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ABSTRACT 

The leaves of Camellia sinensis plant (black tea and green tea), Mentha arvensis (pudina) 

and peels/fleshes of Citrus limon (lemon) were extracted via reflux and the respective 

crude extracts were then fractionated using solvent-solvent extraction with 4 different 

polarity of solvents and yielded petroleum ether (PE), chloroform(CL), n-butanol (BU) and 

methanol aqueous (AQ) extracts. Phytochemical screenings carried out on sixteen extracts 

showed that 12 extracts (75 %) contained each of alkaloids and saponins whereas 

flavonoids were found to occur in 11 extracts (68.8 %). 6 extracts (37.5 %) contained each 

of tannins and polyphenols substances, whilst anthraquinones present in 10 extracts (62.5 

%). Antioxidant properties of CL, BU and AQ extracts of each samples were evaluated 

using autoxidation linoleic acid assay to determine semiquantitatively of the inhibitory 

capacity against linoleic acid oxidation relative to butylated hydroxytoluene (BHT). This 

study indicated that the three extracts of each samples appeared as moderate antioxidants 

compared to BHT. The relative absorbance values of all these 3 extracts almost similar to 

each other indicating that they possessed a similar efficiency in inhibitory activity against 

linoleic acid peroxidation. 
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ABSTRAK 

Daun-daun dari tumbuhan Camellia sinensis (teh hitam dan hijau), Mentha arvensis 

(pudina) dan kulitiisi dari Citrus limon (lemon) diekstrak melalui refluks dan ekstrak­

ekstrak mentah yang terhasil ini kemudian dipisahkan melalui ekstraksi cecair-cecair 

dengan menggunakan 4 pelarut yang berlainan kepolaran dan menghasilkan ekstrak 

petroleum eter (PE). klorofom (eL), n-butanol (BU) dan akues metanol (AQ). Penyaringan 

fitokimia yang dijalankan ke atas 16 ekstrak menunjukkan 12 ekstrak daripadanya (75 %) 

mengandungi alkaloid dan saponin masing-masing manakala flavonoid didapati wujud 

dalam 11 ekstrak (68.8 %). Sebanyak 6 ekstrak (37.5 %) mengandungi tannin dan sebatian 

polifenol sementara antrakuinon didapati hadir dalam 10 ekstrak (62.5 %). Sifat-sifat anti­

oksida dinilai ke atas ekstrak.-ekstrak CL, BU dan AQ dari setiap sarnpel dengan 

menggunakan kaedah auto-oksidaan asid linoleik untuk menentukan kemampuan ekstrak­

ekstrak dalam perencatan terhadap pengoksidaan asid linoleik secara semi-kuantitatif dan 

relatif kepada butylated hydroxytoluene (BHT). Kajian ini menunjukkan ketiga-tiga 

ekstrak dari setiap sarnpel muncul sebagai anti-oksida yang sederhana di mana aktiviti anti­

oksidaannya kurang cekap berbanding dengan BHT. Nilai kerelatifan ketiga-tiga ekstrak 

dalam semua sampel adalah hampir sarna antara satu sarna lain menunjukkan mereka 

memiliki kecekapan yang hampir sarna dalam aktiviti perencatan atas pengoksidaan asid 

linoleik. 
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CHAPTER 1 

INTRODUCTION 

t.t Background Of The Study 

The natural world once served as the source of all medicinal agents, with higher plants 

constituting by far the principle of these. Balandrin et al. (1993) noted that natural products 

today still represent over 50 % of all drugs in clinical use, with higher plant-dcrived natural 

products representing 25 % of the total. In view of this point, the commercial value of drug 

products still derived directly from higher plants is considerable and should not be 

underestimated. For instance, in 1980 American consumers paid about $8 billion for 

prescription drugs derived solely from plant sources (Balandrin et al., 1993). Undoubtedly, 

plant-derived drugs represent a stable markets upon which both physicians and patients 

rely and its contributions in worldwide market are difficult to estimatet but undoubtedly 

amount to many additional billions of dollar (Principe, 1989). 

From numerous literatures, there are available evidences concerning the 

participation of free radicals in the etiology and physiopathology of human diseases, such 

as cancer, neurodegenerative disorders, cardiovascular and oxidative stress dysfunctions. 

Cancer and heart disease, for example, are two of the leading causes of death in Malaysia 
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as evidenced by some frightening statistics from the National Cancer Registry (NCR) 

Report, 2002 that a total of 26,089 cancers were diagnosed among all residents in 

Peninsular Malaysia in the year 2002, as means 1 in 5.5 Malaysians can be expected to get 

cancer in their lifetime. Since cancer mortality is rising with prolongation of the life span, 

it is important to detect human carcinogens and to eliminate them. One of the important 

possible way to decrease human cancer mortality is through cancer chemoprevention 

(Hirose et a/., 1994). 

