). Effect of 

ozone treatment on the quality and enzyme activity of Lentinus edodes 
during cold storage. Journal of Food Processing and Preservation, 
44(8), 1-11. 

 
Liu, F., Li, R., Wang, Y., Bi, X., & Liao, X. (2014). Effects of high hydrostatic 

pressure and high-temperature short-time on mango nectars: 
Changes in microorganisms, acid invertase, 5-hydroxymethylfurfural, 
sugars, viscosity, and cloud. Innovative Food Science and Emerging 
Technologies, 22, 22–30. 

 
López-Cobo, A., Verardo, V., Diaz-de-Cerio, E., Segura-Carretero, A., 

Fernández- Gutiérrez, A., & Gómez-Caravaca, A. M. (2017). Use of 
HPLC- and GC-QTOF to determine hydrophilic and lipophilic phenols 
in mango fruit (Mangifera indica L.) and its by-products. Food 
Research International, 100, 423–434. 

 
Ma, C., Li, J., & Zhang, Q. (2016). Behavior of Salmonella spp. on fresh-cut 

tropical fruits. Food Microbiology, 54, 133–141. 
 
Mafart, P., Couvert, O., Gaillard, S., & Leguérinel, I. (2002). On calculating 

sterility in thermal preservation methods: application of the Weibull 
frequency distribution model. International journal of food 
microbiology, 72(1-2), 107-113. 

 
Makroo, H. A., Saxena, J., Rastogi, N. K., & Srivastava, B. (2017). Ohmic 

heating assisted polyphenol oxidase inactivation of watermelon juice: 
Effects of the treatment on pH, lycopene, total phenolic content, and 
color of the juice. Journal of Food Processing and Preservation, 41(6), 
e13271. 

 
Maldonado-Celis, M. E., Yahia, E. M., Bedoya, R., Landázuri, P., Loango, N., 

Aguillón, J., Restrepo, B., & Guerrero Ospina, J. C. (2019). Chemical 
composition of mango (Mangifera indica L.) fruit: Nutritional and 
phytochemical compounds. Frontiers in Plant Science, 10. 

 
Mansor, A., Shamsudin, R., Adzahan, N. M., & Hamidon, M. N. (2014). Efficacy 

of Ultraviolet radiation as non-thermal treatment for the inactivation of 
Salmonella typhimurium TISTR 292 in pineapple fruit juice. Agriculture 
and Agricultural Science Procedia, 2, 173–180. 

 

© C
OPYRIG

HT U
PM



101 
 

Mansor, A. (2015). Improvement of Ultraviolet Pasteuriser for Production. PhD 
Thesis. Universiti Putra Malaysia. 

 
Martins, I. B. A., Oliveira, D., Rosenthal, A., Ares, G., & Deliza, R. (2019). Brazilian 

consumer’s perception of food processing technologies: A case study with 
fruit juice. Food Research International, 125(1). 

 
Mazzola, P. G., Penna, T. C. V., & da S Martins, A. M. (2003). Determination of 

decimal reduction time (D value) of chemical agents used in hospitals for 
disinfection purposes. BMC Infectious Diseases, 3(1), 1–10. 

 
Mehta, I. (2017). History of mango–‘King of fruits.’ International Journal of 

Engineering Science Invention, 6(7), 20–24. 
 
Meléndez‐Martínez, A. J. (2019). An overview of carotenoids, apocarotenoids, 

and vitamin A in agro‐food, nutrition, health, and disease. Molecular nutrition 
& food research, 63(15), 1801045. 

 
Mendes-Oliveira, G., Jin, T. Z., & Campanella, O. H. (2020). Modeling the 

inactivation of Escherichia coli O157:H7 and Salmonella typhimurium in 
juices by pulsed electric fields: The role of the energy density. Journal of 
Food Engineering, 282(12). 

 
Mihalev, K., Dinkova, R., Shikov, V., & Mollov, P. (2018). Classification of fruit 

juices. In G. Rajauria & B. K. Tiwari (Eds.), Fruit Juices: Extraction, 
Composition, Quality and Analysis (pp. 33–44). Academic Press. 

 
Miller, F. A., Silva, C. L., & Brandao, T. R. (2013). A review on ozone-based 

treatments for fruit and vegetables preservation. Food Engineering Review, 
5(2), 77–106. 

