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ABSTRACT 

In this study the antioxidant activity of methanol and hot water extracts of Sabah fresh 
tea leaves at different ages of shoot, young and old leaves were analyzed and their total 
phenolic and flavonoid contents were measured spectrophotometrically. The antioxidant 
activity of tea samples was determined by ferric reducing antioxidant power (FRAP) 
assay, DPPH (2, 2-diphenyl-l-picrylhydrazyl) radical scavenging assay and ABTSo+ 
radical scavenging assay. The correlation that exists between total phenolic and 
antioxidant activity and also total flavonoid and antioxidant activity was determined by 
obtaining the correlation coefficient values. Outcomes of this study showed that 
methanol showed higher extraction effiCiency than hot water. Methanol extract of tea 
leave samples at different ages contained relatively higher content of total phenolic and 
flavonoids than hot water extract. Total phenolic content in methanol extract of tea 
leaves of different ages ranged from 428.38 ± 17.93mg GAE/L to 231.95 ± 17.96mg 
GAE/L. Total flavonoid content of tea leaves of different ages in methanol extract 
ranged from 4.85 ± O.04mg QEQlml to 2.07 ± 0.03mg QEQlml. A very strong 
antioxidant activity was also exhibited by methanol extract of tea leave samples. The 
highest total phenolic content, total flavonoid content and antioxidant activity were 
revealed by the methanol extract of shoot followed by young leaves and lastly old 
leaves. Methanol extract of shoot had FRAP value of 471.89 ± 35.33 IJMol 
Fe2S04.7H20 IL, ICso value of 0.73 ± O.61mg/ml, AEAC value of 9269.90 ± 11291.06 
mgAA/l00g and TEAC value of 1.29 ± 0.08 mgTROLOX Equivalent!ml. The correlation 
between total flavonoid content and antioxidant activity was found to be stronger in tea 
leave samples as compared to the correlation between total phenolic content and 
antioxidant activity. 
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ABSTRAK 

AKTIVITI ANTIOKSIDAN DAUN TEH SABAH 

Dalam kajian in~ aktivltl antioksidan ekstrak methanol dan air panas daun teh Sabah 
pada tiga peringkat kematangan, pucuk, daun muda dan daun matang telah dianalisa 
dan kandungan jumlah fenolik dan kandungan jumlah flavonoid turut ditentukan. Aktiviti 
antioksidan ekstrak daun teh telah ditentukan melalui kaedah penurunan ferric -
tripyridyltriazine, kaedah perencatan radikal DPPH (2, 2-diphenyl-1-picrylhydrazyl) dan 
kaedah perencatan radikal ABTS+ . Kandungan jumlah fenol/k dan kandungan jumlah 
flavonoid ditentukan dengan kaedah spektrofotometri. Korelasi yang wujud antara 
jumlah fenolik dan aktivitl antioksldan dan jumlah flavonoid dan aktiviti antioksidan 
ditentukan melalui nilai koefisien korelasi. Hasll kajian ini menunjukkan bahawa 
methanol mempunyai keberkesanan pengekstrakan yang tinggi berbanding dengan air 
panas. Ekstrak methanol daun teh pada ketiga-tiga peringkat kematangan didapati 
mengandungi kandungan jumlah fenolik dan kandungan jumlah flavonoid yang lebih 
tinggi berbanding dengan ekstrak air panas. Kandungan jumlah fenolik dalam ekstrak 
methanol daun teh pada tiga kematangan yang berbeza adalah dari 428.38 ± 17.93mg 
GAEiL hingga 231.95 ± 17.96mg GAEIL. Kandungan jumlah flavonoid dalam ekstrak 
methanol daun teh pada tiga kematangan yang berbeza ada/ah dari 4.85 :r O.04mg 
QEQlml hingga 2.07 :r 0.03mg QEQlml. Aktiviti antioksidan yang /ebih tinggi turut 
ditunjukkan oleh ekstrak methanol daun teh. kandungan jumlah fenol/k, kandungan 
jumlah flavonoid dan aktiviti antioksidan yang pal/ng tinggi telah diberikan o/eh ekstrak 
methanol pucuk diikuti oleh daun muda dan akhirnya daun matang. Pucuk dalam 
ekstrak methanol mempunyai nllai FRAP 471.89 :r 35.33 j.1Mol Fe2S04.7H20 IL, nllai 
ICso 0.73:1: 0.61mglm~ nilaiAEAC 9269.90 ± 11291.06 mgM/100g dan nilai TEAC 1.29 
:r 0.08 mgTROLOX Equivalent/mt. Didapati korelasi antarc; kandungan jumlah flavonoid 
dan aktiviti antioksidan pada daun teh /ebih tinggi berbanding dengan kore/asi antara 
kandungan jumlah fenolik dan aktiviti anaoksidan. 
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CHAPTER 1 