The role of free radicals in several humankinds' diseases and the potential 

antioxidant protective effect of natural compounds on affected tissues are topics of high 

current interest. To consider a natlual compound or a drug as an antioxidant substance it is 

necessary to investigate its antioxidant properties in vitro and then to evaluate its 

antioxidant functions in biological systems (Repetto and Llesuy, 2oo2). Owing to this 

necessity, investigations have suggested that spices and herbs have been recognized as 

sources of natural antioxidants that can protect from free radicals-induced oxidative stress 

and thus play an important role in the chemoprevention of diseases resulting from lipid 

peroxidation (Hirose et a/., 1994). The medicinal properties of medicinal plants are mainly 

attributed to the presence bioactive compounds especially the most publicized flavonoids 

(Hirose et a/., 1994) . 

Flavonoids and other polyphenols belong to the popular phytochemicals, chemicals 

derived from plant material with potentially beneficial effects on human health. There has 

been an increasing interest in the research of flavonoids from dietary sources, due to a 
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growing evidences of the versatile health benefits of flavonoids through epidemiological 

studies (Yao et aT. 2004). Yet over the years they have been found to be an important part 

of the human diet and are considered to be an active compound in some medicinal plants 

(Repetto and Llesuy, 2002). Among the principal properties that may account for the 

potential health benefits of flavonoids is their antioxidant properties. Several in vitro 

studies have demonstrated that flavonoids can scavenge superoxide, hydroxyl and peroxyl 

radicals (Repetto and Llesuy, 2002). In addition to these important effects, they have also 

affect some processes of intermediary metabolism and inhibit lipid peroxidation in 

different systems. These factors making plants with flavonoids were chosen for further 

investigation. 

However, according to Yao et al. (2004), there is still difficulty in accurately 

measuring the daily intake of flavonoids because of the complexity of existence of 

flavonoids from various food sources, the diversity of dietary culture, and the occurrence 

of a large amount of flavonoids itself in nature. Nevertheless, research on the health aspects 

of flavonoids for humans is expanding rapidly. They also mentioned that many flavonoids 

are shown to have antioxidative activity, free-radical scavenging capacity, coronary heart 

disease prevention, and anticancer activity. As such research progresses, further 

achievements will undoubtedly lead to a new era of flavonoids in either foods or 

pharmaceutical supplements. 

Likewise, despite many important past contributions from the plant-derived natural 

products serve as medicinal agents for treating humankind's diseases, however, a great 
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number of plant species have never been described and remain unknown to science, and 

relatively few have been surveyed systematically to any extent for biologically active 

chemical constituents. It is often the case that even plants that are considered to have been 

"investigated" have been screened for only a single type (or, at best, a few types) of 

biological activity (Balandrin et af., 1993). Thus, it is reasonable to expect that new plant 

sources of valuable and phannaceutically interesting materials remain to be discovered and 

developed. 

Aside from these, herbal products and medicines are somewhat umque from 

nutriceuticals and functional foods in that many have been used for centuries in other 

societies as medicinal treatments or for disease prevention. As a result, the need for 

scientific proof of positive effects would seem to many to be reductant. However, there are 

several issues with this. Particularly, the active compounds are often assumed, rather than 

determined. If wrongly identified, an active compounds then isolated to give a more potent 

product may not bring about the purported effect. Owing to this reaso~ it is important that 

the active compounds in the plants which suspected have biological activity be identified, 

which is a partially motive for the present study to be carried out. 

1.2 Objective Of The Study 

The aims of this study are: 

(a) To screen the phytochemical contents of the plant extracts 

(b) To evaluate antioxidation activity of some plant extracts relative to a synthetic 

antioxidant, BHT. 
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1.3 Scope or The Study 

In this study, tea (black and green tea), citrus limon (lemon), citrus aurantifolia (lime), 

mentha an'ensis (pudina) and mentha piperita (peppennint) were chosen for antioxidation 

activity evaluation. The plant extracts were screened for its alkaloids,.saponins, flavonoids, 

tannins (including polyphenol substances) and anthraquinones contents. Antioxidation 

activity of the plant extracts were studied semiquantitatively relative to BHT using UV 

spectrophotometer and the autoxidation linoleic acid assay in an alcohol-aqueous system to 

measure anti-oxidation activity against lipid peroxidation (linoleic acid). 
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CHAPTER 2 

LITERATURE REVIEW 

2.1 Natural Products 

Natural products chemistry has always been concerned with nature and natural 

phenomena and, a'> a consequence, hiologically active metaholites. Natural products 

research remains one of the main means of discovering bioactive compounds 

(Ghisalherti, 1993) in which isolation from higher plants provided novel, clinically 

active drugs. The key to the success of discovering naturally occurring therapeutic 

agents rests on hioassay-guided fractionation and purification procedure. 