 
MOA. (2018). Mango. Ministry of Agriculture and Agro-Based Industry Malaysia. 
 Retrieved 18th March 2020 from https://www.moa.gov.my/ 
 
MOH. (1983). Act 281- Food Act 1983. Law of Malaysia. Ministry of Health 

Malaysia. Retrieved 15th April 2020 from https://www.moh.gov.my/ 
 
MOH. (1985). Food Regulations 1985. Law of Malaysia. Ministry of Health 

Malaysia. Retrieved 15th April 2020 from https://www.moh.gov.my/ 
 
MOH. (2019). Health facts 2019: Reference data for 2018 (Vol. 19). Ministry of 

Health Malaysia. Retrieved 15th April 2020 from https://www.moh.gov.my/ 
 
Mohd-Hanif, H., Shamsudin, R., & Adzahan, N. M. (2016). UVC dosage effects 

on the physico-chemical properties of lime (Citrus aurantifolia) juice. Food 
Science and Biotechnology, 25, 63–67. 

 
Moreira, R. M., Martins, M. L., Leite Júnior, B. R. D. C., Martins, E. M. F., 

Ramos, A. M., Cristianini, M., Campos, A. N. D. R., Stringheta, P. C., 
Silva, V. R. O., Canuto,J. W., Oliveira, D. C. D., & Pereira, D. C. D. S. 
(2017). Development of a juçara and Ubá mango juice mixture with 

© C
OPYRIG

HT U
PM

https://www.moa.gov.my/
https://www.moh.gov.my/
https://www.moh.gov.my/
https://www.moh.gov.my/


102 
 

added Lactobacillus rhamnosus GG processed by high pressure. 
LWT, 77, 259–268. 

 
Mukhopadhyay, S., & Ramaswamy, R. (2012). Application of emerging 

technologies to control Salmonella in foods: A review. Food Research 
International, 45(2), 666–677. 

 
Mushtaq, M., Akram, S., & Adnan, A. (2018). Novel extraction technologies. In 

Fruit Juices (pp. 161–182). Elsevier Inc. 
 
NACMCF, National Advisory Committee on Microbiological Criteria for Foods 

(2006). Requisite scientific parameters for establishing the 
equivalence of alternative methods of pasteurization. Journal of Food 
Protection, 69(5), 1190–1216. 

 
Nam, H. M., Murinda, S. E., Nguyen, L. T., & Oliver, S. P. (2004). Evaluation of 

universal pre-enrichment broth for isolation of Salmonella spp., 
Escherichia coli O157:H7, and Listeria monocytogenes from dairy 
farm environmental samples. Foodborne Pathogens and Disease, 
1(1), 37–44. 

 
Nath, A., Mukhimb, K., Swer, T., Dutta, D., Verma, N., Deka, B. C., & Gangwar, 

B. (2014). A review on application of ozone in the food processing and 
packaging. Journal of Food Product Development and Packaging, 1, 
7–21. 

 
Novak, J. S., & Yuan, J. T. C. (2007). The ozonation concept: Advantages of 

ozone treatment and commercial developments. Advances in Thermal 
and Non- Thermal Food Preservation, 185–193. 

 
Ntsoane, M. L., Zude-Sasse, M., Mahajan, P., & Sivakumar, D. (2019). Quality 

assesment and postharvest technology of mango: A review of its 
current status and future perspectives. Scientia Horticulturae, 249, 77–
85. 

 
Odriozola-Serrano, I., Puigpinós, J., Oms Oliu, G., Herrero, E., & Martín-

Belloso, O. (2016). Antioxidant activity of thermal or non-thermally 
treated strawberry and mango juices by Saccharomyces cerevisiae 
growth based assays. LWT-Food Science and Technology, 74, 55–
61. 

 
Oliveira, A. F. A., Mar, J. M., Santos, S. F., da Silva Júnior, J. L., Kluczkovski, 

A. M., Bakry, A. M., Bezerra, J. D. A., Nunomura, R. D. C. S., Sanches, 
E. A., & Campelo, P. H. (2018). Non-thermal combined treatments in 
the processing of açai (Euterpe oleracea) juice. Food Chemistry, 265, 
57–63. 

