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ABSTRACT 

Theobroma Cacao has been well known for its high content of polyphenols. In this 

study fresh and dry cocoa beans were collected from Malaysian Cocoa Board, Sabah 

and extracted with 70% acetone-aqueous to give crude extracts. The total polyphenol 

content of these crude extracts was determined by using the Folin-Ciocalteu reagent, 

antioxidation properties was evaluated using Ferric thiocyanate (FTC) method while 

the antimicrobial property was evaluated using the disc diffusion method. It showed 

that fresh (57 mg GAE I g) cocoa beans contained more phenolic content than dry (48 

mg GAEl g) cocoa and both samples displayed a moderate antioxidation activity 

compared to butylated hydroxytoulene (BHT) a synthetic antioxidant. The extracts 

were active against S aureus and B. cereus as shown by the clear inhibition zone of 

14.5 mm and 15.5 mm for fresh cocoa beans and 10.0 mm and 10.5 mm for dry cocoa 

beans respectively. Fresh cocoa beans were found to have high phenolic content with 

moderate antioxidation and potent antimicrobial activities. Thus, these cocoa beans 

can be developed into new neutraceuticals or pharmaceuticals products. 
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AKTIVITI ANTIOKSIDA DAN ANTIMIKROORGANISMA 

THEOBROMA CACAO 

ABSTRAK 

Theobroma Cacao dikenali mempunyai kandungan fenolik yang tinggi. Dalam kajian 

ini biji koko segar dan biji koko kering yang diperolehi dari Lembaga Koko Malaysia, 

Sabah diekstrak dengan menggunakan 70% aseton-akueus untuk menjadikanya 

ekstrak mentah. Jumlah kandungan fenolik dalam biji koko ditentukan dengan 

menggunakan Folin-Ciocalteu reagen, sifat antioksida pula ditentukan dengan 

menggunakan kaedah Ferrik thiocyanate (FTC) sementara antimikroorganisma 

ditentukan dengan menggunakan kaedah disk difusi. Keputusan menunjukkan 

kandungan fenolik dalam biji koko segar (57 mg GAE I g) adalah lebih tinggi 

berbanding dengan biji koko kering (48 mg GAEl g) dan kedua-dua sam pel ini 

menunjukkan aktiviti anti-oks ida yang sederhana berbanding dengan butylated 

hydroxytoulene (BHT). Kedua-dua ekstrak ini adalah aktif dalam melawan bakteria 

S. aureus dan B. cereus dengan zon perencatan 14.5 mm dan 15.5 mm bagi biji koko 

segar dan 10.0 mm dan 10.5 mm bagi biji koko kering. Keputusan menunjukkan biji 

koko segar mengandungi kandungan fenolik yang tinggi, antioksida yang sederhana 

dan berpotensi sebagai antimikroorganisma. Jadi, biji koko ini boleh berkembang 

sebagai produk neutraketical atau farmaketical. 
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CHAPTER 1 

INTRODUCTION 

1.1 Chronic Disease and Cocoa 

In 2001,59 % of the 56.5 million deaths annually and 45.9 % of the global disease are 

caused by chronic diseases such as cardiovascular, diabetes, obesity, cancers and 

respiratory diseases. It has been stated by World Health Organization (WHO) that, by 

2020, chronic diseases will be the cause for almost three-quarters of all deaths in 

worldwide. By 2010, cardiovascular disease will be the leading cause of death in 

developing countries. The number of new cases annually is estimated to rise from 10 

million to 15 million by 2020 (WHO, 2002). 

Dietary factors are responsible for about 30% of all cancers and cardiovascular 

disease in Western countries and up to 20% in developing countries such as Asian 

countries. A diet low in energy-dense foods that are high in saturated fats and sugars 

and abundant in fruit and vegetables, together with an active lifestyle are among the 

key measures to prevent chronic disease (WHO and Food and Agrioulture 

Organization, 2003). Studies suggests that people with high dietary intakes of fruits 

and vegetables are less affected by cardiovascular or cancer than people who have low 

dietary intakes of these foods (Ferrari and Torres, 2003). A low intake of fruits and 

vegetables is estimated to cause about 19 % of cancer, and about 31 % of heart disease 

UMS 
UNIVERSITI MALAYSIA SABAH 



2 

and 11 % of strokes worldwide and 2.7 million deaths are caused by low fruit and 

vegetable intake (WHO and Food and Agriculture Organization, 2003). 