Malaysia is blessed with enormous biodiversity resources, many of them are 

said to he medicinal hut only a few have heen investigated fully for their potential. The 

huge diversity of the Malaysian flora means that we can expect well diversed chemical 

structures from their secondary metaholites, and chemical diversity is one of the plus 

factors that makes myriad natural products excellent candidates in any screening 

programme for drugs discovery development. Screening of hoth synthetic organic 

compounds and extracts of natural products has had an impressive history of identifying 

active agents. For example, there are ahout 50 commercially availahle 
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anticancer drugs (excluding endocrines) which have been approved to date by the 

United States Food Oevelopment Association (lJSFOA), and significantly, the drugs 

based on natural products represent almost 113 of these total approved agents 

(http://www.arhec.com.mylhiotech). 

The development of medicinal plants into therapeutic drugs takes several years 

and millions of dollars are needed, hence making the process very capital-intensive, 

high risks and the success rate are not very good. Despite all this, natural products 

drugs discovery programmes are still in existence all over the world, mainly because 

of the high chemical diversity from natural products as compared to synthetics, the 

potential of these natural product .. is largely unknown 

(http://www.arbec.com.mylbiotech. ). 

Since little is known about the etiology of many human, animal, and plant 

diseases, it is difficult to design potentially active molecules for their treatment, and 

therefore leads from natural sources will continue to be sought (Ghisalberti, 1993). 

2.2 Phytocbemicals 

Phytochemicals (phyto is Greek for plants), meaning "plant chemicals" are naturally 

occurring chemicals found in foods like fruits, vegetables and beverages such as teas 

. and wines in which our bodies may use it as part of their disease-fighting arsenals. 

Phytochemicals differ from vitamins and minerals in that they have no known 

nutritional value (Dao et aI., 1996). More than 4,000 substances have been identified 

in which one huge class is the polyphenols, which include the current puhlicized 
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flavonoids . The other phytochemicals that appear within the major class are alkaloids, 

saponin, tannin, anthraquinone, etc. 

Phenolic compounds, or polyphenols, exhibit a wide range of biological effects 

as a consequence of their antioxidant properties with mechanisms involving both free 

radical scavenging and metal chelation (Urquiaga and Leighton, 2000). The 

antioxidation activity of phenolic compounds is mainly due to their redox properties, 

which can play an important role in adsorbing and neutralizing free radicals, 

quenching singlet and triplet oxygen, or decomposing peroxides (Osawa, 1994). 

Polyphenols like flavonoids can exert their antioxidative action by hydrogen atom 

donation to free radicals (Madsen et ai, 2000). In details, the chemical reaction (2.1) 

showed the site of attack by peroxyl radical is the hydroxyl group of the phenol 

(ArOH) and the oxy radicals could ahstract an H atom from ArO-H honds, 

ArOH + ROO· -+ RooH + ArO- (2.1) 

Plants vary in composition of phytochemicals with concomitant protective 

functions. Investigations have suggested that diets rich in polyphenolic compounds are 

associated with longer life expectancy (Hertog and Hollman, 1996). These compounds 

have many health-related properties such aco anticancer, antiviral, and anti-

inflammatory activities, effects on capillary fragility, and ability to inhibit human 

platelet aggregation (Renaveto-Garcisa et al., 1997). One reason scientists are so 

excited about phytochemicals is their apparent ability to stop a cell's conversion from 

healthy to a multi-stages cancerous (Dao et al., 1996). 
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2.3 Importance Of Antioxidants 

Antioxidants are compounds that can delay or inhibit the oxidation of lipids or other 

molecules by inhibiting the initiation or propagation of oxidizing chain reactions 

(Velioglu et ai. , 1998; Klein and Kurilich, 2000). The Food and Nutrition Board ofthe 

National Academy of Science (1998) defined a dietary antioxidant as a substance in 

foods that significantly decreases the adverse effects of reactive oxygen species, 

reactive nitrogen species, or both on normal physiological function in humans. 

Free radicals are highly reactive natural by-product of normal cell processes 

with incomplete electron shells which make them very unstable and thus, highly 

reactive. Exposure to various environmental factors, including tobacco smoke and UV 

radiation, may lead to free radical formation (Mojzisova and Kuchta, 2001). When the 

balance between the production and elimination of free radicals is impaired, an 

oxidative stress develops (Mojzisova and Kuchta, 2001), which is detrimental to life. 

Figure 2.1 a and 2.1 b show a comparison between normal healthy blood cell and cell 

which was experienced free radical damage. 