 
Oner, M. E., & Demirci, A. (2016). Ozone for food decontamination: Theory and 

applications. In H. L. Lelieveld, J. Holah, & D. Gabric (Eds.), Handbook 
of Hygiene Control in the Food Industry (pp. 491–502). Woodhead 
Publishing. 

© C
OPYRIG

HT U
PM



103 
 

Ong, M. K., Ali, A., Alderson, P. G., & Forney, C. F. (2014). Effect of different 
concentrations of ozone on physiological changes associated to gas 
exchange, fruit ripening, fruit surface quality and defence-related enzymes 
levels in papaya fruit during ambient storage. Scientia Horticulturae, 179, 
163–169. 

 
OSHA (2008). Ozone in workplace atmospheres (Impregnated glass fiber filter) 

ID-214. Occupational Safety and Health Administration. Retrieved 5th May 
2020 from https://www.osha.gov/sites 

 
Othman, K. I., Ab Karim, M. S., Karim, R., Adzhan, N. M., & Abd Halim, N. (2013). 

Consumption pattern on fruits and vegetables among adults: a case of 
Malaysia. Academic Journal of Interdisciplinary Studies, 2(8), 424-424. 

 
Oxidation Technologies (2017). Ozone dosage rate into water calculator. 

Oxidation Technologies, LLC. Retrieved 2nd February 2020 from 
https://www.oxidationtech.com/ozone/ozone-calculations/o2-dosage- 
calculator.html 

 
Pagal, G. A., & Gabriel, A. A. (2020). D-and z-values of Escherichia coli O157:H7, 

Salmonella enterica, and Listeria monocytogenes in heated orange juice. 
Philippine Journal of Science, 149(2), 235–242. 

 
Pandey, A., & Negi, P. S. (2018). Use of natural preservatives for shelf life 

extension of fruit juices. In Fruit Juices (pp. 571–606). Elsevier Inc. 
 
Pareek, S., Paliwal, R., & Mukherjee, S. (2011). Effect of juice extraction methods 

and processing temperature-time on juice quality of Nagpur mandarin (Citrus 
reticulata Blanco) during storage. Journal of Food Science and Technology, 
48(2), 197–203. 

 
Paissoni, M.A., Segade, S.R., Giacosa, S., Torchio, F., Cravero, F., Englezos, V., 

Rantsiou, K., Carboni, C., Gerbi, V., & Teissedre, P.L. (2017). Impact of post- 
harvest ozone treatments on the skin phenolic extractability of 
redwinegrapes cv Barbera and Nebbiolo (Vitis vinifera L.). Food Research 
International 98, 68-78. 

 
Patil, S., and Bourke, P. (2012). Ozone processing of fluid foods. In P. J. Cullen, 

B.K. Tiwari, & V. P. Valdramidis (Eds.), Novel Thermal and Non-Thermal 
Technologies for Fluid Foods (pp. 225–261). Academia Press. 

 
Patil, S., Bourke, P., Frias, J. M., Tiwari, B. K., & Cullen, P. J. (2009). Inactivation 

of Escherichia coli in orange juice using ozone. Innovative Food Science and 
Emerging Technologies, 10(4), 551–557. 

 
Patil, S., Torres, B., Tiwari, B. K., Wijngaard, H. H., Bourke, P., Cullen, P. J., O' 

Donnell, C. P., & Valdramidis, V. P. (2010). Safety and quality assessment 
during the ozonation of cloudy apple juice. Journal of Food Science, 75(7), 
437–443. 

 

© C
OPYRIG

HT U
PM

https://www.osha.gov/sites
http://www.oxidationtech.com/ozone/ozone-calculations/o2-dosage-
http://www.oxidationtech.com/ozone/ozone-calculations/o2-dosage-


104 
 

Patil, S., Valdramidis, V. P., Cullen, P. J., Frias, J. M., & Bourke, P. (2010b). 
Ozone inactivation of acid stressed Listeria monocytogenes and 
Listeria innocua in orange juice using a bubble column. Food Control, 
21, 1723–1730. 

 
Patil, S., Valdramidis, V. P., Cullen, P. J., Frias, J., & Bourke, P. (2010a). 

Inactivation of Escherichia coli by ozone treatment of apple juice at 
different pH levels. Food Microbiology, 27(6), 835–840. 