INTRODUCTION 

1.1 Background of the study 

Tea is becoming more popular due to its attributed popularity of sensory properties, 

relatively low retail prices, stimulating effect and potential health benefits. Consumption 

of tea as beverage become wider with more varieties of flavoured brand teas that 

include tea bags, instant tea, pot bags, tin cans and plastic bottles being produced for 

the convenience of customer (Helen, 2006). 

Tea is the most widely consumed beverage worldwide (Benzie & Szeto 1999; Lin 

et al., 1996) which is originated from China, dates back several thousands years. 

Currently, the tea plant camellia sinensis (L.) Kuntze is grown in about 30 countries 

worldwide (Graham, 1992). The tea plant is previously known as Thea sinensis and later 

changed to Camellia sinensis (8urkill, 1993). Tropical and subtropical areas with 

adequate rainfall, good drainage and slightly acidic soil are best for tea plantation 

(Graham, 1999). 

Tea plant is normally planted in high lands. In plantations, tea is planted at a 

density of 5000-10000 plants per hectare and maintained as low shrubs of 1-1.5m in 

height through regular pruning during harvesting. Manual plucking of the terminal bud 



and two youngest leaves gives the finest quality of tea (caffin et al., 2004). Tea leaves 

are dark green, alternate and oval with serrated edges and blossoms are white, fragrant 

and appear in cluster and single. 

India, China, Jepun, Sri Lanka and Indonesia are the biggest tea producers in 

the world. There are two varieties of tea; Csinensis var. sinensis (China tea) is grown 

extensively in China and Japan while, Csinensis var. assamica is largely cultivated in 

south and Southeast Asia, including Malaysia (Sang eta!, 2002). In Malaysia tea is 

widely planted in cameron Highlands, Pahang and Ranau, Sabah. 

There are three major categories of tea; green tea, black tea and oolong tea 

which are derivEd frorll the tea leaves of Camellia sinensis. These tea varieties are 

differing in temlS of processing methods. Green tea (non-fermented) is derived directly 

from drying and steaming of fresh tea leaves; Oolong tea is prepared when fresh tea 

leaves are subjected to partial fermentation before drying and finally black tea 

undergoes full fermentation before drying and steaming (Polovka et a/., 2003). Of the 

total amount of teas produced and consumed in the world, 78% are black tea, 20% are 

green tea and 2% are oolong tea. 

There are three major chemical constituents in tea: polyphenols, caffeine and 

amino acid. A chemical composition, concentration and mutual relation of major 

components in tea leaves influence the properties of tea. Tea polyp he no I which 

comprises of catechins, f1avonoids, theaflavin and thearubigins (Wang & Helliwell, 2001) 

are the most important group of tea components and have a wide range of 

pharmaceuticals properties (Frei & Higdon, 2003). Tea polyphenols also plays an 

important role in determining quality of tea. 

catechins are known to be non-volatile taste compounds of tea (Nwuha et aI., 

1999) and presented at 8-15% of dry leaf weight. The most important catechins are 

epicatechins (EC), epigallocatechins (EGC), epicatechin gallate (ECG) and epigallo 

catechins gallate (EGCG). Fresh tea leaves are very rich in catechins, which constitute 

up to 30% of dry weight. Content of catechins in tea leaves varies with few factors such 
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as climate, season, horticultural practices, leaf age and variety. The amount of catechins 

was in the order: green tea> oolong tea> fresh tea leaves> black tea (Un et al., 

2003). The greatest amount of catechins in green tea is 26.7% followed by oolong tea 

is 23.2% and black tea is 4.3% (Yen & Chen, 1995). Chemical structure of catechins in 

Camellia sinensis is showed in Rgure 1.1. 
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Figure 1.1 Chemical structures of catechins in Camellia Sinensis 
(Almajano et al., 2007). 



