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Abstract 

Legume seeds are important source of human food and animal feed. Besides 

their high nutritional values, legume seeds also have other health-related beneficial 

properties such as antioxidant activities. In this research, twenty-four edible legumes 

including Phaseolus, Vigna, Lupius, Cicer, Dolichos, Glycine and others were 

evaluated for their antioxidant activities using two different analysis methods. Their 

protective effects on H2O2-mediated DNA damage were also investigated. 

In the P"Carotene bleaching method, the efficiency of antioxidant to inhibit 

lipid peroxidation was determined in an emulsion system. And l,l-diphenyl-2-

picryhydrazyl (DPPH') scavenging method provides another approach to measure the 

free radical scavenging ability of the antioxidant. 

Results indicated the cowpea had the highest antioxidant activity in both p_ 

carotene bleaching method and DPPH' scavenging method. Another legume seed, 

Hak-mei-tau {Vigna sinensis) also showed relatively high antioxidant activity. 

Therefore, these two legume seeds were chosen for further analysis to determine 

their antioxidant properties. 

In V. sinensis, seed coat extract and polar whole seed fractions exhibited high 

free radical scavenging abilities, whereas cotyledon extract and non-polar whole seed 

fractions showed strong antioxidant activities in the P-carotene bleaching method. 

This may indicate the presence of different antioxidants located in different seed 

tissues. Also, the free radical scavenging ability of the extract from seed coat was 

reduced after heat treatment, but this activity was more heat-stable in the extract 

from cotyledon. 
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In addition to the chemical assays, protective effects of seed extracts on DNA 

damage were also investigated using single cell gel electrophoresis (Comet assay). 

Results showed both cowpea and V. sinensis seed extracts effectively reduced the 
• 

H2O2-mediated DNA damage in mice blood cells. However, the protective property 

was destroyed by the heat treatment to certain extent. 
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Chapter 1 Introduction 

The issue of free radicals, reactive oxygen species (ROS) and antioxidants 

has been widely discussed in the clinical and nutritional literatures. Recently, the 

general public are also interested in this topic, as the mechanism of the free-radical 

reaction has been associated with the pathology of several human diseases, including 

cancer, atherosclerosis, malaria, and neurodegeneractive diseases (Anserson & 

Phillips, 1999). 

Moreover, the free-radical reaction of lipid peroxidation is important in the 

food industry, since it is a major cause in deterioration during storage and processing 

of food. The oxidation may affect food safety, color, flavor and texture. 

Furthermore, the oxidative deterioration of fats or oils leads to the formation of 

decomposition products, which may form toxic polymers. Malonaldehyde is one of 

the products of lipid oxidation, which has been shown to be carcinogenic (Dragsted, 

1998). 

The addition of antioxidant has become popular as a means of increasing the 

storage period of food products and improving the stability of lipids and lipid-

containing foods without the loss of sensory and nutritional qualities (Onyeneho & 

Hettiarachy, 1991). Many food antioxidants such as butylated hydroxyanisole 

(BHA) and butylated hydroxytoluene (BHT) have been commonly added to prevent 

lipid peroxidation, since these synthetic antioxidants are effective chain-breaking 

inhibitors. There is increasing concern over their safety and their replacement by 

•safe, natural' antioxidants such as flavonoids and other plant phenolics (Halliwell et 

aL, 1995). 
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Therefore, many researches have been focused to the findings of antioxidant 

from food sources, as natural products are considered to be more beneficial to human 

health. Their developments as food additives are necessary. Although numerous 

researches have been done, there are still lots of underutilized antioxidants present in 

plant food, which requires further exploitation. 

1.1 Free radicals, oxidative stress and antioxidants 

1.1.1 Free radicals and reactive oxygen species (ROS) 

Basic concepts 

A free radical is any atomic/molecular species capable of independent 

existence that contains one or more unpaired electrons. An unpaired electron being 

one that is alone in an atomic or molecular orbital (Halliwell et al., 1995). Recently, 

much attention have focused on the oxygen-centered radicals, i.e. radicals in which 

the unpaired electron is located on oxygen, such as superoxide (O2") and hydroxyl 

radical (OH.) and nitric oxide Q^0'). 

The term 'reactive oxygen species' is a collective one that includes not only 

oxygen-centered radical but also some non-radical derivatives of oxygen, such as 

hydrogen peroxide (H2O2), singlet oxygen (^O2), and hypochlorous acid (H0C1) 

(Halliwell etal., 1992). 

Sources of free radical and ROS 

Organisms are continuously challenged by free radicals and ROS from both 

in vivo and surrounding environment (Palmer & Paulson 1997). The main external 

2 



sources of radicals are air pollution, chemical exposure, smoke, and ionizing 

radiation (Langseth, 1995). For example, exposure to NO2 causes a variety of 

pathological alterations in the function and the structure of lung (Thomas, 1995). 
• 

It is well established that free radicals and other ROS are continuously 

produced within the organism (Aruoma, 1997). They are formed as unwanted by-

products of respiration or as intermediates in the synthesis of more complex 

biochemical structures. Generation of these species occurs by 2 types of processes 

(Halliwell et aL, 1995). One is accidental generation, and the other one is deliberate 

synthesis. In the first type, electron is leaked to O2 from mitochondrial electron 

transport chain, microsomal cytochromes P450, their electron-donating enzymes and 

other systems. Autoxidation reactions are also involved in this type of generation. 

The second type occurs simply when in vivo molecules react directly with O2 

resulting in the formation of free radicals or ROS. A classical example of deliberate 

generation of ROS in metabolism for useful defensive purpose is the production of 

O2 - H0C1 and H2O2 by activated phagocytes (Halliwell et al., 1997). 

Examples of in vivo free radical and ROS 

Superoxide radical (0^ ") 

Much ofthe O2' ‘ generated in vivo probably undergoes a dismutation reaction 

to give H2O2 (Fridorich, 1986), as the following equation: 

2O2- + 2H+ — H2O2 + O2 (1) 

The O2' - has relatively low reactivity toward many organic compounds, but it 

will react readily with certain transition metal ions. Some biological targets can react 
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with it. For example, O2' “ can combine with NO" to give nonradical peroxynitrite 

(Refer to Equation 2), which may be cytotoxic (Anderson & Phillips, 1999). 

Moreover, O2' “ has been claimed to inactivate the NADPH dehydrogenase complex 
• 

of the mitochrondrial electron transport chain (Amoma, 1998). 

02.- + N 0 . - > 0 N 0 0 - (2) 

Hydrogen peroxide (H?0?) 

H2O2 can be generated from O2' “ dismutation (Refer to Equation 1), or by 

many oxidase enzymes (Chance et al., 1979). 

Since H2O2 is a non-radical, resembling water in its molecular structure. It is 

readily diffusible within and between cells. It can cross membranes and oxidize 

many compounds. H2O2 at low levels appears poorly reactive. However, high levels 

of H2O2 can attack several cellular energy-producing systems. For example, it 

inactivates the glycolytic enzyme glyceraldehyde-3-phosphate dehydrogenase. H2O2 

can form OH' in the presence of transition metal ions. And O2" can facilitate this 

reaction. 

metals 
O2 - + H2O2 > OH. + OH- + O2 (3) 

Hydroxyl radical (OH') 

OH' is produced in vivo by at least 2 mechanisms: reaction of transition metal 

ion with H2O2 (Refer to Equation 4) and homolytic fission of H2O caused by 

background exposure to ionizing radiation (Halliwell et aL, 1992). 

M"+ + H2O2 ^ M(n+i) + OH. + OH- (4) 
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OH' is an extremely reactive species that can attack all biological molecules, 

usually setting off free radical reaction. It is impossible to evolve a specific 

scavenger, as almost everything in the living organism reacts with OH'. Damage 
• 

caused by OH', once this radical is formed, is probably unavoidable. 

Useful ROS generation 

Generation of O2 ', H0C1 and H2O2 by phagocytes is known to play an 

important part in the lethal effects on several bacterial and fungal strains (Halliwell, 

1997). Extracellular O2" is also produced in vivo by many cell types other than 

phagocytes, including lymphocytes, fibroblasts, and vascular endothelial cells. Such 

O2 ' may serve impart biological functions such as intercellular signaling and cell 

growth regulation. Therefore, some metabolic roles for H2O2 have been proposed. 

For instance, H2O2 is used by enzyme thyroid peroxidase to produce thyroid 

hormones (Deme et al., 1994). H2O2 might act as a metabolic signal under certain 

situation, possibly by oxidizing specific protein thiol groups and triggering 

intracellular events (Schreck & Albermann, 1992). 

Function of transition metal ions 

As mentioned before, there is a lineage between transition metal ion and OH' 

production (Halliwell et al., 1992). For example, ferrous salts react with H2O2 to 

form OH' by the "Fenton reaction", which is expressed as: 

Fe (II) + H2O2 "> OH' + OH_ + Fe (III) (5) 

Usually, the production of OH' from O2" and H2O2 is carefully controlled by 

a complex system of iron binding and storage proteins, such as lactoferrin, ferritin 
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and transferrin, or copper binding proteins, ceruloplasmin. It ensures that there is a 

limit amount of metal ions available to catalyze the free radical damage. 

1.1.2 Oxidative stress 

Oxidative stress and human diseases 

The productions of ROS and antioxidant defenses are approximately balance 

in vivo (Halliwell, 1996). If exposure to exogenous source of oxidants is high, the 

body's antioxidant defense may not be able to cope. This result in a condition called 

oxidative stress, an inbalance between pro-oxidants and antioxidants. Oxidative 

stress can be caused by inadequate dietary intake of antioxidants. Another way of 

causing oxidative stress is exposure to oxidizing air pollutants such as cigarette 

smoke, ozone, and oxides of nitrogen. 

Cells can tolerate mild oxidative stress by up-regulating synthesis of 

antioxidant defense system in an attempt to restore the balance (Halliwell et al., 

1995). For example, oxidative stress in lymphocytes can activate the gene 

transcription factor NFK-B, which migrates to the nucleus and switches on 

expression of a whole range of gene. Therefore, mild oxidative stress can render 

cells more resistant to the damage caused by ROS. However, serious oxidative stress 

produces DNA damage, rises in intracellular free Ca + and iron, damage to protein 

and cause lipid peroxidation. If the oxidative stress is particular severe, cell injury 

and death may result. 

ROS have been implicated in a huge range of human diseases. In most 

human diseases, oxidative stress is a secondary phenomenon, not the primary cause, 

but it not mean that it is unimportant. It is known that oxidative stress contributed to 
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tissue damage in rheumatoid arthritis, inflammatory bowel disease and Parkinson's 

disease (Halliwell et al,, 1996). And the tissue injury may further induce ROS 

formation. 

Oxidative damage to lipid 

Lipid peroxidation contributes to the development of cardiovascular diseases, 

and the end products of this process can cause damage to protein and DNA. 

Moreover, peroxidation causes impairment of biological membrane functioning 

(Aruoma, 1998). 

The low-density lipoprotein (LDL) has a surface monolayer of phospholipids 

and cholesterol and a lipid core consisting of cholesterol esters and triglycerides. 