 
PEMANDU, Performance and Delivery Unit (2010). Economic Transformation 

Program. Policy Asia Pacific Energy. Retrieved 2nd February 2020 
from https://policy.asiapacificenergy.org/sites/default/files/ETP.pdf 

 
Persistence Market Research. (2017). Cold pressed juice market. Persistence 

Market Research. Retrieved 23rd October 2020 from https://www. 
 persistencemarketresearch.com/market-research/cold-pressed-juice-

market.asp 
 
Petruzzi, L., Campaniello, D., Speranza, B., Corbo, M. R., Sinigaglia, M., & 

Bevilacqua, A. (2017). Thermal treatments for fruit and vegetable 
juices and beverages: A literature overview. Comprehensive Reviews 
in Food Science and Food Safety, 16(4), 668–691. 

 
Phebe, D., & Khairul, B. D. (2013). Morphology of Chok Anan mango flower 

grown in Malaysia. African Journal of Agricultural Research, 8(18), 
1877–1880. 

 
Polydera, A. C., Stoforos, N. G., & Taoukis, P. S. (2003). Comparative shelf life 

study and vitamin C loss kinetics in pasteurised and high pressure 
processed reconstituted orange juice. Journal of Food Engineering, 
60, 21–29. 

 
Prabha, V., Barma, R. D. E. B., Singh, R., & Madan, A. (2015). Ozone 

technology in food processing: A review. Trends in Biosciences, 16(8), 
4031–4047. 

 
Rajauria, Gaurav, & Tiwari, B. K. (2018). Fruit juices: An overview. In G. 

Rajauria &B. K. Tiwari (Eds.), Fruit Juices: Extraction, Composition, 
Quality and Analysis (pp. 3–13). Academic Press. 

 
Rawson, A., Patras, A., Tiwari, B. K., Noci, F., Koutchma, T., & Brunton, N. 

(2011a). Effect of thermal and non thermal processing technologies on 
the bioactive content of exotic fruits and their products:  Review of 
recent advances.  Food Research International, 44(7), 1875–1887. 

 
Rawson, A., Tiwari, B. K., Patras, A., Brunton, N., Brennan, C., Cullen, P. J., & 

O’Donnell, C. (2011b). Effect of thermosonication on bioactive 
compounds in watermelon juice. Food Research International, 44(5), 
1168–1173. 

 

© C
OPYRIG

HT U
PM

https://www.persistencemarketresearch.com/market-research/cold-pressed-


105 
 

Reyes-De-Corcuera, J. I., Goodrich-Schneider, R. M., Barringer, S. A., & 
Landeros- Urbina, M. A. (2014). Processing of fruit and vegetable 
beverages. In S. Clark, S. Jung, & B. Lamsal (Eds.), Food Processing: 
Principles and Applications (pp. 339–362). John Wiley & Sons. 

 
Režek Jambrak, A., ŠImunek, M., Evačić, S., Markov, K., Smoljanić, G., & Frece, 

J. (2018). Influence of high-power ultrasound on selected moulds, yeasts 
and Alicyclobacillus acidoterrestris in apple, cranberry and blueberry juice 
and nectar. Ultrasonics, 83, 3–17. 

 
Ribeiro, S. M. R., & Schieber, A. (2010). Bioactive compounds in mango 

(Mangifera indica L.). In R. R. Watson & V. R. Preedy (Eds.), Bioactive Foods 
in Promoting Health: Fruits and Vegetables (pp. 507–523). Academic Press. 

 
Ribeiro, S., Barbosa, L., Queiroz, J., Knödler, M., & Schieber, A. (2008). Phenolic 

compounds and antioxidant capacity of Brazilian mango (Mangifera indica 
L.) varieties. Food Chemistry, 110(3), 620–626. 

 
Rodoni, L., Casadei, N., Concellón, A., Chaves Alicia, A. R., & Vicente, A. R. 

(2009). Effect of short-term ozone treatments on tomato (Solanum 
lycopersicum L.) fruit quality and cell wall degradation. Journal of Agricultural 
and Food Chemistry, 58(1), 594–599. 

 
Rodrigues Petrus, R., Joseph Churey, J., & William Worobo, R. (2020). High 

pressure processing of apple juice: the most effective parameters to 
inactivate pathogens of reference. British Food Journal, 122(12), 3969–
3979. 

 
Rodrigues, R., Sperandio, L. C. C., & Andrade, C. M. G. (2017). Investigation of 

color and turbidity in the clarification of sugarcane juice by ozone. Journal of 
Food Process Engineering, 41(3), 1-11. 

