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Abstract
Although the antioxidant properties of green, oolong, and black teas have been well studied,
antioxidant activity has not been examined in roasted tea. Therefore, in the current studies, we
investigated the antioxidant activity of roasted tea in comparison with those of green, oolong,
and black teas. Using water extracts of the various teas, we examined the total phenolic content
as well as the antioxidant activities, including the reducing power, the 1,1-diphenyl-2-
picrylhydrazyl (DPPH) radical scavenging activity, and the inhibition of hemolysis caused by
2,2’-azo-bis(2-amidinopropane) dihydrochloride (AAPH)-induced lipid oxidation in erythro-
cyte membranes. The roasted tea contained lower levels of total phenolics than green, oolong,
or black tea (green tea�/oolong tea�/black tea�/roasted tea). The relative reducing power and
DPPH scavenging activity decreased in the following order: green tea�/roasted tea�/oolong
tea�/black tea. Also, green tea was more effective against AAPH-induced erythrocyte hemolysis
than other teas (green tea�/roasted tea�/oolong tea�/black tea). These results suggest that
roasted tea is beneficial to health, in humans, because of its high antioxidant activity.
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Introduction

Reactive oxygen species, such as superoxide anion, hydroxyl radical, hydrogen

peroxide, and lipid peroxide, are generated in living organisms by many pathways

(Fridovich 1978). These are highly reactive agents that can modify biological

substrates, including proteins, amines, and deoxyribonucleic acids. These reactions

are recognized as exacerbating factors in cellular injury and the aging process

(Harman 1956). In addition, they are thought to induce lipid peroxidation, causing

the deterioration of foods (Duthie 1993).

Recently, there has been increasing interest in finding natural antioxidants from

plants to protect the human body from the attack of free radicals and retard the

progress of many chronic diseases (Haslam 1996; Rice-Evans et al. 1996; Weisburger

1999) as well as prevent food from becoming rancid as a result of lipid oxidation.

Polyphenols seem to be the most effective natural antioxidants and are found in many

plant materials, particularly in vegetables, tomatoes, and teas (Weisburger 1999).

Tea is the most widely consumed beverage world-wide. Most commercially

prepared tea is obtained from the leaf of the plant Camellia sinensis . Green tea is a
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major beverage in Asian countries, such as China and Japan, whereas black tea is more

popular in North America and Europe. The consumption of oolong tea is mostly

confined to China and Taiwan, and roasted tea is consumed mostly in Japan. Green

and roasted teas are steamed or roasted, respectively, to avoid enzymatic oxidation;

oolong tea is semi-fermented to permit a moderate level of enzymatic oxidation during

processing; and black tea is the most thoroughly enzymatically oxidized of the various

teas.

The degree of oxidation affects the polyphenol profile of the tea (Balentine et al.

1997). These polyphenols scavenge reactive oxygen species and free radicals through

several proposed mechanisms (Salah et al. 1995), including depolarization of

electrons, formation of intramolecular hydrogen bonds (Van Acker et al. 1996), and

rearrangement of the molecular structure (Jovanovic et al. 1994). They may also

prevent oxidative reactions by chelating free copper and iron, which may catalyze the

formation of reactive oxygen species in vivo (Halliwell 1997).

Many studies have shown that green and black teas have antioxidant properties

(Higdon & Frei 2003; McKay & Blumberg 2002; Wiseman et al. 1997). Oolong tea is

also known to have similar properties (Xie et al. 1993; Zhu et al. 2002a). There have

been no reports on the antioxidant effect of water extract from roasted tea, although

the volatile extract from roasted tea also has antioxidant activity (Yanagimoto et al.

2003). Therefore, we investigated the total phenolic content of water extract from

roasted tea as well as its reducing power, 1,1-diphenyl-2-picrylhydrazyl (DPPH)

radical scavenging activity, and inhibition of hemolysis caused by 2,2’-azo-bis (2-

amidinopropane) dihydrochloride (AAPH)-induced lipid oxidation in erythrocyte

membranes. In addition, we compared these effects with those of water extracts from

green, oolong, and black teas.

Materials and methods

Chemicals and teas

Gallic acid, ascorbic acid, Folin-Ciocalteu phenol reagent, DPPH, and AAPH were

purchased from Wako Pure Chemical Industries, Ltd. (Osaka, Japan). All other

chemicals were at least reagent grade. Green, roasted, and oolong teas were purchased

from Ujien Ltd. (Sapporo, Japan), and black tea was purchased from Lipton Ltd.

(Tokyo, Japan).

