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Abstract of thesis submitted to the Senate of Universiti Putra Malaysia in fulfilment of 

the requirement for the Degree of Doctor of Philosophy 

  

 

DEAN VORTEX ULTRAVIOLET LIGHT PASTEURIZATION OF PUMMELO 

(CITRUS GRANDIS L. OSBECK) FRUIT JUICE 

 

 

By 

 

NOR NADIAH ABDUL KARIM SHAH 

 

August 2015 

 

 

Chairman : Russly Abdul Rahman, PhD 

Faculty  : Engineering 

 
Pummelo juice has long been believed to have a connection with good health, due to 

their antioxidant potency and plasma lipid metabolism. Therefore, giving Malaysia an 

attractive opportunity to expand its influence and marketability in the international 

market of juices. However, conventional thermal pasteurization has been known to 

induce unfavorable changes to fruit juice. Thus, ultraviolet (UVC) light system is 

introduced as an alternative non-thermal pasteurization method to pummelo fruit juice 

as it is deemed suitable due to its small carbon footprints with other contributing 

factors such as cost saving, environmental friendly and non-toxic.  

 

The overall aims of this research was to pasteurize pummelo fruit juice using a dean 

vortex UVC system to produce a healthy and safe juice with its original nutritional 

content intact. Therefore, the research was done in stages; where the first stage was to 

choose an optimum pummelo variety suitable for juice production. In the second stage, 

clarification treatment was done on the chosen variety to increase the clarity and 

subsequently, lowering the absorption coefficient of pummelo fruit juice with minimal 

pectin methylesterase activity. Hence forth, performance of dean vortex UVC reactor 

was experimentally validated with the results of Computational Fluid Dynamics (CFD) 

to evaluate the reactor’s pasteurization efficiency. In the forth stage, the ability of this 

technology was evaluated to inactivate Salmonella typhimurium to a minimum of 

5log10 reduction. The technology was further exploited in the fifth stage, with 

investigation of post-UVC treatment effect on physicochemical characteristics, 

antioxidant capacity and most importantly, furan development of clarified pummelo 

fruit juice. These areas have not been explicitly explored in specifics to pummelo fruit 

juice in previous literatures.  

 

From the study, UVC fluence was observed to be absorption-coefficient-dependent 

where, it varies according to liquid samples. UVC fluence was found to be highly 

correlated (R2 = 91%, p <0.05) towards retention time distribution (RTD), following 

Lambert-Beer’s equation, which implies the UVC transmission throughout the clarified 

juice is ideal. The results from computational fluid design has validated the previous 

result that clarified juice with low absorption coefficient emulated an ideal liquid where 

the centrifugal forces that act on the juice is higher, thus creating an ideal mixing 
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condition within the convoluted tube. Low velocity demonstrated by fresh juice 

sample, had increased the total heat transfer rate which in turn increased the processing 

cost and elevating temperature which could render UVC pasteurization futile. UVC 

fluence was observed to be inversely proportional to velocity, temperature and liquid 

flow rate. Therefore, in order to produce an effective UVC pasteurization, combination 

of high flow rate with adequate RTD is imperative to stabilize the temperature of UVC-

treated sample.  

 

UVC fluence of 28.15, 27.63 and 133 mJ/cm2 respectively for fresh, clarified juice and 

distilled water was observed to be adequate to inactivate with more than 5log10 

inactivation after one-pass of UVC treatment. Salmonella typhimurium reduction was 

also observed to be inversely proportional to liquid’s flow rate with coefficient of 

determination, R2 ranged from 83 to 99%. Moreover, coefficient of determination, R2 of 

processing energy to inactivate Salmonella typhimurium in clarified juice was found to 

be higher (99%) and significant (p <0.05) in comparison to fresh juice (93%). Post-

UVC treatment, color L* was seen to increase as pectin methylesterase activity in the 

UVC-treated juice had decreased (p <0.05). In addition to that, ascorbic acid content 

was observed to decrease together with total phenolic contents and total soluble solids. 

UVC treatment also had a significant (p <0.05) effect on the amount of antioxidant 

capacity of UVC-treated pummelo juice (DPPH, FRAP and ABTS) and its decrement 

is highly correlated to UVC-treatment and storage life. Furan development within the 

juice post-UVC treatment (between 0.66 to 2.4 ppb/ml) was seen to be dose and 

temperature-dependent (p <0.05). However, the amount of furan found in the UVC-

treated juice was deemed minimal in comparison to data published on thermally-treated 

fruit juice. Thus, clarified pummelo juice with absorption coefficient, α of 17 cm-1 can 

be safely treated with a maximum of 30 mJ/cm2 UVC fluence using dean vortex UVC 

system and its storage life was prolonged to 6 weeks in comparison to less than a week 

for freshly-squeezed non-pasteurized pummelo fruit juice.  
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Abstrak tesis yang dikemukakan kepada Senat Universiti Putra Malaysia sebagai 

memenuhi syarat keperluan untuk Ijazah Doktor Falsafah 

 

 

PEMPASTEURAN JUS LIMAU BALI (CITRUS GRANDIS L. OSBECK) 

MENGGUNAKAN 

CAHAYA ULTRAUNGU DEAN VORTEKS  

 

Oleh 

 

NOR NADIAH ABDUL KARIM SHAH 

 

Ogos 2015 

 

 

Pengerusi : Russly Abdul Rahman, PhD 

Fakulti  : Kejuruteraan 

 
Jus limau bali telah lama dipercayai mempunyai hubungan dengan kesihatan yang baik, 

yang disebabkan oleh potensi antioksidan dan metabolisme lipid plasma yang tinggi. 

Ini memberikan Malaysia peluang yang menarik untuk mengembangkan pengaruh dan 

kebolehupayaan pemasaran di pasaran jus antarabangsa. Walaubagaimanapun, kaedah 

pempasteuran haba konvensyenal telah diketahui akan mendorong perubahan yang 

tidak baik kepada jus buah. Oleh itu, sistem cahaya ultraungu (UVC) telah 

diperkenalkan sebagai kaedah alternatif pempasteuran bukan terma untuk jus limau bali 

yang sesuai kerana mempunyai ‘carbon footprints’ yang kecil dengan faktor-faktor 

penyumbang yang lain seperti penjimatan kos, mesra alam dan tidak bertoksik.  

 

Keseluruhan matlamat kajian ini adalah untuk mempasteurkan jus limau bali 

menggunakan cahaya ultraungu dean vorteks untuk menghasilkan jus yang sihat dan 

selamat dengan kandungan nutrisi yang utuh. Oleh itu, kajian ini telah dilakukan secara 

berperingkat-peringkat; di mana peringkat pertama adalah untuk memilih variti limau 

bali yang paling sesuai untuk penghasilan jus. Pada peringkat kedua, rawatan 

penjernihan telah dilakukan ke atas variti yang dipilih untuk meningkatkan kejernihan 

dan seterusnya, mengurangkan pekali penyerapan jus limau bali jus serta 

meminimumkan aktiviti pektin methylesterase. Selanjutnya, prestasi reactor cahaya 

ultraungu dean vorteks telah disahkan secara eksperimen dan menggunakan perisian 

komputer “Computational Fluid Dynamics”, sekaligus menilai keupayaan reaktor UVC 

untuk mempasteur jus. Pada peringkat seterusnya, keupayaan teknologi ini telah dinilai 

untuk membunuh Salmonella typhimurium kepada 5log10 pengurangan minimum. 

Teknologi ini dieksploitasi pada peringkat kelima, dengan penyiasatan kesan pasca-

rawatan kepada ciri-ciri fizikokimia, kapasiti antioksidan dan yang paling penting, 

penghasilan furan pada jus buah limau bali yang dijernihkan. Melalui fakta dapatan, 

bidang penyelidikan ini jelas masih belum diterokai secara khusus untuk jus buah 

limau bali sebelum ini. 

 

Melalui kerja penyelidikan yang dilakukan, dos UVC diperhatikan bergantung kepada 

pekali penyerapan yang berbeza-beza mengikut jenis sampel cecair. Dos UVC juga 

didapati berkait rapat (R2 = 91%, p <0.05) dengan pengagihan masa pengedaran (RTD), 

mematuhi persamaan Lambert-Beer, yang mengimplikasikan penghantaran UVC ke 
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seluruh jus yang telah dijernihkan adalah ideal. Hasil kajian daripada simulasi 

pengiraan reka bentuk bendalir (CFD) juga menunjukkan jus yang telah dijernihkan 

dengan pekali penyerapan rendah mencontohi cecair ideal di mana daya empar yang 

bertindak ke atas jus adalah lebih tinggi, sekali gus mewujudkan keadaan pencampuran 

ideal dalam tiub yang berbelit-belit. Halaju rendah yang dipamerkan oleh sampel jus 

limau bali segar, telah meningkatkan jumlah pemindahan haba yang seterusnya 

meningkatkan kos pemprosesan dan meningkatkan suhu yang boleh menyebabkan 

pempasteuran UVC sia-sia. Dos UVC diperhatikan berkadar songsang dengan halaju, 

suhu dan kadar aliran cecair. Oleh itu, untuk menghasilkan pempasteuran UVC 

berkesan, gabungan kadar aliran yang tinggi dengan pengagihan masa pengedaran yang 

mencukupi adalah penting untuk menstabilkan suhu sampel yang dirawat UVC.  

 

Dos UVC yang berjumlah 28.15, 27.63 dan 133 mJ/cm2 masing-masing untuk jus 

limau bali segar, jus limau bali yang telah dijelaskan dan air suling diperhatikan 

mencukupi untuk sepenuhnya membunuh Salmonella typhimurium, dengan 

kemusnahan lebih dari 5log10 selepas satu-pas 30 Hz UVC. Pengurangan log 

Salmonella typhimurium juga dilihat berkadar songsang dengan kadar aliran cecair 

dengan pekali penentuan, R2 antara 83 - 99%. Selain itu, pekali penentuan, R2 

pemprosesan tenaga untuk membunuh Salmonella typhimurium dalam jus yang telah 

dijelaskan didapati lebih tinggi (99%) dan ketara berbanding dengan jus segar (93%). 