 
Sachadyn-Król, M., & Agriopoulou, S. (2020). Ozonation as a method of abiotic 

elicitation improving the health-promoting properties of plant products—A 
review. Molecules, 25(10), 2416-2441. 

 
Saeeduddin, M., Abid, M., Jabbar, S., Wu, T., Hashim, M. M., Awad, F. N., Hu, 

B., Lei, S., & Zeng, X. (2015). Quality assessment of pear juice under 
ultrasound and commercial pasteurization processing conditions. LWT - 
Food Science and Technology, 64(1), 452–458. 

 
Sampedro, F., McAloon, A., Yee, W., Fan, X., Zhang, H. Q., & Geveke, D. J. 

(2013). Cost analysis of commercial pasteurization of orange juice by pulsed 
electric fields. Innovative Food Science and Emerging Technologies, 17, 72–
78. 

 
Santhirasegaram, V. (2015). Effects of thermal and non-thermal processing on 

quality attributes of Chokanan mango juice (Mangifera Indica L.), Master 
Thesis. University of Malaya. 

 

© C
OPYRIG

HT U
PM



106 
 

Santhirasegaram, V., Razali, Z., & Somasundram, C. (2013). Effects of thermal 
treatment and sonication on quality attributes of Chokanan mango 
(Mangifera indica L.) juice. Ultrasonics Sonochemistry, 20(5), 1276–
1282. 

 
Santhirasegaram, V., Razali, Z., George, D. S., & Somasundram, C. (2015a). 

Comparison of UV-C treatment and thermal pasteurization on quality 
of Chokanan mango (Mangifera indica L.) juice. Food and Bioproducts 
Processing, 94, 313–321. 

 
Santhirasegaram, V., Razali, Z., George, D. S., & Somasundram, C. (2015b). 

Effects of thermal and non-thermal processing on phenolic 
compounds, antioxidant activity and sensory attributes of Chokanan 
mango (Mangifera indica L.) juice. Food and Bioprocess Technology, 
8(11), 2256–2267. 

 
Shah, N. N. A. K. (2015). Dean vortex ultraviolet light pasteurization of pummelo 

(Citrus Grandis L. Osbeck) fruit juice. PhD thesis. Universiti Putra 
Malaysia. 

 
Shah, N. N. A. K., Shamsuddin, R., Rahman, R. A., & Adzahan, N. M. (2014). 

Effects of physicochemical characteristics of pummelo fruit juice 
towards UV inactivation of Salmonella Typhimurium. Agriculture and 
Agricultural Science Procedia, 2, 43–52. 

 
Shah, N.N.A.K, Sulaiman, A., Sidek, N. S. M., & Supian, N. A. M. (2019). Quality 

assessment of ozone-treated citrus fruit juices. International Food 
Research Journal, 26(10), 1405–1415. 

 
Shah, Nor Nadiah Abdul Karim, Supian, N. A. M., & Hussein, N. A. (2018). 

Disinfectant of pummelo (Citrus Grandis L. Osbeck) fruit juice using 
gaseous ozone. Journal of Food Science and Technology, 56(1), 262–
272. 

 
Shahbandeh, M. (2020). Fresh fruit production worldwide 1990-2019. Statistica 

website. Retrieved 15th January 2021 from https://www.statista.com/ 
 statistics/262266/global-production-of-fresh-fruit/ 
 
Shahbaz, H. M., Kim, J. U., Kim, S., & Park, J. (2018). Technologies for 

enhanced microbiological safety and quality of fresh fruit and juice 
products. In A. M. Grumezescu & A. M. Holban (Eds.), Food 
Processing for Increased Quality and Consumption (pp. 179–217). 
Academic Press. 

 
Shaheer, C. A., Hafeeda, P., Kumar, R., Kathiravan, T., Kumar, D., & 

Nadanasabapathi, S. (2014). Effect of thermal and thermosonication 
on anthocyanin stability in jamun (Eugenia jambolana) fruit juice. 
International Food Research Journal, 21(6), 2189–2194. 

 
© C

OPYRIG
HT U

PM

https://www.statista.com/


107 
 

Sharma, H. P., Patel, H., & Sharma, S. (2014). Enzymatic extraction and 
clarification of juice from various fruits–A review. Trends Post Harvest 
Technology, 2(1), 1- 14. 

