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the requirement for the degree of Master of Science 

 

EFFECTS OF DRYING METHODS ON NUTRITIONAL AND ANTIOXIDANT 

PROPERTIES OF TEA [Camellia sinensis (L.) Kuntze] LEAVES AND DABAI 

(Canarium odontophyllum Miq.) FRUITS 

 

By 

 

AHMAD SYAZRIN BIN ROSLAN 

 

January 2019 

 

Chairman : Prof. Amin bin Ismail, Ph.D. 

Faculty : Medicine and Health Sciences 

 

Hot air drying is the most commonly used method of food presevation but the heat 

from the process usually destroys their beneficial antioxidant compounds. Alternative 

methods to hot air drying includes superheated steam drying and freeze drying. 

Therefore, the objective of this study was to investigate and compare the effects of 

drying methods on the nutritional and antioxidant properties of tea [Camellia sinensis 

(L.) Kuntze] leaves and dabai (Canarium odontophyllum Miq.) fruits.  

  

 

Nutrient analysis results for the tea leaves showed significant difference (p<0.05) in the 

nutrient content obtained from each drying method. Freeze dried tea leaves (FDT) had 

the highest percentage of moisture (78.35 ± 0.10 %) and fat content (4.91 ± 0.57 %), 

while superheated steam dried tea leaves (SDT) had the highest percentage of ash (6.05 

± 0.01 %), total dietary fibre (38.29 ± 1.49 %), and total available carbohydrate (1.63 ± 

0.13 %). Oven dried tea leaves (ODT) had the highest percentage of protein content 

(21.24 ± 0.62 %). Nutrient analysis results for the dabai fruit showed significant 

difference (p<0.05) in the nutrient content obtained from each drying method. Oven 

dried dabai (ODD) showed the highest percentage of ash (4.70 ± 0.07 %), protein (6.8 

± 0.12 %), and fat content (38.79 ± 1.19 %). Freeze dried dabai (FDD) showed the 

highest percentage of moisture content (60.78 ± 0.08 %) and total available 

carbohydrate (3.94 ± 0.01 %), while superheated steam dried dabai (SDD) had the 

highest percentage of total dietary fibre (55.87 ± 0.13 %). 

  

 

The highest antioxidant capacity, total phenolic, and total flavonoid content were 

exhibited by FDT and FDD with significant difference (p<0.05). High Performance 

Liquid Chromatography (HPLC) identified 7 compounds from the tea leaves, and 5 

compounds from the dabai fruit. FDT and FDD showed significantly higher (p<0.05) 

content of these compounds compared to superheated steam and oven dried samples. 



© C
OPYRIG

HT U
PM

 

ii 
 

Significantly (p<0.05), Gallic acid had the highest concentration in both samples (5.40 

± 0.02 mg per g DW in FDT, 3.42 ± 0.02 mg per g DW in FDD).  

 

 

At different drying temperatures, SDT dried at 125°C showed significantly higher 

(p<0.05) antioxidant properties than ODT. ODT dried at 150°C and 175°C showed 

significantly higher (p<0.05) antioxidant properties than SDT. ODD dried at 125°C 

showed significantly higher (p<0.05) antioxidant properties than SDD. However, no 

significant differences (p>0.05) were observed in the antioxidant properties of the fruits 

dried using both methods at 150°C and 175°C. At different drying durations, SDT 

dried for 60, 75, and 90 minutes showed significantly higher (p<0.05) antioxidant 

properties than ODT. In contrast, ODD dried for 60, 75, and 90 minutes showed 

significantly higher (p<0.05) antioxidant properties than SDD.  

 

 

Overall, FDT and FDD retained the highest antioxidant properties among the samples 

dried using the three methods. Superheated steam drying method is a better choice than 

oven drying method for drying tea leaves at varying drying time. In contrast, oven 

drying method is more suitable for drying the dabai fruit at both varying drying 

temperature and time. 
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Abstrak tesis yang dikemukakan kepada Senat Universiti Putra Malaysia  

sebagai memenuhi keperluan untuk ijazah Master Sains 

 

 

KESAN KAEDAH PENGERINGAN KE ATAS CIRI-CIRI PEMAKANAN DAN 

ANTIOKSIDAN DAUN TEH [Camellia sinensis (L.) Kuntze] DAN BUAH DABAI 

(Canarium odontophyllum Miq.) 

 

Oleh 

 

AHMAD SYAZRIN BIN ROSLAN 

 

Januari 2019 

 

Pengerusi : Prof. Amin bin Ismail, Ph.D. 

Fakulti : Perubatan dan Sains Kesihatan 
 

Kaedah pengeringan udara panas merupakan kaedah yang paling biasa digunakan 

tetapi haba daripada kaedah ini kebiasaannya akan memusnahkan kandungan 

antioksidan pada bahagian tumbuhan yang dikeringkan. Kaedah alternatif kepada 

pengeringan udara panas termasuklah pengeringan wap panasdan pengeringan beku. 

Justeru, objektif kajian ini adalah untuk mengkaji dan membandingkan kesan beberapa 

kaedah pengeringan ke atas ciri-ciri pemakanan dan antioksidan pada daun teh 

(Camellia sinensis (L.) Kuntze) dan buah dabai (Canarium odontophyllum Miq.). 

Sampel kajian telah dikeringkan menggunakan tiga kaedah pengeringan yang berbeza 

(pengeringan beku, pengeringan ketuhar udara panas, pengeringan wap panas) sebelum 

ciri-ciri pemakanan serta antioksidan mereka dibandingkan. 

 

Hasil analisis nutrien untuk daun teh menunjukkan perbezaan ketara (p<0.05) bagi 

kandungan nutrien yang diperoleh daripada setiap kaedah pengeringan. Daun yang 

dikeringkan menggunakan kaedah pengeringan beku (FDT) mempunyai peratusan 

kelembapan tertinggi (78.35 ± 0.10 %) dan kandungan lemak tertinggi (4.91 ± 0.58 %) 

manakala daun teh yang dikeringkan menggunakan kaedah pengeringan wap panas 

(SDT) mempunyai peratusan abu tertinggi (6.05 ± 0.01 %), serat makanan tertinggi 

(38.29 ± 1.49 %)dan peratusan karbohidrat bebas tertinggi (1.63 ± 0.13 %). Daun teh 

yang dikeringkan menggunakan kaedah pengeringan ketuhar udara panas (ODT) pula 

mempunyai kandungan protein tertinggi (21.24 ± 0.62 %). Hasil analisis nutrien untuk 

buah dabai juga menunjukkan perbezaan ketara (p<0.05) bagi kandungan nutrien yang 

diperoleh daripada setiap kaedah pengeringan. Sampel buah dabai yang dikeringkan 

menggunakan kaedah pengeringan ketuhar udara panas (ODD) mempunyai peratusan 

kandungan abu (4.70 ± 0.07 %), protein (6.8 ± 0.12 %), dan lemak (38.79 ± 1.19 %) 

tertinggi. Buah dabai yang dikeringkan melalui kaedah pengeringan beku (FDD) 

mempunyai peratusan kelembapan (60.78 ± 0.08 %) dan karbohidrat bebas (3.94 ± 0.01 

%) tertinggi, manakala buah yang dikeringkan menggunakan kaedah pengeringan wap 

panas (SDD) mempunyai peratusan serat makanan tertinggi (55.87 ± 0.13 %).  
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Kapasiti antioksidan, kandungan fenolik, dan kandungan flavonoid tertinggi diperoleh 

daripada FDT dan FDD dengan perbezaan ketara (p<0.05). Analisis Kromatografi 

Cecair Prestasi Tinggi (HPLC) telah mengenal pasti 7 sebatian daripada daun the, dan 

5 sebatian daripada buah dabai. FDT dan FDD telah menunjukkan kandungan tertinggi 

sebatian-sebatian tersebut berbanding kaedah pengeringan ketuhar udara panas dan 

pengeringan wap panas. Asid galik menunjukkan kandungan tertinggi yang ketara 

dalam kedua-dua sampel (5.40 ± 0.02 mg per g DW bagi FDT, 3.42 ± 0.02 mg per g 

DW bagi FDD). 