Pasca rawatan UVC, warna L* dilihat meningkat kerana aktiviti pectin methylesterase 

dalam jus yang dirawat UVC telah menurun (p <0.05). Tambahan pula, kandungan asid 

askorbik diperhatikan berkurangan bersama-sama dengan jumlah kandungan fenolik 

dan jumlah pepejal larut. Seterusnya mengurangkan jumlah kapasiti antioksidan jus 

pummelo yang dirawat UVC (DPPH, FRAP dan ABTS) dan susutan tersebut berkait 

rapat dengan rawatan UVC dan kadar simpanan. Penghasilan furan dalam jus yang 

dirawat UVC (antara 0.66 – 2.4 ppb/ml) dilihat bergantung kepada dos dan suhu UVC 

(p <0.05). Walau bagaimanapun, jumlah furan yang dijumpai di dalam jus limau bali 

yang dirawat menggunakan UVC  dianggap minimum berbanding dengan data yang 

telah diterbitkan pada jus buah-buahan yang dirawat menggunakan haba.Oleh itu, jus 

limau bali yang dijernihkan dengan pekali penyerapan, α = 17 cm-1 adalah selamat 

dirawat dengan maksimum UVC dos sebanyak 30 mJ/cm2 menggunakan sistem cahaya 

UVC dean vorteks dan hayat simpanan yang lebih panjang sehingga 6 minggu 

berbanding dengan kurang dari seminggu untuk jus limau bali segar yang tidak 

dipasteurkan.  
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CHAPTER 1 

 

 

INTRODUCTION 

 

1.1 An Overview on Ultraviolet Light System 

 

Food preservation techniques are continuously being developed to conform to modern 

consumer demands for safe and healthier foods. Higher income, urbanization, 

demographic shifts, improved transportation and consumer perceptions regarding 

quality and safety are changing global food consumption (Huang, 2004). Modern 

consumers demand for tasty, healthier, organic, natural and fresh-like foods produced 

in an environmentally friendly manner with sustainable methods and small carbon 

footprints (Koutchma et al., 2009). As a consequence, in the past ten years non-thermal 

technologies have received increasing attention due to its potential for inactivating 

spoilage and pathogenic microorganisms (Noci et al., 2008). Recent interests in these 

technologies are not only to produce high-quality food with “fresh-like” characteristics, 

but also to provide food with improved functionalities such as being cost efficient, less 

carbon footprints and no harmful by-products.  

 

Ultraviolet (UVC) light system is a non-thermal technology which has acquired 

interests among food researchers. Interest in this technology is mainly triggered by 

safety concerns on the harmful substances that are the by-products of conventional 

food processing. Recent studies have proved that UVC light treatment holds 

considerable promises in food processing as an alternative to traditional thermal 

treatment for liquid foods, as well as, post-harvest storage-life extension of fruits and 

vegetables and preservation methods for ready-to-eat foods. Compared with traditional 

thermal pasteurization method for liquid foods such as High Temperature-Short Time 

(HTST), UVC treatment does not affect the qualitative nature of the juice. Nutritional 

components, which are heat sensitive, are not destroyed by the UVC treatment with the 

added advantage of bactericidal characteristics (Koutchma et al., 2009).  

 

UVC light is the electromagnetic spectrum between 200 to 280 nm. With its positive 

consumer image and low processing cost, UVC treatment is proven to be suitable for 

fruit juice stabilization (Koutchma, 2009). Its bactericidal mechanism is based on the 

absorption of UVC light by microbial DNA or RNA structures. The primary 

mechanism is the creation of pyrimidine dimers, which are bonds formed between 

adjacent pairs of thymine or cytosine pyrimidines on the same DNA or RNA strands. 

These dimers prevent microorganisms from replicating, further rendering them inactive 

and unable to cause infection (Harm, 1980).  

 

The use of UVC light for water treatment is well established, however, the application 

of UVC on liquid foods presents a relatively new challenge to beverage producers. 

Compared to water, liquid foods have a range of optical and physical properties and 

diverse chemical compositions that influence UVC light transmittance, dose delivery, 

momentum transfer and consequently microbial inactivation. To achieve microbial 

inactivation, the UVC radiant exposure must be at least 400 J/m2 in all parts of the 

product (Koutchma, 2009). Critical factors to ensure efficient UVC treatment include; 

transmissivity of the product, geometric configurations of the reactor, power, 

wavelength and physical arrangement of the UVC sources, product profile and 

radiation path length (Koutchma et al., 2009).  
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The United States Food and Drug Administration (USFDA) and United States 

Department of Agriculture (USDA) in 2000, have concluded that the usage of UVC 

light for food processing is safe and has further approved the usage as an alternative 

treatment to reduce pathogens and other microorganisms. USFDA issued Code 

21CFR179.41, which approved the use of UVC light in the production, processing, and 

handling of food. In addition to that, National Advisory Committee on Microbiological 

Criteria for Foods (NACMCF) of USDA revised its definition of pasteurization for 

foods. This term now includes any process, treatment, or combination thereof that is 

applied to food to reduce the highest levels of microorganisms of significance to public 

health and acknowledging the usage of UVC light as an alternative method of 

pasteurization. Meanwhile in Malaysia, under the Food Act 1983 and Food Regulation 

1985, Food Safety and Quality Division (FQSD) was formed. Food Safety and Quality 

Division in their jurisdictions, specified that all food manufacturers are to comply with 

USFDA regulation in regards to food processing. HACCP management system was the 

main safety procedure that is being enforced on all food manufacturers in Malaysia. 

Currently, the Government of Malaysia, specifically under the Ministry of Health has 

not publically released any Food Act specifically to alternative pasteurization methods 

for liquid foods and it is assumed to be following the USFDA regulations.  

 

 

1.2 Problem Statement 

 

In recent attempts to revamp the state of national agriculture production, Malaysian 

Ministry of Agriculture has come up with an agro-food policy commencing from 2011 

to 2020. The policy has listed pummelo as one of the 15 potential tropical fruits that is 

expected to generate national gross income (for all 15 fruits) of RM 21.44 billion in 

2020 (FAMA, 2010). One of the objectives in realizing the policy is to increase the 

income of entrepreneurial farmers through diversification of fruit products thus 

increasing Malaysia’s productivity and export trade volume.  

 

Pummelo is known to be the largest of all citrus fruits which can grow as large as thirty 

centimeters in diameter and weigh up to nine kilograms (DOA, 2010). Pummelo has 

been reported by Keshani et al. (2010), to have a number of beneficial bioactive 

compounds such as flavonoids, carotenoids, phenolics, vitamin C and anthocyanin. It 

also contains high amount of vitamin A, potassium, beta-carotene, folic acid and fiber 

as reported by Jayaprakasha et al. (2007). Pummelo has also been found to demonstrate 

anti-cancer, anti-inflammatory, anti-tumour and blood clot inhibition activities (Garg et 

al., 2001). Furthermore, with expected ratio of 2:1 (w/v) (Ni et al., 2014) of producing 

juice and a total brix to acid ratio of 12.54 (Florida’s commercial juice standard: 13 to 

18 (Kimball, 1999)), and its natural resistance towards pests, resulting in easier 

cultivation, higher productivity, and lower production cost. These characteristics make 

pummelo a promising candidate for production of a desirable and healthy juice for 

human consumption (Ni et al., 2014), further giving Malaysia an attractive opportunity 

to expand the fruit’s influence and marketability in the international market of juices. 

 

Currently, heat treatment process is the most commonly used method for 

microorganisms and enzymes inactivation which will indirectly extend the shelf life of 

juice. However, this process has long been known to have adverse effects on sensory 

and nutritional quality of food (Braddock, 1999). Various studies have proven that 

pasteurization using heat has caused detrimental effects towards juice quality. 

Nutritional contents, chemical, antioxidant and sensory attributes have been reported to 



© C
OPYRIG

HT U
PM

3 

 

have been directly affected by the heat. Moreover, it is cost-prohibitive for small juice 

producers (Koutchma et al, 2004). Thus, a non-thermal method of pasteurization has 

been introduced to treat citrus juice to have a longer shelf-life without compromising 

on the fresh-like quality of juice with addition to its potential for inactivating spoilage 

and pathogenic microorganisms (Noci et al, 2008). 

 

UVC light can be effective in treating clear liquid foods such as water and clarified 

juices, but it is less effective in treating turbid liquid with particulates, where UVC 

light is strongly absorbed, scattered and reflected. Researches on UVC pasteurization 

have focused on various varieties of apple juices (Basaran et al., 2004; Geveke, 2005; 

Murakami et al., 2006; Ye, 2007; Keyser et al., 2008; Franz et al., 2009; Ukuku & 

Geveke, 2010; Lu et al., 2010; Caminiti et al., 2010; Char et al., 2010; Palgan et al., 

2011; Muller et al., 2011), orange juices (Tran & Farid, 2004; Keyser et al., 2008; Char 

et al., 2010; Muller et al., 2011), and tropical fruit juices (Guerrero-Beltran & Barbosa-

Canovas, 2006; Koutchma, 2009; Keyser et al., 2008; Bhat et al., 2011; Guevara et al., 

2011) against various microorganisms (E.coli, Y. pseudotuberculosis, L. innocua, 

B.cereus, P. fermentans, S. aureus, L. brevis, S. typhi and among others) with various 

configurations (thin film annular reactor, laminar and turbulent annular reactors, taylor-

couette reactors and convoluted pipes reactors).  

 

Nevertheless, no study have been done, specifically, on disinfecting Salmonella 

typhimurium in pummelo fruit juice utilizing a dean vortex technology – neither on the 

disinfection kinetics nor on developing an optimum UVC light disinfection. Dean flow 

refers to a secondary flow caused by flow movement in curved tubes. The secondary 

flow is the double spiral motion produced by a gradual bend in a closed pipe (Dean, 

1927). Dean vortices that resulted from the flow will increase the juice mixing in the 

tube, exposing more surface area of the juice to UVC light radiation. The secondary 

mixing produced uniform fluence rate within the pipes has been proved to be effective 

in killing bacteria, viruses, yeasts and molds. Hence, dean vortex UVC system would 

be the main focus in this study to develop an optimum method to pasteurize pummelo 

fruit juice. The complex nature of the UVC system provides endless possibilities in 

modifying the equipment to suit the juice requirements to effectively kill the pathogens.  

 

Moreover, no literatures have also been found to have studied in detail the effect of 

flow rate, residence time distribution, UVC dose, fluence rate on the reduction of 

Salmonella typhimurium in pummelo fruit juice. This study will also investigate the 

effects of UVC light towards juice quality, antioxidant activity, physicochemical 

attributes and furan developments during a storage life of 12 weeks.  

 

 

1.3 Objectives 

 

The specific objectives of this study are: 

1. To determine the physicochemical properties of two Malaysian varieties of 

pummelo fruit juice (PO55 Ledang and PO52 Tambun). 

2. To determine the most effective clarification method using a commercial enzyme 

(Pectinex Smash XXL) with 3 variables: enzyme concentration, incubation time 

and temperature with additional ultrasonic treatment to inactivate pectin 

methylesterase activity.  
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3. To evaluate the performance of dean vortex UVC light system via experimental 

works and calculation. Subsequently, to validate the performance using a 

Computational Fluid Design (CFD) software. 

4. To evaluate Salmonella typhimurium inactivation in relation to the performance of 

dean vortex UVC light system and pummelo juice characteristics. To further 

investigate photoreactivation ability of Salmonella typhimurium during storage at 

4°C. 

5. To examine the antioxidant activity, physicochemical properties and furan 

development of pummelo fruit juice post UVC light treatment and subsequently, 

during storage at 4°C. 