Figure 2.1 a Healthy blood cell Figure 2.1 b Free radical damage 

(http://www.nzymes.com/Articles/antioxidants.htm) 

Antioxidants are often described as "mopping up" free radicals (as shown in 

Figure 2.2), meaning they neutralize the electrical charge and scavenge free radicals 
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via donation of an electron or a hydrogen atom, or by deactivation of prooxidant metal 

ions and singlet oxygen (Shahidi, 2002). Morello et al. (2002) stated that the primary 

role of antioxidants is to prevent degredation induced by free radical reactions by 

hydrogen abstraction and metal ion assisted electron transfer. The antioxidant donates 

hydrogen atoms to the free radicals, thus inhibiting the propagation of the 

autocatalytic chain reaction. 

In~iwlion of 
Free Radi cal 

kolio,.ct.nt Free lbbIe 
Radi~ htII~e 

AttaeJ< 
NucltLIS Call 

sa.bIa 
MIIecule 

NewFr .. Radicals 

Figure 2.2 Process of antioxidants "mopping up" free radicals in cell 

(http://l65.123.33.33/yr2005/July/research_960930.html) 

Nzaramba (2004) stated that aerobic organisms are protected by an array of 

defense systems against oxidative stress. Various antioxidants with versatile functions 

constitute an elegant, yet complex, defense network to cope with such oxidative stress. 

Under certain circumstances, however, the natural defenses can be insufficient, and 

administration of exogenous antioxidants as food constituents or therapeutic agents 

may be beneficial. 

Antioxidants are closely related with the prevention of degenerative illness 

such as cardiovascular, neurological diseases, cancer and oxidative stress dysfunctions 

(Sz6116si and Varga, 2002). Concurrently, an increasing number of epidemiological 
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studies have shown an inverse correlation between the consumption of antioxidants 

and the incidence of various disea~s such as cancer and heart disease (Rlock et al., 

1992; Hertog et al., 1993). 

Since flavonoids were already (generally) proven by numerous reports to be an 

effective antioxidants, inadvertently, a trend was set early on whereby most of the 

phytochemical work concentrated on plants belonging to certain families or genus 

only hecause they contain flavonoids. Some popular examples are the species from 

Theaceae, Rutaceae, Lamiaceae etc. As a result, an outstanding interest in teas 

(Theaceae), lemon, lime (Rutaceae) and mint plants (Lamiaceae) were chosen aC\ a 

sample for the present study in attempt to screen its phytochemical contents and 

antioxidation activities. 

2.4 Tea (Black and Green Tea) 

2.4.1 Background 

Tea was first cultivated in China and then in Japan. With the opening of ocean routes 

to the Ea .. t by European traders, during the fifteenth to seventeenth centuries, 

commercial cultivation gradually expanded to Indonesia and then to the Indian 

subcontinent, including Sri Lanka. According to Ho et al. (1994). a monograph in 

Alternative Medicine Review (2000), Lai el al. (2001) and Kris-Etherton and Keen 

(2002), tea is one of the most widely consumed heverages in the worldwide, second 

only to water, and its medicinal properties have been widely explored. Three billion 

kilograms of tea are produced each year (Kris-Etherton and Keen, 2002). Black and 

UMS 
UNIVERSITI MALAYSIA SABAH 



REFERENCES 

Antolovich. M., Prenzler, P. D., Patsalides, E., McDonald, S. and Robards, K., 2002. 

Methods for testing antioxidant activity. Crit. Rev: The Analyst. 127, 183-198. 

Arnao, M. B., Cano, A. and Acosta, M., 1999. Methods to measure the antioxidant 

activity in plant material. A comparative discussion. Free Radical Res. 31, 

89-96. 

Arora, R., Gupta, D., Chawla, R., Sagar, R., Sharma, A., Kumar, R., Prasad, J., Singh., S., 

Samanta, N. and Shanna, R. K., 2005. Radioprotection by plant products: present 

status and future prospects. Phylolher Res. 19, 1-22. 

Balandrin, M. F., Kinghorn, A. D., and Farnsworth, N. R., 1993. Plant-derived natural 

products in drug discovery and development. Human Medicinal Agents From 

Plants. ACS Symposium series 534, 2-12 

Benavente-Garcisa. 0., Castillo, J., M~ F. R., Ortuno, A. and Rio, J. A. D., 1997. 

Use and properties of citrus flavonoids. J. Agric. Food Chem. 45, 4505-4515. 

Benzie. I. F. F. and Strain, J. J.. 1996. Ferric reducing ability of plasma (FRAP) as a 

measure of antioxidant power: the FRAP assay. Anal. Biochem. 239, 70-76. 

_---- 200 1. Biotechnology and natural products. 

hnp://www.arbec.com.mylbiotech. 