There are several mechanisms, to protect this disease such as reduced plasma 

cholesterol, modulation of lipid and lipoprotein metabolism, estrogenic effects, 

modulation of enzymes, such as Phase I and Phase II enzymes of the detoxification 

pathway, or modulation of apoptosis (Schramm and German, 1998). However, one 

major hypothesis in the protection against radical oxygen species modulated damage 

of biological molecules, including DNA, lipids, proteins and carbohydrate, is by 

antioxidant micronutrients such as vitamin C, vitamin E, beta-carotene, selenium or 

non-nutrient phytochemicals, such as polyphenols (Bravo, 1998). 

Among phytochemicals, polyphenols constitute one of the most widely 

distributed groups of substances in the plant kingdom, with more than 8000 phenolic 

structures currently known (Bravo, 1998). They occur in a variety of fruits, 

vegetables, nuts, seeds, flowers, bark, beverages, and even some manufactured food as 

a component of the natural ingredients used. Polyphenols have become an intense 

focus of research interest because of their health-beneficial effects in the treatment and 

prevention of cancer, cardiovascular disease, and other pathologies (Wollgast and 

Anklam, 2000). A different polyphenol-rich foods and beverages, such as grape 

products, cocoa or tea produce beneficial effects with comparable patterns including 

improved endothelial function, anti-thrombotic, anti-atherogenic and anti-hypertensive 

effects. The possible mechanisms of these effects are multiple and may be different 

depending on the active polyphenols provided by each food or beverage (Stoclet et a/., 

2004) 
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Cocoa is particularly rich in polyphenols, the total polyphenol content of the 

bean being estimated to be 6% to 8% by weight of the dry bean. The pigment cells in 

cocoa bean contain approximately 65%-70% of polyphenols and 3% of anthocyanins 

by weight (Forsyth, 1955). Flavan-3-0Is had been identified as the major antioxidant 

components in the cocoa bean (Steinberg et al., 2003). 

Many studies suggest that, dietary supplementation with flavonoid-rich cocoa 

may be cardio protective because of their interference in many pathophysiological 

mechanisms associated with atherosclerosis. Possible beneficial effects by cocoa 

flavonoids includes antioxidant properties, improvement in endothelial function, blood 

pressure lowering, decreased platelet activation and function and modulation of 

immune function and inflammation (Mary and Marguerite, 2004). 

1.2 Objectives of Study 

The objectives of this study were: 

• To determine the total content of polyphenols in fresh and dried cocoa beans 

• To evaluate the anti oxidative property of cocoa 

• To evaluate the antimicrobial activities of the extracts against pathogenic 

bacteria (Staphylococcus aureus, Bacillus cereus and Escherichia coli) 

• To compare the total phenolic content, antioxidant and antimicrobial activities 

of fresh and dry cocoa beans 
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1.3 Scope of Study 

Fresh and dry cocoa beans were used for this study. The samples were collected from 

Malaysian Cocoa Board, Sabah. Total phenolic content was determined by using 

Folin-Ciocalteu method and the antioxidative property in cocoa was evaluated by 

ferric thiocyanate method. Antimicrobial screening was done by using disc diffusion 

method. 
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CHAPTER 2 

LITERATURE REVIEW 

2.1 Discovery and Development of Cocoa 

Theobroma cacao is the scientific name given to cocoa in 18th century by a Swedish 

Botanist, Carolus Linnaeus. It was cultivated over 3000 years ago by the original 

inhabitants of Central America and Northern South America. The original discover of 

the Americas, Columbus was made aware of cocoa plant and bean. After his fourth 

voyage and returned to Spain in 1502, he introduced cocoa to Spain. The cocoa 

tradition reached Italy and France after some hundred years and in the middle of the 

17th century shops selling cocoa were opened in the United Kingdom (Weisburger, 

2001). 