 

Dalam ujian suhu pengeringan yang berbeza-beza, SDT yang dikeringkan pada suhu 

125 °C menunjukkan potensi antioksidan yang lebih tinggi (p<0.05) berbanding ODT. 

Walaubagaimanapun, ODT yang dikeringkan pada suhu 150 °C dan 175 °C 

menunjukkan potensi antioksidan yang lebih tinggi (p<0.05) daripada SDT. ODD yang 

dikeringkan pada suhu 125 °C juga menunjukkan potensi antioksidan yang lebih tinggi 

(p<0.05) berbanding SDD. Walaubagaimanapun, tiada perbezaan ketara (p>0.05) 

antara kedua-dua kaedah pengeringan tersebut dari segi potensi antioksidan pada buah 

yang dikeringkan pada suhu 150 °C dan 175 °C. Dalam ujian tempoh pengeringan yang 

berbeza-beza, SDT yang dikeringkan selama 60, 75, dan 90 minit menunjukkan potensi 

antioksidan yang lebih tinggi (p<0.05) berbanding ODT. Sebaliknya, ODD yang 

dikeringkan selama 60, 75, dan 90 minit menunjukkan potensi antioksidan yang lebih 

tinggi (p<0.05) daripada SDD. 

 

 

Secara keseluruhannya, FDT dan FDD menunjukkan potensi antioksidan tertinggi di 

antara sampel yang dikeringkan menggunakan tiga kaedah tersebut. Kaedah 

pengeringan wap panas lebih sesuai untuk mengeringkan daun teh pada tempoh 

pengeringan yang berbeza-beza, manakala kaedah pengeringan ketuhar udara panas 

lebih sesuai untuk mengeringkan buah dabai pada suhu dan tempoh pengeringan yang 

berbeza-beza. 
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CHAPTER 1 

 

 

INTRODUCTION 

 

 

1.1 Background of Study 

 

 

Polyphenols are mainly natural, but also synthetic or semi-synthetic, organic chemicals 

characterized by the presence of large multiples of phenol structural units. It 

contributes to antioxidant properties of fruit, vegetables, legumes and cereals (Medina, 

2011). Some polyphenols are specific to particular foods (flavanones in citrus fruit, 

isoflavones in soy, phloridzin in apples); whereas others, such as quercetin, are found 

in fruit, vegetables, cereals, leguminous plants, tea, and wine. These phytochemicals 

have various preventive and disease fighting properties due to their antioxidant 

capabilities (Medina, 2011). Several studies have shown positive association between 

polyphenols and diseases (Singh et al., 2008; Parkar et al., 2008; & Medina-Remón et 

al., 2014). Singh et al. (2008) showed that olive leaf polyphenols inhibited platelet 

activation in healthy, non-smoking males. A study by Parkar et al. (2008) showed a 

positive association between fruit polyphenols and the colonic microflora in the human 

gut. In addition, a randomized trial by Medina-Remón et al. (2014) showed a positive 

correlation between diet rich in polyphenols and reduction of systolic and diastolic 

blood pressure in subjects with high cardiovascular risk. 

 

 

Polyphenols can be found in various parts of a plant, from the bark to the fruit. The 

amount and type of polyphenols present in these parts and among plant species are 

different. There are many plant species reported to contain considerably high content of 

polyphenols such as blueberries (Vaccinium spp.), pomegranate (Punica granatum), 

and tea (Camellia sinensis).Camellia sinensis (L.) Kuntze is the species of plant whose 

leaves and leaf buds are used to produce the popular tea beverage. It is native to East, 

South and Southeast Asia, but cultivated across the world today, in tropical and 

subtropical regions.The health benefits of tea and tea extracts have been well 

documented, especially with respect to chemo-preventive effects on cancers, 

cardiovascular, and neurodegenerative diseases (Wang et al., 2007). Green tea, 

prepared from Camellia sinensis, is a widely consumed beverage throughout the world 

second only to water (Coyle et al., 2008). Green tea contains an abundance of 

polyphenols with antioxidative capacities (Wang et al., 2007) and the major 

polyphenols present are from the catechin groups, primarily epigallocatechin-3-gallate 

(Coyle et al., 2008). Other types of tea, such as black and Oolong tea have different 

types and amount of polyphenols in them as a result of fermentation and processing of 

the tea leaves. Fermentation produces tea with a stronger flavour and catalyses 

oxidation and polymerization of catechins & gallocatechins to other polyphenols such 

as theaflavins & thearubigens (Yuan et al., 2011). Due to its low cost, low cytotoxicity 

and widespread availability, tea has enormous potential as a chemo-preventive agent 

for a variety of human diseases. In a large cohort study in the Netherlands by de 

Koning Gans et al. (2010), 37,514 participants were prospectively followed for 13 

years with end points of cardiovascular disease morbidity and mortality. In the study, 

consuming tea, mainly black tea, around 3 to 6 cups daily was associated with a 

reduced risk of cardiovascular disease mortality. Another study by Mineharu et al. 
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(2011) also reported a strong relationship between consumption of more than 6 cups of 

green tea per day with a lower risk of mortality from cardiovascular disease.  

 

 

Other than the leaf, fruits are another part of a plant regularly consumed and rich with 

polyphenols and antioxidant compounds. In addition, certain fruits, such as olive, also 

contains polyphenol-rich oil that has potential health benefits, such as reducing risk of 

developing cardiovascular disease (Castañer et al., 2011; Farràs et al., 2013), when 

consumed. Canarium odontophyllum Miq. is a fruit-bearing tree of the genus Canarium 

in the family Burseraceae. It is a native of Sarawak and its fruit, known as dabai in 

Malay, is a prized seasonal delicacy in Sarawak. The dabai fruit is a potential source of 

nutrients and antioxidant compounds (Faridah Hanim et al., 2010). Faridah Hanim et 

al. (2010) found out that the skin of the fruit exhibited the highest level of antioxidant 

activity compared to other parts of the fruit, while Khoo et al. (2013) detected six 

anthocyanins in the defatted dabai peel, with the peel having the highest antioxidant 

capacities and oxidative stress inhibition effect. In a study by Nurul Nadirah et al. 

(2014), the fruit extracts were shown to have hypocholesterolaemic properties, a short-

term glucose-lowering effect and improved the lipid profile when tested on obese 

diabetic rats. Also, carotenoids are present in the fruit and the extract showed good 

antioxidant capacities (Prasad et al., 2010).  

 

 

Although fruits are highly nutritious and beneficial to health, it is quite challenging in 

terms of preserving its nutritional content and freshness. Without preservation 

techniques, the shelf life of fruits can barely reach a week. Food processing can provide 

a longer shelf life to the fruits but it also reduces the quality of the end product in terms 

of nutritional content and physical characteristics. The most common food preservation 

technique is drying using hot air. Dried fruits can last much longer compared to fresh 

ones but the heat from the drying process usually destroys the antioxidant compounds 

in the fruit. Alternatively, there are other methods of drying that can be used instead of 

conventional hot air drying. 

 

 

Superheated steam (SHS) drying uses superheated steam instead of hot air or 

combustion gases in a direct dryer. SHS drying have been applied on a variety of food 

more regularly these days as no oxidative reactions due to the presence of oxygen can 

occur, hence preserving the color and nutrients in food. Nathakaranakule et al. (2007) 

have found out that a combination of SHS drying and heat pump drying is suitable for 

dying chicken meat used in ready-to-eat noodles. Another study by Zzaman et al. 

(2013) have found out that SHS roasting method can improve the quality of cocoa 

beans as higher total phenol and antioxidant properties are preserved compared to 

conventional method. Also, according to Primo-Martin and van Deventer (2011), the 

use of SHS is suitable as an alternative to pre-frying in oil, to decrease the oil content 

of deep-fried battered foods while obtaining crispy crusts. As a new method for food 

processing, SHS drying is more convenient and flexible than conventional method 

because higher level of polyphenols and antioxidant properties are preserved, and at the 

same time, the favorable characteristics of food in terms of antioxidant properties are 

maintained (Zzaman et al., 2013). 
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In this study, the SHS drying was used for comparison against freeze drying and 

conventional oven drying based on the amount of antioxidants present in the samples 

after subjected to each drying methods. Hence, the most ideal drying method for 

preserving the highest amount of antioxidants in the samples can be determined based 

on the results obtained in this study. 