UMS 
UNIVERSITI MALAYSIA SABAH 



79 

Block., G., Patterson, B. and Subar, A., 1992. Fruits, vegetables, and cancer prevention: a 

review of the epidemiological evidence. Nutr. Cancer. 18, 1-29. 

Buschman, J. L., 1998. Green tea and cancer in humans: a review of the literature. Nutr. 

Cancer. 31,51-57. 

Cao, G., Alessio, H. M. and Culter, R. G., 1993. Oxygen-radical absorbance capacity 

assay for antioxidants. Free Radical Bioi. Med. 14, 303-311. 

Coo, Y. and Cao, R., 1999. Angiogenesis inhibited by drinking tea. Nature. 398, 381-383. 

Challem, J., 1994. The color of health: why nutrients called flavonoids are good for 

you. http://www.solgar.com/nutrition_library! healthy Jivinglflavonoids.html 

Chang, L. W., Yen, W. J., Huang, S. C. and D~ P. D., 2002. Antioxidant activity in 

sesame coat. Food Chern. 78, 347-354. 

Chen, Y. C., Liang, Y. C., Lin-shiau, S. Y., Ho, C. T. and Lin, J. K., 1999. Inhibition of 

TPA induced protein kinase C and transcription activator proteinl binding activities 

by theaflavin-3-3'-digallate from black tea in NIH3T3 cells. J. Agric. Food Chern. 

47, 1416-1425. 

Conney, A. H., Lu, Y. P., Lou, Y. R., Xie, J. G. and Huang, M. T., 1999. Inhibitory effect 

of green tea and black tea on tumour growth. Proc. Soc. Exper. Bioi. Med. 220, 

229-237. 

Craig, W. J. t 1999. Health promoting properties of common herbs. Am. J. Cli. Nutr. 70, 

491-453. 

UMS 
UNIVERSITI MALAYSIA SABAH 



80 

Cross, C. E., Halliwell, B., Borish, E. T., Pryor, W. A., Ames, B. N., Saul, R. L. and 

McCord, J. M., 1987. Oxygen radicals and human diseases. Ann. Intern. Med. 

107,526-545. 

Dao, T., Kasofsky-Fl~ J., Rogers, A., Rose, D., Collins, K., and Polk, M. (eds),1996. 

VHL Family Forum: Taking a closer look at phytochemicals. American Institute for 

Cancer Research, Washington. 

Dreosti, I. E., 2000. Antioxidant polyphenols in tea, cocoa, and wine. Nutr. 16,692-694. 

Dufresne, C., 2003. Lllemonicious. http://sci.agr.ca/crda/pubslart20_e.htm 

Dwec~ A. C., 2000. "Functional botanicals - their chemistry and effects". International 

Cosmetic EXpoTM 2000. 

http://www.dweckdata.com!LectureslICE2000-preprint.html. 

Emerit, I., Oganesian, N., and Pogossian, A., 1997. Oxidative stress-related 

clastogenic factors in plasma of chernobyl liquidators: protective effects of 

antioxidant plant phenols, vitamins and oligoelements. Mutat. Res. 377. 239-246. 

Endrini, S., Asmah Rahmat, Patimah Ismail, and Taufiq, Y. Y. H., 2002. Anticarcinogenic 

properties and antioxidant activity of Henna (Lawsonia inermis). J. Med Sci. 2, 

194-197. 

Fassihuddin Ahmad and Hasmah Raji, 1993. Penyaringan Fitokimia. In: Kimia Hasilan 

Semulajadi dan Tumbuhan Ubatan. Kuala Lumpur. Dewan Bahasa dan Pustaka. 

Food and Nutrition Board, 1998. Dietary reference intakes: proposed definition and 

plan for review of dietary antioxidants and related compounds. 

http://www4.nas.edullOMlIOMHome.nsflPageslOngoing+studies. 

UMS 
UNIVERSITI MALAYSIA SABAH 



81 

Fujild~ II.~ 1999. Two stages of cancer prevention with green tea J. Cancer Res. Clin. 

Oncol. 125. 589-596. 

Fujill. H .• Suganuma. M .• Matsuyama. S. and Miyazaki, K., 2005. Cancer prevention with 

green tea polyphenols for the general population, and for patients following cancer 

treatment. Current Cancer Ther Rev. 1, 109-114. 

Ganguly. D. K., 2003. Tea consumptionon oxidative damage and cancer. ICMR Bulletin. 

ll.37-51. 

Garg. A., Garg. S., Zanevel~ L. J. and Singla. A. K., 2001. Chemistry and phannacology 

of the citrus bioflavonoid hesperidin. Phytather Res. 15,655-669. 

Ghisalberti, E. L.. 1993. Detection and isolation of bioactive natural products. 

Bioaclive Natural Products. 10-11. CRC Press, Inc. 