Preparation of water extracts from teas

The dry leaves of teas (90 g) were extracted with boiling distilled water (900 ml) for 1 h

under reflux. The extract was filtered with filter paper (No. 2; Whatman, Maidstone,

England). The filtrate was freeze-dried and was used as the final water extract.

Total phenolic content

The total phenolic phytochemical concentration was measured using the Folin-

Ciocalteu method as described previously (Satoh et al. 2002). Briefly, to 1 ml of an

appropriately diluted sample, 0.5 ml Folin-Ciocalteu phenol reagent was added. The

mixture was then shaken for 5 min, after which 4 ml of a 7.5% sodium carbonate

solution was added. Following mixing, the solution was incubated in the dark for
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5 min at 508C. After incubation, the absorbance was measured at 765 nm using a

spectrophotometer (Ubest-35; Jasco, Tokyo, Japan). Gallic acid was used as a

standard for the calibration curve. The total phenolic contents of the samples are

expressed in milligrams per serving of gallic acid equivalents (GAE).

Reducing power

Total reducing power was determined according to the method described by Yildirim

et al. (2001). Briefly, the extracts (42�/125 mg) in 1 ml of distilled water were mixed

with 2.5 ml of 0.2 M phosphate buffer (pH 6.6) and 2.5 ml of 1% potassium

ferricyanide and then incubated at 508C for 30 min. Next, 2.5 ml of 10%

trichloroacetic acid was added, and the mixture was centrifuged at 1000�/g for

10 min. Finally, 2.5 ml of the upper layer solution was mixed with 2.5 ml of distilled

water and 0.5 ml of 0.1% FeCl3, and the absorbance was measured at 700 nm using a

spectrophotometer (Ubest-35; Jasco, Tokyo, Japan). Increased absorbance of the

reaction mixture indicated increased reducing power.

DPPH radical scavenging activity

DPPH radical scavenging activity was determined according to the method described

by Zhu et al. (2002a). Briefly, a 1 mM solution of DPPH radical solution in ethanol

was prepared, and 1 ml of this solution was mixed with 3 ml of extract solution in

ethanol containing 125�/500 mg of tea water extract. The solution was then vigorously

mixed with a vortex mixer and left for 30 min at room temperature in the dark. The

absorbance (A) was then measured at 517 nm using a spectrophotometer (Ubest-35;

Jasco, Tokyo, Japan). This activity is given as the percent DPPH scavenging and was

calculated as follows:

% DPPH scavenging� [(Acontrol�Aextract)=Acontrol]�100

where Aextract is the absorbance of the sample containing tea water extract, and Acontrol

is the absorbance of the sample without tea water extract.

Erythrocyte hemolysis

Blood was obtained from the external jugular vein of a horse and collected into a

heparinized tube. Erythrocytes were separated from the plasma and the buffy coat and

then washed three times with 5 volumes of phosphate-buffered saline, pH 7.4 (PBS).

During every wash, the erythrocytes were centrifuged at 1000�/g for 10 min to obtain

a packed cell preparation (Miki et al. 1987). After the last wash, the packed

erythrocytes were suspended in 4 volumes of PBS.

Erythrocyte oxidative hemolysis was induced by AAPH, a peroxyl radical indicator

(Miki et al. 1987). Addition of AAPH to the suspension of washed erythrocytes

induces the oxidation of membrane lipids and proteins, resulting in hemolysis.

Inhibition of hemolysis was determined according to the method described by Zhu

et al. (2002a, b). Briefly, 1 ml of the erythrocyte suspension (2.5�/109/ml) was mixed

with 1 ml of PBS containing varying amounts of tea water extracts. One ml of

200 mM AAPH in PBS was then added to the mixture. The reaction mixture was

incubated for 3 h at 378C with gentle shaking. After incubation, the reaction mixture

was diluted with 8 volumes of PBS and centrifuged at 1000�/g for 10 min. The
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absorbance of the supernatant fraction was measured at 540 nm using a spectro-

photometer (Ubest-35; Jasco, Tokyo, Japan). The percent inhibition was calculated as

follows:

% inhibition� [(AAAPH�Aextract)=AAAPH]�100

where Aextract is the absorbance of the sample containing tea water extract, and AAAPH

is the absorbance of the sample without tea water extract.

Experimental animals

All procedures for the care and use of experimental animals were approved by the

Animal Research Committee, Obihiro University, Japan and were conducted under

the Guidelines for Animal Experiments at Obihiro University, and the Guiding

Principles in the use of Animals in Toxicology that were adopted by the Society of

Toxicology in 1989.