The phospholipid molecules in LDL have 2 fatty acid tails, one of which is usually a 

polyunsaturated fatty acid (PUFA) susceptible to oxidation. The cholesterol esters 

also have PUFA, which are targets for lipid peroxidation. The oxidized LDL is taken 

up by scavenger receptors on macrophages in the aterial walls with the formation of 

'form cells'. These form cells are characterized by numerous vacuolus containing 

cholesteryl esters and are thought to be the earliest indicator of cardiovascular 

disease (Stone et aL, 1996; Dragsted, 1998). 

Oxidative damage to protein 

Oxidative stress to protein in vivo may affect the function of receptors, 

enzymes, and transport proteins. Products of oxidative protein damage can 

contribute to secondary damage to other biomolecules, such as inactivation of DNA 

repair enzymes. 
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Oxidative damage to DNA 

Several ROS have the potential to contribute to cancer development by 

causing structural alterations in DNA, activating or inhibiting signal transduction 

pathways, blocking cell-cell communication, modulating cell growth or damaging 

proteins which repair the DNA damage (Halliwell, 1996). For instances, the 

hydroxyl radical can induce the formation of modified DNA bases, cross-linking 

between DNA bases, coupling of DNA bases to protein, and strand breaks. These 

changes to DNA can affect the replication ofDNA in vivo (Thomas, 1995). 

DNA damage caused by ROS probably contributes to the development of 

aging (Halliwell, 1996). For example, mitochondrial DNA, which is not covered in 

histones is susceptible to free radical attack, and it is close to the free radical 

production sites in the electron-transport chain. Moreover, the repair system of 

mitochondral DNA is not particular efficient. The aging process is intimately 

involved with mitochondrial deterioration, especially as mitochondrial DNA 

accumulates point mutations and deletion with age, some of which involved 

oxidative damage (Halliwell, 1997). 

1.1.3 Antioxidants 

Classification of antioxidants 

According to Kochhar and Rossell (1990), antioxidants can be generally 

classified into 5 types according to their working mechanisms. And the classification 

was listed in Table 1.1. 
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Table 1.1 Classification of antioxidants. 

Antioxidant Functions Examples 
• 

Primary antioxidant They can terminate the free BHA, BHT and tertiary 

radical chains in the lipid butyl hydroquinone 

oxidation by acting as electron (TBHQ). 

donors. 

Oxygen scavenger They can react with oxygen and Ascorbic acid, ascorbyl 

remove it in a close system palmitate and erythorbic 

acid. 

Secondary antioxidant They can decompose the lipid Dilaury thiopropionate 

hydroperoxides into stable end and thiodipropionic 

product. acid. 

Enzymic antioxidants These antioxidants function Superoxide dismutase, 

either by removing dissolved catalase and glucose 

oxygen or by removing highly oxidase, 

oxidative species. 

Chelating sequestrants They chelate metallic ions which Citric acid, amino acids 

promote lipid oxidation through and EDTA. 

a catalytic action. 
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In vivo antioxidants 

In the living organism, 3 major types of defense mechanisms have been 

evolved to limit the levels ofROS and the damage they induce. They are enzymatic 

defense, metal ion sequestration and small molecular weight antioxidants. 

Enzymatic defense 

Superoxide dismutase (SOD) catalyzes the one-electron dismutation of O2" 

into H2O2 and O2 (Equation 1). Catalase converts H2O2 into water and O2 (Equation 

6). Glutathione peroxidase (GPx), which contain active site selenium and are 

involved not only in H2O2 removal (Equation 7), but also in the metabolism of lipid 

peroxides, transforming the tripeptide glutathione (GSH) into its oxidized form 

(GSSG) (Equation 8) (Chaudiere & Ferrari-Ilion, 1999). 

catalase 
2 H2O2 > O2 + 2 H2O (6) 

GPx 
2 GSH + H2O2 > GSSG + 2 H2O (7) 

GPx 
ROOH + 2 GSH > ROH + H2O + GSSG (8) 

GPx is generally thought to be more important than catalase as the H2O2-

removing system in human. Catalase is located in peroxisomes, whereas GPx is 

located in the mitochondria and cytosol, a similar distribution to that of SOD. In 

mammalian tissues, SOD is mainly an intracellular enzyme. Only small amounts are 

present in extracellular fluids, such as plasma, cerebrospinal fluid or synorial fluid. 
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Metal ion sequestration 

An additional important antioxidant defense is the presence of metal ion 

storage and transport proteins. Iron and copper ions are powerful promoters of free 

radical damage, causing formation of OH' and accelerating lipid peroxidant. 

There is a complex system of storage and transport to ensnare these essential 

metals. Iron is stored and transported in the body bound to specific proteins (ferritin, 

transferrin and lactoferrin) which will not stimulate free-radical reactions. 

Caeruloplasmin and serum albumin bind copper ions (Halliwell, 1997). Camosine, 

which is present in high concentrations in human muscle and brain, chelates copper 

and iron ions so as to inhibit oxidative reaction. This sequestration of metal ions is 

particular important in the extracellular environment, where level of SOD, catalase 

and GPx are usually low (Anderson & Phillips, 1999). 

Small molecular weight antioxidants 

These compounds are also important in preventing free radical damages. 

They react with oxidizing chemicals, reducing their capacity for damage effects. 

Living organisms contain a variety of radical-scavenging antioxidant, including 

GSH, uric acid, a-tocopherol and ascorbic acid. Some of them, including 

glutathione, ubiquionol and uric acid, are produced by normal metabolism. 

Reduced glutathione in the resirpatory tract scavenges oxidative toxins such 

as NO2', ozone and free radicals in cigarette smoke. Ubiquinol is the only known fat-

soluble antioxidant synthesized by animal cells. It can regenerate a-tocopherol in 

membranes and lipoproteins. 
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Other small molecular weight antioxidants are found in the diet. They are a-

tocopherol ascorbic acid and some phenolic compounds such as flavonoids. 

External antioxidant sources 

There are 2 kinds of antioxidants found in the diet, they are vitamin-related 

antioxidant and non-nutrient antioxidant. 

Vitamin-related antioxidants 

Many studies focused on the vitamins for their antioxidant activities, as these 

vitamin-related antioxidants are believed to be pharmoprotective agents (Pryor, 

1993). 

1. Vitamin E (a-tocopherol): It is the major antioxidant in all cellular membranes, 

and it protects PUFA against oxidation. 

2. Vitamin C (ascorbic acid): It is a water-soluble substance, which is an important 

antioxidant in the extracellular fluid, and it has many known intracellular 

activities. 

3. Carotenoids: They are a group of red, orange and yellow pigment in plant food, 

especially in fruits and vegetables. They can prevent cancer development 

(Astorg, 1997). 

Non-nutrient antioxidants 

Recently, more efforts have been paid to the investigation of other non-

nutrient antioxidants. These compounds, mainly phenolic compounds, are found in 

fruits, vegetables and beverages. The intake of these antioxidants inversely 
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associated with many diseases, such as coronary heart disease (CHD) (Hollman et 

al., 1996; Hertog et aL, 1993). 

Plant phenols are products of the secondary metabolism. Traditionally, they 

have been considered as antinutrients by animal nutritionists, because of the adverse 

effect of tannins, one type of polyphenol, on protein digestibility. However, recent 

interest in food phenolics has increased greatly, owing to their antioxidant capacity 

and their possible beneficial implications in human health, such as the treatment and 

prevention of cancer, cardiovascular disease, and other pathologies (Bravo, 1998). 

Flavonoids represent the most common and widely distributed group of plant 

phenolics. Their common structure is that of diphenylpropanes (C6-C3-C6) and 

consists of two aromatic rings linked through three carbons that usually form an 

oxygenated heterocycle (Vinson, 1998). The flavonoids have been widely used as 

therapeutic agents, and they are also known to act as strong O2" scavenger, singlet 

oxygen (^O2) quenchers and metal chelators. For example, plant phenols inhibit 

oxidation of LDL in vitro (Vinson et al., 1995). Polyphenolic can also exhibit 

antioxidant activity by chelating the iron (Yoshino & Murakami, 1998). Flavonoids 

can also inhibit the enzyme activity so as to reduce the oxidative damage (Cos et al., 

1998). 

1.2 Plant as a source of antioxidants 

1.2.1 Common food sources of antioxidants 

Antioxidants were found to be present in plant food. Fruits, vegetables, tea, 

red wine are good sources of antioxidants. Besides, antioxidants can also be found in 
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other food sources, such as grains (Velioglu et al., 1998), peanuts (Duh et al., 1992), 

legume seeds (Tsuda et al., 1993) and some Chinese medicines (Miao et al., 1997; 

Yen etal” 1998). 

Fruits and vegetables 

Fruits and vegetables are two major food sources of antioxidants (Suh et al., 

1999). They are the principal sources of both vitamin C and carotenoids. They also 

contribute substantial amounts of vitamin E to the diet, as well as nonnutrient 

antioxidants. High intake of these foods has been proved to be effective in 

preventing heart disease and cancer (Steinmetz & Potter 1996). Citrus, which 

contains lots of vitamins and flavonoids, is a well known example (Benavente-Garcia 

etal, 1997). 

Beverages 

Beverages also provide different kinds of antioxidants. Tea and red wine 

have been reported to contain an extensive amount of phenolic compounds with 

antioxidant activities. Other beverages such as graph juice and cocao liquor also 

have antioxidant activities (Frankel et aL, 1998; Sanbongi et al., 1998). 

Tea as antioxidant source 

Tea leaves contain a large amount of phenolic compounds, which protect the 

leaves from oxidative damage when exposing in the air. The amount of phenolic 

compounds can sometimes be up to 30 % of the total dry weight. 

There are lots of studies showing that antioxidants are present in tea leaves. 

For example, intake of tea flavonoid can inhibit LDL and prevent heart disease 
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(Tijburg et al., 1997). Tea polyphenols are synergistic with a-tocopherol and reduce 

lipid oxidatioin in vitro (Jia et al., 1998). Aspalathin from tea leaves are potent 

antioxidant which comparing with BHA and BHT (Gadow et al., 1997c). The 

processing of tea leaves can affect the antioxidant activities, for instance, green tea 

has higher activities than fermented tea (Gadow et a\, 1997a). 

Red wine as antioxidant source 

The intake ofred wine is related to the Trench Paradox' (a high fat diet with a 

low incidence of atherosclerosis in some regions of French) (Frankel et al., 1993). It 

is believed that intake of red wine can inhibit human LDL oxidation (Frankel et al., 

1995; Heinonen et al., 1998). The antioxidants in wines are mainly phenolic 

compounds (Ghiselli et al., 1998). 

1.2.2 Legume seeds as antioxidant sources 

Legumes are important crops as human food and feed sources. In general, 

they contain 20-30 % protein and about 60 % carbohydrate, and are fairly good 

sources of thiamine, nicotinic acid, calcium and iron (Gupta, 1983). 

Besides their nutritional value, legumes are believed to be a good source of 

antioxidants. It is because that seeds usually contain a great variety of natural 

antioxidants which inhibit lipid peroxidation, resulting in the protection against 

damage to membrane functions, which play an important role in protecting the ability 

to germinate during storage. For instance, as lipid oxidation is important in 

determining the germination ability, Brassica oil seed had phenolic acid response for 

inhibition of lipid peroxidation (Shahidi, 1992). 
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Soybean has been studies intensively, and different kinds of components from 

soybean or soy products such as isoflavones (Esaki et al., 1998; White & Xing, 

1996), peptides (Chen et al., 1998) as well as phenolic acid have antioxidant 
. 

activities. Also, the intake of phytoestrogen can increase LDL oxidation resistance 

(Arora et al., 1998; Tikkanen et al., 1998). Other legumes such as broad beans 

(Okada & Okada 1998), pea bean (Tsuda et al., 1993), mung bean (Duh et al., 

1997), cowpea, hyacinth bean and rice bean also have antioxidant activities (Tsuda et 

al., 1993). 