 

 

1.4 Scope of Research 

 

The introductory chapter briefly reviews ultraviolet light processing, reactor 

configurations with various fruit juice samples. Problem statement, the objectives of 

research and its significance that supports the contributions of this thesis are also 

presented in this chapter.  

 

Chapter 2 reviews previous studies in pummelo fruit juice, nutrition and 

microorganisms pertinent to the juice hampering the shelf life. This chapter also 

discusses previous works on ultraviolet light focusing on fruit juice products. UVC 

light generation method, its direct effects towards technological properties and 

bioactivity in foods are elaborately discussed. Technical aspects, its advantages and 

potential ultraviolet development in food industry are also discussed in this chapter.  

 

Chapter 3 describes detailed experimental designs and methods used in completing this 

study. In addition the chapter presents the methods in obtaining all the responses, juice 

preliminary study, clarification treatments, Salmonella typhimurium counts, pre and 

post-UVC light treatment analysis and the statistical analysis. The experimental UVC 

light system setup is also comprehensively presented in this chapter.  

 

Chapter 4 reports the findings of research investigations on the objectives mentioned 

previously. Preliminary study of two major Malaysian pummelo fruit varieties (PO55 

Ledang and PO52 Tambun) were done to choose the best variety for juice production 

and further analysis. Ledang variety was chosen based on the amount of juice yield and 

Brix to total acidity ratio, which is the higher of the two varieties. Ledang variety then 

undergoes clarification treatment to improve the clarity and absorption coefficient of 

juice before undergoing further UVC light treatment. Enzymatic and ultrasonic 

treatment was then optimized to find the optimum point for Ledang pummelo fruit 

juice. Performance of dean vortex in relations to its UVC fluence, retention time 

distribution, flowrate, temperature, Dean number was then validated against the results 

from Computational Fluid Design (CFD) used in order to find the optimum flowrate of 

flowing juice in dean vortex UVC light reactor. Subsequently, the performance 

evaluation of dean vortex UVC light system towards Salmonella typhimurium 

inactivation is discussed. The effects of dean vortex UVC light treatment on 

antioxidant, pectin methylesterase activity, ascorbic acid and other physicochemical 

properties are elaborately discussed. Furan development and its relationship with the 

juice sugar content are also presented in this chapter. 
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A brief summary on all findings are presented in Chapter 5. The recommendations for 

future work are also detailed in the final chapter. 

 

 

1.5 Contributions of Thesis 

 

The contributions of this study are many since the pummelo fruit is non-seasonal and 

non-climateric fruit which could be planted and harvested all year long. This study if 

proven successful could provide the alternative pasteurization of pummelo fruit juice 

without giving away the ‘fresh-like’ properties and nutrition of the fruit juice. 

Ultraviolet light technology being the cheapest and the easiest pasteuriation technique 

can benefit Small Medium Enterprises (SME) and Agricultural Department under the 

Ministry of Agriculture, Malaysia thus realizing the aims of National Agro-Food Policy 

(2011 - 2020). The natural nutrition of the fruit juice would be retained and these 

benefits are considered important to consumers. Antimicrobial properties of UVC light 

can be a crucial advantage where, Salmonella typhimurium would be inactivated, thus, 

lowering the risks of food poisoning and ultimately prolonging the shelf life of 

pummelo fruit juice. 



© C
OPYRIG

HT U
PM

166 

 

REFERENCES 

 

 

Abdullah, A.G.L., Sulaiman, N.M., Aroua, M.K. & Noor, M.J.M.M. (2007). Response 

surface optimization of conditions for clarification of carambola fruit juice using a 

commercial enzyme. Journal of Food Engineering 81, 65 – 71. 

 

Abu-Ghararah, Z.H. (1997). A numerical model for estimating average light intensity in 

annular UV disinfection reactors. Environmental Technology 18 (9), 929 – 936. 

 

Alam, M.M., Ota, M., Ferdows, M., Islamv, M.N., Wahiduzzaman, M. & Yamamoto, K. 

(2007). Flow through a rotating helical pipe with a wide range of the Dean number. 

Arch. Mech. 59 (6), 501 – 517. 

 

Alper, N., Bahceci, K.S. & Acar, J. (2005). Influence of processing and pasteurization on 

color values and total phenolic compounds of pomegranate juice. J Food Process 

Preserv 29, 357 – 368. 

 

Alothman, M., Bhat, R. & Karim, A.A. (2009). Ultraviolet radiation induced changes of 

antioxidant capacity of fresh-cut tropical fruits. Innovative Food Science and Emerging 

Technologies 10, 512 – 516. 

 

Alvarez, S., Alvarez, R., Riera, F.A. & Coca, J. (1998). Influence of depectinization on 

apple juice ultrafiltration. Colloids and Surfaces A: Physicochemical and Engineering 

Aspects 138, 377 – 382. 

 

Amin, I., Norzaidah, Y. & Haninida, K.I.E. (2006). Antioxidant activity and phenolic 

content of raw and blanched Amaranthus species. J Food Chem 94, 47 – 52. 

 

Anonymous (2015). http://www.emperoraquatics.com/ what-is-uv-light.php#. 

VVQhY_mqqko Accessed date: 13th January 2015 

 

Antolovich, M., Prenzler, P.D., Patsalides, E., McDonald, S. & Robards, K. (2012). 

Methods for testing antioxidant activity. Analyst 127, 183 – 198. 

 

AOAC (1996). Official methods of analysis of the association of official analytical 

chemists, 17th Edition. Arlington, AR, USA: AOAC Publisher. 

 

AOAC (1999). Official methods of analysis of the association of official analytical 

chemists, 16th Edition. Arlington, AR, USA: AOAC Publisher. 

 

Arena, E., Fallico, B. & Maccarone, E. (2001). Evaluation of antioxidant capacity of 

blood orange juices as influences by constituents, concentration process and storage. 

Food Chemistry 74, 423 – 427. 

 

Arnao, M.B., Cano, A. & Acosta, M. (2001). The hydrophilic and lipophilic contribution 

to total antioxidant activity. Food Chemistry 73, 239 – 244. 

 

Arthur, D. & Reeve, D. (2004). Grapefruit: the ‘Forbidden’ Fruit. Perfumer and Flavorist 

29, 26 – 28. 

 

 

 
 

http://www.emperoraquatics.com/


© C
OPYRIG

HT U
PM

167 

 

Aturki, Z., Braudi, V. & Sinibaldi, M. (2004). Separation of flavanone-7-O-glycoside 

diastereomers and analysis in citrus juice by multidimensional liquid chromatography 

coupled with mass spectrometry. J Agr Food Chem 52, 5303 – 5308.   

 

Baker, R. A., & Bruemmer, J. H. (1969). Cloud stability in the absence of various soluble 

components. Proceedings of the Florida State Horticultural Society 82, 215–220. 

 

Bandla, S., Choudhary, R., Watson, D.G. & Haddock, J. (2012). UV-C treatment of 

soymilk in coiled tube UV reactors for inactivation of Escherischia coli W1485 and 

Bacillus cereus endospores. LWT – Food Science and Technology 46, 71 – 76. 

 

Barros, S.T.D., Mendes, E.S. & Peres, L. (2004). Influence of depectinization in the 

ultrafiltration of west indian cherry (Malphigia glabra L.) and pineapple (Ananas 

comosus (L.) Meer) juices. Cienc. Technol. Aliment., Campinas 24 (2), 194 - 201. 

 

Barsotti, L. & Cheftel, J.C. (1999). Food processing by pulsed electric fields II. Biological 

aspects. Food Review International 15 (2), 181 – 213. 

 

Baysal, K., Sancak, R., Ozturk, F., Uysal, S and Gurses, N. (1998). Cardiac involvement 

due to Salmonella typhi infections in children. Ann. Trop. Paediatr. 18, 23–25. 

 

Baumann, J.W. (1981). Application of enzymes in fruit juice technology. In G.G. Birch, 

N. Blakebrough & K.J. Parker. Enzymes and food processing (pp.129 – 147). London: 

Applied Science Publishers.  

 

Basaran, N., Quintero-Ramos, A., Maoke, M.M., Churey, J.J. & Worobo, R.W. (2004). 

Influence of apple cultivars on inactivation of different strains of Escherischia coli 

O157:H7 in apple cider by UV irradiation. Journal of Applied and Environmental 

Microbiology 70(10), 6061-6065.  

 

Belitz, H.D. & Grosch, W. (1986) Food Chemistry (pp. 693 – 701). Berlin: Springer. 

 

Benabbou, A.K., Derriche, Z., Felix, C., Lejeune, P. & Guillard, C. (2007). Photocatalytic 

inactivation of Escherichia coli, effect of concentration of TiO2 and microorganisms, 

nature and intensity of ultraviolet irradiation. Applied Catalysis B: Environmental 76 

(3-4), 257 – 263. 

 

Benzie, I.F.F. & Strain, J.J. (1996). The ferric reducing ability of plasma (FRAP) as a 

measure of “antioxidant power”: The FRAP assay. Analytical Biochemistry 239, 70 – 

76. 

 

Bhat, R., Ameran, S., Han, C.V., Karim, A.A. & Liong, M.T. (2011). Quality attributes of 

starfruit (Averrhoa carambola L.) juice treated with ultraviolet radiation. Food 

Chemistry 127, 641-644.  

 

Bird, R.B., Stewart, W.E. & Lightfoot, E.N. (2002). Transport phenomena. New York, 

USA: John Wiley and Sons, Inc. 

 

Bocco, A., Cuvelier, M.E., Richard, H. & Berset, C. (1998). Antioxidant activity and 

phenolic composition of peel and seed extracts. J Agr Food Chem 41, 2123 – 2129. 

 



© C
OPYRIG

HT U
PM

168 

 

Bogdanov, S. (1989). Determination of punocembrin in honey using HPLC. J Apicultural 

Res 28, 55 – 57. 

 

Braddock, R.J. (1999). Handbook of citrus by-products and processing technology. New 

York, USA: John Wiley and Sons, Inc. 

 

Brand-Williams, W., Cuvelier, M.E. & Berset C. (1995). Use of free radical method to 

evaluate antioxidant activity. Lebensm Wiss Technology 28, 25 – 30. 

 

Bule, M.V., Desai, K.M., Parisi, B., Parulekar, S.J., Slade, P. & Singhai, R.S. (2010). 

Furan formation during UV-treatment of fruit juices. Food Chemistry 122 (4), 937 – 

942. 

 

Canitez, N. (2002). Pasteurization of apple cider with UV irradiation. Unpublished MSc 

thesis, University of Maine, USA.  

 

Caminiti, I. M., Palgan, I., Munoz, A., Noci, F., Whyte, P., Morgan, D.J., Cronin, D.A. & 

Lyng, J.G. (2012). The effect of ultraviolet light on microbial inactivation and quality 

attributes of apple juice. Food Bioprocess and Technology 5(2), 680-686.  