In 1828, chocolate powder was produced by pressing cocoa butter from 

roasted and ground cocoa beans and then in the middle of the 19th century a London 

firm produced commercial chocolates. The cultivation of cocoa plants spread to West 

Africa, which currently produce about 70% of the world's total production, the 

remainder coming from Central and South America, West Indies and small amount in 

tropical areas of Asia (Weisburger, 2001). 
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2.2 Varieties of Cocoa 

There are many varieties of cocoa, which are divided into three main groups (Wollgast 

and Anklam, 2000). They are: 

• Criollo - This variety is a native to Central America. It is very small, fragile 

and sensitive to disease, making it harder to grow than other varieties. 

• Forastero - It originates from the Amazon basin. It is easier to grow, but it has 

a more bitter taste than Criollo. Today about 70% of the cacao trees are 

Forastero. 

• Trinitario - It originates from the island of Trinidad. This is a cross between 

Criollo and Forastero. About 15-20% of the cacao trees today belong to this 

variety. 

2.3 Raw Materials of Cocoa 

Cocoa beans are made up from pulp, testa, cotyledon and radicle. The pulp of cocoa 

beans contents water (H20), glucose (CJJ12 0 6), pentosans, citric acid and potassium 

salts. The cotyledon is build up from cellulose (2-3%), starch (5%), sucrose (2-3%), 

fat (30-32%), proteins (8-10%), theobromine (2-3%), caffeine (1%), acids(l%) and 

polyphenols (5-6%) (MARDI, 1990). 

UMS 
UNIVERSITI MALAYSIA SABAH 



7 

Fat provides a source of energy. Cocoa and chocolate contain fat in a form of 

cocoa butter. The digestibility and assimilation of cocoa butter is quite high. Fat is an 

important part of the diet of most heterotrophs (Segall et at., 2005). Figure 2.1 shows 

the chemical structure of a triglyceride, an example of fat. 

Figure 2.1 The chemical structure of a triglyceride. 

Theobromine and caffeine belongs to alkaloid molecules known as 

methylxanthines present in cocoa. Methylxanthines naturally occur in many plants 

species and include theophylline. Caffeine is a xanthine alkaloid compound that acts 

as a stimulant in humans. Cocoa contains a small amount of caffeine. Methylxanthines 

have physiological effects on various body systems, including the central nervous, 

cardiovascular, gastrointestinal, respiratory, and renal systems. Alkaloid is an amine 

thus it reacts with acid to yield a soluble salt. Alkaloid beneficial effects are included 

analgesic, anti-thrombotic, anti-atherogenic, anti-hypertensive and anti-tumor 

(Fasihuddin and Rasmah, 1993). The chemical structure of theobromine and caffeine 

are shown in Figure 2.2 and Figure 2.3. 
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/CH3 
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N ) 
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CH3 

Figure 2.2 The chemical structure of theobromine. 

o 

Figure 2.3 The chemical structure of caffeine. 

2.4 Fermentation and Drying Process of Cocoa 

A correct fermentation and drying of cocoa beans, which is carried out in the countries 

of origin is essential to the development of suitable flavors. A simple chemical 

reaction takes place during fermentation process are shown in the Figure 2.4. 
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(Sugar) (Alcohol) (Carbon Dioxide) (Energy) 

Figure 2.4 The chemical reaction occurs during the fermentation process (Suhaimi, 

1994). 

The fermentation and drying process reduce the overall level of polyphenol 

especially anthocyanins in cocoa beans (Pettipher, 1986). Polyphenols in the cocoa 

beans undergoes oxidation and polymerization process to form complex tannins 

during the fermentation process. During drying stage, enzymatic or spontaneous 

oxidation of polyphenols leads to the formation of melanin and melanoproteins and 

these results in the characteristic of browning fermented cocoa beans (Kim and 

Keeney, 1984). 