Gott. S. H~ Soepadmo. E. and Chua. C. H., 1993. Phytochemical Guide to Malaysian 

f7ora. 2111 edition. Kuala Lumpur. Institute of Advanced Studies, University 

Malaya. 

Halder. J. and Bhaduri. A., 1998. Protective role of black tea against oxidative damage of 

human red blood cell. Biochem. Biophys. Res. Commun. 244, 903-909. 

Halvorsen. B. L., Holte. K., Myhrstad, M. C. W., Barikmo, I., Hva~ E., Remberg, S. 

F., Wol~ A-B., Haffner, K., Baugemd, H., Andersen, L. F., Jacobs, D. R and 

Blomhoff, R., 2002. A systematic screening of total antioxidants in dietary plants. J. 

Nu". 132.461-471 

Hertog. M. G. L.. Feskeens. E. J. M., HoHman, C. H., Katan, M. B. and Kromhout, D., 

1993. Dietary antioxidants and risk of coronary heart disease: De Zutphen elderly. 

Lancet.342,1007-1011. 

UMS 
UNIVERSITI MALAYSIA SABAH 



82 

Hmog. M. O. L. and Hollman, P. C. H., 1996. Potential health effects of dietary 

flavonoid quercetin. Ew. J. Clin. Nutri. SO, 63-64. 

Hirose, M.,lmaida, K., Tamano, S., and Ito, N., 1994. Cancer prevention by antioxidants. 

Food Phytochemicals //: Teas, Spices, and Herbs. ACS Symposium series 547, 

122-132. 

Ho, C. T., Chen, Q., Shi, H. and Rosen, R. T., 1992. Antioxidative effect of 

polyphenol extract prepared from various Chinese teas. Prevo Med. 21, 520-524. 

Ho, C-T .. Huang, M-T. and Lin, J-K., 1994. Health promoting properties of black tea. 

International conference and exhibition on nutraceuticals and functional foods. 

http://www.worldnutra.com 

Hollman. P. C. H., Van Trijp, J. M. P., Buysman, M. N. C. P., Oaag, M. S. V. D., 

Mengelers. M. J. B., De Vries, J. H. M. and Karan, M. B., 1997. Relative 

bioavailability of the antioxidant flavonoid quercetin from various foods in man. 

FEBS Lett. 418, 152-15. 

http://viww.nzymes.com!Articles/antioxidants.btm 

bnp:l/165. I 23.33.33/yr2005IJuly/research _960930.html 

Jagetia, O. C. and Baliga, M. S., 2002. Influence of the leaf extract of Mentha arvensis 

Linn (mint) on the survival of mice exposed to different doses of gamma radiation. 

Strahlentherapie and Onkologie. 178, 91-98. 

)(je, R., 1985. Aspects of Natural Product Chemistry "The Phytochemical Survey". 

Serdang. Selangor. University Pertanian Malaysia. 

UMS 
UNIVERSITI MALAYSIA SABAH 



83 

Klci~ B. P. and Kurilic~ A. C., 2000. Processing effects on dietary antioxidants from 

plant foods. HorlScience. 35, 580-584. 

Koo, H. M. and Mohamed, S., 2001. Flavonoid (myricetin, querceti~ kaempferol, 

luteoli~ and apigenin) content of edible tropical plants. J. Agric. Food Chem. 49, 

3106-3112. 

Kris-Etherton, P. M. and Keen, C. L., 2002. Evidence that the antioxidant flavonoids 

in tea and cocoa are beneficial for cardiovascular health. Current Opinion In 

Lipiao!ogy. 13,41-49. 

La4 K. L., S~ Y., Ch~ R., Zhang, Z., Huang, Y. and Ch~ Z-Y., 2001. Theaflavins 

in black tea and catechins in green tea are equally effective antioxidants. J. Nutr. 

131,2248-2251. 

Langley-Evans, S. C., 2000. Consumption of black tea elicits an increase in plasma 

antioxidant potential in humans. Int. J. Food Sci. Nutr. 51, 309-315. 

_---- Lemon. hnp://en.wikipedia.org/wikilLemon 

Liang, Y. C., Huang, Y. T., Tsai, S. H., Lin-Shia~ S. Y., Chen, C. F. and Lin, J. K., 

1999. Suppression of inducible cydooxygenase and inducible nitric oxide synthase 

by apigenin and related flavonoids in mouse macrophages. Carcinogenesis. 20, 

1945-1952. 

Li~ Y. L., Juan, I. M., Ch~ Y. L., Liang, Y. C. and Lin, J. K., 1996. Composition of 

polyphenols in fresh tea leaves and association of their oxygen-radical absorbing 

capacity with antiproliferative actions in fibroblast cells. J. Agric. Food Chern. 44, 

1387-1392. 