Statistical analysis

All data were expressed as the mean9/standard deviation (SD). The statistical

significance of differences was assessed using Student’s t-test. A two-tailed P value of

less than 0.05 was considered to be statistically significant.

Results and discussion

Total phenolic content

Figure 1 presents the total phenolic content of water extracts from roasted, green,

oolong, and black teas. Among the four, green tea showed the highest total phenolic

content, followed by oolong, black, and roasted teas (62.59/0.3, 50.29/0.3, 44.29/

0.3, and 38.19/0.9 mg GAE/200 mg water extract, respectively). Previous study
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Figure 1. Total phenolic contents of roasted, green, oolong, and black teas expressed as milligrams of gallic

acid. Data are expressed as the mean9/SD (n�/6). There is a statistically significant difference between all of

the different extracts (P B/0.001).
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showed that oolong tea contained significantly less total phenolic content than green

and black teas, with the latter teas having approximately the same total phenolic

content (Von Gadow et al. 1997). It was proposed that this alone could explain the low

antioxidant activity of oolong tea compared with green and black teas. On the other

hand, Lee et al. (2003) demonstrated that green tea contains more total phenolics than

black tea and that their antioxidant activities correlate with their total phenolic

content. To our knowledge, however, there have been no previous reports on the

constituents (e.g. phenolics) or antioxidant activity of water extract from roasted tea.

Reducing power

Several methods have been developed to measure the efficiency of dietary antioxidants

as pure compounds or in food extracts. These methods focus on different mechanisms

of the oxidant defense system, namely, scavenging of active oxygen species and

hydroxyl radicals, reduction of lipid peroxyl radicals, inhibition of lipid peroxidation,

or chelation of metal ions. In most cases, irrespective of the stage in the oxidation

chain in which the antioxidant action is assessed, nonenzymatic antioxidant activity

(e.g. scavenging of free radicals and inhibition of lipid peroxidation) is assessed by

redox reactions.

In the current study, we examined the power of various tea extracts to reduce ferric

ions. The reducing powers were dose-dependent and decreased in the following order:

green tea�/roasted tea�/oolong tea�/black tea (Figure 2). With the exception of

roasted tea, this order agrees with the order of the total phenolic content. Also, similar

to our finding, Langley-Evans (2000) observed that green tea possessed approximately

2.5-fold greater reducing power than black tea.

Because polyphenols are known to contribute to the antioxidant capacity of green,

black, and oolong teas (Benzie & Szeto 1999; McKay & Blumberg 2002; Von Gadow

et al. 1997; Wiseman et al. 1997; Xie et al. 1993; Zhu et al. 2002a), we investigated
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Figure 2. Reducing powers of roasted (k), green (m), oolong (I), and black (j) teas. Ascorbic acid (D)

was used as a positive control. Data are expressed as the mean9/SD (n�/5 to 8). A high absorbance at

700 nm indicates a high reducing power. There is a statistically significant difference between all of the

different extracts at each concentration tested (P B/0.001).
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the relationship of the total phenolic content and the reducing power in the four

different tea water extracts. There was a significant correlation between these two

parameters (r�/0.489; P B/0.01), and there was a strong correlation (r�/0.994; P B/

0.001) when the roasted tea extract was not included. Benzie and Szeto (1999) also

observed that there was a strong correlation between the reducing power and total

phenolic content of green, oolong, and black teas (r�/0.956, P B/0.0001). They

further showed that the number of phenolic hydroxyl groups is a major determinant of

their antioxidant power.

We also measured the reducing power of each tea using ascorbic acid as a reference

compound. As is shown in Figure 2, the reducing powers of these teas were markedly

lower than that of ascorbic acid. Green and roasted teas, which had the highest

reducing powers were only �/20% as effective as ascorbic acid.

The reducing powers determined in this assay depend on the redox potentials of the

compounds present in different tea extracts, which are associated with the complexity

of the antioxidant molecules. It is known that the lower the redox potential, the higher

the antioxidant efficiency against free radicals, such as peroxyl or hydroxyl radicals,

that have more positive redox potentials (Zhu et al. 2002). Therefore, roasted and

green teas, which have high reducing powers, are expected to have high antioxidant

activities in other model systems, and, thus, their antioxidant activities may be

biologically significant for individuals who consume roasted or green tea.

DPPH radical scavenging activity

This method is based on the reduction of DPPH, which is a stable free radical.

