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Abstract

The antioxidative activities of low-caffeine tea extract (LCTE) prepared from green tea leaves were compared
with those of green tea extract (GTE). The yields of GTE and LCTE from tea leaves were 17.3% (w/w) and 10.2%
(w/w), respectively. The catechin and caffeine contents of LCTE were ca. 43% and ca. 8% those of GTE,
respectively. B-Carotene and a-tocopherol were detected only in LCTE at levels of ca. 0.3% (w/w). LCTE showed
the same levels of iron-chelating and radical scavenging activities as GTE in vitro. To study antioxidative
activities of LCTE in vivo, male ddY mice were given the following different diets for 6 weeks: normal diet, or
that supplemented with 1.0% GTE, with 0.5% LCTE, or with 1.0% LCTE. Diets supplemented with 1.0% GTE,
0.5% LCTE, and 1.0% LCTE tended to lower lipid peroxide contents in mouse plasma in comparison to mice fed
the normal diet. In the mouse liver, lipid peroxide contents in 1.0% GTE, 0.5% LCTE, and 1.0% LCTE groups
were significantly decreased compared to those of the normal group. Retinol and a-tocopherol contents in the
plasma of mice fed diets supplemented with 0.5% LCTE and 1.0% LCTE were significantly higher than those of
mice fed the normal diet. These results suggest that supplementation of the diet with LCTE could elevate
resistance to oxidative stress in vivo.
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1. Introduction leaves are up to 15% dry weight [8]. These

Antioxidative activity of green tea leaves (Camellia hydrophilic components would act as available
sinensis L.) has been reported in some in vitro [1] and antioxidants in the human body when ingested as a hot
in vivo [2,3] studies. Green tea leaves contain several water infusion of tea. However, it was reported that ca.

hydrophilic and hydrophobic antioxidants. Ascorbic 30% of water-soluble materials could remain in the

acid [4,5] and four major catechins [6,7], waste of tea leaves after a single extraction process
(-)-epicatechin, (-)-epicatechin-3-O-gallate, with hot water [9]. On the other hand, green tea leaves
(-)-epigallocatechin, and (-)-epigallocatechin-3-O- also include considerable amounts of hydrophobic

gallate, are the main hydrophilic antioxidants in tea components, B-carotene and o-tocopherol, as well as
leaves. Especially, the catechin contents of green tea chlorophyll-related compounds, such as pheophytins
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[4,10,11].

antioxidative properties [5,12,13] and most are

These compounds also show strong

thought to remain in the waste of tea leaves after
extraction with hot water. In fact, the waste of tea
leaves showed antioxidative activity in chicks [14]
and in vitro [15].

A hot water infusion of tea leaves, which is
commonly ingested, includes a large amount of
caffeine [8]. Caffeine is well known to be a central
nervous system stimulant and causes insomnia,
cardiac arrhythmia, and increases in blood cholesterol
levels in animals [16]. It was reported that ca. 60% of
the caffeine in tea leaves could be extracted by
infusion with water at 100°C for 2 min [17], whereas
only ca. 30% of catechins could be extracted under
the same conditions [18]. Therefore, waste tea leaves
are expected to include small amounts of caffeine and
relatively large amounts of catechins and some
hydrophobic antioxidants. Recently, canned and
bottled green tea beverages have been produced
industrially, and the manufacturing process results in a
large mass of waste tea leaves. These waste tea leaves
could be used as a natural decaffeinated source of
antioxidants.

In this study, we prepared a low-caffeine extract
from waste tea leaves and evaluated its antioxidative

ability in mammals using male ddY mice.

2. Materials and Methods
2.1 Materials

Thiobarbituric acid (TBA) and a-tocopherol were
purchased from Wako Pure Chemical Ind. (Osaka,
Japan). p-Carotene and retinol were from Kanto
Chemical Co.
Chemical Co. (St. Louis, MO, U.S.A.), respectively.
Tea catechins were obtained from Kurita Kogyo Co.