Flavonoids on the other hand are biologically active polyphenolic compounds 

which widely distributed in plants. Flavonols, flavones, flavanones, flavan-3-0Is, and 

anthocyanidins are the five subclasses of flavonoid. Tea contains high levels of 

flavonoids, including flavanols and flavan-3-0Is, which comprise 30 percent of the dry 

weight of the leaf. Based on the USDA database for flavonoid content of foods, the 

average total amount of flavonoids in a serving (235 ml) of brewed tea, is 159±43 mg 

for green tea and 178±45 mg for black tea (Holden et aI., 2002). 

Flavonoids and other polyphenolic compounds in tea are effective free-radical 

scavengers (Salah et al., 1995) and also effective metal chelation. In other words, these 

polyphenolic compounds exhibit powerful antioxidant activity by scavenging free oxygen 

radicals and metal i~ns ~md preventing these radicals from damaging healthy cells (Frei 

& Higdon, 2003). Antioxidant compounds which naturally found in tea play an important 

role as a health-protecting factor. Many previous studies suggest that antioxidants 

reduce the risk for chronic diseases including cancer and heart disease. 

Antioxidant compounds like polyphenols scavenge free radicals such as peroxide, 

hydroperoxide or lipid peroxyl and thus inhibit the oxidative mechanisms that lead to 

degenerative diseases. Highly reactive free radicals and oxygen species are present in 

biological systems from a wide variety of sources. These free radicals may oxidize 

nucleic acids, proteins, lipids or DNA and can initiate degenerative diseases. 

Despite of antioxidant capability, tea polyphenols also exhibit anticarcinogenic 

and antimutagenic properties as well. The antioxidant activity can be determined by 

applying few commonly used spectrophotometric assays (DPPH, FRAP and TEAC) on the 

tea extracts. 

1.2 Significance of the study 

Various experiments or studies have been conducted in determining the polyphenol 

content and antioxidant activity in tea leaves. However, there are only few published 
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records around Sabah concerning the relevant study about the polyphenol content and 

antioxidant especially in Sabah tea leaves at different maturity stages. Tea is a popular 

beverage which widely consumed by people due its various health benefits. The tea 

sample is also easily obtained locally, as Sabah is the state producer of its own tea 

leaves and tea powder. The main aspect that has been emphasized in this study is the 

knowledge and confinnation of total polyphenol and antioxidant activity of Sabah fresh 

tea leaves at different maturity stages. 

1.3 OBJECTIVE 

I. To investigate the effect of different extracting solvents (hot water and 

methanol) on Total Phenolic Content, Total Flavonoid Content and Antioxidant 

Activity of Sabah tea leaves at different ages. 

II. To detennine and compare the Antioxidant Activity of Sabah tea leaves at three 

maturities (shoots, young leaves and old leaves) by using DPPH assay, FRAP 

assay and TEAC assay. 

III. To study the correlations between the total phenolic content and antioxidant 

activity and total flavonoid content and antioxidant activity of tea leaves. 

5 



CHAPTER 2 

lITERATURE REVIEW 

2.1 Tea 

Tea is a well known beverage which consumed by two thirds of the world's population. 

Tea is simply considered as tasteful drink with its pleasant aroma and flavour. Tea is 

obtained from the leaves of a plant known as Camellia sinensis. Historically, tea (C. 

sinensis) is originated from China since 30008C. Tea is belongs to the Theaceae family 

and comes from two main varieties: C. sinensis var sinensis and C. sinensis var 

assamica. Tea is also popular as a medicinal drink in many regions due to its many 

beneficial health effects such as a good remedy for headache, body pain, digestion, 

depression, and detoxification, as an energizer and to prolong life (Shi et al., 2005). 

Currently China, Japan, India, Sri Lanka and Indonesia are the five major tea producers 

in the world. 



Table 2.1 Differences between the two major tea varieties. 

Variety Growth habitat Leaf features Leaf angle 

China Dwarf, slow 
Small, erect narrow, 

Camellia sinensis growing, shrub like. 
serrate, dark green 

< 500 

var sinensis (L) 

Assam Large, horizontal, 
Camellia sinensis Tall, quick groWing. broad, moslty non- > 700 

var assamica serrated, light green. 