Because of the unpaired electron of DPPH, it gives a strong absorption maximum at

517 nm by visible spectroscopy (purple color). In addition, the unpaired electron of

the radical becomes paired in the presence of a hydrogen donor (i.e., a free radical

scavenging antioxidant), decreasing the absorption. Therefore, DPPH loses color in

proportion to the number of electrons captured (Blois 1958). As a result, this reaction

has been widely used to test the ability of compounds to act as free radical scavengers

or hydrogen donors and to evaluate the antioxidant activity of foods and plant extracts

(Yildirim et al. 2001; Zhu et al. 2002a).

We found that the percent DPPH radical scavenging activities of various tea extracts

were dose-dependent and decreased in the following order: green tea�/roasted tea�/

oolong tea�/black tea (Figure 3). This order agrees with the order of reducing powers

of the various tea extracts. In addition, there was a significant correlation between the

total phenolic content and the DPPH radical scavenging activity (r�/0.589; P B/0.01).

With the exception of roasted tea, this order is the same as for the total phenolic

content. There is a strong correlation between the total phenolic content and the

DPPH radical scavenging activity (r�/0.995; P B/0.001), excluding the roasted tea

extract.

The oxidation of the flavanols in green tea may greatly contribute to the difference

in antioxidant activities among green, oolong, and black teas (Von Gadow et al. 1997).

The gallocatechins, i.e., (�/)-epigallocatechin and (�/)-epigallocatechin gallate, which

are potent antioxidants (Lunder 1992; Xie et al. 1993), are the first to be oxidized by

polyphenol oxidases in the leaves because of their high oxidation potential and high

concentration in green tea (Robertson 1992). They are oxidized to form thearubigins

and theaflavins, the major phenolic compounds of black tea (Robertson 1992), which
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are less effective antioxidants than the flavanols (Xie et al. 1993). Oolong tea is

intermediate in the composition of thearubigins and theaflavins between green and

black teas (Xie et al. 1993). This change in phenolic composition explains the lower

inhibition of the DPPH radical by oolong and black teas compared with green tea.

Furthermore, green and roasted teas are manufactured by inactivating polyphenol

oxidases in tea leaves by steaming and roasting, respectively. Roasted tea was the

second most potent scavenger of the DPPH radical among the four teas, although it

contains less total phenolics than the three other teas. Therefore, it appears that

roasted tea possesses the flavanols and/or nonphenolic antioxidant substance(s).

The DPPH radical has been widely used to test the free radical scavenging ability of

various natural products and has been accepted as a model compound for free radicals

originating in lipids (Porto et al. 2000). In future work, the assessment of DPPH

scavenging activity may be helpful in directing the fractionation, isolation, and

identification of the antioxidant substance(s) in roasted tea.

Erythrocyte hemolysis

It is known that the oxidation of polyunsaturated fatty acids in biological membranes

can lead to the formation and propagation of lipid radicals, uptake of oxygen,

rearrangement of the double bonds in unsaturated lipids, and even destruction of

membrane lipids. Many of these biochemical activities can lead to the production

of breakdown products that are highly toxic to most cell types. Lipid oxidation of

erythrocyte membrane induced by AAPH causes membrane damage and subse-

quently hemolysis (Miki et al. 1987; Zhu et al. 2002a, b).

We examined the ability of the various tea extracts to inhibit AAPH-induced lipid

oxidation in erythrocyte membranes. We found that all of the extracts dose-

dependently inhibited the effect of AAPH (Figure 4). The extract from green tea

was more effective against lipid oxidation in the erythrocyte membrane than the other

three tea extracts. The extracts from roasted, oolong, and black teas were equally
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Figure 3. Percent DPPH radical scavenging activities of roasted (k), green (m), oolong (I), and black (j)

teas. Ascorbic acid (D) was used as a positive control. Data are expressed as the mean9/SD (n�/5 to 6).

There is a statistically significant difference between all of the different extracts at 83 (P B/0.01) and 166 mg/

ml (P B/0.05).
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effective. In addition, Simon et al. (2000) observed that black tea inhibited hydrogen

peroxide-induced hemolysis of Japanese quail erythrocytes, and Xhu et al. (2002a)

found that oolong tea reduced AAPH-induced hemolysis of rat erythrocytes. In our

study, the concentrations of the various tea extracts needed to inhibit erythrocyte

hemolysis were much higher than those used to test the reducing power and DPPH

radical scavenging activity. The higher concentrations needed to inhibit lipid oxidation

in the erythrocyte membranes may be due to the ability of polyphenols to readily bind

to proteins through hydrophobic interactions and hydrogen bonding (Haslam et al.

1996). Because the oxidation of erythrocyte membranes serves as a model for the

oxidation damage of biomembranes (Miki et al. 1987; Niki et al. 1988), our results

suggest that roasted tea inhibits oxidative damage to lipids in cellular membranes.
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