 
Singh, S. K., & Sharma, M. (2017). Review on biochemical changes associated 

with storage of fruit juice. International Journal of Current Microbiology and 
Applied Sciences, 6(8), 236–245. 

 
Sivakumar, D., Jiang, Y., & Yahia, E. M. (2011). Maintaining mango (Mangifera 

indica L.) fruit quality during the export chain. Food Research International, 
44(5), 1254–1263. 

 
Snowden-Swan, L., Piatt, J., & Pesperance, A. (2018). Ozone (Trioxygen or O3); 

advantages & disadvantages in the water industry. Retrieved 2nd November 
2020 from https://www.bridgebiotechnology.com/ozone-trioxygen-or-o3- 
advantages-and-disadvantages/ 

 
Song, W. J., Shin, J. Y., Ryu, S., & Kang, D. H. (2015). Inactivation of Escherichia 

coli O157:H7, Salmonella Typhimurium and Listeria monocytogenes in apple 
juice at different pH levels by gaseous ozone treatment. Journal of Applied 
Microbiology, 119(2), 465–474. 

 
Soruor, H., Tanaka, F., & Uchino, T. (2014). Impact of non-thermal processing on 

the microbial and bioactive content of foods. Global Journal of Biology, 
Agriculture and Health Sciences, 3(1), 153-167 

 
Sroy, S., Fundo, J. F., Miller, F. A., Brandão, T. R. S., & Silva, C. L. M. (2019). 

Impact of ozone processing on microbiological, physicochemical, and 
bioactive characteristics of refrigerated stored Cantaloupe melon juice. 
Journal of Food Processing and Preservation, 43(12). 

 
Stavropoulou, E., & Bezirtzoglou, E. (2019). Predictive modeling of microbial 

behavior in food. Foods, 8(12), 654. 
 
Suhaime, N., Sairi, M., Abbas, Z., Mohamed Nafis, N. B., Othman, Z., Mhd Adnan, 

A. S., Shamsulkamal, A. R., Paiman, S., & Mohamed, T. N. (2018). 
Microwave technique for moisture content and pH determination during pre- 
harvest of mango cv. Chok Anan. Sains Malaysiana, 47(07), 1571–1578. 

 
Sung, H.-J., Song, W.-J., Kim, K.-P., Ryu, S., & Kang, D.-H. (2014). Combination 

effect of ozone and heat treatments for the inactivation of Escherichia coli 
O157:H7, Salmonella Typhimurium, and Listeria monocytogenes in apple 
juice. International Journal of Food Microbiology, 171, 147–153. 

 
Teleszko, M., Nowicka, P., & Wojdyło, A. (2016). Chemical, enzymatic and 

physical characteristic of cloudy apple juices. Agriculture and Food Science, 
25(1), 34– 43. 

 
Torlak, E. (2014). Efficacy of ozone against Alicyclobacillus acidoterrestris spores 

in apple juice. International Journal of Food Microbiology, 172, 1–4. 

© C
OPYRIG

HT U
PM

http://www.bridgebiotechnology.com/ozone-trioxygen-or-o3-
http://www.bridgebiotechnology.com/ozone-trioxygen-or-o3-
http://www.bridgebiotechnology.com/ozone-trioxygen-or-o3-


108 
 

Torlak, E., Akata, I., Erci, F., & Uncu, A. T. (2016). Use of gaseous ozone to 
reduce aflatoxin B1 and microorganisms in poultry feed. Journal of 
Stored Products Research, 68, 44–49. 

 
Torres, B., Tiwari, B. K., Patras, A., Wijngaard, H. H., Brunton, N., Cullen, P. J., 

& Donnell, C. P. O. (2011). Effect of ozone processing on the colour , 
rheological properties and phenolic content of apple juice. Food 
Chemistry, 124(3), 721– 726. 

 
Torres, E. F., González-M., G., Klotz, B., & Rodrigo, D. (2016). Effects of high 

hydrostatic pressure and temperature increase on Escherichia coli 
spp. and pectin methylesterase inactivation in orange juice. Food 
Science and Technology International, 22(2), 173–180. 