Inc. (Tokyo, Japan) and Sigma

(Tokyo, Japan). These vitamins and catechins were

used as standards for quantitative analysis. Other
chemicals used were of reagent grade.
2.2 Preparation of aqueous extract from green
tea leaves and extract from waste tea leaves

Samples of 20 g of commercial green tea leaves
(Yabukita cultivar) were boiled in 2.5 L of water for
10 min and passed through filter paper. The filtrate
was lyophilized to yield an aqueous extract of green
tea leaves (green tea extract: GTE). Residual leaves
were extracted with 750 mL of chloroform-methanol
(2:1) mixture. The lower organic layer was collected
and evaporated to obtain the low-caffeine tea extract
(LCTE). The contents of catechins, gallic acid, and
caffeine in prepared GTE and LCTE were determined
by high-performance liquid chromatography (HPLC)
[19]. The contents of B-carotene and a-tocopherol in
GTE and LCTE were also determined by HPLC [20].
2.3 Determination of in vitro antioxidative
activities of GTE and LCTE

With regard to GTE and LCTE, the antioxidative
activities based on iron-chelating functions were
determined by a method using autooxidation of mouse
brain homogenates [21,22]. The radical scavenging
activities of these extracts were also analyzed using
2,2-diphenyl-1-picrylhydrazyl (DPPH) radicals [23].
2.4 Determination of
activities of GTE and LCTE

Male ddY mice, 5 weeks old, were obtained from

in vivo antioxidative

Japan SLC, Inc. (Shizuoka, Japan) and divided into
four groups. The mice in each group were given the
following diets: (1) normal diet (control group); (2)
normal diet supplemented with 1.0% GTE (1.0% GTE
group); (3) normal diet supplemented with 0.5%
LCTE (0.5% LCTE group); and (4) normal diet
supplemented with 1.0% LCTE (1.0% LCTE group).
The number of mice in each group was 10. Normal

diet was a commercial powder, MF, from Oriental
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Yeast Co., Ltd. (Tokyo, Japan). Diets and water were
provided ad libitum. Mice were sacrificed under
anesthesia with diethyl ether after 6 weeks of feeding
the experimental or control diet. Throughout the
experiment, the animals were handled in accordance
with “The Guide for Animal Experiments in the
Numazu National College of Technology.”

Body weight and food intake of mice were
measured at various time points throughout the
experimental period. After 6 weeks of feeding, the
mouse liver was removed and homogenized in 19
volumes of 40 mM phosphate buffer (pH 7.4).
Heparinized blood samples were taken and the plasma
was prepared by centrifugation. Lipid peroxide
contents as TBA reactive substances in mouse plasma
were determined by the method of Masugi and
Nakamura [24], and those in the liver were determined
by the method of Yagi [25]. The contents are
expressed in terms of malondialdehyde. Retinol and
a-tocopherol contents in the plasma and liver of mice
were determined by HPLC according to the method of
Panfili et al. [20].

2.5 Statistical Analysis

Statistical analyses were performed with the

non-parametric Mann-Whitney U test to determine the

significance of differences between appropriate

J. Technology and Education, Vol.17, No.1, 2010

experimental groups, and P <0.05 was considered

statistically significant.

3. Results and Discussion
3.1 Yields and components of GTE and LCTE

From 20 g of green tea leaves, 3.46 g of GTE and
2.04 g of LCTE were obtained. Therefore, the yields
of GTE and LCTE were 17.3% (w/w) and 10.2%
(w/w), respectively.