 

 

1.2 Problem Statements 

 

 

Southeast Asia possesses a wealth and variety of commercial tropical fruits such as 

durian, rambutan, mangosteen, mango and banana. In addition to a wide selection of 

commercialized fruits, there are also underutilized fruits that still grow in the wild or in 

a semi-cultivated state (Faridah Hanim et al., 2010), mainly used for local consumption 

and medicinal purposes (Khoo et al., 2010). Malaysia has a rich diversity of tropical 

fruits which includes common, ornamental, rare, wild and highland fruits, but most of 

the indigenous fruits are considered to be underutilized (Khoo et al., 2010). Hence, 

research is needed to be done to investigate the health-promoting compounds present in 

these underutilized Malaysian fruits. 

 

 

Despite their health-promoting potentials, fruits and vegetables are easily perishable 

and have a short shelf life which limits their availability. Conventional drying process 

using heated air oven is commonly used as a method for preserving food products but 

often affects the nutritional value, taste, and texture. The heat from the drying process 

can oxidize and destroy heat-sensitive polyphenols (Kaur & Singh, 2014; Nistor et al., 

2017), causing the product to lose a majority of its antioxidant content and potential 

health benefits (Hwang & Thi, 2014; Li et al., 2017). The super-heated steam drying is 

said to be potentially better at preserving the nutritional value of the food (Somjai et al., 

2009; Rumruaytum et al., 2014). Several researches focusing on the quality of treated 

agricultural products have reported better quality using superheated steam instead of 

hot air drying treatment (Zzaman, Bhat, & Tajul, 2013). Hence, the method has been 

seriously considered to be used in the food processing industry (van Deventer & 

Heijmans, 2007). 

 

 

Also, spoilage of product is one of the main problems when exporting fruits and 

vegetables. The dabai fruit is no exception to this problem as it has a high fat content 

and easily deteriorates in a short period of time. Ding(2011), stated that the shelf life of 

dabai fruit is about 3 days at 27 °C, at which the skin of hard fruit will wrinkle. Heat is 

the main concern in handling dabai fruit and freshly harvested fruit must be kept in 

well-ventilated baskets and away from the sun to prevent heat from being trapped in 

the basket and causes spoilage (Ding, 2011). Conventional drying process also causes 

the oil and fat in the fruit to oxidize and become rancid faster. Hence, a proper method 

of preserving the fruit for a longer time is still unavailable. 

 

 

Tea is one of the most popular and widely consumed beverages in the world with more 

than thirty countries worldwide producing tea for consumption (Laskar & Thappa, 

2015). However, there are several challenges faced by tea producer nowadays. For 

example, Laskar and Thappa (2018) reported that materials and technology 
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significantly influence the tea production in Assam, India. As the cost for materials 

such as fertilizers, electricity, transportation and packaging increases day by day, the 

overall cost of tea production also increases (Laskar & Thappa, 2015). In addition, 

some tea production factories still rely on old machineries, which are time consuming, 

and not energy-efficient (Laskar & Thappa, 2015). 

 

 

1.3 Significance of the Study 

 

 

The dabai (Canarium odontophyllum Miq.) is a fruit endemic to the island of Borneo. 

Eventhough it is quite common in states of East Malaysia (Sabah and Sarawak), it 

rarely enters the market in Malaysia. A reason for this is because the fruit easily 

deteriorate or spoiled in a short time. Fats and oils, which are present in high amount in 

the fruit, easily oxidize and become rancid, eventually spoiling the fruit and making it 

hard to be exported out. It is possible the super-heated steam method can be used to 

preserve the nutritional value and quality of the fruit. In addition, by preventing the 

fruit‟s deterioration, longer storage duration can be achieved for marketing and 

research purposes. In addition, this may open a new opportunity in commercializing 

this fruit, which possess health-promoting properties, in the market. It also will open 

new grounds for further research on understanding the fruit‟s potential benefits to the 

community. 

 

 

Tea is well known for its antioxidant properties and is a commonly consumed beverage 

in Malaysia. However, some of these antioxidants are lost during tea leaves production.  

Therefore, it would be beneficial to the industry if the antioxidants in tea can be 

retained better during processing through an alternative method. This way, the food 

industry can produce tea and tea-based products with significant antioxidant content. 

 

 

Each part of a plant contains varying amount and types of compounds which may react 

differently when drying process is applied to them. For example, the dabai fruit is rich 

in fat, whereas the tea leaf that has a low fat content. In contrast, tea leaves have a 

higher protein content than dabai fruit. Hence, it would be interesting to observe 

whether the presence of compounds such as fat and protein, either in low or high 

amount, could have an effect on the samples during the drying process. 

 

 

The results from this study can be used as evidence to support the use of super-heated 

steam drying as an alternative to conventional oven drying in terms of faster drying rate 

and lower energy consumption. This in turn can reduce the overall production cost of 

food by reducing the energy and time consumed during the manufacturing process. It 

also can be used as a reference for future studies involving super-heated steam drying. 

Also, if the nutritional value of the food can be preserved better through the super-

heated steam drying, more nutritious food product can be developed for the market 

which would positively affect the economy‟s growth. 
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1.4 Objectives 

 

 

1.4.1 General Objectives 

 

 

To study the effect of drying methods on the nutritional and antioxidant properties of 

Camellia sinensis (L.) Kuntze leaves and Canarium odontophyllum Miq. fruits. 

 

 

1.4.2 Specific Objectives 

 

 

1. To compare the nutritional and antioxidant properties of Camellia sinensis 

(L.) Kuntze leaves and Canarium odontophyllum Miq. fruits after undergoing 

freeze drying, conventional oven drying and super-heated steam drying. 

 

 

2. To identify and compare selected compounds in the samples after undergoing 

freeze drying, conventional oven drying and super-heated steam drying using 

HPLC. 

 

 

3. To compare the effect of drying temperature and time on the antioxidant 

properties of samples undergoing conventional oven drying with super-heated 

steam drying. 

 

 

 

 

 

 

 

 

 

 

 

 

 



© C
OPYRIG

HT U
PM

 

68 
 

REFERENCES 

 

 

Akonor, P. T., Ofori, H., Dziedzoave, N. T., and Kortei, N. K. (2016). Drying 

characteristics and physical and nutritional properties of shrimp meat as 

affected by different traditional drying techniques. International Journal of 

Food Science 2016, 1 – 5. 

 

 

Asadi, S. Y., Parsaei, P., Karimi, M., Ezzati, S., Zamiri, A., Mohammadizadeh, F., and 

Rafieian-kopaei, M. (2013). Effect of green tea (Camellia sinensis) extract on 

healing process of surgical wounds in rat. International Journal of Surgery 11, 

332 – 337. 

 

 

Atoui, A. K., Mansouri, A., Boskou, G., and Kefalas, P. (2005). Tea and herbal 

infusions: Their antioxidant activity and phenolic profile. Food Chemistry 89, 

27 – 36. 

 

 

Auvichayapat, P., Prapochanung, M., Tunkamnerdthai, O., Sripanidkulchai, B., 

Auvichayapat, N., ..., and Hongprapas, P. (2008). Effectiveness of green tea 

on weight reduction in obese Thais: A randomized, controlled trial. Physiology 

and Behavior 93, 486 – 491. 

 

 

Ayanwale, B. A., Ocheme, O. B., and Oloyede, O. O. (2007). The effect of sun-drying 

and oven-drying on the nutritive value of meat pieces in hot humid 

environment. Pakistan Journal of Nutrition 6, 370 – 374. 

 

 

Azrina, A., Nurul Nadiah, M. N., Aulkhairi, A., and Amin, I. (2009). Physical 

properties of skin, flesh and kernel of Canarium odontophyllum fruit. Journal 

of Food, Agriculture and Environment 7, 55 – 57. 

 

 

Azrina, A., Prasad, K. N., Khoo, H. E., Nurnadia, A., Alina, M., Amin, I., and 

Zulkhairi, A. (2010).Comparison of fatty acids, vitamin E and 

physicochemical properties of Canarium  odontophyllum Miq. (dabai), 

olive and palm oils. Journal of Food Composition and Analysis 23, 772 – 776. 