2.5 Polyphenols 

2.5.1 Biosynthesis and Chemistry of Polyphenols 

Phenolic compounds or polyphenols are the most numerous and widely distributed 

groups in plant kingdom with more than 8000 phenolic structures currently known 

(Bravo, 1998). Polyphenols are the secondary metabolism product of plants. They 

form biogenetically from two main primary synthetic pathways. There are shikimate 

and acetate pathway. The steps are shown in Figure 2.5. 
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Figure 2.5 Biosynthesis and interconnection of flavonoids (Wollgast and Anklam, 

2000), 
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Acetic acid and shikimic acid are formed from glucose metabolism. Acetic 

acid in active form acetyl-CoA later form malonyl-CoA, is the starting point of fatty 

acid synthesis in a primary pathway and the secondary pathway of the synthesis of the 

a ring flavonoids. Aromatic acid amino is the product of the primary shikirnate 

pathway but the product degradation leads into the phenylpropanoid pathway. The 

phenylpropanoid pathway is considered as a secondary pathway. The phenylpropanoid 

is essential to the survival of terrestrial plants providing plant constituents such as a 

lignin with its important mechanical and structural role. Furthermore, 

phenylpropanoid-derived compounds have distinct roles in the physiology of plants 

(e.g., as signaling compounds within the plant and as factors controlling male sterility 

and regulating hormonal activity) and their inter-relations with other organisms (e.g., 

as defensive compounds against micro-organisms and signalling compounds between 

plants and other organisms) (Wollgast and Anklam, 2000). 

Natural polyphenols can range from simple molecules to highly polymerized 

compounds and they occur in conjugated form with one or more sugar residues linked 

to hydroxyl groups or direct linkages of sugar unit to an aromatic carbon atom. The 

sugar unit can be presented as monosaccharides, disaccharides or oligosaccharides and 

glucose is the common sugar residue (Bravo, 1998). Polyphenol can be divided into 

10 different classes with different basic structure. Table 2.1 illustrates the basic 

chemical structure of main polyphenolic compounds. 
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Table 2.1 Basic chemical structure of main classes of polyphenolic compounds 

(Bravo, 1998). 

Class Basic skeleton Basic structure 

Simple phenols C6 

< )-OH 

Benzoquinones C6 
o ( ) 0 

Phenolic acid C1 - C6 

< ) COOH 

Acetophenones C6-C2 

< )-eOCH, 

Phenylacetic acid C6-C2 

< ) CH,.COOH ' 

Hydroxycinnamic acid C6-C3 

< ) CH= CH-COOH' 

Phenylpropenes C6-C3 

< ) CH,-CH =cH,' 
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Table 2.1 Continue. 

Coumarines,isocoumarines 

~OyO 

~ 
Chromones 

Naphtoquinones 

o 

Xanthones 

Stilbenes 

Anthraquinones 

o 

UMS 
UNIVERSITI MALAYSIA SABAH 



REFFERENCE 

Adamson, G.E., Lazarus, S.A, Mitchell, AE., Prior, RL., Guohua, c., Jacobs, P.H., 

Kremers, B.G., Hammerstone, J.F., Rucker, RB., Ritter, K A., and Schmitz, 

H.H., 1999. HPLC method for the quantification ofprocyanidins in cocoa and 

chocolate samples and correlation to total antioxidant capacity. Journal 

Agriculture and Food Chemistry 47,4184-4188. 

Bravo, L., 1998. Polyphenols: Chemistry, dietary source, metabolism and nutritional 

significance. Nutrition Reviews 56, 317-333. 

Fasibuddin, B.A, and Rasmah, H., 1993. Kimia Hasi/an Semula Jadi dan Tumbuhan 

Ubatan. Kuala Lumpur: DBP. 

Ferrari, c.K.B., and Torres, E.AF.S., 2003. Biochemical pharmacology of functional 

foods and prevention of chronic diseases of aging. Biomedecine and 

Pharmacotherapy 55 (5), 251-260. 

Forsyth, W.G.c., 1955. Cocoa polyphenolic substance 3: Separation and estimation on 

paper chromatograms. Biochemistry Journal 74, 374-378. 

Forsyth, W.G.C., and Quesnel V.c., 1957. Cocoa glycosidase and color changes 

during fermentation. Journal Science and Food Agriculture 8,505-509. 

Hakimoglu, F., Kizil, G., Kanay, Z., Murat, K, and Hilmi, I., 2006. The effect of 

ethanol extract of Hypericum Iysimachioides on lipid profile in 

hypercholesterolemic rabbits and its in vitro antioxidant activity. 

Atherosclerosis, article in press. 

Kenny, P.T., Keen, C.L., Jones, P., Kung, H.J., Schmitz, H.H., and Gershwin, M.E., 

2003. Pentarmeric procyanidins isolated from Theobroma cacao seeds 

selectively downreguJate ErbB2 in human aortic endothelial cells. 