 

CDC (Centers for Disease Control and Prevention) (2006). FoodNet surveillance report 

for 2004, Atlanta, USA. 

 

CDC (Centers for Disease Control and Prevention) (2013). 

http://www.cdc.gov/salmonella/typhimurium-live-poultry-04-13/index.html. Atlanta, 

USA. 

 

Cengel, Y.A. & Cimbala, J.M. (2010). Fluid mechanics: Fundamental and applications 

(2nd Edition) New York, USA: McGraw-Hill. 

 

Chandrapala, J., Oliver, C., Kentish, S. & Ashokkumar, M. (2012). Ultrasonics in food 

processing – Food quality assurance and food safety. Trends in Food Science & 

Technology 26, 88 – 98. 

 

Chang, J.C.H., Ossoff, S.F., Lobe, D.C., Dorfman, M.H., Dumais, C.M., Qualls, R.G. & 

Johnson, J.D. (1985). UV inactivation of pathogenic and indicator microorganisms. 

Applied Environmental Microbiology 49 (1), 1 – 51. 

 

Chapin, K.C. & Lauderdale, T. (2003). Reagents, Stains and Media: Bacteriology, in 

“Manual of Clinical Microbiology”, In Murray, P.R., Baron, E.J., Jorgensen, J.H., 

Pfaller, M.A., Yolken, R.H. (Eds.), 8th ed. ASM Press, Washington, D.C., pp. 358. 

 

Char, C. D., Mitilinaki, E., Guerrero, S.N. & Alzamora, S.M. (2010). Use of high-

intensity ultrasound and UV-C light to inactivate some microorganisms in fruit juices. 

Food Bioprocess and Technology 3, 797-803.  

 

Chemat, F., Huma, Z. & Khan, M.K. (2011). Applications of ultrasound in food 

technology: Processing, preservation and extraction. Ultrasonics Sonochemistry 18 (4), 

813 – 835. 

 



© C
OPYRIG

HT U
PM

169 

 

Cheng, L.H., Soh, C.Y., Liew, S.C. & Teh, F.F. (2007). Effects of sonication and 

carbonation on guava juice quality. Food Chemistry 104 (4), 1396 – 1401. 

 

Chia, S.L., Shamsuddin, R., Mohd Adzahan, N. & Wan Daud, W.R. (2012). The effect of 

storage on the quality attributes of ultraviolet-irradiated and thermally pasteurised 

pineapple juices. International Food Research Journal 19 (3), 1001 – 1010. 

 

Choudhary, R., Bandla, S., Watson, D.G., Haddock, J., Abughazaleh, A. & Bhattacharya, 

B. (2011). Performance of coiled tube ultraviolet reactors to inactivate Escherischia 

coli W1485 and Bacillus cereus endospores in raw cow milk and commercially 

processed skimmed cow milk. Journal of Food Engineering 107, 14 – 20. 

 

Cochran, W.G. & Cox, G.M. (1957). Experimental designs (2nd Edition). New York, 

USA: John Wiley and Sons, Inc.  

 

Corrales, M., de Souza, P.M., Stahl, M.R. & Fernandez, A. (2011). Effects of the 

decontamination of a fresh tiger nuts' milk beverage (horchata) with short wave 

ultraviolet treatments (UV-C) on quality attributes. Journal of Innovative Food Science 

and Emerging Technologies 13, 163 - 168.  

 

Corredig, M., Kerr, W. & Wicker, L. (2001). Particle size distribution of orange juice 

cloud after addition of sensitized pectin. Journal of Agricultural and Food Chemistry 

49 (5), 2523 – 2526.   

 

Davey, M.W., Montagu, M.V., Inze, D., Sanmartin, M., Kanelis, A., Smirnoff, N., Benzie, 

I.F.F., Strain, J.J., Favell, D. & Fletcher, J. (2000). Plant L-ascorbic acid: chemistry, 

function, metabolism, bioavailability and effects of processing. Journal of Science 

Food Agriculture 80, 825 – 860. 

 

Dean, W.R. (1927). Note on the motion of fluid in a curved pipe. Philosophical Magazine 

Series 7, 4(20), 208-223. 

 

DOA (2012). Department of Agriculture Malaysia, Pomelo: Varieties/clones. 

http://www.doa.gov.my/main.php?Content=sections&SubSectioID=390&SectionID=5

&CurLocation=315&IID=. Accessed: 9th June 2012. 

 

Donahue, D.W., Canitez, N. & Bushway, A.A. (2004). UV inactivation of E.coli O157:H7 

in apple cider: Quality, sensory & shelf-life analysis. Journal of Food Processing & 

Preservation 28, 368 – 387. 

 

Dragovic-Uzelac, V., Branka, L., Bursac, D., Pedisic, S., Radojeic, I. & Bisko, A. (2007). 

Total phenolics and antioxidant capacity assays of selected fruits. Agriculturae 

Conspectus Scientificus 72 (4), 279 – 284. 

 

Du, Q., & Chen, H. (2010). The methoxyflavones in Citrus reticulata Blanco cv. Ponkan 

and their antiproliferative activity against cancer cells. Food Chemistry 119, 567–572. 

 

Euromonitor (2014). http://www.euromonitor.com/malaysia. Accessed date: 13th October 

2011. 

 

http://www.doa.gov.my/main.php?Content=sections&SubSectioID=390&SectionID=5&CurLocation=315&IID
http://www.doa.gov.my/main.php?Content=sections&SubSectioID=390&SectionID=5&CurLocation=315&IID
http://www.euromonitor.com/malaysia


© C
OPYRIG

HT U
PM

170 

 

Everest, P., Ketley, J., Hardy, S., Douce, G., Khan, S., Shea, J., Holden, D.,  Maskell, 

D. & Dougan, G. (1999). Evaluation of Salmonella typhimurium mutants in a model of 

experimental gastroenteritis. Infect Immun. 67(6), 2815–2821. 

 

FAMA (2010). http://www.fama.gov.my/documents/10157/7bc07e44-9956-4194-86af-

91ab98618104. Accessed date: 18th November 2011. 

 

Falguera, V., Pagan, J. & Ibarz, A. (2011). Effect of UV irradiation on enzymatic 

activities and physicochemical properties of apple juices from different varieties. LWT 

– Food Science and Technology 44, 115 – 119. 

 

Fan, X. (2005a). Formation of furan from carbohydrates and ascorbic acid following 

exposure to ionizing radiation and thermal processing. Journal of Agricultural and 

Food Chemistry 53, 7826 – 7831. 

 

Fan, X. (2005b). Impact of ionizing radiation and thermal treatments on furan levels in 

fruit juice. Journal of Food Science 71, E409 – 414.  

Fan, X. & Geveke, D.J. (2007). Furan formation in sugar solution and apple cider upon 

ultraviolet treatment. Journal of Agricultural and Food Chemistry 55, 7816-7821.  

Feng, M., Ghafoor, K., Seo, B., Yang, K. & Park, J. (2013). Effects of ultraviolet-C 

treatment in Teflon coil on microbial populations and physic-chemical characteristics 

of watermelon juice. Innovative Food Science and Emerging Technologies 19, 133 – 

139. 

Fenner, A.R. & Komvuschara, K. (2005). A new kinetic model for ultraviolet disinfection 

of greywater. J. Environ. Eng. ASCE, 131 (6), 850 – 864 (June). 

 

Forney, L., Pierson, J. & Andz, Y. (2004). Juice irradiation with Taylor-Couette flow: UV 

inactivation of Escherischia coli. Journal of Food Protection 67 (11), 2410 – 2415. 

 

Franz, C. M. A. P., Specht, I., Cho, G.Y., Graef, V. & Stahl, M.R. (2009). UV-C 

inactivation of microorganisms in naturally cloudy apple juice using novel inactivation 

equipment based on Dean Vortex technology. Food Control 20, 1103-1107.  

 

Fredericks, I.N., du Toit, M. & Krugel, M. (2011). Efficacy of ultraviolet radiation as an 

alternative technology to inactivate microorganisms in grape jucies and wines. Journal 

of Food Microbiology 28 (3), 510 – 517.  

 

Gabriel, A.A. (2012). Inactivation of Escherischia coli O157:H7 and spoilage yeasts in 

germicidal UVC-irradiated and heat-treated clear apple juice. Journal of Food Control 

25, 425 – 432. 

 

Gabriel, A.A. & Nakano, H. (2009). Inactivation of Salmonella, E.coli, and Listeria 

monocytogenes in phosphate-buffered saline and apple juice by ultraviolet and heat 

treatments. Journal of Food Control 20, 443 – 446. 

 

Garg, A., Garg, S., Zeneveld, L.J. & Singla, A.K. (2001). Chemistry and pharmacology of 

the citrus bioflavonoid hesperidin. Photother Res 15, 655 – 669.  

 

Gayan, E., Monfort, S., Alavarez, I. & Condon, S. (2011). UV-C inactivation of 

Escherischia coli at different temperatures.  Innovative Food Science and Emerging 

Technologies 12 (4), 531 – 541. 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Everest%20P%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ketley%20J%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Hardy%20S%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Douce%20G%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Khan%20S%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Shea%20J%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Holden%20D%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Maskell%20D%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Dougan%20G%5Bauth%5D
http://www.fama.gov.my/documents/10157/7bc07e44-9956-4194-86af-91ab98618104
http://www.fama.gov.my/documents/10157/7bc07e44-9956-4194-86af-91ab98618104


© C
OPYRIG

HT U
PM

171 

 

Gayan, E., Serrano, M.J., Monfort, S., Alavarez, I. & Condon, S. (2012). Combining 

ultraviolet light and mild temperatures for inactivation of Escherichia coli in orange 

juice. Journal of Food Engineering 113, 598 – 605. 

 

Gayan, E., Serrano, M.J., Pagan, R. & Condon, S. (2015). Environmental and biological 

factors influencing the UVC resistance of Listeria monocytogenes. Journal of Food 

Microbiology 46, 246 – 253. 

 

Geveke, D. J. (2005). UV inactivation of bacteria in apple cider. R7620-7621-7624.  

 

Geveke, D.J. & Brunkhorst, C. (2008). Radio frequency electric fields inactivation of 

Escherischia coli in apple cider. Journal of Food Engineering 85 (2), 215 – 221.  

 

Geveke, D.J. & Torres, D. (2012). Pasteurization of grapefruit juice using a centrifugal 

ultraviolet light irradiator. Journal of Food Engineering 111, 241 – 246. 

 

Ghafar, M. F. A., Prasad, K. N., Weng, K. K. & Ismail, A. (2010). Flavonoid, hesperidine, 

total phenolic contents and antioxidant activities from Citrus species. African Journal 

of Biotechnology 9, 326–330. 

 

Ghafoor, K., Al-Juhaimi, F.Y. & Choi, Y.H. (2012). Supercritical fluid extraction of 

phenolic compounds and antioxidants from grape (Vitis labrusca B.) seeds. Plant 

Foods for Human Nutrition 67 (4), 407 – 414. 