Source: Banerjee (1992) 

2.2 Tea Classification 

Tea can be classified into three main groups: green tea, black tea and oolong tea. 

These tea varieties are obtained from the same leaves of C. sinensis but only differ in 

their processing method in terms of fermentation (Polovka et aI., 2003). 

Green tea is obtained from the fresh young leaves which do not undergo 

fermentation (unfermented tea); Oolong tea is produced when fresh tea leaves are 

subjected to partial fermentation before drying; whereas black tea undergoes full 

fermentation before drying and steaming. In other words, the procedure of tea 

fermentation, which is an oxidative process, generally divides the teas into three main 

groups as mentioned and substantially affects the tea composition. Colour, aroma and 

flavour properties of these teas also differ from one another due to difference in their 

tea composition (Polovka et al., 2003). 

Of these teas, green tea has been called the second-most consumed beverage in 

the world, after water (Shi et al., 2005). Asian people more commonly consume green 

and oolong tea while black tea is most popular in the United States. Green tea has been 

consumed widely for many years in India, China, Japan, and Thailand. In traditional 
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Chinese and Indian medicine, practitioners used green tea as a stimulant, diuretic (to 

promote the excretion of urine), astringent (to control bleeding and help heal wounds), 

to improve heart health, treating flatulence (gas), regulating body temperature and 

blood sugar, promoting digestion, and improving mental processes. Extensive studies on 

green tea in people, animals, and laboratory experiments suggest that green tea also 

may be useful for health conditions such as cancer, atherosclerosis, high cholesterol, 

diabetes, liver disease and weight loss (Shi et a/., 2005). 

2.3 Tea Processing 

The conversion of fresh tea leaves from the carefully nurtured tea plants into green tea, 

black tea or oolong tea is a very specialized process in order to maintain the final quality 

of the tea. The whole process is conSisting of six major steps: harvesting, withering, 

rolling, fermentation, drying and sorting (Desa Tea Sdn.Bhd., 2008). 

Harvesting is a process whereby the tea leaves and a bud are selectively 

harvested by using shears or mechanized cutter by tea harvesters. After that, withering 

is the initial stage of proceSSing, where the freshly cut shoots are spread evenly in 

special racks, and conditioned air flow through and around the leaf to absorb the 

moisture and concentrate the juices in the leaf. In the rolling process, the withered leaf 

is passed through machines which twist and squeeze the juices to the surface of the 

leaf. This method is also popularly known as Rotovane. Rolling the tea leaves gives 

them their future form (Desa Tea Sdn.Bhd., 2008). 

The rolling process is followed by fermentation which is an oxidization process 

where the tea juice in the presence of air oxidizes. The period of fermentation varies 

depending on the external conditions and there is a distinct change in colour and 

aroma. Fermentation is essential for the teas to be palatable. Only the black tea 

undergoes full fermentation while the oolong tea undergoes partial-fermentation. During 

fermentation, the leaves absorb oxygen which activates enzymes to create essential oils 

and causes chemical changes, oxidizing some of the polyphenols or what is known as 

8 



REFERENCE 

Abbe Maleyki, MJ., Azrina, A., & Amin, I., 2007, Assessment of Antioxidant Capacity 
and Phenolic Content of Selected Commercial Beverages, Journal of Nutrition 
13(2): 149-159. 

Abdul Rohman, Sugeng Riyanto & Diah Utari, 2006, Antioxidant activities, total phenolic 
and flavonoid contents of ethyl acetate extract of Mengkudu (Morinda citrifolia, L) 
fruit and its fractions, Majalah Farmasi Indonesia, 17(3): 136- 142. 

Adiwinata, H.D., Martosupono, M., & Schoorel, A.F., 1989. Camellia sinensis. In: 
Westphal,E., and Jansen, P.C.M., Editors, PROSEA plant reso!.Jrces of Southeast 
Asia: a selection, Pudoc Wagen,72-79. 

Ahmad, F., & Raji,H., 1993. Kimia Hasilan Semulajadi dan Tumbuhan Ubat-ubatan, 
Kuala Lumpur, Dewan Bahasa & Pustaka. 

Almajano, A.P., Carbo,R., Jimenez,L.A.L., & Gordon,M.H., 2007. Antioxidant and 
Antimicrobial Activities of Tea Infusions, Journal of Food Chemistry. 