Experimental Biology and Medicine 229, 255-263. 

UMS 
UNIVERSITI MALAYSIA SABAH 



53 

Kenny, P.T., Keen, c.L., Jones, P., Kung, H.I, Schmitz, HH, and Gershwin, M.E., 

2004. Cocoa pentarmeric procyanidins inhibit proliferation and angiogenic 

signals in human microvascular endothelial cells following stimulation by low

level H20 2· Experimental Biology and Medicine 229, 765-77l. 

Kim H and Keeney P.G. (1983). Method of analysis for (-) - epicatechin in cocoa 

beans by HPLC. Journal of Food Science 48, 548-55l. 

Kim H and Keeney P.G. (1984). Epicatechin content in fermented and unfermented 

cocoa beans. Journal of Food Science 49, 1090-1091. 

LazaruS, S.A., Adamson, G.E., Hammerstone, J.F., and Schmitz, HR., 1999. High 

performance liquid chromatography and mass spectrometry analysis of 

proanthocyanidins in foods and beverages. Journal Agriculture and Food 

Chemistry 47 (9), 3693-3701. 

Lee, HS., and Kim, J.G., 2003. Effects of embittering on red grape fruit juice 

concentration. Food Chemistry 82 (2), 177-180. 

Lin, J.Y., and Tang, C.y', 2007. Determination of total phenolic and flavonoids 

contents in selected fruits and vegetables, as well as their stimulatory effects 

on mouse splenocyte proliferation. Food Chemistry 101 (1), 140-147. 

Maisuthisakul, P., Maitree, S., and Rungnaphar, P., 2007. Assessment of phenolic 

content and free mdical-scavenging capacity of some Thai indigenous plants. 

Food Chemistry 100 (4), 1409-1418. 

MARDI, 1990. Siri Panduan Tanaman, Panduan penanaman dan pemprosesan koko, 

Kuala Lumpur: Berita Publising Sdn.Bhd. 

Mary, B.E., and Marguerite, M.E., 2004. The vasculoprotective effects of flavonoid

rich cocoa and chocolate. Nutrition Research 24 (9), 695-706. 

UMS 
UNIVERSITI MALAYSIA SABAH 



54 

Miliauskas, G., Venskutonis, P.R., and Van Beek, T.A, 2004. Screening of radical 

scavenging activity of some medicinal and aromatic plants extracts. Food 

Chemistry 85 (2), 231-237. 

Murphy, KJ., Chronopoulos, AK, Indu.S., Francis, M.A, Moriarty, H., Pile, M.J., 

and Turner, AH., 2003. Dietary flavanols and procyanidin oligomers from 

cocoa (Fheobroma cacao) inhibit platelet function. The American Journal of 

Clinical Nutrition 77, 1466-1473. 

Nazaruddin, R., Seng, L.K., Hassan, 0., and Said, M., 2006. Effect of pulp 

preconditioning on the content of polyphenols in cocoa beans during 

fermentation. Industrial Crops and Products 24 (1), 87-89. 

Osakabe, N., Yasuda, A, Natsume, M, Takizawa, T., Terao, J., and Kondo, K, 2002. 

Catechins and their oligomers linked by C4~C8 bonds are major cocoa 

polyphenols and protect low-density lipoprotein from oxidation In vitro. 

Experimental Biology and Medicine 227, 51-56. 

Pettipher, G.L., 1986. An improved method for extraction and quantification of 

anthocyanins in cocoa beans and its use as an index of the degree of 

fermentation. Journal Science and Food Agriculture 37, 289-296. 

Pozo-Insfran, D.D., Brenes, C.R, Saldivar, S.O., and Talcott S.T., 2006. Polyphenolic 

and antioxidant content of white and blue com (Zea mays L.) products. Food 

Research International 39 (6), 693-703. 

Rahmat, A, Vijay, K., Loo, M.P., Susi, E., and Huzaimah, AS., 2003. Determination 

of total antioxidant activity in three types of local vegetables shoots and the 

cytotoxic effect of their ethanolic extracts against different cancer cells lines. 

Asia Pacific Journal Clinic Nutrition 12 (3), 292-295. 