 

Ghaly, A.E. & Singh, J.P. (2007). Microbial survival and heat generation during online 

sterilization of cheese whey in conventional and coil photo-reactors. Canadian 

Biosystems Engineering 49, 3.1 – 3.12. 

 

Giannella, R. A. (2006). Infectious enteritis and proctocolitis and bacterial food poisoning. 

In M. Feldman, L. S. Friedman, & M. H. Sleisenger. Gastrointestinal and Liver 

Disease (8th ed.). Philadelphia: Saunders Elsevier. 

 

Girard, B. & Fukumoto, L.R. (1999). Apple jucie clarification using microfiltration and 

ultrafiltration polymeric membranes. LWT – Food Science and Technology 32, 290 – 

298. 

 

Goh, S.G., Noranizan, M., Leong, C.M., Sew, C.C. & Sobhi, B. (2012). Effect of thermal 

and ultraviolet treatments on the stability of antioxidant compounds in single strength 

pineapple juice throughout refrigerated storage. International Food Research Journal 

19 (3), 1131 – 1136.  

 

Gomez-Lopez, V.M., Koutchma, T. & Linden, K. (2012). Ultraviolet and pulsed light 

processing of fluid foods. In Novel Thermal and Non-Thermal technologies for Fluid 

Foods. DOI:10/1016/B978-0-12-381470-8.00008-6 

 

Gonzalez, S.L., Lima, R.C.A., Carneiro, E.B.B., de Almeida, M.M. & Rosso, N.D. 

(2011). Pectin methylesterase activity determined by different methods and themal 

inactivation of exogenous PME in mango juice. Cienc. Agrotec. Lavras 35 (5), 987 – 

994. 



© C
OPYRIG

HT U
PM

172 

 

Goodrich, R.M., Schneider, K.R. & Parish, M.E. (2010). The juice HACCP program: An 

overview. http://edis.ifas.ufl.edu/pdffiles/FS/FS12400.pdf. Accessed date: 18th 

November 2011. 

 

Guerrero-Beltran, J. A., & Barbosa-Canovas, G.V. (2004). Review: Advantages and 

limitations on processing foods by UV light. Food Sci Tech Int. 10 (3), 137 – 147. 

 

Guerrero-Beltran, J. A., & Barbosa-Canovas, G.V. (2006). Inactivation of Saccharomyces 

cerevisiae and polyphenoloxidase in mango nectar treated in UV light. Journal of Food 

Protection 7(2), 362-368.  

 

Guevara, M., Tapia, M.S. & Gomez-Lopez, V.M. (2012). Microbial inactivation and 

quality of guava and passion fruit nectars treated by UV-C light. Food Bioprocess and 

Technology 5(2), 803-807.  

 

Guneser, O. & Yuceer, Y.K. (2012). Effect of ultraviolet light on water- and fat-soluble 

vitamins in cow and goat milk. Journal of Dairy Science 95 (11), 6230 – 6241. 

 

Guo C., Yang, J., Wei, J., Li, Y., Xu, J. & Jiang, Y. (2003). Antioxidant activities of peel, 

pulp & seed fractions of common fruits as determined by FRAP assay. Nutrition 

Research 23 (12), 1719 – 1726. 

 

Guo, M., Jin, T.Z., Geveke, D.J., Fan, X., Sites, J.E. & Wang, L. (2014). Evaluation of 

microbial stability, bioreactive compounds, physicochemical properties, and consumer 

accepatance of pomegranate juice processed in a commercial scale pulsed electric field 

system. Food and Bioprocess Technology 7, 2112 – 2120. 

 

Hagen, S.F., Borge, G.I.A., Bengtsson, G.B., Bilger, W., Berge, A., Hafner, K. & 

Solhaug, K.A. (2007). Phenolic contents and other health and sensory related properties 

of apple fruit (malus domestica Borkh., cv. Aroma): Effect of postharvest UV-B 

irradiation. Postharvest Biology & Technology 45, 1 – 10. 

 

Harm, W. (1980). Biological effects of ultraviolet radiation. New York: Cambridge 

University Press.  

 

Harris, G.D., Adams, V.D., Sorensen, D.L. & Curtis, M.S. (1987). Ultraviolet inactivation 

of selected bacteria and viruses with photoreactivation of the bacteria. Water Research 

21 (6), 687 – 692. 

 

Hasegawa, S., Fong, C.H., Herman, Z. & Miya, M. (1997). Glucosides of limonoids. J Am 

Chem Soc, 87 – 97. 

 

Hashempour, A., Sharifzadeh, K., Bakhshi, D., Ghazvini, R.F., Ghasemnezhad, M. & 

Mighani, H. (2013). Variation in total phenolic, ascorbic acid, and antioxidant activity 

of citrus fruit of six species cultivated in north of Iran. International Journal of 

Agriculture: Research and Review 3 (1), 1 – 5. 

 

Hijnen, W.A.M., Beerendonk, E.F. & Medema, G.J. (2006). Inactivation credit of UV 

radiation for viruses, bacteria, protozoan (oo)cysts in water: A review. Water Research 

40, 3 – 22. 

http://edis.ifas.ufl.edu/pdffiles/FS/FS12400.pdf


© C
OPYRIG

HT U
PM

173 

 

Hirsch, A.R., Forch, K., Neidhart, S., Wolf, G., Carle, R. (2008). Effects of thermal 

treatments and storage on pectin methylesterase and peroxidase activity in freshly 

squeezed orange juice. Journal of Agriculture and Food Chemistry 56, 5691 – 5699. 

 

Hoyer, O. (1998). Testing performance and monitoring of UV systems for drinking water 

disinfection. Water Supply 16 (1/2), 419 - 442. 

 

Huang, S. (2004). Global trade patterns in fruits and vegetables. Agriculture and Trade 

Report No. WRS-04-06. http://www.errds/usda-

gov/publications/WRS0406/wrs0406dfm.pdf. Accessed date: 9th  November 2011.  

 

Ibarz, A., Pagan, J., Panades, R. & Garza, S. (2005). Photochemical destruction of color 

compounds in fruit juices. Journal of Food Engineering 69, 155 – 160. 

 

Ismail, N.J.F. (2015). Characterization and factors affecting pectin extraction of Citrus 

Grandis L.Osbeck (pummelo) peels. Unpublished MSc thesis. Universiti Putra 

Malaysia, Malaysia.  

 

Jagger, J. (1967). Introduction to research in ultra-violet photobiology. Englewood Cliffs, 

New Jersey, USA: Prentice Hall. 

 

Jayaprakasha, G.K. & Bhimanagouda, S.P. (2007). In vitro evaluation of the antioxidant 

activities in fruit extracts from citron and blood orange. J Food Chem 101, 410 – 418. 

 

Jung, U.J., Lee, M.K., Park, Y.B., Kang, M.A. & Choi, M.S. (2006). Effect of citrus 

flavonoids on lipid metabolism and glucose-regulating enzyme mRNA levels in type-2 

diabetic mice. The International Journal of Biochemistry and Cell Biology 38 (7), 1134 

– 1145.  

 

Kanes, K., Tisserat, B., Berhow, M. & Vandercook, C. (1993). Phenolic composition of 

various tissues of Rutaceae species. Phytochem 32, 961 – 974.  

 

Kashyap, D.R., Vohra, P.K., Chopra, S. & Tewari, R. (2001). Applications of pectinases 

in the commercial sector. A review. Bioresource Technol 77, 215 – 227. 

 

Kaur, C. & Kapoor, H.C. (2001). Antioxidants in fruits and vegetables - The millenium’s 

health. International Journal of Food Service and Technology 36, 703 – 725. 

 

Kawaii, S., Tomono, Y., Katase, E., Ogawa, K. & Yano, M. (1999). Quantification of 

flavonoid constituents in citrus fruits. J Agr Food Chem 47, 3565 – 3571.  

 

Keklik, N.M., Demirci, A., Patterson, P.H. & Puri, V.M. (2010). Pulsed UV light 

inactivation of Salmonella Enteriditis on eggshells and its effects on egg quality. 

Journal of Food Protection 8, 1408 – 1415. 

 

Kelebek, H., Selli, S., Canbas, A. & Cabaroglu, T. (2009). HPLC determination of organic 

acids, sugars, phenolic compositions and antioxidant capacity of orange juice and 

orange wine made from a Turkish c. Kozan. Microchem J 91, 187 – 192. 

 

http://www.errds/usda-gov/publications/WRS0406/wrs0406dfm.pdf.%20Accessed%20date:%209
http://www.errds/usda-gov/publications/WRS0406/wrs0406dfm.pdf.%20Accessed%20date:%209


© C
OPYRIG

HT U
PM

174 

 

Keshani, S., Luqman Chuah, A., Nourouzi, M.M, Russly, A.R. & Jamilah, B. (2010). 

Optimization of concentration process on pomelo fruit juice using response surface 

methodology (RSM). International Food Research Journal 17, 733-742.  

 

Keyser, M., Muller, I.A., Cilliers, F.P., Nel, W. & Gouws, P.A. (2008). Ultraviolet 

radiation as a non-thermal treatment for the inactivation of microorganisms in fruit 

juice. Innovative Food Science and Emerging Technologies 9, 348-354.  

 

Kieran, P.M., MacLoughlin, P.F. & Malone, D.M. (1997). Plant cell suspension cultures: 

some engineering considerations. Journal of Biotechnology 59 (1), 39 – 52. 

 

Kilara, A. (1982). Enzyme and their uses in the processed apple industry: A review. Prog. 

Biochem 23, 35 – 41. 

 

Kim, T., Silva, J. & Chen, T. (2002). Effects of UV irradiation on selected pathogens in 

peptone water and on stainless steel and chicken meat. Journal of Food Protection 65, 

1142 – 1145. 

 

Kimball, D. (1999). Citrus processing: A complete guide (2nd Edition). Gaithersburg, MA, 

USA: Aspen Publication.  

 

Kiseok, J. (2008). Understanding the UV reactor performance: A Langrangian viewpoint. 

Unpublished MSc Thesis, North Carolina State University, USA. 

 

Koerner, B., Zimmermann, G., Berk, Z. (1980). Orange pectinesterase purification, 

properties and effect on cloud stability. Journal of Food Science 45, 1203 – 1206. 

 

Koutchma, T., & Parisi, B. (2004). Biodosimetry of Escherischia coli UV inactivation in 

model juices with regrad to dose distribution in annular UV reactors. Journal of Food 

Science 69(1), FEP14 - FEP22.  

 

Koutchma, T., Keller, S., Chirtel, S. & Parisi, B. (2004). Ultraviolet disinfection of juice 

products in laminar and turbulent flow reactors. Innovative Food Science and 

Emerging Technologies 5, 179-189.  

 

Koutchma, T., Parisi, B. & Unluturk, S. (2006). Evaluation of UV dose in flow-through 

reactors for fresh apple juice and cider. Chemical Engineering Communications 193 

(6), 715 – 728. 