In general, the seed coat of legume play an important role in chemical 

protection from oxidative damage by possessing endogenous antioxidants such as 

phenolic compounds (Osawa et al., 1985). Therefore, the antioxidant activity ofthe 

pigment in the seed coat was also mentioned (Yoshida et al., 1996; Duh et al., 1997 

& 1999; Onyeneho & Hettiarachchy, 1991). 

1.3 Methods used to evaluate the antioxidant activity 

As lipid peroxidation is one of the main issues considered in food industry, 

which is related to human health. Different methods used to study a compound 

which can inhibit the lipid peroxidation in vitro so as to screen their antioxidant 

activities. The results depend on the systems chosen and the nature of the 

antioxidative component. 
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There are 2 chemical assays used in the study. They are the p-carotene 

bleaching method and the DPPH' scavenging method. Both of them are quick and 

reliable. 
•*X 

1.3.1 p-carotene bleaching method 

Under this system, P-carotene is mixed with linoleic acid. With heating, the 

co-oxidization of P-carotene and linoleic acid occurs in the presence of oxygen. This 

resulted in the decolorization of p-carotene and hence decreased in the absorbance. 

However, the lipid oxidation can be terminated with the addition of an antioxidant. 

Therefore, the stronger the antioxidant activity of the test compound, the lesser the p_ 

carotene will be bleached. 

Most studies use the P-carotene bleaching method to screen the antioxidant 

activity in food sources. For example, antioxidants have been found in fresh pepper 

(Lee et al., 1995), rooibos tea (Gadow et al., 1997a, b & c), oat (Emmons et aL, 

1999), aromatic herbs (Dapkvicius et al., 1998) as well as fruits and vegetables 

(Velioglu etcd., 1998). 

1.3.2 DPPH scavenging method 

The free radical scavenging method, first described by Blois (1958), uses a 

different approach to evaluate the antioxidant activity of specific compounds or 

extracts. A stable radical, 1,1 -diphenyl-2-picrylhydrazyl (DPPH.) was mixed with 

the test compound in a methanol solution (Brand-Willams et al., 1995). In its radical 

form, DPPH' give absorbance at 515 nm, but in the present of antioxidant (AH), this 
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absorbance disappears. The reduction of DPPH. indicated the presence of free 

radical scavenger. The stronger scavenging ability of the antioxidant in the reaction 

mixture, the faster the decreasing rate in the absorbance. 
• 

DPPH" + AH ^ DPPH-H + A' (9) 

The free radical product of scavenger is fairly unreactive, and it will decay 

through dismutation, recombination or reduction by secondary scavenger. Therefore, 

the antioxidant radical does not serve as an initiator of an uncontrolled chain reaction 

(Chaudiere & Fermri-Iliou, 1999). 

The DPPH' scavenging method was commonly used to determine the free 

radical scavengers present in the food sources. For instance, buchwheat seed 

(Przylski et al., 1998) peanut (Yen & Duh, 1994), onion (Suh et al., 1999), Vitis 

vinifera (Fauconneau et al., 1997), barley and malt extract (Goupy et al., 1999) and 

beverages (Yamaguchi et al., 1998). This method can also be used to investigate the 

antioxidant activities of pure compounds, such as polyphenols (Gaulejac et al., 1999; 

Sanchez-Moreno et al,, 1998; Yokozawa et al., 1998; Chen & Ho, 1997). 

1.3.3 High-performance liquid chromatograph (HPLC) 

Nowadays, HPLC is essential in the analytical research. It is fast and 

reproducible in both qualitative and quantitative analysis as well as in the preparative 

work. 

The basic HPLC system comprises a solvent delivery pump, an injector, a 

column, and a detector. Although several different types of column and / or detector 
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can be used, the most commonly used setting is that of a reversed-phase column and 

a UV / visible detector, such as a photodiode array detector. 

Reversed-phase (RP) chromatography is by far the most popular HPLC 

technique. Majority of analytical separation of low molecular weight sample is 

carried out using a reversed-phase method. And the most popular reversed-phase 

columns are manufactured from silica-based bonded phases, and among those the 

C18-type bonded phase is most frequently used (Nfeue, 1997). 

The separation of compound is based on the column as well as the solvent 

system used. The solvent mixture pumped through the column can remain the same 

throughout the chromatographic run (an isocratic system), or the mixture may change 

in a predetermined way (a gradient system). Isocratic elution is unsuitable for most 

natural extract as the wide variety of components, as it takes unacceptably short or 

long elution times for many of the components. When the mixture is complex, a 

gradient elution method needs to be developed for the separation. Using gradient 

elution with 2 or more solvents, it is possible to optimise the chromatography for 

most components. Typical gradient solvent system is composed of a high proportion 

of polar solvent at the beginning, with a gradually increasing of a lesser polar 

solvent. The polar solvent is normally water based and the less polar solvent 

methanol or acetonitrile based. 

There are a lot of researchers using RP-HPLC to separate and identify the 

compounds interested from the mixtures. For example, phenolic compounds were 

isolated from plant foods (Khurana, 1992), anthocyanin, flavonids and phenolic acid 

were identified in potato (Lewis et aL, 1998) and flavonoid were obtained from rose 

(Velioglu & Mazza 1991) using the RP-HPLC. This chromatographic technique can 
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also be used to investigate some high molecular weight products (Wu & Robinson, 

1999). Moreover, RP-HPLC together with other assays have been selected for the 

determination of antioxidant activity. For instance, DPPH'-HPLC method was 

developed for screening antioxidants in colored food (Yamaguch et al., 1998). 

1.3.4 Single cell gel electrophoresis (SCGE) 

The SCGE assay, also known as the comet assay, is a sensitive and rapid 

technique for measuring DNA breakage in individual cell level and specifically for 

detecting oxidative DNA strand breaks (Singh et al., 1988; Mckelvey-Martin et al., 

1993). It is considered as a useful tool for investigating issues related to oxidative 

stress in human lymphocytes (Collins et al., 1998). The method has been applied in 

various areas, one ofwhich is the investigation of the protective effect ofantioxidant 

on DNA damage (Anderson et al., 1994; Noroozi et al., 1998; Duthie et aL, 1997). 

In this assay, small amount of treated cells was suspended in a thin agarose 

gel on a microscope slide. They were lysed, electrophoresised and stained with a 

fluorescent DNA binding dye. The electric current pulled the charged DNA from the 

nucleus. These relaxed and broken DNA fragments migrated further to the anode. 

The resulting images, which were subsequently named for their appearance as 

'comets', were measured to determine the extent of DNA damage (Fairbairn et al., 

1995). 

There are many factors which may influence the DNA migration during the 

electrophoresis. They are the pH, treatment temperature, treatment length of the lysis 
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solution and the electrophoresis buffer as well as many other factors (Olive et al., 

1992; Tice et aL, 1995; Klaude et aL, 1996). 

Different treatment agents can induce the DNA damage. Hydrogen peroxide 

and radiation are the most commonly used agents (Panayiotidis et al., 1999; 

Dizdaroglu et al., 1991). From the studies of H2O2-treated cell, it is known that the 

reactive species responsible for DNA damage in vivo is hydroxyl radical. OH' might 

be generated in vivo from hydrogen peroxide through a Fenton-type reaction, which 

involved the transition metal ions (Equation 5). However, because of its high 

reactivity, OH" must be generated close to the DNA to cause any damage. The metal 

ion might be bound to chromatin, and the oxidative stress can liberate metal ions 

form their storage sites with subsequent binding to chromatin (Dizdaroglu et al,, 

1991). 

Many different parameters can be used as the indicator of DNA damage. 

Among those parameters, tail length and tail moment are the most common. Longer 

tail length indicates a greater extent ofDNA damage. Tail length reflects the degree 

of DNA damage in a lesser extent. Further damage can increase only the DNA 

content in the comet tail but not the tail length. Under this situation, tail moment is a 

more suitable parameter to determine DNA damage. Tail moment is the product of 

percentage oftotal DNA in the tail distribution and the displacement ofthe centers of 

mass of the head and tail (Thomas et al., 1998). 
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1.4 Objectives of the study 

The objectives of this study are as follows: 

1. To assess the antioxidant activities of 24 edible legume seeds using p-carotene 

bleaching method and DPPH' scavenging method. 

2. To investigate the antioxidant activities of different seed fractions. 

3. To study the stability of legume antioxidants. 

4. To evaluate the protective effect of legume antioxidant on the DNA damage. 
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Chapter 2 Materials and Methods 

2.1 Plant material and chemicals 
• 

Twenty-four edible legume seeds were selected for the examination of 

antioxidant activity. All of them were obtained from local suppliers in Hong Kong. 

Their common names and scientific names were listed in Table 2.1. The appearances 

ofthese legumes are shown in Figure 2.1. Among the selected legume seeds, one of 

them is the black seed local cultivar of Vigna sinensis, which is known as Hak-mei-

tau (Figure 2.1 (e)). In the text, this pigmented seed was referred as V. sinensis. 

Linoleic acid (99%), p-carotene (Type II, HPLC grade), Tween 40, d-a-

tocopherol (Type VI), L-ascorbid acid, BHA, BHT, (+)-catechin (98 %), quercetin, 

caffeic acid, chlorogenic acid, DPPH., agarose (TypeVII), sarkosyl, Triton X-100, 8-

hydrozyquinoline and ethidium bromine were obtained from Sigma Chemical Co.. 

Agaorse (Ultra pure), acridine orange and hydrogen peroxide (30 %, w/v) were 

supplied by Gibco Ltd.. Microscope slide was from Shanghai Machinary Import and 

Export Company. And methanol (HPLC grade) was obtained from Mallinckrodt 

Baker, Inc.. 

2.2 Sample Preparation 

Methanolic Extraction 

The seed samples were grounded into powder using the mill (Philips, HR 

2924) with blender (Philips, HR 2805). These powders were immediately extracted 

with absolute methanol in 1:5 (w/v) ratio. The extraction was carried out for 24 
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hours with continuous shaking (100 rpm) at room temperature. And the methanolic 

extracts were filtered twice with Whatman filter papers fNo. 1 and No. 2). The 

filtrates obtained were stored at 4°C until assay. 

Heat treatment 

When heat treatment was applied, samples were autoclaved with distilled 

water (1:1, w/v) at 121°C for 30 minutes. The samples were dried at 80 C overnight 

and the extraction was carried out as described above. 

Isolation of seed coat and cotyledon 

To obtain the seed coat and cotyledon of the sample, legume seeds were 

soaked in distilled water and left at room temperature for 12 to 24 hours. The seed 

coats and cotyledons were separated manually and air dried. The extraction 

procedure was carried out as described before. 