 
Toti, M., Carboni, C., & Botondi, R. (2017). Postharvest gaseous ozone 

treatment enhances quality parameters and delays softening in 
cantaloupe melon during storage at 6 °C. Journal of the Science of 
Food and Agriculture, 98(2), 487–494. 

 
Tremarin, A., Brandão, T. R. S., & Silva, C. L. M. (2017). Application of 

ultraviolet radiation and ultrasound treatments for Alicyclobacillus 
acidoterrestris spores inactivation in apple juice. LWT - Food Science 
and Technology, 78, 138–142. 

 
Umsza-Guez, M. ., Rinaldi, R., Lago-Vanzela, E. ., Martin, N., Silva, R., Gomes, 

E., & Thoméo, J. C. (2011). Effect of pectinolitic enzymes on the 
physical properties of caja-manga (Spondias cytherea Sonn.) pulp. 
Food Science and Technology, 31(2), 517–526. 

 
Ünal, M. M., & Şener, A. (2013). Extraction and characterization of pectin 

methylesterase from Alyanak apricot (Prunus armeniaca L). Journal of 
Food Science and Technology, 52(2), 1194–1199. 

 
USDA. (2018). USDA National nutrient database for standard reference. United 

States of Drug Administration. Retrieved 18th March 2019 from 
https://ndb.nal.usda.gov 

 
USFDA. (2001). Guidance for industry 180-day exclusivity: Questions and 

answers. United States of Food and Drug Administration. Retrieved 
23rd October 2020 from https://www.fda.gov/regulatory-
information/search-fda-guidance-documents/guidance-industry-180-
day-exclusivity-questions-and-answers 

 
USFDA. (2003). Small entity compliance guide: Juice HACCP. United States of 

Food and Drug Administration. Retrieved 14th April 2020 from 
https://www.fda.gov/regulatory-information/search-fda-guidance- 
documents/small-entity-compliance-guide-juice-haccp 

 
van Boekel, M. (2002). On the use of the Weibull model to describe thermal 

inactivation of microbial vegetative cells. International Journal of Food 
Microbiology, 74(1–2), 139–159. 

© C
OPYRIG

HT U
PM

http://www.fda.gov/regulatory-information/search-fda-guidance-
http://www.fda.gov/regulatory-information/search-fda-guidance-
http://www.fda.gov/regulatory-information/search-fda-guidance-
http://www.fda.gov/regulatory-information/search-fda-guidance-
http://www.fda.gov/regulatory-information/search-fda-guidance-
http://www.fda.gov/regulatory-information/search-fda-guidance-


109 
 

van Impe, J., Smet, C., Tiwari, B., Greiner, R., Ojha,  S., Stulić, V.,  Vukušić, T., 
& Režek Jambrak, A. (2018). State of the art of nonthermal and thermal 
processing for inactivation of micro-organisms. Journal of Applied 
Microbiology, 125(1), 16– 35. 

 
Walker, M., & Phillips, C. A. (2008). The effect of preservatives on 

Alicyclobacillus acidoterrestris and Propionibacterium cyclohexanicum in 
fruit juice. Food Control, 19, 974–981. 

 
Wang, C., Lin, Y., Ramaswamy, H. S., Ge, L., Hu, F., Zhu, S., & Yu, Y. (2015). 

Storage Stability of Chinese Bayberry Juice after High Pressure or Thermal 
Treatment. Journal of Food Processing and Preservation, 39(6), 2259–2266. 

 
Watson, H. E. (1908). A note on the variation of the rate of disinfection with 

change in the concentration of the disinfectant. Epidemiology and Infection, 
8(4), 536– 542. 

 
Weber, F., & Larsen, L. R. (2017). Influence of fruit juice processing on 

anthocyanin stability. Food Research International, 100(3), 354–365. 
 
WHO, World Health Organization (2007). Food safety and food borne illness: 

Fact sheet No.237. 
 
Wibowo, S., Vervoort, L., Tomic, J., Santiago, J. S., Lemmens, L., Panozzo, A., 

Grauwet, T., Hendrickx, M., & Van Loey, A. (2015). Colour and carotenoid 
changes of pasteurised orange juice during storage. Food Chemistry, 171, 
330– 340. 

 
Xu, H., Hao, Q., Yuan, F., & Gao, Y. (2014). Nonenzymatic browning criteria to 

sea buckthorn juice during thermal processing. Journal of Food Process 
Engineering, 38(1), 67–75. 