 

Koutchma, T., Forney, L.J. & Moraru, C.I. (2009). Ultraviolet Light in Food Technology: 

Principles and Applications. Boca Raton, Fl, USA: CRC Press. 

 

Koutchma, T. (2009). Advances in ultraviolet light technology for non-thermal processing 

of liquid foods. Food and Bioprocess Technology 2, 138 – 155. 

 

Kozempel, M., McAloon, A. & Yew, W. (1998). The cost of pasteurizing apple cider. 

Journal of Food Technology 52 (1), 50 – 52. 

 

Krishnamurthy, R., Lumpkin, J.A. & Sridhar, R. (2000). Inactivation of lysozyme by 

sonication under conditions relevant to microencapsulation. International Journal of 

Pharmaceutics 205, 23 – 34. 



© C
OPYRIG

HT U
PM

175 

 

Kuldiloke, J. (2002). Effect of ultrasound, temperature and pressure treatments on enzyme 

activity and quality indicators of fruit and vegetable juices. Unpublished PhD thesis, 

University of Berlin, Germany.  

 

Landbo, A.K. & Meyer, A.S. (2004). Effects of different enzymatic maceration treatments 

on enhancement of anthocyanins and other phenolics in black currant juice. Innovative 

Food Science Emerging Technology 5, 503 – 513. 

 

Lee, W.S., Puthucheary, S.D. & Omar, A. (2002). Salmonella meningitis and its 

complications in infants. Journal of Paediatrics & Child Health 35 (4), 379 – 382.  

 

Lee, W.C., Yusof, S., Hamid, N.S.A. & Baharin, B.S. (2006). Optimizing conditions for 

enzymatic clarification of banana juice using response surface methodology (RSM). 

Journal of Food Engineering 73, 55 – 63. 

 

Li, H., Wang, X., Li, Y., Li, P. & Wang, H. (2009). Polyphenolic compounds and 

antioxidant properties of selected China wines. Food Chem 112, 454 – 460. 

 

Liao, H., Sun, Y., Ni, Y., Liao, X., Hu, X., Wu, J. & Chen, F. (2007). The effect of 

enzymatic mash treatment, pressing, centrifugation, homogenization, dearation, 

sterilization and storage on carrot juice. Journal of Food Engineering 30, 421 – 435. 

 

Liltved, H. & Cripps, S.J. (1999). Removal of particle-associated bacteria by prefiltration 

and ultraviolet irradiation. Aquacult Res 30, 445 – 450. 

 

Lim, V. K. E. (2002). Foodborne diseases in Malaysia. Medical Journal of Malaysia 

57(1), 1-2.  

 

Locas, C.P. & Yaylayan, V.A. (2004). Origin and mechanistic pathways of formation of 

the parent furan -  A food toxicant. Journal of Agriculture and Food Chemistry 52, 

6830 – 6836. 

 

Loge, F.J., Emerick, R.W., Heath, M., Jacangelo, J., Tchobanoglous, G. & Darby, J.L. 

(1996). Ultraviolet disinfection of secondary wastewater effluents: prediction of 

performance and design. Water Environment Research 68 (5), 900 – 916. 

 

Lopez, A., Krehl, W.A. & Good, E. (1967). Influence of time and temperature on ascorbic 

acid stability. Journal of the American Dietetic Assoc. 50, 308 – 310. 

 

Lu, G., Li, C., Liu, P., Cui, H., Xia, Y. & Wang, J. (2010). Inactivation of microorganisms 

in apple juice using an ultraviolet silica-fiber optical device. Journal of Photochemistry 

and Photobiology B: Biology 100, 167-172.  

 

Mahmoud, N.S. & Ghaly, A.E. (2004). On-line sterilization of cheese whey using UV 

radiation. Biotechnology Progress 20 (2), 550 – 560. 

 

Manjunatha, S.S., Raju, P.S. & Bawa, A.S. (2012). Modelling the rheological behaviour 

of enzyme clarified lime (Citrus aurantifolia L.) juice concentrate. Czech Journal of 

Food Science 30, 456 – 466. 

 



© C
OPYRIG

HT U
PM

176 

 

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

ultraviolet radiation as a non-thermal treatment for the inactivation of Salmonella 

typhimurium TISTR 292 in pineapple fruit juice. Agriculture and Agricultural Science 

Procedia 2, 173 – 180. 

 

Manzocco, L., Dri, A. & Quarta, B. (2009). Inactivation of pectic lyase by light exposure 

in model systems and fresh-cut apple. Innovative Food Science and Emerging 

Technology 10, 500 – 505. 

 

Mawson, R., Gamage, M., Terefe, M.S. & Knoerzer, K. (2011). Ultrasound in enzyme 

activation and inactivation. In Ultrasound Technologies for Food and Bioprocessing 

(pp. 369 – 404). USA: Springer.  

 

Miller, R.W. (1983). Flow measurement engineering handbook. NC, USA: Instrument 

Society of America. 

 

Moll, R., Moulin, Ph., Veyret, D. & Charbit, F. (2002). Numerical solution of Dean 

vortices: fluid trajectories. Journal of Membrane Science 197, 157 – 172. 

 

Moll, R., Veyret, D., Charbit, F. & Moulin, Ph. (2007). Dean vortices applied to 

membrane process. Part II: Numerical approach. Journal of Membrane Science 288, 

321 – 335.  

 

Mohd Asraf, M.Z., Hamid, A.A., Anwar, F., Shofian, N.M. & Pak Dek, M.S. (2012). 

Effect of fluorescent light on selected antioxidant compounds and antioxidant activity 

during storage of fresh cut carambola (Averrhoa carambola L.) fruit. Pak. J. Bot. 44 

(5), 1681 – 1688. 

 

Mondor, M., Girard, B. & Moresoli, C. (2000). Modeling flux behaviour for membrane 

filtration of apple juice. Food Research International 33, 539 – 548.  

 

Mukhopadhyay, S. & Ramaswamy, R. (2011). Application of emerging technologies to 

control Salmonella in foods: A review. Food Research International 45, 666 – 677. 

 

Muller, A., Stahl, M.R., Graef, V., Franz, C.M.A.P. & Hutch, M. (2011). UV-C treatment 

of juices to inactivate microorganisms using Dean Vortex technology. Journal of Food 

Engineering 107, 268-275.  

 

Muller, A., Briviba, K., Graf, V., Greiner, R., Hermann, C., Kuballa, T. & Stahl, M.R. 

(2013). UV-C treatment using a Dean vortex technology – impact on apple juice 

enzymes and toxilogical potential. Innovative Food Science and Emerging Technology 

20, 238 – 243. 

 

Murakami, D. G., Jackson, L., Madsen, K. & Schickedanz, B. (2006). Factors affecting 

the ultraviolet inactivation of Escherischia coli K12 in apple juice and a model system. 

Journal of Food Process Engineering 29, 53-71.  

 

Molinari, A.F. & Silva, C.L.M. (1997). Freezing and storage of orange and orange/melon 

juices: effects on pectinesterase activity and quality. Proceedings of Process 

Optimization and Minimal Processing of Foods. Leuven, Belgium. 24-25th October. 



© C
OPYRIG

HT U
PM

177 

 

Morton, J.F. (1987) Pummelo. In Fruits of Warm Climates (pp. 147 - 151). Miami, USA: 

Florida Flair Books. 

 

NACMCF (2006). Requisite scientific parameters for establishing the equivalence of 

alternative methods of pasteurization. Journal of Food Protection 69 (5), 1190 – 1216. 

  

NCCLS (2003). Performance standards for antimicrobial disk susceptibility tests (8th 

edition). Approved standard M2-A8 (pp. 220). Wayne, PA, USA: NCCLS.   

 

Naidu, R.T. (2006). http://eresources.nlb.gov.sg/infopedia/articles/SIP_207_2005-01-

09.html. Accessed date: 15th September 2011. 

 

Neifar, M., Ellouze-Ghorbel, R., Kamoun, A., Bahlouti, S., Mokni, A., Jaouani, A. & 

Ellouze-Ghorbel, C. (2011). Effective clarification of pomegranate using lacasse 

treatment optimized by response surface methodology followed by ultrafiltration. 

Journal of Food Process Engineering 34 (4), 1199 – 1219. 

 

Ni, H., Yang, Y.F., Chen, F., Ji, H.F., Yang, H., Ling, W. & Cai, H.N. (2014). Pectinase 

and nariginase help to improve juice production and quality from pummelo (Citrus 

grandis) fruit. Journal of Food Science and Biotechnology 23 (3), 739 – 746. 

 

Nicoli, M.C., Anese, M.,  Parpinel, M.T.,  Franceschi, S. & Lerici, C.R. (1997). Study on 

loss and/or formation of antioxidants during food processing and storage. Cancer Lett 

114, 71 -74. 

 

Niva, M. & Makela, J. (2005). Finns and functional foods: socio-demographics, health 

efforts, notions of technology and the acceptability of health-promoting foods. 

International Journal of Consumer Studies 31, 34 – 45. 

 

Ngadi, M., Smith, J.P. & Cayouette, B. (2003). Kinetics of ultraviolet light inactivation of 

Escherischia coli O157:H7 in liquid foods. Journal of the Science of Food and 

Agriculture 83, 1551 – 1555. 

 

Noci, F., Riener, J., Walkling-Ribeiro, M., Cronin, D.A., Morgan, D.J. & Lyng, J.G. 

(2008). Ultraviolet irradiation and pulsed electric field (PEF) in a hurdle strategy for 

the preservation of fresh apple juice. Journal of Food Engineering 85, 141-146.  

 

Novozymes (2012). Production of clear, stable juices and concentrates. Accessed date: 15 

October 2012.  

 

Nur ‘Aliaa, A.R., Siti Mazlina, M.K. & Taip, F.S. (2011). Effects of commercial 

pectinases application on selected properties of red pitaya juice. Journal of Food 

Process Engineering 34, 1523 – 1534. 

 

Orlowska, M., Koutchma, T., Kostrzynska, M., Tang, J. & Defelice, C. (2014). Evaluation 

of mixing flow conditions to inactivate Escherischia coli in opaque liquids using pilot-

scale Taylor-Couette UV unit. Journal of Food Engineering 120, 100 – 109. 

 

Oteiza, J., Peltzer, M., Gannuzzi, L. & Zaritzky, N. (2005) Antimicrobial efficacy of UV 

radiation on Escherichia coli E0157:H7 in fruit juices of different absorptivities. 

Journal of Food Protection 68, 49-58. 

http://eresources.nlb.gov.sg/infopedia/articles/SIP_207_2005-01-09.html
http://eresources.nlb.gov.sg/infopedia/articles/SIP_207_2005-01-09.html


© C
OPYRIG

HT U
PM

178 

 

Owczarek-Fendor, A., De Meulenaer, B., Scholl, G., Adams, A., Van Lancker, F., 

Yogendrajah, P., Eppe, G., De Pauw, E., Scippo, M.L. & De Kimpe, N. (2010). Furan 

formation from vitamin C in a starch-based model system: Influence of the reaction 

conditions. Food Chemistry, 1163 – 1170. 