UMS 
UNIVERSITI MALAYSIA SABAH 



84 

Liu, Y ~ Rosen. R. T., Ho, C-T., Ghai, G. R. and Huang, M-T., 2003. Inhibitory effects 

of black tea constituents on 12-0-tetradecanoylphorbol-13-acetate induced 

inflammation. pro inflammatory cytokine expression, and arachidonic acid 

metabolism. Proc. Am. Associ. Cancer Res. 44, 1101-1102. 

Lucen, C., Cadenni, G., Sanna, A. and Dolara, P., 2002. Red wine and black tea 

polyphenols modulate the expression of cyclooxygenase-2, inducible nitric oxide 

synthase and glutathione-related enzymes in azoxymethane-induced F344 rat colon 

tumors. J Nutr. 132, 1376-1379. 

Madsen. H. L., Andersen. C. M., Jmgensen, L. V. and Skibsted, L. H., 2000. Radical 

scavenging by dietary flavonoids. A kinetic study of antioxidant efficiencies. 

Eur. Food Res. Technol. 211,240-246. 

Madsen. H. L., Nielsen. B. R., Bertelsen, G. and Skibsted, L. H., 1996. Food Chern. 

57,331-337. 

Mentha arvensis American wild mint. -----
http://www.cwnp.org/photopgslmdoc/mearvensis.html. 

Miller, N. J. and Rice-Evans, C. A., 1996. Spectrophotometric determination of antioxidant 

activitry. Redox Rep. 2, 161-168. 

Miyake, Y., Murakami, A., Sugiyama, Y., lsobe, M., Koshirnizu, K. and Ohigashi, H., 

1999. Identification of coumarins from lemon fruit (Citrus limon) as inhibitors 

of in vitro tumor promotion and superoxide and nitric oxide generation. J. Agric. 

Food Chern. 47, 3151-3157. 

Miyake, Y., Yamamoto, K., Tsujihara, N. and Osawa, T., 1998. Protective effect of 

lemon flavonoids on oxidative stress in diabetic rats. Lipids. 33 (7), 689-695. 

UMS 
UNIVERSITI MALAYSIA SABAH 



85 

Miyazawa, T., 2000. Absorptio~ metabolism and antioxidative effects of tea catechin in 

humans. BioFactors. 13,55-59. 

Mojfi~va. O. and Kuchta, M., 200 1. Dietary flavonoids and risk of coronary heart disease. 

Physiol. Res. SO, 529-535. 

Morello, M. J., Shahidi, F. and Ho, C. T., 2002. Free radicals in foods: Chemistry, 

nutrition, and health effects. ACS Symposium Series 807. American Chemical 

Society. Washingto~ DC. 

Nail. O. H., Prlyadarsini, K. I. and Mohan, H., 2005. Evaluating the antioxidant activity of 

different plant extracts and herbal fonnulations. Res. Chem. Intermed. 31, 145-151. 

Nakagawa. K. and Miyazawa. T., 1997. Anal. Biochem. 248, 41-49. 

Nanjo, F., Hara, Y., Kikuchi, Y., 1994. Effects of tea polyphenols on blood rheology in rats 

fed a high-fat diet. Food Phytochemicals For Cancer Prevention II: Teas, Spices, 

and Herbs. ACS Symposium series 547, 76-82. 

__ - 2002. National Cancer Registry Report. 

Nzaramba. M. N., 2004. Inheritance of antioxidant activity and its association with 

seed coat color in cowpea (Vigna unguiculata (L.) Walp.). Thesis Master of 

Science, Texas A&M University. 

Osaws, T., 1994. Novel natural antioxidants for utilization in food and biological systems. 

In: Uritani, I., Garcia, V. V. and Mendoza, E. M. (Eds) Postharvest Biochemistry of 

PlanI Food-Materials in the Tropics. Japan Scientific Societies Press, Tokyo, Jap~ 

241-251. 

' UMS 
UNIVERSITI MALAYSIA SABAH 



86 

-----2003. Phyto-protect your health. Article from Wellness Letter the 

University of California, Berkeley Newsletter of Nutrition, Fitness, and Self-care. 

20. Issue I. http://www.wisc.edulfoodsafety/consumer/wellnessletterarticle.html. 

Principe. P. P., 1989. Economic and Medicinal Plant Research. Academic Press, London, 

United Kingdom. 1-17. 

Prior. R. L and Cao, G., 1999. In vivo total antioxidant capacity: comparison of 

different analytical methods. Free Radic. Bioi. Med. 27, 1173-1181. 

Rao. K. V. K .• Schwartz. S. A., Nair. H. K., Chawda, R. and Nair, M. P. N., 2004. Plant 

derived products of a source of cellular growth inhibitory phytochemicals on PC 

3M. DU-145 and LNCaP prostate cancer cell line. Current Sci. 87, 1585- 1588. 