2.3 Determination of antioxidant activity with P-carotene bleaching method 

Antioxidant activity of the selected legume seeds and the some well known 

antioxidants were measured according to a modified version of the P-carotene 

bleaching method of Lee et al. (1995) with modification, p-carotene (5 mg) was 

dissolved in chloroform (50 ml) and this solution can be stored at 4°C up to one 

month. 
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To perform the assay, the aliquot of p-carotene chloroform solution (3 ml) 

was added to a round bottle together with linoleic acid (40 mg) and Tween 40 (400 

mg). After removal of chloroform under vaccum at 40 C with a rotary evaporator, 

oxygenated distilled water (100 ml) was added to the P-carotene emulsion and mixed 

rigiously. Sample extract (40 jiil) and the aliquots of P-carotene emulsion were 

mixed and incubated in a water bath at 50°C. Oxidation of the emulsion was 

monitored spectrophotometrically (Milton Ray, Spectronic Genesys 5) by measuring 

the absorbance at 470 nm. Readings of all samples were taken before (t = 0) and 

after incubation for 15 min (t = 15). 

All determinations were performed at least twice. Two concentrations (1 mM 

and 10 mM) ofBHA, BHT, L-ascorbic acid, a-tocopherol, (+)-catechin, quercetin, 

caffeic acid and chlorogenic acid in absolute methanol were used as references, and 

absolute methanol was used as the control. 

The antioxidant activity was expressed as percent inhibition on P-carotene 

bleaching relative to the control after incubation using the equation: 

[Ac(0) - Ac(i5) ] - [ As(0) - As(i5)] 

% Inhibition x 100 
Ac(0) - Ac(i5) 

Where Ac(o) is the absorbance at 470 nm of control at t = 0 min; 

Ac(i5) is the absorbance at 470 nm of control at t = 15 min; 

As(0) is the absorbance at 470 nm of sample at t = 0 min; 

As(i5) is the absorbance at 470 nm of sample at t = 15 min. 
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2.4 Evaluation offree radical scavenging ability 

The radical scavenging effects of the legume seeds and the standards were 

^ assessed using the stable radical, DPPH" (Brand-Williams et aL, 1995). A seed 

extract (0.1 ml) was placed in a cuvette, and a 6 x 10"̂  M methanolic solution of 

DPPH' (3.9 ml) was added. The decrease in absorbance at 515 nm was measured 

continuously with data capturing at 1-minute intervals with Hitachi U-3210 

spectrophotometer and data capture software. The determination was lasted for 30 

minutes. 

The methanolic solution of DPPH' was freshly prepared. Special care was 

needed to minimize the loss of free radical activity of DPPH' stock solution as 

recommended by Bloris (1958). 

In the control, absolute methanol (0.1 ml) was used instead of sample 

extracts. And two concentrations (1 mM and 10 mM) of BHA, BHT, L-ascorbic 

acid, a-tocopherol, (+)-catechin, quercetin, caffeic acid and chlorogenic acid in 

absolute methanol were used as references. 

All measurements were performed at least twice. For each sample tested, the 

reaction kinetic was plotted. Also, the percentage inhibition on DPPH' at the first 5 

minutes ofthe reaction was calculated based on the following equation: 

As(0) - As(t) 

% Inhibition (t = 5) x 100 

As(0) 

Where As(o) is the absorbance of the mixture at time = 0 min; 

As(t) is the absorbance of the mixture at time = 5 min. 
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2.5 HPLC separation of seed extracts 

The separation was achieved using analytical RP-HPLC. This was carried 

out using a Hewlett Packard (HP) series 1100 liquid chromatograph with a HP 

autosampler and a HP photodiode array detector. The separating column was a HP 

4.6 mm x 15 cm RP-C18 column (Eclipse XDB-C18, 5-micron) and it was fitted 

with a HP 4.6 mm x 12.5 mm guard column (Eclipse XDB-C18 5-micron). 

Tested sample (10 îl) was injected into the column. The elution solvents 
/ 

used were (A) 100 % ultra pure water and (B) 100 % methanol. A flow rate of 1 ml 

min—i was used with a linear 60 minutes gradient from 100 % water to 100 % 

methanol followed by a 20 minutes hold at 100 % methanol. The column was 

washed with 100 % water for 10 minutes, returned to equilibrium for another 10 

minutes before the next injection. The eluted compounds were monitored at 280 nm 

and 260 nm. 

To identify the peak responsible for the antioxidant activity, fractions were 

collected at 10-minute intervals. The collected fractions were evaporated to dryness 

under vaccum with a rotary evaporator. Absolute methanol was added to dissolve 

the residues. And the resultant methanolic solutions were subjected to the P-carotene 

bleaching assay and the DPPH' scavenging test. 
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2.6 Evaluation the protective effects ofseed extracts on DNA damage using the 

comet assay 

2.6.1 Preparation of Reagents 

A. Dulbecco's phosphate buffered saline (PBS) (Mg +, Ca + free):135 mM NaCl, 8.1 

mM Na2HPO4, 2.68 mM KC1, and 1.47 mM K2PO4 at pH 7.4. This solution was 

filtered and sterilized. And it could be stored at room temperature indefinitely. 

B. Lysis solution: 2.5 M NaCl, 100 mM EDTA-Na2, 10 mM Tris base, and 1 % 

sarkosyl at pH 10. It was made up fresh once a week and stored at room 

temperature. 1 % (v/v) Triton X-100 and 10 % (v/v) DMSO were added to the 

solution, and it was refrigerated for at least 1 hour before use. 

C. Electrophoresis buffer: 300 mM NaOH, 1 mM EDTA, 1 % (w/v) 8-

hydroxyquinoline, and 2 % (v/v) DMSO at pH 13. The solution was freshly 

prepared before each electrophoresis run. 

D. Neutralization buffer: 400 mM Tris base at pH 7.5. The solution was autoclaved 

at 121 C for 20 minutes. It was stored at room temperature until required. 

E. Staining solution: 20 ^ig/ml ethidium bromide was dissolved in autoclaved water. 

It was needed to be stored at 4°C. 

F. Ethidium bromide-acridine orange (Et-Ac) solution: For the stock solution 

(lOOx), ethidum bromide (50 mg) and acridine orange (15 mg) were dissolved in 

95 % ethanol (1 ml) and added to a total volume of 45 ml in purified water. It 

was stored as 1 ml aliquots at -20°C. For the working solution, 1 ml aliquots of 

stock solution was diluted into PBS (100 ml). It could be stored at 4 C for up to 

one month. 
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2.6.2 Blood sample 

Whole blood (0.5 ml) was collected from male ICR mice (7-8 weeks), placed 

into heparinised tube and kept on ice. The blood cells were washed with PBS and 

resuspended in the same buffer for the further use. 

2.6.3 Hydrogen peroxide (H2O2) treatment 

There are 2 different treatment systems used in the study. They are co-

incubation system and pre-incubation system. 

Co-incubation system 

In an Eppendrof tube, PBS (1 ml) containing blood cells (20 îl) and 

appropriate volumes of H2O2 and the seed extracts or vitamin C. After incubation, 

the blood cells were pellected at 1200g for 3 minutes at 20°C. The supernatant was 

removed, the cells were washed with PBS (1 ml), and resuspended in PBS (0.4 ml). 

For the viability assessment, 50 fil ofblood cells was drawn. 

Pre-incubation system 

The blood cells were pre-treated with seed extracts or vitamin C under 

suitable conditions. After incubation, the cells were pelleted, washed with PBS, and 

challenged with appropriate concentration ofH2O2. At the end ofthe treatment, the 

cells were pellected, washed, and resuspended in buffer. Some of them were 

removed for the viability assessment. 
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Establishment of optimal assay conditions 

H7O2 concentration 

To find out the optimal dosage of H2O2, which can induce significant DNA 

damage, various concentrations of H2O2 (ranged from 100 fiM to 10 mM) were 

incubated with mice blood cells for 1 hour at 37°C. 

Sample volume 

To find out the optimal dosage of seed extract, which can reduce the DNA 

damage significantly, different volumes of V. sinensis seed extract were added to the 

buffer containing blood cells and H2O2 (1 mM) and incubated for 1 hour at 37°C. 

Incubation time 

To find out the optimal incubation time with seed extract, which can reduce 

the DNA damage significantly, the blood cells together with sample (40 |il) and 1 

mM H2O2 were incubated at 37°C. And the incubation times ranged from 15 

minutes to 2 hours. 

H7O2 treatment temperature and time 

To find out the optimal treatment temperature and time, which the H2O2 can 

induced significant DNA damage. After pre-incubated with buffer for 1 hour at 

37 C, the blood cells were treated with 1 mM H2O2 at 2 different temperatures (4°C 

and 37°C). And the treatment time ranged from 5 minutes to 30 minutes. 

Sample pre-treatment time 

To find out the optimal incubation time with seed extract, in which DNA 

damage reduced significantly, the blood cells were pre-incubated with V. sinensis 
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seed extract at 37°C for 15 minutes to 2 hours, and treated the cells with 1 mM H2O2 

at 3TC for 10 minutes. 

2.6.4 Ethidium bromide-acridine orange (Et-Ac) viability determination 

According to Mather and Roberts (1998) mixed cells with Et-Ac in 1:1 ratio. 

The mixture was added to a slide and covered with a coverslip. It was observed with 

a fluorescence microscope (Nikon, Eclipse E-600) using a excitation filter of450 nm 

to 490 nm. The live or dead cells were counted with a tally counter. The percent 

viability was calculated using the following equation: 

Live cell 

% Viability = x 100 

Total cell counted 

2.6.5 Slide preparation 

To increase the adhesion of the gel layer, microscope slides were pre-coated 

with agarose by dipping into 1 % normal melting point O^MP) agarose in H2O at 

50°C. Drained off excess agarose, wiped the back clean, and dried the slides on a 

warm hot plate. 

2.6.6 Alkaline comet assay 

The DNA damage of the blood cells was determined by the alkaline single 

cell gel electrophoresis (comet assay) according to Anderson et al. (1994) with some 

modifications. 
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The treated cells (100 îl) were mixed with 1 % low melting point (LMP) 

agarose (100 î) at 37°C in PBS. The cell suspension was rapidly pipetted onto the 

pre-coated slide and spread using a coverslip. The slides were maintained on an ice 

bath for 10 minutes to solidify. 

After removal of the coverslips, the slides were immersed in freshly prepared 

cold lysis solution and kept at 4°C for 1 hour in the dark. For the control, slides must 

remain isolated in separate staining jar during lysis to prevent unnecessary strands 

breaks occur. 

The slides were then removed from the lysis solution, washed twice with 

distilled water. Excess liquid was drained and the slides were placed in a horizontal 

gel electrophoresis tank, each one side by side. The agarose ends needed to be close 

to the anode and spaces between each slide must be avoided. The tank was filled 

with fresh electrophoresis buffer to a level approximately 0.25 cm above the slides. 

The slides were left in the solution for 20 minutes at 4°C to allow the unwinding of 

the DNA and expression of alkali labile damage before electrophoresis. 

The electrophoresis process was conducted at 4°C for 40 minutes using 18 V 

and the current was adjusted to 300 mA by raising or lowering the buffer level. All 

of these steps were performed under dimmed light to prevent the additional DNA 

damage. 

At the end of electrophoresis, the slides were placed horizontally on a drain 

tray. The neutralization buffer was added dropwise and gently to neutralize the 

excess alkali solution, and the slides were allowed to stay for 5 minutes. This 

neutralization step was repeated twice at room temperature. The slides were drained, 
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exposed in cold 100 % ethanol for 10 minutes, and air-dried. The slides were stored 

in air-tight container until the scoring procedure was performed. 