 

Oyeleke, F.I. & Olaniyan, A.M. (2007). Extraction of juice from some tropical fruits using 

a small scale multi-fruits juice extractor. African Crop Science Conference Proceedings 

8, 1803 – 1808.  

 

Pabst, W. & Gregorova, E. (2007). Characterization of particles and particle systems. 

http://old.vscht.cz/sil/keramika/Characterization_of_particles/CPPS%20_English%20v

ersion_.pdf. Accessed date: 15 October 2012. 

 

Pala, C.U. & Toklucu, A.K. (2011). Effect of UV-C on anthocyanin content and other 

quality parameters of pomegranate juice. Journal of Food Composition and Analysis 24 

(6), 790 – 795. 

 

Pala, C.U. & Toklucu, A.K. (2013). Microbial, physicochemical and sensory properties of 

UV-C processed orange juice and its microbial stability during refrigerated storage. 

LWT – Food Science & Technology 50, 426 – 431. 

 

Palgan, I., Caminiti, I.M., Munoz, A., Noci, F., Whyte, P., Morgan, D.J., Cronin, D.A. & 

Lyng, J.G. (2011). Combined effect of selected non-thermal technologies on 

Escherichia coli and Pichia fermentans inactivation in an apple and cranberry juice 

blend and on product. International Journal of Food Microbiology 151(1), 1-6.   

 

Patthamakanokporn, O., Puwastien, P., Nitithamyong, A. & Sirichakwal, P.P. (2008). 

Changes of antioxidant activity and total phenolic compounds during storage of 

selected fruits. J Food Comp Anal 21, 241 – 248. 

 

Philips Lighting B.V. (2011). Ultraviolet purification application information. 

http://www.lighting.philips.com/b-dam/b2b-li/en_AA/products/special-lighting/uv-

purification/downloads/Philips%20UV%20Technology%20brochure.pdf. Accessed 

date: 20th October 2011.  

 

Pinelo, M., Zeuner, B. & Meyer, A.S. (2010). Juice clarification by protease and pectinase 

treatments indicates new roles of pectin and protein in cherry juice turbidity. Food 

Bioprod Process 88, 259 – 265. 

 

Prasad, N.K., Divakar, S., Shivamurthy, G.R. & Aradhya, S.M. (2005). Isolation of free 

radical scavenging antioxidant from water spinach (Ipornoea aquatic Forsk). J Sci 

Food Agr 85, 1461 – 1468. 

 

Pratyusha, K. & Suneetha, V. (2011). Bacterial pectinases and their potent 

biotechnological application fruit processing/juice production industry: A review. 

Journal of Phytology 3(6), 16 – 19. 

 

Price, G.J. (1992). Current trends in sonochemistry. Cambridge, UK: Royal Society of 

Chemistry.  

http://old.vscht.cz/sil/keramika/Characterization_of_particles/CPPS%20_English%20version_.pdf
http://old.vscht.cz/sil/keramika/Characterization_of_particles/CPPS%20_English%20version_.pdf
http://www.lighting.philips.com/b-dam/b2b-li/en_AA/products/special-lighting/uv-purification/downloads/Philips%20UV%20Technology%20brochure.pdf
http://www.lighting.philips.com/b-dam/b2b-li/en_AA/products/special-lighting/uv-purification/downloads/Philips%20UV%20Technology%20brochure.pdf


© C
OPYRIG

HT U
PM

179 

 

Rai, P., Majumdar, G.C., Dasgupta, S. & De, S. (2004). Optimizing pectinase usage in 

pretreatment of mosambi juice for clarification by response surface methodology. 

Journal of Food Engineering 64, 397-403.  

 

Rapisarda, P. & Intelisano, S. (1996). Sample preparation for vitamin C analysis of 

pigmented orange juice. Ital J Food Sci 8, 251 – 256.  

 

Rapisarda, P., Tomaino, A., Cascio, R.L., Bonina, F., Pasquale, A.D. & Saija, A. (1999). 

Antioxidant effectiveness as influenced by phenolic content of fresh orange juice. J 

Agri Food Chem 47, 4718 – 4723. 

 

Rao, M.A., Acree, T.E., Cooley, H.J. & Ennis, R.W. (1987). Clarification of apple juice 

by hollow fibre ultrafiltration: fluxes and retention of odor-active volatiles. Journal of 

Food Science 52, 375 – 377. 

 

Raviyan, P., Zhang, Z. & Feng, H. (2005). Ultrasonication for tomato 

pectinmethylesterase: Effect of cavitation and temperature on inactivation. Journal of 

Food Engineering 70, 189 – 196. 

 

Rawle, A. (2015). Basic principles of particle size analysis. 

file:///C:/Users/Nadiah%20Khair/Downloads/Basic_principles_of_particle_size_analys

is_MRK034.pdf. Accessed date: 31st August 2015. 

 

Re, R., Pellegrini, N., Proreggente, A., Pannala, A., Yang, M., Rice-Evans, C. (1999). 

Antioxidant activity applying an improved ABTS radical cation decolorization assay. 

Free Radical Biol. Med. 26, 1231-1237. 

 

Redd, J.B., Hendrix, C.M. & Hendrix, D.L. (1986). Quality control manual for citrus 

processing plant, Book 1. Safety Harbor, Florida, USA: Intercity Inc.  

 

Rekha, C., Poornima, G., Manasa, M., Abhipsa, V., Pavithra Devi, J., Vijay Kumar, H.T. 

& Prashith Kekuda, T.R. (2012). Ascorbic acid, total phenol content and antioxidant 

activity of freh juices of four ripe and unripe citrus fruits. Chemical Science Transition 

1 (2), 303 – 310. 

 

Rice-Evans, C.A. & Bourdon, R. (1993). Free radical lipid interaction and their 

pathological consequences. Progress Lipid Res. 12, 71 - 110. 

 

Robards, K., Li, X., Antolovich, M. & Boyd, S. (1995). Characterisation of citrus by 

chromatographic analysis of flavanoids. J Sci Food Agri 75, 87 – 101. 

 

Rocha, A.M.C.N. & Morais, A.M.M.B. (2002). Polyphenoloxidase activity and total 

phenolic compounds as related to browning of minimally processed Janagored apple. J. 

Sci. Food Agri 82(1), 120 – 126. 

 

Rosenfeldt, E.J., Kullman, S. & Linden, K.G. (2006). UV/H2O2 Degradation of E2 and 

EE2 in Water evaluated via the YES Toxicity Assay. Proceedings of the WQTC. 5-9 

November 2006, Denver, Colorado, USA. 

 

file:///C:/Users/Nadiah%20Khair/Downloads/Basic_principles_of_particle_size_analysis_MRK034.pdf
file:///C:/Users/Nadiah%20Khair/Downloads/Basic_principles_of_particle_size_analysis_MRK034.pdf


© C
OPYRIG

HT U
PM

180 

 

Rouse, A.H. & Atkins, C.D. (1955). Pectinesterase and pectin in commercial citrus juice 

as determined by methods used at the citrus experimental station. Florida Agricultural 

Experimental Station Bulletin 570, 1 – 9. 

 

Rouseff, R.L. (1988). Liquid chromatographic determination of naringin and 

neohesperidin as a detector of grapefruit juice in orange juice. JAOAC 71, 798 – 802. 

 

Sala, F.J., Burgos, J.,Condon, S., Lopez, P. & Raso, J. (1995). Effect of heat and 

ultrasounds on microorganisms and enzymes. In Gould, G.W. New Methods of Food 

Preservation (pp. 176 – 204). Glasgow, Scotland: Blackie.  

 

Samicho, Z. (2001). Determination of heat transfer coefficient and quality characteristics 

of pasteurised pink guava (Psidium Guajava L. Variety Beaumont-30) juice drink with 

different brix. Unpublished PhD Thesis. Universiti Putra Malaysia, Malaysia. 

 

Sandri, I. G., Fontana, R.C., Barfknecht, D.M. & de Silveira, M.M. (2011). Clarification 

of fruit juices by fungal pectinases. LWT - Food Science and Technology 44, 2217-

2222.  

 

Schmidt, S. & Kauling, J. (2007). Process and laboratory scale UV inactivation of viruses 

and bacteria using an innovative coiled tube reactor. Chemical Engineering and 

Technology 30 (7), 945 – 950. 

 

Schurman, J.J. (2001). Antibacterial activity of hydrogen peroxide against Escherischia 

coli O157: H7 and Salmonella spp. Unpublished MSc thesis. Virginia Polytechnic 

Institute and State University, USA.  

 

Seiji, M. & Iwashita, S. (1965). Enzyme inactivation by UV light and protective effect of 

melanin. Journal of Biochemistry 57 (3), 457 – 459. 

 

Sew, C.C., Ghazali, H.M., Martin-Belloso, O. & Mohd Adzahan, N. (2014). Effects of 

combining ultraviolet and mild heat treatments on enzymatic activities and total 

phenolic contents in pineapple juice. Innovative Food Science and Emerging 

Technologies 26, 511 – 516. 

 

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

pectinase clarification treatment on phenolic compounds of pummelo (Citrus grandis 

L. Osbeck) fruit juice. J. Food Sci. Technol. DOI 10.1007/s13197-014-1554-9. 

 

Shamsudin, R., Adzahan, N.M., Yap, P.Y. & Mansor, A. (2014). Effect of repetitive 

ultraviolet irradiation on the physic-chemical properties and microbial stability of 

pineapple juice. Innovative Food Science and Emerging Technologies 26, 114 – 120. 

 

Shamsudin, R. (2012). A UV pasteurization machine. http://psasir.upm.edu.my/33284/. 

Accessed date: 31st August 2015. 

 

Sharoba, A.M. & Ramadan, M.F. (2011). Rheological behavior and physicochemical 

characteristics of goldenberry (Physalis Peruviana) juice as affected by enzymatic 

treatment. Journal of Food Processing & Preservation 35, 201 – 219. 

 

http://psasir.upm.edu.my/33284/


© C
OPYRIG

HT U
PM

181 

 

Shui, G. & Leong, L.P. (2004). Analysis of polyphenolic antioxidants in star fruit using 

liquid chromatography and mass spectrometry. J Chromatogr A 1022, 67 – 75. 

 

Siebert, K.J. & Lynn, P.Y. (1997). Haze-active protein and polyphenols in apple juice 

assessed by turbidimetry. Journal of Food Science 62 (1), 79 – 84. 

 

Sin, H.N., Yusof, S., Hamid, N.S.A. & Rahman, R.A. (2006). Optimization of enzymatic 

clarification of sapodilla juice using response surface methodology. Journal of Food 

Engineering 73, 313 – 319.  