 
Yap P.Y. (2012). Effect of repetitive ultraviolet irradiation on the physicochemical 

properties and microbial stability of pineapple juice variety Morris. Degree 
dissertation. Universiti Putra Malaysia. 

 
Yin, F., Zhu, Y., Koutchma, T., & Gong, J. (2015). Inactivation and potential 

reactivation of pathogenic Escherichia coli O157: H7 in apple juice following 
ultraviolet light exposure at three monochromatic wavelengths. Food 
Microbiology, 46, 329–335. 

 
Zafar, T. A., & Sidhu, J. S. (2017). Composition and nutritional properties of 

mangoes. In M. Siddiq, J. K. Brecht, & J. S. Sidhu (Eds.), Handbook of 
Mango Fruit: Production, Postharvest Science, Processing Technology and 
Nutrition (pp. 217–236). Wiley-Blackwell. 

Zhang, W., Dong, P., Lao, F., Liu, J., Liao, X., & Wu, J. (2019). Characterization 
of the major aroma-active compounds in Keitt mango juice: Comparison 
among fresh, pasteurization and high hydrostatic pressure processing 
juices. Food Chemistry, 289(17), 215–222. 

 

© C
OPYRIG

HT U
PM



110 
 

Zhu, F. (2018). Effect of ozone treatment on the quality of grain products. Food 
Chemistry, 264(May), 358–366. 

 
Zhu, Y., Shen, M., Sims, C. A., Marshall, M. R., House, L. A., & Sarnoski, P. J. 

(2018). Consumer preference and willingness to pay for tomato juice. 
International Food and Agribusiness Management Review, 21(8), 
1167–1183.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

© C
OPYRIG

HT U
PM



119 
 

LIST OF PUBLICATIONS 
 
 

Articles – Published 

 
 

Shah, N. N. A. K., Ong, M. C., Supian, N. A. M., & Sulaiman, A. (2020). 
Ultrasound-assisted extraction and gaseous ozone as preservation method 
for Roselle (Hibiscus sabdariffa L.) fruit juice. Food Research, 4(S6), 85– 
95. 

 

Shah, N. N. A. K., Sulaiman, A., Sidek, N. S. M., & Supian, N. A. M. (2019). 
Quality assessment of ozone-treated citrus fruit juices. International Food 
Research Journal, 26(5), 1405 – 1415. 

 

Shah, N. N. A. K., Supian, N. A. M., & Hussein, N. A. (2019). Disinfectant of 
pummelo (Citrus Grandis L. Osbeck) fruit juice using gaseous ozone. 
Journal of Food Science and Technology, 56(1), 262-272. 

 
 

Articles – Accepted 

 
 

Supian, N. A. M, Shah, N. N. A. K, Shamsudin, R, Sulaiman, A. Inactivation 
kinetics of S. Typhimurium NCTC 12023 in Chokanan Mango (Mangifera 
Indica L.) fruit juice by aqueous ozone treatment. Food Research, July 
2021. 

 
 

Articles – Submitted and Reviewed 

 
 

Supian, N. A. M, Shah, N. N. A. K, Shamsudin, R, Sulaiman, A. Effects of 
aqueous ozone treatment on nutritional attributes of mango (Mangifera 
Indica L.) fruit juice. International Food Research Journal, February 2021. 

 
 

Conferences Attended 

 
 

Shah, N.N.A.K., A. Sulaiman, N.S.M. Sidek, & N.A.M. Supian. (2017). Effects of 
gaseous ozone on physicochemical characteristics of citrus fruit juices. 
International Conference on Food Science and Nutrition (ICFSN2017), 25- 
26 October 2017, Kota Kinabalu, Sabah, Malaysia. (Oral Presenter) 

 
 
 
 © C
OPYRIG

HT U
PM



120 
 

Shah, N.N.A.K., Sulaiman, A., Shamsudin, R., & N.A.M. Supian. (2018). Effect 
of gaseous ozone processing on color degradation of cold pressed 
mango (Mangifera Indica L.) juice. 4th International Conference on 
Agriculture and Food Engineering (CAFEi2018), 7 – 9 November 2018, 
Putrajaya, Malaysia. (Oral Presenter) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 © C

OPYRIG
HT U

PM



© C
OPYRIG

HT U
PM