2,6.7 QuantiHcation of DNA damage 

Before observation, the DNA was stained with 20 ^ig/ml ethidium bromide 

for 5 minutes at room temperature. 

Individual cells were viewed at 200X magnification using a fluorescence 

microscope fNFikon, Eclipse E-600) with an excitation filter of 510 nm to 560 nm. 

The extent of DNA migration was determined using an image analysis system 

(Komet 3.1 from Kinetics Imaging Ltd., Liverpool) lined to a CCD camera (Hitachi, 

KP-MIE/K monochrome CCD camera). Generally, 25 to 50 randomly selected cells 

were measured per treatment. 

For each comet, Olive Tail Moment was measured. The calculation was 

based on the following equation: 

(Tail mean - Head mean) 

Olive Tail Moment x 100 

Tail % DNA 

2.6.8 Statistical analysis 

The tail moment of comet was used as the parameter of DNA damage. The 

data were presented as mean olive tail moment SEM. The variability between the 
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control and various treatments in the individual experiments were investigated by the 

analysis of variance (ANOVA) with Excel. The F-ratio with p < 0.05 indicates a 

significant difference exists among the treatments. A significant F-ratio was 

followed by the tukey test with SPSS. 
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Table 2.1 Common names and scientiHc names of24 selected legume seeds. 

Common Name Scientific Name Figure 2.1 

Adzuki bean* Vigna angularis (Willd.) Ohwi & Ohaski a 
•*V 

Cowpea* Vigna unguiculata L. b 

Mung bean* Vigna radiata (L.) Wilczek c 

Rice bean* Vigna umbellata (Thunb.) Ohwi & Ohaski d 

Hau-mei-tau^ Vigna sinensis e 

Great Northern bean# Phaseolus vulgaris f 

Green limas bean* Phaseolus lunatus L. g 

Pinto bean# Phaseolus vulgaris h 

Red kidney bean* Phaseolus vulgaris L. i 

White kidney bean* Phaseolus vulgaris L. j 

Faba bean* Vicia faba L. k 

Fava bean* Vicia fava L. 1 

Green lentils bean* Lens culinaris Medik. m 

Red lentils bean* Lens culinaris Medik. n 

Chick pea* Cicer arietinum L. o 

Hyacinth bean* Dolichos lablab p 

Large lupini bean* Lupinus luteus L. q 

Soybean* Glycine max (L.) Merr. r 

Canary bean Not available. s 

Flageoles bean Not available. t 

Romano bean Not available. u 

Swidish brown bean Not available. v 

Yellow eye bean Not available. w 

Urad bean Not available. x 

* Reference: Duke, 1981 

# Reference: Salunkhe and Kadam, 1989 

Black seed local cultivar of Vigna sinensis was identified by Prof. S.H. Hu. 
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Figure 2.1 Mature seeds of different legumes (Continued). 
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Chapter 3. Results 

3.1 General description of 24 selected legume seeds 

In addition to the appearances showed in Figure 2.1, the weights, lengths and 

colors of legume seeds were listed in Table 3.1. 

3.2 Determination of antioxidant activity with p-carotene bleaching method 

3.2.1 Optimal incubation time 

It was found that the absorbance of the P-carotene emulsion with methanol 

decreased 60 % during 1-hour incubation (Figure 3.1). Since the absorbance of the 

mixture was relatively decreasing steadily during first 30 minutes of incubation, t=15 

min was chosen as the optimal incubation time for the assay. 

3.2.2 Antioxidant activities of24 legume seed extracts 

The antioxidant activities of seed extracts as measured by P-carotene 

bleaching assay were shown in Figure 3.2. The antioxidant activity was expressed as 

o/o inhibition on p-carotene bleaching. A higher the inhibition indicated a higher 

antioxidant activity. All the legume seed extracts showed different degree of 

inhibition on p-carotene bleaching. The highest antioxidant activity was found in the 

seed extracts of cowpea (82.63 3.72 %), followed by chickpea (79.97 0.97 %), 

rice bean (79.03 0.52 %) and K sinensis (78.33 0.72 %). 
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3.2.3 Antioxidant activities of different antioxidants and phenolic compounds 

Different synthetic and natural antioxidants were tested for the antioxidant 

activity as references. In Figure 3.3, it is found that the order of antioxidant activity 

of the references were BHT > BHA > quercetin > vitamin E > catechin > caffeic acid 

> chlorogenic acid > vitamin C. Two synthetic antioxidants, BHA and BHT, and the 

flavonoid quercetin showed > 80 % inhibition on p-carotene bleaching at both 1 mM 

and 10 mM. When the concentration was increased from 1 mM to 10 mM, the % 

inhibition was also raised to approximately 10 %. However, the inhibition of vitamin 

E and catechin was greater in the lower concentration than the higher one. Other 3 

tested references, vitamin C caffeic acid and chlorogenic acid, accelerated the rate of 

P-carotene bleaching in both concentrations. 

3.2.4 HPLC fractions of cowpea and K sinensis 

The methanolic extracts of cowpea and V. sinensis were separated into 

different fractions according to their polarities. The HPLC profiles of cowpea and V. 

sinensis were exhibited in Figure 3.4 (a) and (b), respectively. 

All the HPLC fractions of cowpea showed relatively high antioxidant 

activities (Figure 3.5), especially in Fraction 4 and Fraction 7, which showed > 75 % 

inhibition on P-carotene bleaching. 

In the HPLC fractions of V. sinensis, however, all fractions expressed lower 

antioxidant activities than that of cowpea. And the non-polar fractions had higher % 

inhibition of p-carotene bleaching than the polar fractions (Figure 3.6). Among these 

fractions, Fraction 7 had the highest activity (65.26 1.41 %), followed by fraction 8 

(37.37 3.17 %). Other fractions only showed < 25 % inhibition. 
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3.2.5 Antioxidant activity of seed coat and cotyledon 

All the tested samples, cowpea, V. sinensis and soybean, had the highest 

activities in whole seed rather than the seed coat or the cotyledon alone (Figure 3.7). 

And the cotyledon displayed greater activities than the seed coat. In the whole seed, 

the antioxidant activity of cowpea > V. sinensis > soybean. However, the seed coat 

of V. sinensis had the highest inhibition, followed by soybean and cowpea. In the 

cotyledon, all legume seeds showed similar activities in the order V. sinensis > 

cowpea > soybean. 

3.2.6 Antioxidant activity of fresh seed and autoclaved seed of V, sinensis 

In the whole seed, the antioxidant activity of both fresh and the autoclaved V. 

sinensis were similar (Figure 3.8). After heat treatment, the antioxidant activities of 

cotyledon and seed coat of V. sinensis increased 30 % the fresh seed. In the fresh 

seed of V, sinensis, whole seed had the highest activity comparing to the cotyledon 

and the seed coat. However, the autoclaved cotyledon had greater inhibition than the 

whole seed and the seed coat. 

3.2.7 Effect of storage on the antioxidant activity of V, sinensis 

From Figure 3.9, it is found that the antioxidant activities of V. sinensis were 

slightly increased with longer storage time. The sample extracts showed relatively 

stable inhibition during 5 months to 13 months storage. 
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3.3 Evaluation of free radical scavenging ability 

3.3.1 Free radical scavenging abilities of24 legume seed extracts 

The kinetics of 24 legume seed with the DPPH' were displayed in Figure 

3.10. The decreasing rate of the absorbance was an indication of the free radical 

scavenging ability. Among the tested legume seeds, cowpea and V. sinensis showed 

the greatest abilities. Also, the % inhibition ofDPPH' at t=5 min were calculated and 

listed in Figure 3.11. The highest inhibition was found in cowpea (79.83 0.86 %), 

followed by V. sinensis (64.57 0.98 %), fava bean (39.03 0.2 %) and Adzuki 

bean(34.57i l .07%). 

3.3.2 Free radical scavenging abilities of different antioxidants and related 

compounds 

All the tested synthetic and natural antioxidants showed free radical 

scavenging abilities (Figure 3.12 and Figure 3.13). The order of free radical 

scavenging ability ofthese references was quercetin > catechin > vitamin C > caffeic 

acid > vitamin E > chlorogenic acid > BHA > BHT. Two flavonoids, catechin and 

quercetin, had the highest abilities at both concentrations (> 90 %). When the 

concentration increased from 1 mM to 10 mM, the scavenging abilities ofvitamin C 

and caffeic acid raised 5 % and 14 %, respectively. In other references, the free 

radical scavenging abilities increased significantly when the concentration increased. 
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3.3.3 Free radical scavenging abilities ofHPLC fractions of cowpea and V, 

sinensis 

The polar fractions of cowpea had a stronger ability to scavenge DPPH' than 
• 

the non-polar fractions (Figure 3.14 and Figure 3.15). Fraction 1 showed 56.83 

0.04 o/o inhibition, followed by Fraction 2 (30.64 2.15 %). Other fractions 

displayed extremely low or no free radical scavenging ability. 

In HPLC fractions of V. sinensis, similar patterns were found (Figure 3.16 

and Figure 3.17). Among the fractions, Fraction 1 had the highest free radical 

scavenging ability (31.48 0.73 %), followed by Fraction 2 (17.12 0.38 %) and 

Fraction 3 (10.09 0.09 %). 

When compared to the HPLC fractions of cowpea and V. sinensis, it was 

found that the fractions of cowpea a greater inhibition of DPPH' than that of V. 

sinensis. 

3.3.4 Free radical scavenging abilities of seed coat and cotyledon 

Figure 3.18 and Figure 3.19 showed the DPPH' scavenging activities of 

cowpea, V. sinensis and soybean. In general, the inhibition ofDPPH. ofcowpea and 

V. sinensis was much higher than that of soybean, no matter in whole seed, seed coat 

or cotyledon. In cowpea, the whole seed had the strongest ability than the seed coat 

and cotyledon. However, the seed coat of V. sinensis showed a greater free radical 

scavenging ability, followed by whole seed and cotyledon. 

3.3.5 Free radical scavenging abilities of fresh and autoclaved seed of V, sinensis 

In both fresh and autoclaved seed of V. sinensis, the seed coat showed the 

greatest inhibition of DPPH' than the whole seed and cotyledon (Figure 3.20 and 
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Figure 3.21). After heat treatment, the free radical scavenging abilities of V. sinensis 

decreased. There were 51 % reduction in the whole seed, 13 % reduction in seed 

coat and only slight decreased in the cotyledon. 

3.3.6 Effects of storage on free radical scavenging abilities of V, sinensis 

From Figure 3.22 and Figure 3.23, it was found that the free radical 

scavenging of V. sinensis slightly decreased after storage. The free radical 

scavenging ability of the seed extract was maintained as 80 % within 3 months. 

With the longer storage, the scavenging ability decreased 8 %. 

3.4 Evaluation of protective effects of seed extracts on DNA damage using the 

comet assay 

Figure 3.24 are examples of comet images. The undamaged DNA was 

recognized as a fluorescent core. While the presence of strand breaks induced the 

DNA to migrate during the electrophoresis, a tail was formed and was recognized as 

a comet. The bigger and more fluorescent is the tail, the greater is the DNA damage 

induced. 