 

 

Bahorun, T., Luximon-Ramma, A., Neerghen-Bhujun, V. S., Gunness, T. K., 

Googoolye, K., ..., and Aruoma, O. I. (2012). The effect of black tea on risk 

factors of cardiovascular disease in a normal population. Preventive Medicine 

54, 98 – 102. 

 

 

 

 



© C
OPYRIG

HT U
PM

 

69 
 

Ban, G. H., Yoon, H., and Kang, D. H. (2014). A comparison of saturated steam and 

superheated steam for inactivation of Escherichia coli O157:H7, Salmonella 

Typhimurium, and Listeria monocytogenes biofilms on polyvinyl chloride and 

stainless steel. Food Control 40, 344 – 350. 

 

 

Bansal, S., Choudhary, S., Sharma, M., Kumar, S. S., Lohan, S., ... and Jyoti, S. (2013). 

Tea: A native source of antimicrobial agents. Food Research International 53, 

568 – 584. 

 

 

Barat, J. M., and Grau, R. (2016). Drying : Principles and types. Encyclopaedia of 

Food and Health, 456 – 461. 

 

 

Benzie, I. F. F., and 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. 

 

 

Bolling, B. W., Chen, Y. Y., Kamil, A. G., and Chen, C. Y. O. (2012). Assay dilution 

factors confound measures of total antioxidant capacity in polyphenol-rich 

juices. Journal of Food Science 77, 69 – 75. 

 

 

Brand-Williams, W., Cuvier, M. E., and Berset, C. (1995). Use of a free radical method 

to evaluate antioxidant activity. LWT -Food Science and Technology 28, 25 – 

30. 

 

 

Cádiz-Gurrea, M. L., Fernández-Arroyo, S., and Segura-Carretero, A. (2014). Pine 

bark and green tea concentrated extracts : Antioxidant activity and 

comprehensive characterization of bioactive compounds by HPLC-ESI-QTOF-

MS. International Journal of Molecular Sciences 15, 20382  – 20402. 

 

 

Carloni, P., Tiano, L., Lucia, P., Tiziana, B., Chisomo, C., Alexander K., and 

Elisabetta, D. (2013). Antioxidant activity of white, green and black tea 

obtained from the same tea cultivar. Food Research International 53, 900 – 

908. 

 

 

Castañer, O., Fitó, M., López-Sabater, M.  C., Poulsen, H. E., Nyyssönen, K., ... and 

Covas, M. I. (2011). The effect of olive oil polyphenols on antibodies against 

oxidized LDL. A  randomized clinical trial. Clinical Nutrition 30, 490 – 493. 

 

 



© C
OPYRIG

HT U
PM

 

70 
 

Chan, E. W. C., Lim, Y. Y., and Chew, Y. L. (2007). Antioxidant activity of Camellia 

sinensis leaves and tea from a lowland plantation in Malaysia. Food Chemistry 

102, 1214–1222. 

 

 

Chan, E. W. C., Lim, Y. Y., Wong, S. K., Lim, K. K., Tan, S. P., Lianto, F. S., and 

Yong, M. Y. (2009). Effects of different drying methods on the antioxidant 

properties of leaves and tea of ginger species. Food Chemistry 113, 166 – 172. 

 

 

Chan, E. W. C., Lim, Y. Y., Chong, K. L., Tan, J. B. L., and Wong, S. K. (2010). 

Antioxidant properties of tropical and temperate herbal teas. Journal of Food 

Composition and Analysis 23, 185 – 189. 

 

 

Chang, M. C. (1989). The effects of heat treatments on dietary fiber assessed by 

chemical analysis and scanning electron microscopy. Master‟s thesis, 

University of Tennessee, 1989. 

 

 

Chaudhary, N., Bhardwaj, J., Seo, H. J., Kim, M. Y., Shin, T. S., and Kim, J. D. (2014). 

Camellia sinensis fruit peel extract inhibits angiogenesis and ameliorates 

obesity induced by high-fat diet in rats. Journal of Functional Foods 7, 479 – 

486. 

 

 

Chew, L. Y., Prasad, K. N., Amin, I., Azrina, A., and Lau, C. Y. (2011). Nutritional 

composition and  antioxidant properties of Canarium odontophyllum Miq. 

(dabai) fruits. Journal of Food Composition and Analysis 24, 670 – 677. 

 

 

Chopade, V. V., Phatak, A. A., Upaganlawar, A. B., and Tankar, A. A. (2008). Green 

tea (Camellia sinensis): Chemistry, traditional, medicinal uses and its 

pharmacological activities- a review. Pharmacognosy Reviews 3, 157 – 162. 

 

 

Chua, H. P., Nicholas, D., and Yahya, M. N. A. (2015). Physical properties and 

nutritional values of dabai fruit (Canarium odontophyllum) of different 

genotypes. Journal of Tropical Agriculture and Food Science 43, 1 – 10. 

 

 

Ciurzyńska, A., and Lenart, A. (2011). Freeze-Drying – Application in food processing 

and biotechnology – A review. Polish Journal of Food and Nutritional 

Science 61, 165 – 171. 

 

 

Clark, J. P. (2013). Using superheated steam in drying and sterilization. Food 

 Technology 2013, 91 – 93. 

 



© C
OPYRIG

HT U
PM

 

71 
 

Clement, A., Olatunde, M., Patrick, O., and Joyce, O. (2017). Effect of drying 

temperature on nutritional content of Moringa oleifera leaves. World Journal 

of Food Science and Technology 3, 93 – 96. 

 

 

Coyle, C. H., Philips, B. J., Morrisroe, S. N., Chancellor, M. B., and Yoshimura, N. 

(2008).  Antioxidant effects of green tea and its polyphenols on bladder cells. 

Life Sciences 83, 12 – 18. 

 

 

Dayang Fredalina, B., Noor Fazdilah, M., Zafira Ayushah, Z. A., and Noraziah, M. Z. 

(2017). Stem bark of Canarium odontophyllum Miq. (Dabai) as potential 

source of antimicrobial agent. Jurnal Sains Kesihatan Malaysia 15, 1 – 6. 

 

 

de Koning Gans, J. M., Uiterwaal, C. S.,  van der Schouw, Y. T., Boer, J. M., Grobbee, 

D. E., Verschuren, W. M., and Beulens, J. W. (2010). Tea and coffee 

consumption and cardiovascular morbidity and mortality. Arteriosclerosis, 

Thrombosis, and Vascular Biology 30, 1665 – 1671. 

 

 

Del Rio, D., Stewart, A. J., Mullen, W., Burns, J., Lean, M. E., Brighenti, F., and 

Crozier, A. (2004). HPLC – MS
n
 analysis of phenolic compounds and purine 

alkaloids in green and black tea. Journal of Agriculture and Food Chemistry 

10, 2807 – 2815. 

 

 

Devahastin, S. (2011). Superheated steam drying of foods and biomaterials. In 

International Workshop on Drying of Food and Biomaterials 2011. 

 

 

Ding, P. (2011). Dabai (Canarium odontophyllum Miq.). Postharvest Biology and 

Technology of Tropical and Subtropical Fruits 3, 34 – 40. 

 

 

Do, Q. D., Angkawijaya, A. E., Tran-Nguyen, P. L., Huynh, L. H., Soetaredjo, F. E., 

Ismadji, S., and  Ju, Y. H. (2014). Effect of extraction solvent on total phenol 

content, total flavonoid content, and antioxidant activity of Limnophila 

aromatica. Journal of Food and Drug Analysis 22, 296 – 302. 

 

 

Dundar, A. N., and Gocmen, D. (2013). Effects of autoclaving temperature and storing 

time on  resistant starch formation and its functional and physicochemical 

properties. Carbohydrate Polymers 97, 764 – 771. 

 

 

Elleuch, M., Dorothea, B., Olivier, R., Souhail, B., Christophe, B., and Attia, H. 

(2011). Dietary fibre and fibre-rich by-products of food processing : 

Characterisation, technological functionality and commercial applications : A 

review. Food Chemistry 124, 411 – 421. 