UMS 
UNIVERSITI MALAYSIA SABAH 



55 

Ramljak, D., Leo, J.R, Linda, J.M., Thompson, N., Vladimir, K., Galperin, M., Arun, 

R, and Robert, B.D., 2005. Pentameric procyanidin from Theobroma cacao 

selectively inhibits growth of human breast cancer cells. Molecular Cancer 

Therapeutic 4 (4),537-546. 

Rawlins, E.A., 1997. Bentleys Textbook of Pharmaceutics. 8th Ed. Bailliere Tindal, 

London. 

Robbers, J., Speedie, M., and Tyler, V., 1996. Pharmacognosy and 

pharmacobiotechnology. Trends in Wilkins, Baltmore. 1-14. 

Roberta, RH., Lazarus, S.A., Sullards, MC., Zhu, Q.Y., Schramm, D.D., 

Hammerstone, J.F., Fraga, C.G., Schmitz, HH, and Keen, C.L., 2002. 

Procyanidin dimer B2 [epicatechin- (4~-8)-epicatechin] in human plasma after 

the consumption of a flavanol rich cocoa. The American Journal of Clinical 

Nutrition 76 (4), 798-804. 

Schramm, D.D., and German, J.B., 1998. Potential effects of flavonoids on the 

etiology of vascular disease. The Journal of Nutritional Biochemistry 9 (10), 

560-566. 

Segall, S.D., Artz, W.E., Raslan, D.S., Ferraz, V.P., and Takahshi, J.A., 2005. 

Analysis of triacylglycerol isomers in Malaysian cocoa butter using HPLC

mass spectrometry. Food Research and International 38 (2), 167-174. 

Suhaimi, M.D., 1994. Perisa coklat dan kaitanya dengan pemprosesan koko, Bahagian 

Kimia Dan teknologi. Persidangan ke-III Pegawai-pegawai Lembaga Koko 

Malaysia, 9-10 Disember 1994. 

Solomans, T.W.G., and Fryhle, C.B., 2004. Organic Chemistry. 8th Ed. John Wiley 

and Son, London. 

UMS 
UNIVERSITI MALAYSIA SABAH 



56 

Steinberg, F.M, Bearde~ M.M., and Kee~ C.L., 2003. Cocoa and chocolate 

flavonoids: Implications for cardiovascular health. Journal of the American 

Dietetic Association 103 (2), 215-223. 

Stoclet, lC., Chataigneau, T., Ndiaye, M., Oak, M.H., Bedoui, lE., Chataigneau' M., 

and Schini-Kerth' V.B., 2004. Vascular protection by dietary polyphenols. 

European Journal of Pharmacology 500 (3),299-313. 

Weisburger, lR., 2001. Chemopreventive effects of cocoa polyphenols on chronic 

diseases. Experimental Biology and Medicine 226,891-897. 

WHO and FAO (2003): Joint WHO/FAO Expert Report on Diet, Nutrition and the 

Preventation of Chronic Disease. Geneva, World Health Organization and 

Rome, Food and Agricultural Organisation. 

WHO (2002): The world health report 2002: reducing risks, promoting healthy life. 

Geneva, World Health Organization, 2002. 

Williamson, G., and Manach, C., 2005. Bioavailability and bioefficacy of polyp he no Is 

in humans II. Review of 93 intervention studies. The American Journal of 

Clinical Nutrition 81,243-255. 

Wiswedel, 1., Hirsch, D., Kropf, S., Groening, M., Pfister, E., Schewe' T., and Sies, H., 

2004. Flavanol-rich cocoa drink lowers plasma Frisoprostane concentrations 

in humans. Free Radical Biology and MediCine 37 (3), 411-421. 

Wollgast, J., and Anklam, E., 2000. Review on polyphenols in Theobroma cacao: 

Changes in composition during the manufacture of chocolate and methodology 

for identification and quantification. Food Research International 33, 423-447. 

Zainol, MK., and Hamid, A. A. , 2003. Antioxidative activity and total phenolic 

compounds of leaf, root and petiole of four accessions ofCente/la asiatica (L.) 

Urban. Food Chemistry 81 (4),575-581. 

UMS 
UNIVERSITI MALAYSIA SABAH 