Anesini,C., Ferraro, G.E,. & Filip,R., 2008. Total Polyphenol Content and Antioxidant 
Capacity of Commercially Available Tea (Camellia sinensis) in Argentina, Journal of 
Agricultural & Food Chemistry, 56: 9225-9229. 

Balantine, D.A., Harbowy, M.E., & Tarka, S.M., 1998. Tea: The plant and its 
manufacture; chemistry & consumption. Spiller, G.A. Caffeine. USA: CRC Press LLC 
Boca Raton,35-72. 

Banerjee, B., 1992. Botanical Classification of Tea. Wilson, K.C & Clifford, M.N., (Ed). 
Tea: Cultivation to Consumption. USA: Chapman & Hall, 25-48. 

Benzie, I. F. F., & Szeto, Y. T., 1999. Total antioxidant capacity of teas by the ferric 
reducing jantioxidant power assay. Journal of Agricultural and Food Chemistry, 47: 
633-636. 

46 



Benzie,I.F.F.,& Strain,J.J., 1999. Ferric Reducing Antioxidant Power Assay: Direct 
measure of total antioxidant activity of biological fluids & modified versions for 
simultaneous measurement Total Antioxidant Power & Ascorbic acid measurement. 
Methods in Enzymology, 299: 15-27. 

Biglari,F., Abbas F.M., AIKarkhi & Azhar, M.E., 2007, Antioxidant activity and phenolic 
content of various date palm (Phoenix dactylifera) fruits from Iran, Universiti Sains 
Malaysia. 

Burkill, I.H., 1993. A Dictionary of the Economic Products of the Malay Peninsula. 3rd Ed, 
Kuala Lumpur, Ministry of Agriculture Malaysia. 

Caffir'\, N., D'Arcy, B., Yao, L. H., & Rintoul, G., 2004. Developing an index of quality for 
Australian tea. RIRDC Publication No. 04/033, Project No. UQ-88A, Publication of 
Rural Industries Research and Development Corporation, Australia, 192 pp. 

Chan, E.W.C., Lim Y.Y., & Chew, Y.L., 2006. Antioxidant Activity of Csinensis leaves and 
tea from a lowland Plantation in Malaysia, Journal of Food Chemist~ 102: 1214-
1222. 

Chanwitheesuk, A., Teerawutgulrag.A, & Rakariyatham,N.,2005. Screening of 
Antioxidant activity & Antioxidant Compounds of some edible plants of Thailand. 
Food Chemistry, 92: 491-497. 

Chu,D.C., & Juneja, L.R., 1997. General Chemical Composition of Green Tea & its 
Infusion. Yamamato,T., Juneja, L.R., Chu, D - C & Kim, M., (Ed). Chemistry & 
Application of Green Tea. USA: CRC Press LLC Boca Raton,13-15. 

Clark, BJ., Frost, T. & - Russell, M.A., 1993. UV Spectroscopy Techniques, 
Instrumentation & Data Handling, Vol 4, Chapman & Hall, London, UK. 

Coakes, SJ., & Steed, L.G., 2007. SPSS Analysis without Anguish, Version 14.0 for 
Windows, Australia: John Wiley & Sons. 

Desa Tea Sdn. Bhd., 2008. Ranau, Sabah, Malaysia. 

47 



Donald, L.P., Gary, M.L. & George, S.K., 2001. Introduction to Spectroscopy: A Guide 
for Students of Organic Chemistry, 3rd ed, Thomson Learning Inc., US. 

Farhoosh,R., Golmovahhed,G.A., & Khodaparast,M.H.H., 2007. Antioxidant activity of 
various extracts of old tea leaves and black tea wastes (Camellia sinensis L.), 
Journal of Food Chemistry 100: 231-236. 

Feinstein, K., 1995. Guide to Spectroscopic Identification of Organic Compounds, CRC 
Press Inc., Boca Raton, Florida. 

Frei,B., & Higdon,J.V., 2003. AntioxidCK1t Activity of Tea Polyphenol in Vivo:Evidence 
from Animal Studies, Journal of Nutrition, Linus Pauling Institute, Oregon State 
University (USA). 

Graham, H.N., 1992. Green tea composition, consumption, and polyphenol chemistry, 
Journal of Preventive Medicine 21: pp. 334-350. 