Repetto. M. G. and Llesuy, S. F., 2002. Antioxidant properties of natural compounds used 

in popular medicine for gastric ulcers. Braz. J. Med Bioi. Res. 35. 523-534. 

Shahidi. f., 2002. Antioxidants in plants and oleaginous seeds. In: Morello, M. J., Shahidi, 

F. and Ho, C. T. (eds) Free radicals in food: Chemistry, Nutrition, and Health 

Efficts. American Chemical Society, Washington, 162-175. 

Shimoi, K .• Masuda, S., Shen, B., Furugori, M. and Kinae, N., 1996. Radioprotective effect 

of anti oxidative plant flavonoids in mice. Mulat. Res. 350, 153-161. 

SoJomo~ T. W. G. and Fryhle, C. B., 2000. Organic Chemistry. 7th ed. John Wiley & 

So~ Inc., New York. 461-463. 

Suarez. H~ M. D. and Marhuenda, E., 1998. In vitro scavenger and antioxidant 

properties of hesperidin and neohesperidin dihydrochalcone. Phylomed. S, 469-473. 

UMS 
UNIVERSITI MALAYSIA SABAH 



81 

Subramaniam Vimala., Adenan Mohd. Ilham and Ahmad Abdull Rashih, 1998. 

Antioxidant activity in Malaysia Ulam. Proceedings of the Ii" Annual Seminar of 

NaJural Products Research Malaysia, 21-22 October 1998, Bangi, Selangor, 69-74. 

The world's healthiest food: lemon and limes. ----
http://www.whfoods.comlgenpage.php?tname=foodspice&dbid=21 

Tijburg. LB. M., Mattern, T., Folts, J. D., et 01., 1997. Tea flavonoids and cardiovascular 

diseases: a review. Crit. Rev. Food Sci. Nutr. 37, 111-185. 

Urqulaga.1. and Leighton. F., 2000. Plant polyphenol antioxidants and oxidative stress. 

Bioi. Res. 33, IS1-151. 

Vinson. J. A., Dabbagh. Y., Serry, M. and lang. J., 1995. Plant flavonoids, especially tea 

flavonols. are powerful antioxidants using an in vitro oxidation model for heart 

disease. J. Agric. Food Chem. 43, 2800-2804. 

Velioglu. Y. S., Mazza, G., Gao, L. and Oomah, B. D., 1998. Antioxidant activity 

and total phenolics in selected fruits. vegetables, and grain products. J. Agric. Food 

Chem. 46,4113-4111. 

Wilmsen. P. K., Spada, D. S. and Salvador. M., 2005. Antioxidant activity of the 

flavonoid hesperidin in chemical and biological systems. J. Agric. Food Chem. 

S3 (12).4151-4161. 

Wiseman. S. A., Balentine, D. A. and Frei, B., 1997. Antioxidants in tea. Crit. Rev. 

Food Sci. Nutr. 37, 105-118. 

yamaguchi. T., Takamura, H., Matoba, T. and Terao, J., 1998. HPLC method for 

evaluation of the free radical-scavenging activity of foods by using 1,1 ,-diphenyl-2-

pierylhydrazyl. Biosci. Biotechnol. Biochem. 62, 1201-1204. 

UMS 
UNIVERSITI MALAYSIA SABAH 



88 

Yang, C. S., 1999. Tea and health. Nutr. 15,946-949. 

Yang, C. S., Chung, J. Y., Yang, G-y., Chhab~ S. K. and Lee, M-J., 2000. Tea and 

tea polyphenols in cancer prevention. J. Nutr. 130,472-478. 

Yang, C. S. and Wang, Z-Y., 1993. Tea and cancer: a review. J. Natl. Cancer Inst. 58, 

1038-1049. 

Yang. G. Y., Liao, J., Li, C., et al., 2000. Effect of black and green tea polyphenols on c 

jun phosphorylation and H2<h production in transfonned and non-transfonned 

human bronchial cell lines: possible mechanisms of cell growth inhibition and 

apoptosis induction. Carcinogenesis. 21, 2035-2039. 

Yao. L. H., Jiang, Y. M., Shi, J., Tomas-Barber8n, F. A., Datta, N., Singanusong, R. and 

Chen, S. S., 2004. Flavonoids and their health benefits. SpringerLink. 59,113-122. 

Yoshida, M., Sakai, T., Hosokawa, N., Marui, N., Mat- sumoto, K., Akihiro, F., Nishino, H. 

and Aoike, A.,199O. The effect of quercetin on cell cycle progression and growth of 

human gastric cancer cells. FEBS Lett. 10-13. 

UMS 
UNIVERSITI MALAYSIA SABAH 