All assays were repeated 2 to 3. However, only one representative assay was 

presented. Tail moment was used as the parameter to determine the degree of DNA 

damage. 

The cell viability was measured immediately after the treatment, and % 

viability was usually exceeding 90 %. 
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3.4.1 Optimal assay conditions 

Co-incubation system 

H7O2 concentration 

Figure 3.25 illustrated that the increase in H2O2 concentration resulted in the 

increase oftail moment. Treatment with H2O2 induced a significant increase in DNA 

damage at concentration > 1 mM (P < 0.05). Therefore, 1 mM was used as the 

optimal concentration for the H2O2 treatment. 

Sample volume 

Different volumes of seed extract of V. sinensis were tested for the protective 

effects on DNA damage (Figure 3.26). Among the tested volumes, seed extract of40 

^1 expressed a statistically significant inhibitory effect on H2O2-mediated DNA 

damage. Whereas other volumes did not diminished the damage caused by H2O2. 

Moreover, for sample volume above 80 îl, DNA damage was promoted, cell deaths 

were induced (cell viability < 90 %), which resulting in greater tail moment. As a 

result, 40 |il ofseed extract was used for the further assays. 

Incubation time with seed extract 

The tail moment ofblood cells, after incubated with H2O2 and seed extract of 

V. sinensis for different times, were presented in Figure 3.27. In general, the longer 

the incubation time, the greater the protection of seed extracts on DNA. The results 

showed that the seed extracts of V. sinensis had statistically significant protective 

effects on DNA from H2O2 damage after 1- hour incubation. Thus, 1-hour 

incubation with seed extract was chosen as the optimal incubation time in this 

system. 
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Pre-incubation system 

Incubation temperature 

After treatment with 1 mM H2O2 at 4°C and 37°C, the blood cell exhibited 

similar degree of DNA damage with no significant difference (P < 0.05). Among 

these conditions, the greatest DNA damage was found in the blood cells treated with 

1 mM H2O2 for 10 minutes at 37 C (Table 3.2). 

H9O2 treatment time 

The endogenous DNA damage evaluated on the blood cells with different 

H2O2 treatment time was reported in Figure 3.28. Under 37°C incubation, the 

greatest DNA damage occurred after 10-min treatment. Therefore, the optimal 

treatment time with H2O2 was 10 minutes. 

Sample incubation time 

In general, the longer the incubation time with the seed extract of V. sinensis, 

the lesser the extent of DNA damage was detected (Figure 3.29). Although the 

treatment did not showed statistically significant difference, a 2-hour incubation with 

seed extract was chosen, as the cell had the lowest value oftail moment. 

3.4.2 Protective effects of seed extracts and vitamin C 

Co-incubation system 

In Figure 3.30 from the seed extracts of cowpea and V. sinensis, there was a 

statistically significant protective effect on DNA from H2O2-mediated damage when 

comparing with the positive control. The reference, 1 mM vitamin C also had 

similar protective effect. This indicated both seed extracts and vitamin C reduced the 

damage of H2O2 on blood cells. 

4 7 



Pre-incubation system 

Comparing with the positive control, the blood cells had a significantly lower 

tail moment, after pre-treating with the seed extracts of cowpea and V. sinensis. A 

similar pattern was found in the treatment with vitamin C (Figure 3.31). 

3.4.3 Effects of heat treatment on the protective effect 

Co-incubation system 

After the heat treatment, the protective effect of V. sinensis was reduced. 

Because the tail moment of the blood cell treated with autoclaved seed extract was 

higher than that of the fresh seed extract, as was seen in Figure 3.32. Although 

statistically there was no significant different (P < 0.05) between the positive control 

and the treatment with autoclaved seed extract, the tail moment of the blood cell was 

generally lowered after the incubation. 

Pre4ncubation system 

Figure 3.33 illustrates a similar pattern of V_ sinensis seed extracts on the 

protection of DNA damage. The protective effect of autoclaved seed extract was 

slightly decreased and resulted in an increase in tail moment. However, there was a 

significant difference between the positive control and the treatment with seed 

extracts, both in fresh and autoclaved seed extract of V. sinensis. 
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Table 3.1 General description of 24 selected legume seeds. 

Common Name Weighta (g) Lengtha (cm) Seed coat color Figure 2.1 

"' Adzuki bean 0.09 ± 0.02 0.50 ± 0.09 Dark red a 

Cowpea 0.07 ± 0.01 0.53 ± 0.05 Yellow b 

Mung bean 0.08 ± 0.02 0.44 ± 0.08 Green c 

Rice bean 0.13 ± 0.02 0.77 ± 0.08 Dark red d 

Hau-mei-tau" 0.18 ± 0.02 0.83 ± 0.07 Black e 

Great Northern bean 0.30 ± 0.06 1.12 ± 0.09 White f 

Green limas bean 0.41 ± 0.08 1.27 ± 0.11 Pale green g 

Pinto bean 0.29 ± 0.06 1.20 ± 0.23 Brown with spots h 

Red kidney bean 0.59 ± 0.05 1.75 ± 0.09 Deep brown / red 1 

White kidney bean 0.74 ± 0.14 1.64 ± 0.12 White J 

Faba bean 1.16 ± 0.27 2.07 ± 0.22 Green k 

Fava bean 0.57 ± 0.11 1.19±0.14 Brown 

Green lentils bean 0.08 ± 0.01 0.69 ± 0.03 Pale brown m 

Red lentils bean 0.02 ± 0.00 0.40 ± 0.00 Removed n 

Chick pea 0.56 ± 0.10 1.02 ± 0.09 Pale yellow 0 

Hyacinth bean 0.45 ± 0.07 1.26 ± 0.14 Pale yellow p 

Large lupini bean 0.98 ± 0.10 1.67 ± 0.08 Pale yellow q 

Soybean 0.19±0.01 0.68 ± 0.06 Pale yellow r 

Canary bean 0.63 ± 0.08 1.38 ± 0.10 Light green s 

Flageoles bean 0.31 ± 0.03 1.29 ± 0.11 Pale green t 

Romano bean 0.66 ± 0.10 1.49 ± 0.14 Brown with spot u 

Swidish brown bean 0.43 ± 0.07 1.20 ± 0.09 Brown v 

Yellow eye bean 0.52 ± 0.08 1.32 ± 0.22 White with small w 

brown areas 

Urad bean 0.05 ± 0.01 0.44 ± 0.05 Black x 

1\ Black seed from local cultivar of V sinensis 
a All data were expressed as mean ± SD (n = 10). 
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Figure 3.1 Effect of incubation time on the beta-carotene bleaching level. 
Results are means SEM of duplicate measurements. 

50 





100.00 n 
m 1 mM 

T • lOmM 
80.00 -

^ 

Ja 
60.00 ^ 

iT 
: 

jL 
E 40.00 -i y 
^ 20.00 x> w c a ̂̂  

0.00 -~ I . 1 T n • 1 I _ ‘ f^-J^ ‘ I ^ s ̂ l I I f 1 I - 2 _ - m “ 3 I ̂  I 1 • ̂̂  ^^ 

5 § 
I -40.00 - 0 
HH 

-60 .00 -

-80 .00 - _ 

-100.00 -

Type ofReference 

Figure 3.3 Antioxidant activities of different antioxidants and phenolic 
compounds. Results are means SEM, number of measurements 4. 

52 



(a) 
Absorbance 280nm 

mALT| 

6 0 -

5CH 

40-

30-

2 0 -

:_^l_^^J^i^J.jUr^^^^^jM)vX ^W-^^-^- _— ^ ^ " " ^ --“^^^^"^y^"^^^ 
I“I——r-~"•~~I——1~~‘“‘~~i ‘ ~ ~ I ~ ‘ ~ ~ ^ ~ ‘ ~ ~ ‘ 1 ~ ‘ ~ ‘ ~ ‘ ‘^“I~~‘"“^‘ ‘““‘^“^I~‘ ‘"““‘ ‘ “ I ‘^“‘ ‘ ‘ ~ I ~ " ‘ ‘^“ ‘~^‘““ 

0 |0 ?0 ^ 40 M 60 70 ni] 

Elution Time (min) 

(b ) 
Absorbance 280 nm 

mAU j 

70-

6 0 -

50-

40-

30 

2 0 -

I 
H . I A h 

; 0 “ —>AM^',4"4. iv——^^ JL, .- - , - ' ‘ 
0—— — ‘ , 10 ~^— r " Z Z 5 Z Z _ i 15 60 70 miQ 

Elution Time (min) 

Figure 3.4 HPLC separation of cowpea and K sinensis seed extracts, (a) Profile 
of cowpea; (b) Profile of V. sinensis. 
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Figure 3.5 Antioxidant activities of HPLC fractions of cowpea. Results are 
means SEM, number of measurements = 4. 
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Figure 3.6 Antioxidant activities of HPLC fractions of V. sinensis. Results are 
means SEM, number of measurements 4. 
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Figure 3.7 Antioxidant activities ofwhole seed, seed coat and cotyledon. Results 
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Figure 3.8 Antioxidant activities of fresh and autoclaved seed of K sinensis. 
Results are means SEM, number of measurements = 4. 
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Figure 3.9 Effect of storage time on the antioxidant activity of V. sinensis. 
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Figure 3.10 Hydrogen donating abilities of 24 selected legume seeds. The 
kinetics of seed extracts with DPPEf were plotted. Only one set of representative 
data was displayed. 
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Figure 3.12 Hydrogen donating abilities of different antioxidants and phenolic 
compounds. The kinetics of 8 synthetic or natural antioxidants with DPPH were 
plotted. Only one set of representative data was displayed. 
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Figure 3.14 Hydrogen donating abilities of HPLC fractions of cowpea. The 
kinetics of cowpea HPLC fractions with DPPH' were plotted. Only one set of 
representative data was displayed. 
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Figure 3.15 Free radical scavenging abilities of HPLC fractions of cowpea. 
Results are means SEM of duplicate measurements. 
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Figure 3.16 Hydrogen donating abilities of HPLC fractions of V. sinensis. The 
kinetics of V. sinensis HPLC fractions with DPPH were plotted. Only one set of 
representative data was displayed. 
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Figure 3.17 Free radical scavenging abilities of HPLC fractions of K sinensis. 
Results are means SEM of duplicate measurements. 
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Figure 3.18 Hydrogen donating abilities of whole seed, seed coat and cotyledon. 
The kinetics of whole seed, seed coat and cotyledon of three legume seeds with 
DPPH' were plotted. Only one set of representative data was displayed. 
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Figure 3.19 Free radical scavenging abilities of whole seed, seed coat and 
cotyledon. Results are means SEM of duplicate measurements. 
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Figure 3.21 Free radical scavenging abilities of fresh and autoclaved seed of V, 
sinensis. Results are means SEM of duplicate measurements. 
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times. The kinetics of V. sinensis seed extracts with DPPH' were plotted. Only one 
set of representative data was displayed. 
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Figure 3.25 Effects of hydrogen peroxide concentration on DNA of mice blood 
cell in the co-incubation system. The blood cells were treated with different 
concentration ofH2O2 at 37 °C for 1 hour. Values are presented as means SEM of 
50 treated cells. Values with the same alphabet are having no significant difference 
(P<0.05). 
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Figure 3.26 Effects of seed extract volume on the DNA damage in the co-
incubation system. The blood cells were incubated with 1 mM H2O2 and different 
volumes of V. sinensis seed extracts at 37 °C for 1 hour. Values are presented as 
means SEM of 50 treated cells. Values with the same alphabet are having no 
significant difference (P<0.05). 
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Table 3.2 Effect of incubation temperature on the H2O2-mediated DNA damage 
in the pre-incubation system. 