 



© C
OPYRIG

HT U
PM

 

72 
 

Esparza-Martínez, F. J., Miranda-López, R., and Guzman-Maldonado, S. H. (2016). 

Effect of air-drying temperature on extractable and non-extractable phenolics 

and antioxidant capacity of lime wastes. Industrial Crops and Products 84, 1 – 

6. 

 

 

Esposito, F., Arlotti, G., Bonifati, A. M., Napolitano, A., Vitale, D., and Fogliano, V. 

(2005). Antioxidant activity and dietary fibre in durum wheat bran by-

products. Food Research International 38, 1167 – 1173. 

 

Faridah Hanim, S., Azrina, A., Amin, I., Zulkhairi, A., and Yuon, L. C. (2012). 

Antiatherosclerotic effect of Canarium odontophyllum Miq. fruit parts in 

rabbits fed high cholesterol diet. Evidence-Based Complementary and 

Alternative Medicine 2012, 1 - 10. 

 

 

Faridah Hanim, S., Prasad, K. N., Amin, I., Yuon, L. C., and Azrina, A. (2010). 

Antioxidant capacity of underutilized Malaysian Canarium odontophyllum 

(dabai) Miq. fruit. Journal of Food Composition and Analysis 23, 777 – 781. 

 

 

Farràs, M., Valls, R. M., Fernando-Castillejo, S., Giralt, M., Solà, R., ... and Fitó, M. 

(2013). Olive oil  polyphenols enhance the expression of cholesterol efflux 

related genes in vivo in humans. A randomized controlled trial. The Journal of 

Nutritional Biochemistry 24, 1334 – 1339. 

 

 

Fombong, F. T., van der Borght, M., and Broeck, J. V. (2017). Influence of freeze-

drying and oven- drying post blanching on the nutrient composition of the 

edible insect Ruspolia differens. Insects 8, 1 – 14. 

 

 

Friedrich, M., Petzke, K. J., Raederstorff, D., Wolfram, S., and Klaus, S. (2012). Acute 

effects of epigallocatechin gallate from green tea on oxidation and tissue 

incorporation of dietary lipids in mice fed a high-fat diet. International 

Journal of Obesity 36, 735 – 743.  

 

 

Garau, M. C., Simal, S., Rosselló, C., and Femenia, A. (2007). Effect of air-drying 

temperature on physico-chemical properties of dietary fibre and antioxidant 

capacity of orange (Citrus aurantium v. Canoneta) by-products. Food 

Chemistry 104, 1014 – 1024. 

 

 

Gruenwald, J. (2007). Green Tea camellia Sinensis. In PDR for Herbal Medicines. 4th 

edition. New Jersey: Thomson Healthcare, 18. 

 

 

Gümüşay, Ö. A., Borazan, A. A., Ercal, N., and Demirkol, O. (2015). Drying effects on 

the antioxidant properties of tomatoes and ginger. Food Chemistry 173, 156 – 

162. 



© C
OPYRIG

HT U
PM

 

73 
 

 

 

Gupta, S., Saha, B., and Giri, A. K. (2002). Comparative antimutagenic and 

anticlastogenic effects of  green tea and black tea : a review. Mutation 

Research 512, 37 – 65. 

 

 

Hajimahmoodi, M., Hanifeh, M., Oveisi, M. R., Sadeghi, N., and Jannat, B. (2008). 

Determination of total antioxidant capacity of green teas by the ferric 

reducing/antioxidant power assay. Iranian Journal of Environmental Health 

Science and Engineering 5, 167 – 172.  

 

 

Hashempur, M. H., Sadrneshin, S., Mosavat, S. H., and Ashraf, A. (2016). Green tea 

(Camellia sinensis) for patients with knee osteoarthritis : A randomized 

open-label active-controlled clinical trial. Journal of Clinical Nutrition 37, 

85 – 90. 

 

 

Hayashi, H. (1989). Drying technologies of foods – their history and future. Drying 

Technology 7, 315 – 369. 

 

 

Hwang, E. S., and Thi, N. D. (2014). Antioxidant contents and antioxidant activities of 

hot water extracts of Aronia (Aronia melancocarpa) with different drying 

methods. Korean Journal of Food Science and Technology 46, 303 – 308. 

 

 

Islam, M. S. (2011). Effects of the aqueous extract of white tea (Camellia sinensis) in a 

 streptozotocin-induced diabetes model of rats. Phytomedicine 19, 25 – 31. 

 

 

Jangam, S. V. (2011). An overview of recent developments and some R&D challenges 

related to drying of foods. Drying Technology - An International Journal 29, 

1343 – 1357. 

 

 

Jeganathan, B., Punyasiri, P. A. N., Kottawa – Arachchi, J. D., Ranatunga, M. A. B., 

Abeysinghe, I. S.  B., Gunasekare, M. T. K., and Bandara, B. M. R. (2016). 

Genetic variation of flavonols Quercetin, Myricetin, and Kaempferol in the Sri 

Lankan tea (Camellia sinensis L.) and their health-promoting aspects. 

International Journal of Food Science 2016, 1 – 9.   

 

 

Jiang, H., Engelhardt, U. H., Thräne, C., Maiwald, B., and Stark, J. (2015). 

Determination of flavonol  glycosides in green tea, oolong tea and black tea by 

UHPLC compared to HPLC. Food  Chemistry 183, 30 – 35. 

 

 

Karimi, F. (2010). Applications of superheated steam for the drying of food products. 

International Agrophysics 24, 195 – 204. 



© C
OPYRIG

HT U
PM

 

74 
 

Katsube, T., Tsurunga, Y., Sugiyama, M., Furuno, T., and Yamazaki, Y. (2009). 

Effects of air drying temperature on antioxidant capacity and stability of 

polyphenolic compounds in mulberry (Morus alba L.) leaves. Food Chemistry 

113, 964 – 969. 

 

 

Kaur, K., and Singh, A. K. (2014). Drying kinetics and quality characteristics of 

beetroot slices under hot air followed by microwave finish drying. African 

Journal of Agricultural Research 12, 1036 – 1044. 

 

  

Khoo, H. E., Azrina, A., Amin, I., and Faridah, A. (2011). Influence of different 

extraction media on phenolic contents and antioxidant capacity of defatted 

Dabai (Canarium odontophyllum) fruit. Food Analytical Methods 5, 339 – 

350. 

 

 

Khoo, H. E., Azrina, A., Amin I., and Faridah, A. (2012). Antioxidative properties of 

defatted dabai pulp and peel prepared by solid phase extraction. Molecules 17, 

9754 – 9773. 

 

 

Khoo, H. E., Azrina, A., Kong, K. W., and Amin, I. (2016). Phytochemicals and 

medicinal properties of indigenous tropical fruits with potential for 

commercial development.Evidence-based Complementary and Alternative 

Medicine 2016, 1 – 20. 

 

 

Khoo, H. E., Azrina, A., Nurulhuda, M. H.,  Amin, I., Faridah, A., Hamid, M., and 

Roowi, S. (2013). Antioxidative and cardioprotective properties of 

anthocyanins from defatted Dabai extracts. Evidence-Based Complementary 

and Alternative Medicine 2013, 1 – 13. 

 

 

Khoo, H. E., Prasad, K. N., Kong, K. W., Chew, L. Y., Azrina, A., Sun, J., Amin, I., 

and Salma, I. (2010). A review on underutilized tropical fruits in Malaysia. 

Guangxi Agricultural Sciences 41, 698 – 702. 

 

 

Kim, Y., Goodner, K. L., Park, J. D., Choi, J., and Talcott, S. T. (2011). Changes in 

antioxidant phytochemicals and volatile composition of Camellia sinensis by 

oxidation during tea fermentation. Food Chemistry 129, 1331 - 1342. 

 

 

Kueh, H. O. (2003). Indigenous fruits of Sarawak. Sarawak Forest Department, 

Sarawak,Lee Miing Press Sdn Bhd., 34 – 36. 

 

 

Kuljarachanan, T., Devahastin, S., and Chiewchan, N. (2009). Evolution of antioxidant 

compounds in lime residues during drying. Food Chemistry 113, 944 – 949. 