Graham, H.N., & Frederick, J.F., 1999. Wiley encyclopedia of food science and 
technolog~ 2nd eel, 1-4, John Wiley & Sons, pp. 2292-2305. 

Gramza, A., & Korczak, J., 2005. Tea constituents (Camellia sinensis L.) as 
antioxidants in lipid systems, Trends in Food Science & Technology 16: 351-358. 

Helen Ng, L.c., 2006. Detremination of Total Phenolic Content in Different Brands of 
Tea, Universiti Malaysia Sabah (unpublished). 

Hertog, M.G.L., Hollman,P.C.H., & Putte,B., 1993. Content of Potentially 
Anticarcinogenic Flavonoids of Tea InfuSions, Wines, and Fruit Juices, Journal of 
Agricultural and Food Chemistry 41: 1242-1246. 

Hiong, H.J., 2003. Aktiviti Antimikrobial Ekstrasi Teh Sabah, Universiti Malaysia Sabah 
( unpublished). 

Holden J. M., Bhagwat, S.A., Beecher, G.R., Haytowitz, D.B., Dwyer,J., Peterson, 
J., Gebhardt, S.E. , Eldridge, A.L. , Agarwal ,S., Balentine,D.A. , 2002, FlavonOId 
composition of tea: Comparison of black and green teas, Beltsville Human 
Nutrition Research Center, ARS, USDA, North America. 

48 



Holden J. M., Bhagwat, S.A., Patterson, K.Y., 2002, Flavonoid Content of 
Vegetables, Development of a multi-nutrient data quality evaluation system, 
Journal of Food Composition 15(4):339-348. 

Huang,D., au,s., & Prior, R.L., 2005. The Chemistry behind Antioxidant Capacities 
Assays, Journal of Agricultural and Food Chemistry 53: 1841-1856. 

Javanmardi, j., Stushnoff, c., Locke, E., & Viva nco, J.M., 2003, Antioxidant activity and 
total phenolic content of Iranian Ocimum accessions, Journal of Food Chemist~ 
83: 547-550. 

Juneja, L.R., (hu, D.C., Okubo, T., Nagato, Y., & Yokogoshi, H., 1999. L-Theanine - a 
uniqup. amino acid of green tea and its relaxation effect in humans. Trends in 

Food Science & Technology, 10(2): 199-204. 

Kim, Dae-ok & Lee, c.Y., 2005. Extraction & Isolation of Polyphenolics. Wrolstad,R.E., 
Acree, T.E., Decker, E.A., Penner,M.H., Reid,D.S.,Schwartz, SJ., 
Shoemaker,C.F., Smith,D. & Sporns,P., (ed). Hand Book of Food Analytical 
Chemistry: Pigments, Colorants, Flavor~ Texture & Bioactive Food Component, 
USA: John Wiley & Sons, Inc. 471-482. 

Lim Y.Y., & Quah E.P.L., 2007. Antioxidant properties of different cultivars of Portulaca 
oleracea/ Journal of Food Chemistry 103: 734-740. 

Luczaj,W., & Skrzydlewska,E., 2005. Antioxidative Properties of Black Tea, Journal of 
Preventive Medicine 40:910-918. 

Mariken J.TJ., Dallinga,J.S., Voss,H.P., Haenen,G.R., Bast,A., 2004. A new approach to 
assess the total antioxidant c;apacity using the TEAC assay, Journal of Food 
Chemistry. 88 567-570. 

Molyneux, P., 2004, The use of the stable free radical diphenylpicrylhydrazyl CDPPH) for 
estimating antioxidant activity, Songklanakarin, Journal of Science and 
Technology, 26(2): 211-219. 

Nurul Mariam, H., Radzali, M., Johari, R., Syahida, A., & Maziah, M., 2008, Antioxidant 
Activities of Different Aerial Parts of Putat (Barringtonia racemosa L.), Malaysian 
Journal of Biochemistry and Molecular Biology 16(2): 15-19. 

49 



Nwuha, V., Nakajima, M., Tong, J., & Ichikawa, S., 1999. Solubility study of green tea 
extracts in pure solvents and edible oils, Journal of Food Engineering, 40:161-
165. 

Pe' rez-Jime' nez,J., & Calixto,F.S., 2006. Effect of solvent and certain food constituents 
on different antioxidant capacity assays, Food Research International 39: 791-
800. 