(a) 4 C incubation 

Incubation Time (min) Mean Olive Tail Moment % Viability 

5 ^ ± I 7 ? ^ 

10 7.87 2 .7” 97.6 

15 8.28 2.62a 99.4 

20 6.41 2.O9a 96.5 

25 9.88 2.85a 97.7 
30 6.92 2.O9a 98.6 

Values are presented as means SEM for 25 treated cells. 

Indexes having the same superscripts are having no significant difference (P < 0.05). 

(b) 37 °C incubation 

Incubation Time (min) Mean Olive Tail Moment % Viability 

5 ^ ± 3 M ' ^ 

10 12.72 3.83a 98.8 

15 7.96 2.93a 97.8 

20 10.65 2.6ia 98.8 

25 10.78 3 . n a 98.7 

30 3.96 1.48a 98.6 

Values are presented as means SEM for 25 treated cells. 
Indexes having the same superscripts are having no significant difference (P < 0.05). 
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Figure 3.28 Effects of H2O2 treatment time on the DNA damage in the pre-
incubation system. The blood cells were treated with H2O2 for different time at 
37 C. Values are presented as means SEM of 50 treated cells. Values with the 
same alphabet are having no significant difference (P<0.05). 
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Figure 3.29 Effects of sample incubation time on the DNA damage in the pre-incubation system. The blood cells were pre-incubated with V. sinensis seed extracts with different time, followed by treatment with 1 mM H2O2 at 37°C for 10 minutes. Values are presented as means SEM of 50 treated cells. Values with the same alphabet are having no significant difference (P<0.05). 
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Figure 3.30 Protective effects of seed extracts and vitamin C on DNA damage in 
the co-incubation system. The blood cells were incubated with seed extract or 
vitamin C and 1 mM H2O2 at 37°C for 1 hour. Values are presented as means 
SEM of 50 treated cells. Values with the same alphabet are having no significant 
difference (P<0.05). 
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Figure 3.31 Protective effects of seed extracts and vitamin C on DNA damage in 
the pre-incubation system. The blood cells were pre-incubated with seed extract or 
vitamin C at 37°C for 2 hours, followed by treatment with 1 mM H2O2 at 37°C for 10 
minutes. Values are presented as means SEM of 50 treated cells. Values with the 
same alphabet are having no significant difference (P<0.05). 
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Figure 3.32 Effects of heat treatment of K sinensis seed extract on DNA damage 
in the co-incubation system. The blood cells were incubated with fresh or 
autoclaved seed extract of V. sinensis and 1 mM H2O2 at 37 C for 1 hour. Values are 
presented as means SEM of 50 treated cells. Values with the same alphabet are 
having no significant difference (P<0.05). 
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Figure 3.33 Effects of heat treatment of V, sinensis seed extract on DNA damage 
in the pre-incubation system. The blood cells were pre-incubated with fresh or 
autoclaved seed extracts of V. sinensis at 37 C for 2 hours, followed by treatment 
with 1 mM H2O2 at 37°C for 10 minutes. Values are presented as means SEM of 
50 treated cells. Values with the same alphabet are having no significant difference 
(P<0.05). 
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Chapter 4 Discussion 

4.1 Methanolic extraction 

Methanol is a widely used as an effective solvent for extraction of 

phytochemicals. Many studies showed that methanol was a suitable solvent used for 

the extraction of antioxidant. For example, the methanol extract of buckwheat seed 

showed a greater DPPH. scavenging ability when compared to other solvent such as 

hexane, ethyl acetate, acetone and others. These methanolic extracts were rich in 

phenolic acids and flavonoids (Przybylski et al., 1998). 

Water is another common solvent used for the extraction. However, as many 

compounds, such as polysaccharide and protein, can also be extracted by water, it 

could cause difficulty in subsequent purification and identification of legume 

antioxidant. As a result, methanol was chosen as the solvent for extraction of legume 

antioxidants in this study. 

4.2 Antioxidant activities determined by p-carotene bleaching method and 

DPPH' scavenging method 

The antioxidant activities of tested compounds were affected both by their 

properties and the method employed. For the p-carotene bleaching assay, the 

reaction was carried out in an emulsion. Lipophilic compounds may therefore have 

higher antioxidant activities than the hydrophilic ones, as they can react more readily 

with the lipid in the emulsion. In the DPPH' scavenging assay, however, 
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hydrophobicity may not be important to determine the antioxidant activity, as 

methanol, a polar solvent, was used in the system. Therefore, the physical property 

of an antioxidant may affect its antioxidative activities under different assay 

conditions. 

Antioxidant activities of 24 legume seed extracts 

The results have indicated that all seed extracts can prevent the p-carotene 

and linoleic acid co-oxidation (Figure 3.2). The P-carotene is a common antioxidant, 

which can be oxidized in the presence of lipid radicals. The antioxidants present in 

the seed extracts may function as primary antioxidants, which was also called chain-

breaking inhibitor in the lipid peroxidation process. 

From the DPPH' scavenging studies, seed extracts have also expressed their 

antioxidant activities as they can scavenge the free radical by donating the hydrogen 

(Figure 3.10 & 3.11). These results further confirmed that the seed extracts contain 

the primary antioxidants. 

Two legume seeds, cowpea and V. sinensis, have showed strong antioxidant 

activities in both p-carotene bleaching method and DPPH' scavenging method. The 

results are different from the data obtained from the thiocyanate and TBA method 

(Tsuda et al. 1993). In those methods, the cowpea gave a low antioxidant activity. 

The reason may be due to the different strains oflegume seeds chosen. For example, 

black and red hyacinth beans were used by the Tsuda's group which may be different 

from the white strain in this study. Therefore, for the hyacinth bean, the result was 

not coherent with the literature. Moreover, various test systems applied also may 

lead to different results in the same species. Comparing with other legume seeds, 
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however, the results were similar. For instance, Adzuki bean, red kidney bean and 

rice bean, have showed relatively high activities, while chick pea and lentil bean had 

lower activities. 

Antioxidant activities ofdifferent antioxidants and phenolic compounds 

Eight known antioxidants and phenolic compounds were chosen to compare 

their antioxidant activities with that of the seed extracts. Their chemical structures 

are showed in Figure 4.1. Two synthetic antioxidants, BHA and BHT, showed 

strong activities in many studies (Iverson, 1999; Camire & Dougherty, 1998). 

Natural antioxidants, such as vitamin E and vitamin C, have been investigated 

intensively for their activities (Tsao 1997; Duthie et al., 1996). Other phenolic 

compounds have also been found as free radical scavengers. They are catechin, 

quercetin, caffeic acid (Chen & Ho, 1997) and chlorogenic acid (Kono et al., 1997). 

In the phenolic compounds, the number and position of the substitution group 

can affect their antioxidant activities. These substitutions increase the steric 

hindrance in the region ofthe radical and therefore decrease the rate of propagation 

reaction. However, the presence ofbulky substitution can decrease the reaction rate 

ofthe phenol with lipid radical. Therefore, the antioxidant activities are depend on 

both of these factors. 

In the p-carotene bleaching studies, BHA and BHT have showed strong 

antioxidant activities (Figure 3.3). It is known that BHA and BHT are phenolic 

antioxidnat, which can react with lipid radicals to convert them into more stable 

products. The strong electron donating effect of the methoxy substitution is an 

important contributor to the effectiveness of BHA as an antioxidant. And the bulky 
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groups in the 2, 6 positions of BHT increase the stability of the phenol radical. 

Therefore, both of these two synthetic antioxidants have showed strong antioxidant 

activities. Vitamin E is lipophilic antioxidant, which can readily react with the lipid 

radical, so it also had strong activity in the emulsion. Quercetin and catechin are 

flavonoid, which commonly found in tea leave, vegetable and fruit. Many reports 

showed they are strong antioxidants (Meyer et cd., 1998; Watanabe, 1998). As 

mentioned before, these phenolic compounds have different activities depending on 

the substitutions in the structure. 

Vitamin C caffeic acid and chlorogenic acid did not protect the p-carotene 

from bleaching. As these compounds are hydrophilic, they may not express the 

antioxidant activities in the emulsion system (Frankel et al. 1994). In addition, pro-

oxidant occurred when vitamin C was mixed with the emulsion. It is because that 

vitamin C degradation took place when it was heated in an aqueous solution. Some 

products of this degradation are believed to have destructive effects, such as the 

induction oflipid oxidation (Tsao, 1997). 

In the DPPH' scavenging studies, all tested compounds have inhibited the free 

radical (Figure 3.12 & 3.13). Husain et al. (1987) reported that the inhibition ability 

ofOH. increase with the number ofhydroxyl group substituted in the aromatic B-ring 

of flavonoids. The presence of a hydroxyl and its glycosylation does not further 

increase scavenging efficiency. Furthermore, the presence of a carbonyl function at 

C-4 position accounts for the activity. Therefore, quercetin had higher ability than 

catechin. 
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BHA and BHT showed free radical inhibition in lower reaction rate. It may 

be due to the substitutions in the chemical structure, which reduced their activities in 

a polar solvent environment. 

Antioxidant activities of HPLCfractions 

As the antioxidant activity may be affected by the polarity of the test 

compound, polar and non-polar components obtained from HPLC separation were 

investigated for their antioxidant activities. 

It is supposed that the phenolic compounds of legume are responsible for the 

antioxidant activity. Although the maximum absorption of individual compounds are 

different, most of them can absorb wavelength ranged from 260 nm to 280 nm. 

Therefore, these two wavelengths were chosen for the monitor ofelution process. 

In the p-carotene bleaching studies, both the polar and non-polar components 

ofcowpea had similar antioxidant activities (Figure 3.5). On the other hand, only the 

non-polar components of V. sinensis have inhibited the lipid oxidation in the 

emulsion (Figure 3.6). This may be due to the fact that non-polar components could 

react more readily with lipid radical in the emulsion. 

In the DPPH' scavenging studies, however, only the polar fractions showed 

strong free radical scavenging activities. Tsuda et al. (1993) reported that the water 

fraction of HPLC separation from the seed extracts had strong antioxidant activity. 

Similar results were found in both cowpea and V. sinensis HPLC fractions (Figure 

3 • 14 .3 .17) . In these cases, the free radical scavenging abilities of antioxidants were 

affected by their polarities. 
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It was found that some fractions with strong antioxidant activities did not 

show significant absorbance at 280 nm (Figure 3.4). The compounds in these 

fractions may have its maximum absorption at other wavelengths. 

Thus, the chemical nature of antioxidants determines their antioxidant 

activities despite the specific assay method involved. 

Antioxidant activities of seed coat and cotyledon 

There are reports showing that the antioxidant activities of the legume seed 

may depend on the component present in the seed coat (Duh et al., 1997; Tsuda et 

al,, 1994). Therefore, seed coat and cotyledon were separated from the whole seed, 

and the determination ofthe antioxidant activities was carried out. 