 

Singleton, V.L. & Rossi, J.A. (1965). Colorimetry of total phenolic with 

phosphomolybdic-phosphotungstic acid reagents. Am J Enol Vitic 16, 144-158.  

 

Sinha, R.P. & Hader, D.P. (2002). UV-induced DNA damage and repair: A review. 

Photochemical and Photobiology Science 1, 225 – 236. 

 

Slauch, J.M., Mahan, M.J., Michetti, P., Neutra, M.R. & Mekalanos, J.J. (1995). 

Acetylation (O-factor 5) affects the structural and immunological properties of 

Salmonella typhimurium lipopolysaccharide O antigen. Infect Immun. 63(2), 437–441. 

 

Sommers, C.H., Sites, J.E. & Musgrove, M. (2010). Ultraviolet light (254 nm) 

inactivation of pathogens on foods and stainless steel surfaces. Journal of Food Safety 

30, 470 – 479. 

 

Sorrells, K. M., Speck, M. L. & Warren. J. A. (1970). Pathogenicity of Salmonella 

gallinarum after metabolic injury by freezing. Appl. Microbiol. 19, 39 - 43. 

 

Spikes, J. (1981). Photodegradation of foods and beverages. In Photochemical and 

Photobiological Reviews Volume 6 (pp. 39 – 81). New York, USA: Plenum Press. 

 

Stanton, Emms, & Sia. (2011). Malaysia's Market for Functional Foods, Nutraceuticals 

and Organic Foods. An Introduction for Canadian Producers and Exporters. 

Counsellor and Regional Agri-Food Trade Commissioner, South East Asia. 

 

Strlic, M., Radovic, T., Kolar, J. & Pihlar, B. (2002). Anti and pro-oxidative properties of 

gallic acid in Fenton-like systems. J Agr Food Chem 50, 6313 – 6317. 

 

Strube, M., Haenen, G.R., van Der Berg, H. & Bast, A. (1997). Pitfalls in a method for 

assessment of total antioxidant activity. Free Radic Res. 26 (6), 515 – 521. 

 

Sun, T., Tang, J., Powers, J.R. (2005). Effect of pectolytic enzyme preparations on the 

phenolic composition and antioxidant activity of asparagus juice. Journal of 

Agricultural and Food Chemistry 53, 42 – 48. 

 

Sun, Y., Qiao, L., Shen, Y., Jiang, P., Chen, J. & Ye, X. (2013). Phytochemical profile 

and antioxidant activity of physiological drop of citrus fruits. Food Sci 78(1), C37 – 

C42. 

 

Suslick, K.S. & Hammerton, D.A. (1985). Determination of local temperatures caused by 

acoustic cavitation. IEEE Ultrasonic Symposium Proceedings 4, 1116. 



© C
OPYRIG

HT U
PM

182 

 

Terefe, N.S., Gamage, M., Vilkhu, K., Simons, L., Mawson, R. & Versteeg, C. (2009). 

The kinetics of inactivation of pectin methylesterase and polygalacturonase in tomato 

juice by thermosonication. Journal of Food Chemistry 117, 20 – 27. 

 

Tian, Z.M., Wan, M.X., Wang, S.P. & Kang, J.Q. (2004). Effects of ultrasound and 

additives on the function and structure of typsin. Ultrasonic Sonochemistry 11(6), 399 

– 404. 

 

Ting, S.V. (1980). Nutrients and nutrition of citrus fruits. In: Nagy, S. & Attaway, J.A. 

(Eds). Citrus Nutrition and Quality. Washington DC, USA: American Chemical 

Society. 

 

TISTR (2013) Revival of lyophilized of freeze-dried cultures. A manual by Thailand 

Institute of Scientific and Technological Research. 

 

Tiwari, B.K., Muthukumarappan, K., O’Donnell, C.P. & Cullen, J.P. (2008). Colour 

degradation and quality parameters of sonicated orange juice using response surface 

methodology. LWT – Food Science and Technology 41, 1876 – 1883. 

 

Tomas-Barberan, F.A. & Clifford, M.N. (2000). Flavanones, chalcones and 

dihydrochalcones nature, occurrence and dietary burden. J Sci Food Agr 80, 1073 – 

1080. 

 

Tran, M. T. T. & Farid, M. (2004). Ultraviolet treatment of orange juice. Innovative Food 

Science and Emerging Technologies 5, 495-502.  

 

Ukuku, D. O., & Geveke, D.J. (2010). A combined treatment of UV-light and radio 

frequency electric field for the inactivation of Escherischia coli K-12 in apple juice. 

International Journal of Food Microbiology 138, 50-55. 

  

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

Thomeo, J.C. (2011). Effect of pectinolitic enzymes on the physical properties of caja-

manga (Spondias cyntherea Sonn.) pulp. Cienc. Technol. Aliment, Campinas 31 (2), 

517 – 526. 

 

Unluturk, S., Atilgan, M.R., Baysal, A.H. & Tari, C. (2008). Use of UV-C radiation as a 

non-thermal process for liquid egg product (LEP). Journal of Food Engineering 85, 

561 – 568. 

 

Unluturk, S., Atilgan, M.R., Baysal, A.H. & Unluturk, M. (2010). Modeling inactivation 

kinetics of liquid egg white exposed to UV-C irradiation. Internal Journal of 

Microbiology 142, 341 – 347. 

 

USEPA (2006). Ultraviolet disinfection guidance manual. 

http://www.epa.gov/ogwdw/disinfection/lt2/pdfs/guide_lt2_uvguidance.pdf. Accessed 

date: 15th October 2012.   

 

USFDA (2000). http://www.ars.usda.gov/main/site_main.htm?modecode=12-35-45-00. 

Accessed date: 14th November 2011. 

http://www.epa.gov/ogwdw/disinfection/lt2/pdfs/guide_lt2_uvguidance.pdf
http://www.ars.usda.gov/main/site_main.htm?modecode=12-35-45-00


© C
OPYRIG

HT U
PM

183 

 

USFDA (2004). Furan in food thermal treatment, Request for data and information. 

http://www.fda.gov/OHRMS/DOCKETS/98fr/)4n-0205-nrd0001.pdf. Accessed date: 

25th August 2014. 

 

USFDA-FSIS (2008). Laboratory guide book: most probable number procedure and 

tables. http://www.fsis.usda.gov/PDF/MLG_Appendix_2_03.pdf. Accessed date: 23rd 

May 2012. 

 

Vaillant, F., Millan, A., Dornier, M., Decloux, M. & Reynes, M. (2001). Strategy for 

economical optimization of the clarification of pulpy fruit juices using crossflow 

microfiltration. Journal of Food Engineering 48, 83 – 90. 

 

Van Boekel, M.A.J.S. (2002). On the use of Weibull model to describe thermal 

inactivation of microbial vegetative cells. International Journal of Microbiology 74 (1-

2), 139 – 159. 

 

Van Wyk, R. & Gouws, H. (2011). Inactivation of pathogenic and heat resistant 

microorganisms in milk by a non-thermal UV treatment system. IUVA News 13 (1), 13 

– 16. 

 

Vercet, A., Lopez, P. & Burgos, J. (1999). Inactivation of heat resistant 

pectinmethylesterase from orange by manothermosonication. J. Agri. Food Chem 47, 

432 – 437. 

 

Vercet, A., Burgos, J., Crelier, S. & Lopez-Buesa, P. (2001). Inactivation of proteases and 

lipases by ultrasound. Innovative Food Science and Emerging Technology 2, 139 – 

150. 

 

Versteeg, C. (1979). Pectinesterases from the orange fruit – their purification, general 

characteristics and juice cloud destabilizing properties. Agri Res Rep 892, 1 – 109. 

 

Water Environment Federation (1996). Operation of Municipal Wastewater Treatment 

Plants; Manual of Practice No. 11, Fifth Ed. Alexandria, Va, USA: Water 

Environment Federation. 

 

Wegener, J.W. & Lopez-Sanchez, P. (2010). Furan levels in fruit and vegetable juices, 

nutrition drinks and bakery products. Analytica Chimica Acta 672, 55 – 60. 

 

Wilson, E.L. & Burns, D.J.W. (1983). Kiwifruit juice processing using heat treatment 

techniques and ultrafiltration. Journal of Food Science 48, 1101 – 1105. 

 

Winzer K., Hardie, K.R. & Burgess, N. (2002). LuxS: its role in central metabolism and 

the in vitro synthesis of 4-hydroxy-5-methyl-3(2H)-furanone. Microbiology 148, 909–

922. 

 

World Health Organization (WHO) (1995). International Agency for Research on Cancer. 

IARC monographs on the evaluation in carcinogenic risks to humans Volume 63. 

 

Worobo, R.W. (2000). Efficacy of the CiderSure 3500 ultraviolet light unit in apple cider. 

Ithaca, New York. Cornell University, Dept of Food Science & Technology, 1 – 6. 

http://www.fda.gov/OHRMS/DOCKETS/98fr/)4n-0205-nrd0001.pdf
http://www.fsis.usda.gov/PDF/MLG_Appendix_2_03.pdf


© C
OPYRIG

HT U
PM

184 

 

Wu, J., Gamage, T.V., Vilkhu, K.S., Simons, L.K. & Mawson, R. (2008). Effect of 

thermosonication on quality improvement of tomato juice. Innovative Food Science 

and Emerging Technology 9, 186 – 195. 

 

Xu, G., Liu, D., Chen, J., Ye, X., Ma, Y. & Shi, J. (2008). Juice components and 

antioxidant capacity of citrus varieties cultivated in China. Food Chem 106, 545 – 551. 

Ye, Z. (2007). UV disinfection between concentric cylinders. Unpublished PhD thesis. 

Georgia Institute of Technology, GA, USA.  

 

Ye, Z., Forney, L.J., Koutchma, T., Giorges, A.T. & Pierson, J.A. (2008). UV disinfection 

between concentric cylinders. Journal of Industrial & Engineering Chemical Research 

47, 3444-3452. 

 

Zarina, Z. & Tan, S.Y. (2013). Determination of flavonoids in Citrus grandis (Pomelo) 

peels and their inhibition activity on lipid peroxidation in fish tissue. International 

Food Research Journal 20 (1), 313 – 316. 

 

Zhang, C., Trierweiler, B., Li, W., Butz, P., Xu, Y., Rufer, C.E., Ma, Y. & Zhao, X. 

(2011). Comparison of thermal, ultraviolet-c, and high pressure treatments on quality 

parameters of watermelon juice. Journal of Food Control 126, 254 – 260.  

 

 

 

 

 

 

          

         

   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


	DEAN VORTEX ULTRAVIOLET LIGHT PASTEURIZATION OF PUMMELO (CITRUS GRANDIS L. OSBECK) FRUIT JUICE
	CHAPTER 1
	CHAPTER 2
	CHAPTER 3
	CHAPTER 4
	CHAPTER 5
	REFERENCES, APPENDIX & BIODATA