 



© C
OPYRIG

HT U
PM

 

75 
 

Kuo, C. T., Liu, T. H., Hsu, T. H., Lin, F. Y., and Chen, H. Y. (2015). Antioxidant and 

antiglycation properties of different solvent extracts from Chinese Olive 

(Canarium album L.) fruit. Asian Pacific Journal of Tropical Medicine 12, 

1013 – 1021. 

 

 

Las Heras, R. M., Heredia, A., Castelló, M. L., and Andrés, A. (2014). Influence of 

drying method and extraction variables on the antioxidant properties of 

persimmon leaves. Food Bioscience 6, 1 – 8. 

 

 

Laskar, N., and Thappa, S. (2015). A study on the present scenario of tea industry in 

Assam - Challenges ahead. Indian Journal of Applied Research 11, 533 – 537. 

 

 

Laskar, N., and Thappa, S. (2018). An analytical study on influencing factors of tea 

production in Assam. International Journal of Scientific and Research 

Publications 8, 255 – 266. 

 

 

Lau, C. Y., and Fatimah, O. (2007). Cold storage of dabai fruit (Canarium 

odontophyllum Miq.): Effect of packaging methods and storage duration on 

quality. In abstract book of Sarawak Fruit Seminar, 8–9 August 2007, Sibu, 

Sarawak. 

 

 

Lavakumar, V., Nireesha, G. R., Divya, L., Sowmya, C., Venkateshan, N., and 

Niranjan Babu, M. (2013). Lyophilization/freeze drying - A review. 

International Journal of Novel Trends in Pharmaceutical Sciences 3, 87 – 98. 

 

 

Lewicki, P. P., Arboix, J. A., Botó, P. G., Beringues, J. C., and Moreno, I. M. (2014). 

Drying. Encyclopedia of Meat Sciences (Second edition), 471 – 479.  

 

 

Li, B. B., Smith, B., and Hossain, M. M. (2006). Extraction of phenolics from citrus 

peels II. Enzyme- assisted extraction method. Separation and Purification 

Technology 48, 189 – 196. 

 

 

Li, X., and Zhu, X. (2016). Tea : Types, production, and trade. The Encyclopedia of 

Food and Health  5, 279 - 282. 

 

 

Li, W., Xiang, F., Zhong, M., Zhou, L., Liu, H., Li, S., and Wang, X. (2017). 

Transcriptome and metabolite analysis identifies nitrogen utilization genes in 

tea plant (Camellia sinensis). Scientific Reports 7, 1693. 

 

 



© C
OPYRIG

HT U
PM

 

76 
 

Liang, W., Lee, A. H., Binns, C. W., Huang, R., Hu, D., and Zhou, Q. (2009). Tea 

consumption and ischemic stroke risk: A case-control study in southern 

China. Stroke 40, 2480 – 2485. 

 

 

López-Alarcón, C., R. Ortíz, R., Benavides, J., Mura, E., and Lissi, E. (2011). Use of 

the ORAC-Pyrogallol Red/ORAC-Fluorescein ratio to assess the quality of 

antioxidants in Chilean wines. Journal of the Chilean Chemical Society 56, 

764 – 767.  

 

 

Lv, H. P., Zhang, Y., Shi, J., and Lin, Z. (2017). Phytochemical profiles and 

antioxidant activities of Chinese dark teas obtained by different processing 

technologies. Food Research International 100, 486 – 493. 

 

 

Mahmood, T., Akhtar, N., and Khan, B. A. (2010). The morphology, characteristics, 

and medicinal properties of Camellia sinensis tea. Journal of Medicinal Plants 

Research 19, 2028 - 2033. 

 

 

Maillard, M. N., and Berset, C. (1995). Evolution of antioxidant activity during kilning: 

Role of insoluble bound phenolic acids of barley and malt. Journal of 

Agriculture and Food Chemistry 43, 1789 – 1793. 

 

 

Medina, M. B. (2011). Simple and rapid method for the analysis of phenolic 

compounds in beverages and grains. Journal of Agricultural and Food 

Chemistry 59, 1565 – 1571. 

 

 

Medina-Remón, A., Tresserra-Rimbau, A., Pons, A., Tur, J. A., Martorell, M., ... and 

Lamuela-Raventos, R. M. (2014). Effect of total dietary polyphenols on 

plasma nitric oxide and blood pressure in a high cardiovascular risk cohort. 

The PREDIMED randomized trial. Nutrition, Metabolism and Cardiovascular 

Diseases, 1 – 8. 

 

 

Méndez-Lagunas, L., Rodríguez-Ramírez, J., Cruz-Gracida, M., Sandoval-Torres, S., 

and Barriada-Bernal, G. (2017). Convective drying kinetics of strawberry 

(Fragaria ananassa): Effects on antioxidant activity, anthocyanins and total 

phenolic content. Food Chemistry 230, 174 – 181. 

 

 

Mineharu, Y., Koizumi, A., Wada, Y., Iso, H., Watanabe, Y., Date, C., Yamamoto, 

A.,... and Tamakoshi, A. (2011). Coffee, green tea, black tea and oolong tea 

consumption and risk of  mortality from cardiovascular disease in Japanese 

men and women. Journal of Epidemiology and Community Health 65, 230 – 

240. 

 



© C
OPYRIG

HT U
PM

 

77 
 

Mocek, A., and Owczarzak, W. (2011). Parent material and soil physical properties. 

Encyclopedia of  Agrophysics 2011 Edition. 

 

 

Morris, A., Barnett, A., and Burrows, O. (2004). Effect of processing on nutrient 

content of foods.  Cajarticles 37, 160 – 164. 

 

 

Mujumdar, A. S., and Wu, Z. H. (2010). Thermal drying technologies: new 

developments and future  R&D potential, R&D Needs, Challenges and 

Opportunities for Innovation in Drying Technology. e - Book. 

 

 

Nantz, M. P., Rowe, C. A., Bukowski, J. F., and Percival, S. S. (2009). Standardized 

capsule of Camellia sinensis lowers cardiovascular risk factors in a 

randomized, double-blind, placebo-controlled study. Nutrition 25, 147 – 154. 

 

 

Nathakaranakule, A., Kraiwanichkul, W., and Soponronnarit, S. (2007). Comparative 

study of  different combined superheated-steam drying techniques for chicken 

meat. Journal of Food Engineering 80, 1023 – 1030. 

 

 

Niamnui, C., Nachaisin, M., Laohavanich, J., and Devahastin, S. (2011). Evaluation of 

bioactive compounds and bioactivities of soybean dried by different methods 

and conditions. Food Chemistry 129, 899 – 906. 

 

 

Nistor, O. V., Seremet, L., Andronoiu, D. G., Rudi, L., and Botez, E. (2017). Influence 

of different drying methods on the physicochemical properties of red beetroot 

(Beta vulgaris L. Var. Cylindra). Food Chemistry 236, 59 – 67. 

 

 

Nor Qhairul Izreen, M. N., and Mohd Fadzelly, A. B. (2013). Phytochemicals and 

antioxidant properties of different parts of Camellia sinensis leaves from 

Sabah tea plantation in Sabah, Malaysia. International Food Research Journal 

20, 307 – 312. 

 

 

Nurul Nadirah, M., Amin, I., Azrina, A., Muhajir, H., and Fouad, A. H. (2014).Effect 

of dabai (Canarium odontophyllum) fruit extract on biochemical parameters of 

induced obese – diabetic rats. Journal of Functional Foods 8, 139 – 149. 

 

 

Official Methods of Analysis.(2012).Official methods of analysis (19
th

 ed.). 

Gaithersburg, USA: AOAC International. 

 

 

 

 



© C
OPYRIG

HT U
PM

 

78 
 

Ohgami, S., Ono, E., Toyonaga, H., Watanabe, N., and Ohnishi, T. (2014). 

Identification nad characterization of Camellia sinensis glucosyltransferase,  

UGT73A173: A possible role in flavonol glucosylation. Plant Biotechnology 

31, 573 – 578. 

 

 

Parkar, S. G., Stevenson, D. E., and Skinner, M. A. (2008). The potential influence of 

fruit polyphenols on colonic microflora and human gut health. International 

Journal of Food Microbiology 124, 295–298. 