In the p-carotene bleaching studies, the results indicated that both seed coat 

and cotyledon were responsible for the antioxidant activities of the legume seeds 

(Figure 3.7). A higher activity was found in the cotyledon, which may be due to the 

presence of more lipophilic compounds. These compounds are important in the 

legume seeds, especially oil seeds, which can prevent the oil component from 

oxidation and maintain their germination abilities. 

In the DPPH' scavenging studies, it was found that the seed coat from V. 

sinensis had relatively high antioxidant activity (Figure 3.18 & 3.19). Tsuda et al 

(1994) isolated antioxidative pigment from seed coat from Phaseolus. This pigment 

was identified as anthocyanin, which can inhibit lipid peroxidation and scavenge 

oxygen. Yoshida et al (1996) have also reported that anthocyanins from colored 

seed coats of Vigna species were potent antioxidant. It is believed that the same 

species of legume cultivated in different areas are containing the same types of 
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anthocyanin, which varied only in their contents. Therefore, it is suggusted that the 

pigment from the seed coat of V. sinensis has contributed to the free radical 

scavenging activity, and the pigment may be one of the anthocyanins. 

When comparing cowpea with V. sinensis, it was found that DPPH 

scavenging ability was higher in V. sinensis. It is known that the black-colored seed 

coat of legume seed was high in anthocyanin, which has contributed to the 

antioxidant activity (Yoshida et al., 1996). Therefore, the high free radical 

scavenging ability of V. sinensis may be related to the presence of seed coat 

pigments. 

Effect ofheat treatment on the antioxidant activities 

In the P-carotene bleaching studies, it was found that the heat treatment did 

not destroy the antioxidant activities of seed coat and cotyledon extracts of K 

sinensis. Results indicated that the putative antioxidant components are heat-stable 

(Figure 3.8). Protein-bound thermostable antioxidant was reported to be present in 

the dried peas G^ice et al., 1995). Therefore, similar heat resistant antioxidant may 

be present in the seed of V. sinensis. 

In the DPPH' scavenging studies, however, heat treatment decreased the free 

radical scavenging abilities ofwhole seed and seed coat extracts. The decrease in the 

ability of the cotyledon extract was not significant (Figure 3.20 & 3.21). The 

reduction in the autoclaved seed was significant, since the seed coat has contributed 

important free radical scavenging effect in the whole seed. It is known that the heat 

treatment may reduce the natural antioxidants including a- and y-tocopherol, p-

carotene and lutein in grass pea (Grela et al, 1999). Similarly, destructive effect on 
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the natural antioxidant in the seed and seed coat of V. sinensis may have occurred. 

The amounts of these natural antioxidants in legume seeds are relatively low (Tsuda 

et al., 1993). However, they have synergism effects with other antioxidants. As a 

result, the decrease of these natural antioxidants may reduce the total antioxidant 

activities to a greater extent. 

Effect of storage on the antioxidant activities 

In studies using both assays, the antioxidant activity of V. sinensis seed 

extract was shown to be relatively stable. The slightly difference may be due to on 

the extraction procedure and the storage condition. 

In the p-carotene bleaching method, the results showed that methanolic 

extracts of V. sinensis were relatively stable and maintain their activities to inhibit 

lipid peroxidant in an emulsion system (Figure 3.9). This agrees with the long-term 

study, in which navy bean hull extract protected the oil from oxidation for several 

months (Onyeneho et al., 1991). 

In the DPPH" scavenging studies, however, the free radical inhibitory effects 

ofthe seed extracts decreased slightly (Figure 3.22 & 3.23). It may be due to the loss 

of minor amount of vitamin-related antioxidants, such as ascorbic acid and a-

tocopherol, during the storage. It is known that these kinds of antioxidants are strong 

free radical inhibitors (Figure 3.12 & 3.13). Because only minor amounts ofvitamin 

antioxidants are present in the legume seed (Tsuda et al., 1993), the reduction ofthe 

overall free radical scavenging ability was not significant. 
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4.3 Evaluation ofprotective effects of legumes on DNA damage using the comet 

assay 

The comet assay employed in this study to determine the DNA damage in 

individual cells is relatively sensitive and fast. In the assay, different degrees of 

DNA damage can be measured depend on the type of cell, the type of damage 

inducer, the concentration of cell and the system used. Furthermore, different 

procedures in the assay can affect the extent of DNA migration during 

electrophoresis. 

4.3.1 H2O2-mediated DNA damage 

It is known that hydrogen peroxide will not undergo any chemical reaction 

with DNA. The H2O2-mediated damage observed is due to the generation of 

hydroxyl radical through the Fenton-type reaction (Dizdaroglu et al., 1991). 

Effect ofH2O2 concentration 

It is reported that human whole blood cells had no response with the H2O2 at 

a dosage up to 480 îM. Factors present in the whole blood, such as catalase and 

semm constituents, could remove H2O2 (Anderson et al., 1994). Similar result was 

found in the study, the blood cell had no significant damage when the concentration 

ofH2O2 is lower than 1 mM (Figure 3.25). The different responses may also due to 

the different cell type used and the various ofcell densities. 

Effect ofH2O2 treatment time 

Result showed that the damage effect of H2O2 was very rapid. In general, 5 

minutes was sufficient to cause DNA damage O^oroozi et al., 1998; Riso et al, 

1999) although longer treatment time was also used (Sweentman et aL, 1997). In 
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order to minimize the DNA repair process, shorter treatment was suggested 

(Slamenva et al” 1999). It was found there was lesser DNA damage when the 

treatment time was greater than 10 minutes, as the cells could have sufficient time to 

repair the damage (Figure 3.28). As a result, a 10-min treatment time was chosen to 

induce the DNA damage under our experimental condition. 

Effect of H2O2 treatment temperature 

As the H2O2 can decompose into water and oxygen in the presence of 

catalase, which is an enzymatic antioxidant in vivo, temperature may also determine 

the degree of H2O2 damage. The catalase can remove H2O2 before it can penetrate 

into the nucleus and cause the DNA damage. Results showed that the difference 

between 4°C and 37°C was not significant (Table 3.2) it may be due to the low 

amount of catalase in the serum. 

4.3.2 Protective effects of seed extracts and vitamin C 

As the protective effects of seed extracts may depend on the amount and the 

properties ofantioxidants, different incubation systems were applied for assessment. 

Effect ofseed extract volume 

It is supposed that the increase of seed extract might express greater 

protection on DNA from damage, as more antioxidants were present in the extract. 

However, increase in the seed extract volume caused greater DNA damage as well as 

induction ofcell death (Figure 3.26). The reason may be due to the solvent used. As 

methanolic extract was used, increasing the seed extract will also increase the content 
f 
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of methanol. Methanol has been known as a toxic solvent to mammalian cell, it may 

destroy the cell membrane (Wakelyn and Adair, 1997). Thus more H2O2 can 

penetrate into the nucleus and cause greater DNA damage. 

Effect of incubation system used 

There were two different incubation systems applied in the study. In the co-

incubation system, the potent antioxidant was believed to remove H2O2 in the 

extracellular environment, whereas the pre-incubation system was used to determine 

whether the antioxidant could penetrate into the cells and protect the DNA from 

H2O2-mediated damage. 

The optimal incubation time was different in these two systems. In the co-

incubation system, one hour was enough for the antioxidant to remove the H2O2 

(Figure 3.27), whereas two hours was required for the protective activities in the pre-

incubation system (Figure 3.29). It may be due to the fact that a longer time is 

needed for the effective components to migrate into the nucleus. 

Protective effects ofseed extracts and vitamin C 

In both systems, seed extracts of V. sinensis and cowpea showed similar 

protective effects on the DNA (Figure 3.30 & 3.31). Although pre-incubation with 

the antioxidants is very common, especially in assessment of flavonoids G^oroozi et 

al., 1998; Duthie et aL, 1997), our results have indicated that the antioxidants from 

these two legume seeds could function either extracellular and / or intracellular. It is 

because that there are different kinds ofantioxidants present in the legume seeds, and 

they protected the H2O2 damage through different mechanisms. The protective effect 
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of seed extracts on DNA was even greater in the co-incubation system function, 

which means more antioxidants destroy the damage effect of H2O2 outside the 

nucleus. 

It is well known that vitamin C is an important antioxidant in extracellular 

fluid as well as it has many intracellular functions. Many studies have been done to 

determine the protective effect of vitamin C in the comet assay. However, the results 

are quite varied. Some researchers have claimed that ascorbate can effectively 

remove the harmful effect of hydrogen peroxide and protect DNA from damage 

QSforoozi et al, 1998). Other researchers showed that vitamin C can only protect 

DNA in low dosage but accelerate the damage in higher concentration with the 

presence ofH2O2 (Anderson et aL, 1994). In some studies, it showed pro-oxidation 

effect and induced greater oxidative damage on DNA, although the mechanism was 

unclear (Carr & Frei, 1999). Therefore, the protective effects of vitamin C would 

appear to be dependent on a variety of factors, such as medium composition, 

concentration and inducer ofoxidative damage (Anderson & Phillips, 1999). 

Under our experimental conditions, 1 mM vitamin C expressed protective 

effect in both co-incubation and pre-incubation system, which means that it can 

protect the mouse blood cells from H2O2 damage. 

Effect ofheat treatment on the protective effect 

Heat treatment destroys the protective effect of V. sinensis seed extract, 

especially in the pre-incubation system (Figure 3.32 & 3.33). It may be due to the 

loss of lipophilic antioxidants during heat treatment. For instances, reduction in a-

tocopherol could allow more hydrogen peroxide penetrate into the nucleus and cause 

more DNA damage, since it usually protect the cell from oxidative damage in the cell 
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membrane. Moreover, loss of free radical scavengers, such as flavonids, may also 

reduce the protective effect. It is known that some flavonoids can scavenge the 

hydroxyl radical (Husain et aL, 1987). 
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Chapter 5 Conclusion 

The antioxidant activities of twenty-four edible legume seeds were 

determined using the p-carotene bleaching method and DPPH' scavenging method. 

In both assay systems, results showed that cowpea and V. sinensis had relatively 

higher antioxidant activities than other legumes studied. 

Further investigations on the properties of antioxidant in these two legume 

seeds were carried out. In cowpea and V. sinensis seed extracts, polar fractions 

showed greater free radical scavenging ability than the non-polar fractions using the 

DPPH. scavenging method. However, non-polar fractions of V. sinensis exhibited 

higher antioxidant activity when p-carotene bleaching method was employed. This 

suggested that various antioxidants of different chemical nature may be present in the 

seeds. 

Antioxidants from seed coat were partially destroyed by heat treatment, 

whereas antioxidants from cotyledon were relatively heat stable. These results 

indicated that different types of antioxidants may be present in different seed tissues. 

The antioxidant activities of V. sinensis were relatively stable, no change in activities 

was observed during a 13 months study period. 

The effects of seed extracts on the DNA damage were investigated using the 

comet assay. It is found that cowpea and V. sinensis seed extracts significantly 

decreased the H2O2-mediated DNA damage in the mouse blood cells. The protective 

effects were found in both co-incubation and pre-incubation systems. It is suggested 

that the putative antioxidants ofthe two legume seeds could be taken up by the cells. 

They remained stable within the cells and were able to remove hydroxyl radical 
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generated by H2O2 and thus exhibited DNA protection effect. The putative 

antioxidants might be heat labile, as the heat treatment partially destroyed their 

protective effects. 
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