Pourmorad, F., Hosseinimehr, SJ., Shahabimajd, N., 2006, Antioxidant activity, phenol 
and flavonoid contents of some selected Iranian medicinal plants, African Journal 
of Biotechnology 5(11): pp. 1142-1145. 

Prakash, A., 2001. Medallion Laboratories Analytical Progress- Antioxidant Activity, Food 
Chemistry 44: 701-705. 

Polovka M., Brezova, V., Andrej Stas v ko, 2003. Antioxidant properties of tea 
investigated by EPR spectroscopy, Journal of Biophysical Chemistry 106: 39-56. 

Re, R., Pellegrini, N., Proteggente, A., Pannala, A., Yang, M., & Rice-Evans, c., 
Antioxidant activity applying an improved ABTS radical cation decolorization assay, 
Free Radical Biology and Medicine, 26(9-10): 1231-1237. 

Ryan,P., & Hynes,MJ., 2007. The kinetics and mechanisms of the complex formation 
and antioxidant behaviour of the polyphenols EGCG and ECG with iron (III), 
Journal of Inorganic Biochemistry 101: 585-593. 

Salah, N., Miller, N. J., Parganga, G., Tifburg, L., Bolwell, G. P., & Rice- Evan, c., 1995. 
Polyphenolic flavonols as scavengers of aqueous phase radicals and as chain­
breaking antioxidants, Archives of Biochemistry and Biophysics, 322: 339-346. 

Seliamuthu,M., Rajesh,M., Anusuya,N., Perumal,S., 2008. The antioxidant activity and 
free radical scavenging potential of two different solvent extracts of Camellia 
sinensis (L.) O. Kuntz, Rcus bengalensis L. and Ficus racemosa L., Journal of Food 
Chemistry 107: 100G-1007. 

Shahidi, F., & Naczk, M., 2004. Phenolics in Food and NeutraceutJcals. USA: CRC Press 
LLC Boca Raton. 

50 



Shi,J., Chi,T.H,. & Shahidi,F., 2005. Asian Functional Foods, CRC Press, USA. 

Skoog,D.A., Holler F.J. & Grouch,S.K., 2001. Intoduction to Spectroscopy: A Guide for 
Students of organic Chemistry, 3rd Ed, Thomson Learning, Inc, US. 

Skoog, D.A., West, D.M. & Holler, FJ., 1992. Fundamental of Analytical Chemistry, 6th 

Ed. Saunders College Publishing, US. 

Turkmen,T., Sari,F., & Velioglu,Y.5., 2005, Effects of extraction solvent on concentration 
& antioxidant activity of black and black mate tea polyphenol determined by 
Ferrous tartrate & Folin-Ciocalteu methods, Food Chemistry 1-4. 

Velioglu, Y.5., Mazl~,G.,G::)Q,L. & Oomah,B.D.,1998. Antioxidant Activity and total 
phenolic in selected fruits, vegetables and grain products, Journal of Agricultural 
and Food Chemistry 46: 4113-4117. 

Venables M.C., Hulston CJ., Cox H.R. & Jeukendrup A.E., 2008. Green tea extracts 
ingestion, fat oxidation, and glucose tolerance in healthy humans, American 
Journal of Clinical Nutrition 87 (3): 778-84. 

Wang, H., & Helliwell, K., 2001. Determination of f1avonols in green and black tea leaves 
and green tea infusions by high-performance liquid chromatography, Food 
Research International, 34: 223-227. 

Wickremasinghe,R.L.,1978. Tea: Advances in Food Research. 24:229-273. 

Yao, L.H., Jiang, Y.M., Caffin,N., D_Arcy,B., Datta,N., Liu,X., Singanusong,R., & XU,Y., 
2006. Phenolic compounds in tea from Australian supermarkets, Journal of Food 
Chemistry96: 614-620. -

Yen, G.c., & Chen, H.Y., 1995. Antioxidant activity of various tea extracts in relation to 
their antimutagenicity, Journal of Agricultural and Food Chemistry 43: pp. 27-32. 

Zou,Y., Chen,H., & Deny,Y., 2002, Simultaneous determination of catechins, caffeine & 
gallic acid in green, oolong, black and pu-erh teas using HPLC with photodiode 
array detector, Talanta 57:307-316. 

51 