 

 

Parsaei, P., Karimi, M., Asadi, S. Y., and Rafieian-kopaei, M. (2013).Bioactive 

components and  preventive effect of green tea (Camellia sinensis) extract on 

post-laparotomy intra-abdominal adhesion in rats. International Journal of 

Surgery 11, 811 - 815. 

 

 

Pękal, A., Dróżdż, P., Biesaga, M., and Pyrzynska, K. (2011). Evaluation of the 

antioxidant properties of fruit and flavoured black teas. European Journal of 

Nutrition 50, 681 – 688. 

 

 

Posadino, A. M., Phu, H. T., Cossu, A., Giordo, R., Fois, M., ..., and Pintus, G. (2017). 

Oxidative stress-induced Akt downregulation mediates green tea toxicity 

towards prostate cancer cells. Toxicology in Vitro 42, 255 – 262. 

 

 

Prabhakaran Nair, K. P. (2010).  Tea (Camellia sinensis L.). In The Agronomy and 

Economy of Important Tree Crops of the Developing World. Elsevier Inc. 275 

– 300. 

 

 

Prasad, K. N., Chew, L. Y., Khoo, H. E., Yang, B., Azrina, A., and Amin, I. (2010). 

Carotenoids and  antioxidant capacities from Canarium odontophyllum Miq. 

fruit. Food Chemistry 124, 1549 – 1555. 

 

 

Primo-Martín, C., and van Deventer, H. C. (2011). Deep-fat fried battered snacks 

prepared using super heated steam (SHS): Crispness and low oil content. Food 

Research International 44, 442 – 448. 

 

 

Que, F., Mao, L., Fang, X., and Wu, T. (2008). Comparison of hot air-drying and 

freeze-drying on the physicochemical properties and antioxidant activities of 

pumpkin (Cucurbita moschata Duch.) flours. International Journal of Food 

Science and Technology 43, 1195 – 1201. 

 

 

 

 



© C
OPYRIG

HT U
PM

 

79 
 

Rafidah, H., Andou, Y., Amin, I., Shirai, Y., and Mohd Ali, H. (2014). Enhanced 

polyphenol content and antioxidant capacity in the edible portion of avocado 

dried with superheated-steam. International Journal of Advanced Research 8, 

241-248. 

 

 

Rahman, M. K., Hosen, M. B., Karmokar, N. C., Bhuiyan, M. A. R., and Khanam, J. 

(2014). Estimation of Caffeine, Niacin and calorie content in tea commonly 

consumed by Dhaka city residents. Indian Journal of Pharmaceutical and 

Biological Research 4, 84 – 88. 

 

 

Rao, L. J. M., and Ramalakshmi, K. (2011). Recent Trends in Soft Beverages (1st Ed.). 

New Delhi, India: Woodhead Publishing India, Pvt. Ltd. 

 

 

Ratti, C. (2001). Hot Air and Freeze-drying of High-value Foods: A Review. Journal of 

Food Engineering 49, 311 – 319. 

 

 

Ratti, C. (2012). Freeze-Drying Process Design. Handbook of Food Process Design: 

Volume I, 621- 647. 

 

 

Ross, I. A. (2005).Camellia Sinensis L.. In Medicinal Plants of the World. 3rd Volume. 

New Jersey: Humana Press, 1 - 19. 

 

 

Ross, J. A., and Kasum, C. M. (2002). Dietary flavonoids : Bioavailability, metabolic 

effects, and safety. Annual Review of Nutrition 22, 19 – 34.  

 

 

Rumruaytum, P., Borompichaichartkul, C., and Kongpensook, V. (2014). Effect of 

drying involving  fluidisation in superheated steam on physicochemical and 

antioxidant properties of Thai native rice cultivars. Journal of Food 

Engineering 123, 143 – 147. 

 

 

Rusak, G., Komes, D., Likić, S., Horžić, D., and Kovač, M. (2008). Phenolic content 

and antioxidative capacity of green and white tea extracts depending on 

extraction conditions and the solvent used. Food Chemistry 110, 852 – 858. 

 

 

Sabarez, H. (2015). Modelling of drying processes for food materials. Modelling Food 

Processing Operations, 95 – 123. 

 

 

Sabarez, H. (2016). Drying of Food Materials. Reference Module in Food Science, 1 - 

10. 

 



© C
OPYRIG

HT U
PM

 

80 
 

Samoticha, J., Wojdyło, A., and Lech, K. (2016). The influence of different drying 

methods on the chemical composition and antioxidant activity in chokeberries. 

LWT - Food Science and  Technology 66, 484 – 489. 

 

 

Seeram, N. P., Henning, S. M., Niu, Y., Lee, R., Scheuller, H. S., and Heber, D. (2006). 

Catechin and caffeine content of green tea dietary supplements and correlation 

with antioxidant capacity. Journal of Agriculture and Food Chemistry 54, 

1599 – 1603. 

 

 

Singh, I., Mok, M., Christensen, A., Turner, A. H., and Hawley, J. A. (2008). The 

effects of polyphenols in olive leaves on platelet function. Nutrition, 

Metabolism and Cardiovascular Diseases 18, 127 – 132. 

 

 

Siti Hawa, A. H., Fry, J. R., and Mohd Fadzelly, A. B. (2013). Antioxidative 

phytochemicals and anti-cholinesterase activity of native Kembayau 

(Canarium odontophyllum) fruit of Sabah,  Malaysian Borneo. Journal of 

Nutrition and Food Sciences 4, 1 – 6. 

 

 

Sogi, D. S., Siddiq, M., and Dolan, K. D. (2015). Total phenolics, carotenoids and 

antioxidant properties of Tommy Atkin mango cubes as affected by drying 

techniques. LWT - Food Science and Technology 62, 564 – 568. 

 

 

Somjai, T., Achariyaviriya, S., Achariyaviriya, A., and Namsanguan, K. (2009). 

Strategy for longan drying in two-stage superheated steam and hot air. Journal 

of Food Engineering 95, 313 – 321. 

 

 

Sultana, B., Anwar, F., and Ashraf, M. (2009). Effect of extraction solvent / technique 

on the antioxidant activity of selected medicinal plant extacts. Molecules 14, 

2167 – 2180. 

 

 

Schieber, A., Stintzing, F. C., and Carle, R.(2001).By-products of plant food processing 

as a source of  functional compounds recent developments. Trends in Food 

Science and Technology 12, 401 – 413.  

 

 

Shafikha, M. S., Dayang Fredalina, B., Siti Balkis, B., and Nor Malia, A. W. (2017). 

Effect of Canarium odontophyllum leaves on plasma glucose and T 

lymphocyte population in streptozotocin-induced diabetic rats. Saudi Journal 

of Biological Sciences 24, 320 – 323. 

 

 

 



© C
OPYRIG

HT U
PM

 

81 
 

Shih, M. C., Kuo, C. C., and Chiang, W. C. (2009). Effects of drying and extrusion on 

colour, chemical composition, antioxidant activities and mitogenic response of 

spleen lymphocyte of sweet potatoes. Food Chemistry 117, 114 – 121. 

 

 

Slavin, J. (2013). Fiber and prebiotics : Mechanisms and health benefits. Nutrients 5, 

1417 – 1435. 

 

 

Spadiene, A., Savickiene, N., Ivanauskas, L., Jakstas, V., Skesters, A., Silova, A., and 

Rodovicius, H. (2014). Antioxidant effects of Camellia sinensis L. extract in 

patients  with type 2 diabetes. Journal of Food and Drug Analysis 22, 505 - 

511. 

 

 

Sriyana, A., Abdul Razak, S., and Adli, A. (2012). Effect of drying methods on 

metabolites composition of Misai Kucing (Orthosiphon stamineus) leaves. 

APCBEE Procedia 2, 178 – 182. 

 

 

Tan, C. X., and Azlan, A. (2016). Nutritional, phytochemical and pharmacological 

properties of Canarium odontophyllum Miq. (Dabai) fruit. Pertanika Journal 

of Scholarly Research Reviews 1, 80 – 94. 

 

 

Udomkun, P., Nagle, M., Mahayothee, B., Nohr, D., Koza, A., and Müller, J. (2015). 

Influence of air drying properties on non-enzymatic browning, major bio-

active compounds and antioxidant capacity of osmotically pretreated papaya. 

LWT - Food Science and Technology 60, 914 – 922. 

 

 

van Deventer, H. C., and Heijmans, R. M. H. (2007). Drying with superheated steam 

drying. Drying Technology 19, 2033 – 2045. 

 

 

van Deventer, H. C. (2004). Industrial Superheated Steam Drying. TNO Environment, 

Energy, and Process Innovation, Apeldoorn, the Netherlands.  

 

 

Voon, B. H., and Kueh, H. S. (1999). The nutritional value of indigenous fruits and 

vegetables in Sarawak. Asia Pacific Journal of Clinical Nutrition 8, 24 – 31. 

 

 

Wang, J. M., Xu, B., Rao, J. Y., Shen, H. B., Xue, H. C., and Jiang, Q. W. (2007). Diet 

habits, alcohol drinking, tobacco smoking, green tea drinking, and the risk of 

esophageal squamous cell  carcinoma in the Chinese population. European 

Journal of Gastroenterology and Hepatology 19, 171 – 176. 

 

 

 



© C
OPYRIG

HT U
PM

 

82 
 

Wang, Y., Duan, H., and Yang, H. (2015). A case-control study of stomach cancer in 

relation to Camellia sinensis in China. Surgical Oncology 24, 67 – 70. 

 

 

Wang, Y., Ren, N., Rankin, G. O., Li, B., Rojanasakul, Y., Tu, Y., and Chen, Y. C. 

(2017). Anti-proliferative effect and cell cycle arrest induced by saponins 

extracted from tea (Camellia  sinensis) flower in human ovarian cancer 

cells. Journal of Functional Foods 37, 310 – 321. 

 

 

Widowati, W., Herlina, T., Ratnawati, H., Constantia, G., Deva, I. D. G. S., and 

Maesaroh, M. (2015). Antioxidant potential of black, green and oolong tea 

methanol extracts. Biology, Medicine, and Natural Product Chemistry 4, 35 – 

39. 

 

 

Wijewardana, R. M. N. A., Nawarathne, S. B., and Wickramasinghe, I. (2016). Effect 

of various dehydration methods on proximate composition and retention of 

antioxidants in different fruit powders. International Food Research Journal 

23, 2016 – 2020. 

 

 

Wong, K. C. (1992). The lesser known indigenous tropical fruits of Sarawak. Acta Hort 

321, 122 – 130. 

 

 

Wu, T., and Mao, L. (2008). Influences of hot air drying and microwave drying on 

nutritional and odorous properties of grass carp (Ctenopharyngodon idellus) 

fillets. Food Chemistry 110, 647 – 653. 

 

 

Wu, Z. J., Tian, C., Jiang, Q., Li, X. H., and Zhuang, J. (2016). Selection of suitable 

reference genes for qRT-PCR normalization during leaf development and 

hormonal stimuli in tea plant (Camellia sinensis). Scientific Reports 6, 1 – 10. 

 

 

Yi, T., Zhu, L., Peng, W. L., He, X. C., and Chen, H. L. (2015). Comparison of ten 

major constituents in seven types of processed tea using HPLC–DAD–MS 

followed by principal component and hierarchical cluster analysis. Food 

Science and Technology 62, 194 – 201. 

 

 

Yuan, J. M., Sun, C., and Butler, L. M. (2011). Tea and cancer prevention: 

Epidemiological studies. Pharmacological Research 64, 123 – 135. 

 

 

Yuda, N., Tanaka, M., Suzuki, M., Asano, Y., Ochi, H., and Iwatsuki, K. (2012). 

Polyphenols extracted from black tea (Camellia sinensis) residue by hot-

compressed water and their inhibitory effect on pancreatic lipase in vitro. 

Journal of Food Science 77, 254 – 261. 

 



© C
OPYRIG

HT U
PM

 

83 
 

Zhang, Y., Li, Q., Xing, H., Lu, X., Zhao, L., Qu, K., and Bi, K. (2013). Evaluation of 

antioxidant activity of ten compounds in different tea samples by means of an 

on-line HPLC – DPPH assay. Food Research International 53, 847 – 856. 

 

 

Zielinski, A. A. F., Haminiuk, C. W. I., Alberti, A., Nogueira, A., Demiate, I. M., and 

Granato, D. (2014). A comparative study of the phenolic compounds and the 

in vitro antioxidant activity of different Brazilian teas using multivariate 

statistical techniques. Food Research International 60, 246 – 254. 

 

 

Zzaman, W., Bhat, R., and Tajul, A. Y. (2013). Effect of superheated steam roasting on 

the phenolic antioxidant properties of cocoa beans. Journal of Food 

Processing and Preservation 2013, 1 – 7. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



© C
OPYRIG

HT U
PM

 

84 
 

BIODATA OF STUDENT 

 

 

Ahmad Syazrin Roslan was born in Wilayah Persekutuan Kuala Lumpur, in 1991. He 

started his primary school at Sekolah Kebangsaan Mahmud, Raub. He continued with 

his secondary school at Sekolah Menengah Tengku Kudin, Raub from 2004 until 2006, 

before transferring to Sekolah Menengah Sains Seremban, Seremban from 2007 until 

2008. He continued his studies in Foundation of Science in Universiti Teknologi Mara 

Shah Alam in 2009. He later received his degree in Bachelor of Science (Nutrition and 

Community Health) from Universiti Putra Malaysia in 2014. He is currently pursuing a 

Master of Science (Nutritional Sciences) in Universiti Putra Malaysia. 



© C
OPYRIG

HT U
PM

 

85 
 

LIST OF PUBLICATIONS 

 

 

Ahmad Syazrin, R., Ando, Y., Azrina, A., and Amin, I. (2019). The effect of glucose 

and ascorbic acid on total phenolic content estimation of green tea and 

commercial fruit juices by using folin ciocalteu and fast blue BB method. 

Pertanika Journal of Tropical Agricultural Science 42 (2), 2019. 

 



© C
OPYRIG

HT U
PM

 

86 
 

 
 

UNIVERSITI PUTRA MALAYSIA 

STATUS CONFIRMATION FOR THESIS / PROJECT REPORT 

AND COPYRIGHT 

 

ACADEMIC SESSION : ________________ 

 

 

TITLE OF THESIS / PROJECT REPORT : 

Effects of Drying Methods on Nutritional and Antioxidant Properties of Tea [Camellia 

sinensis (L.) Kuntze] Leaves and Dabai (Canarium odontophyllum Miq.) Fruits   

 

NAME OF STUDENT : 

AHMAD SYAZRIN BIN ROSLAN 

I acknowledge that the copyright and other intellectual property in the thesis/project 

report belonged to Universiti Putra Malaysia and I agree to allow this thesis/project 

report to be placed at the library under the following terms: 

 

1. This thesis/project report is the property of Universiti Putra Malaysia. 

2. The library of Universiti Putra Malaysia has the right to make copies for educational 

purposes only. 

3. The library of Universiti Putra Malaysia is allowed to make copies of this thesis for 

academic   exchange.  

 

I declare that this thesis is classified as: 

*Please tick (√ ) 

 

CONFIDENTIAL  (Contain confidential information under Official 

Secret Act 1972). 

 

RESTRICTED  (Contains restricted information as specified by the 

organization/institution where research was done).

   

 

OPEN ACCESS I agree that my thesis/project report to be published 

as hard copy or online open access.  



© C
OPYRIG

HT U
PM

 

87 
 

 

This thesis is submitted for: 

PATENT Embargo from  _____________ until 

____________         (date)   

     (date) 

 

 

Approved by: 

 

 

 

                                                                               ________________________  

____________________ 

(Signature of Student) (Signature of Chairman 

New IC No/ Passport No.: of Supervisory Committee) 

      Name: 

Date : 

      Date : 

 

 

[Note : If the thesis is CONFIDENTIAL or RESTRICTED, please attach with the 

letter from the organization/institution with period and reasons for confidentially 

or restricted. ] 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 