The contents of catechins, -carotene, a-tocopherol,
and caffeine in GTE and LCTE are shown in Table 1.
The sums of the contents of the four major catechins
in GTE and LCTE were 32.2% and 13.8% (w/w),
respectively. The catechin contents in LCTE reached
ca. 43% of that in GTE. p-Carotene and a-tocopherol
were not detected in GTE, whereas the contents of
both in LCTE were ca. 0.3% (w/w). When LCTE was
added to the commercial diet at 0.5% or 1.0%,
[B-carotene contents in the diets were increased by 2.4-
and 3.9-fold, respectively, and a-tocopherol contents
were elevated by 1.1-fold and 1.3-fold, respectively.
The caffeine content in LCTE, which was ca. 0.5%
(w/w), was reduced to one-seventeenth that in GTE,
6.3% (w/w). In general, the content of caffeine in
industrially prepared tea leaf products is ca. 1.5%,

whereas that in normal green tea leaves is ca. 3.0%

Table 1 Contents of catechins, 3-carotene, a-tocopherol, and
caffeine in the aqueous extract of green tea leaves (GTE)
and the low-caffeine extract of tea leaves (LCTE)

Concentration (mg/g)

Components GIE LCTE
(-)-Epicatechin 495 5.83
(-)-Epicatechin-3-0O -gallate 24.8 125
(-)-Epigallocatechin 90.9 37.8
(-)-Epigallocatechin-3-O -gallate 156.7 82.3
Total content of catechins "TR2I9 T T T 1384 T T
“p-Carotene _ Notdefected 310
o-Tocopherol Not detected 2.97
Caffeine 63.3 4.56
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[26]. It was suggested that GTE included concentrated
caffeine as well as concentrated catechins. The content
of caffeine in LCTE was much lower than that in tea
leaves and GTE, while the catechin contents in LCTE
were almost the same as those in tea leaves.
LCTE

a-tocopherol. Waste tea leaves are thought to be

Furthermore, included pB-carotene and
available and convenient sources of low-caffeine food
materials high in antioxidants.
3.2 In vitro antioxidative activities of GTE and
LCTE

The inhibitory effects of GTE and LCTE on the
autooxidation of mouse brain homogenates and
scavenging activities of these extracts against DPPH
radicals were evaluated. In the case of autooxidation
of mouse brain homogenates, the 50% inhibitory
concentrations (ICso) of GTE and LCTE were 11.0
8.1 The
autooxidation was thought to be mainly due to iron,

ug/mL  and ug/mL,  respectively.
and the iron-chelating activities of LCTE were slightly
stronger than those of GTE. In the case of DPPH
radicals, 1Csq values of GTE and LCTE were 0.128
mg/mL and 0.335 mg/mL, respectively. The radical
scavenging activities of LCTE were slightly weaker
than those of GTE. These results suggest that LCTE
shows strong antioxidative activities similar to GTE.

3.3 Effects of diet supplemented with GTE
and LCTE on body weight and food intake of

mice

The body weights and food intake levels of the
control, 1.0% GTE, 0.5% LCTE, and 1.0% LCTE
groups are shown in Table 2. A decrease in body
weight was observed previously in animals fed a diet
supplemented with over 2.0% (w/w) tea polyphenol
[27]. The total contents of tea catechins in 1.0% GTE,
0.5% LCTE, and 1.0% LCTE-supplemented diets
were 0.32%, 0.069%, and 0.14% (w/w), respectively.
Therefore, final body weights in the 1.0% GTE, 0.5%
LCTE, and 1.0% LCTE group were similar to that of
the control group in this study. Food intake levels in
the 1.0% GTE, 0.5% LCTE, and 1.0% LCTE group
showed no decreases in comparison with that of
control group.

3.4 Effects of feeding the diets supplemented
with GTE and LCTE on the lipid peroxide
contents in the plasma and liver of mice

Lipid peroxide contents in the plasma and liver of
the control, 1.0% GTE, 0.5% LCTE, and 1.0% LCTE
groups are shown in Table 3. The contents of lipid
peroxides in the plasma of 1.0% GTE, 0.5% LCTE,
and 1.0% LCTE groups tended to be lower than those
of control mice. The contents of lipid peroxides in the
liver of 1.0% GTE, 0.5% LCTE, and 1.0% LCTE
groups were significantly lower than those of the
control group. Reduced glutathione is one of the most
important antioxidative thiols in animal bodies and is
a marker for oxidative stress in vivo [28]. In this study,

the contents of reduced glutathione in the liver were

Table 2 Effects of feeding the diet supplemented with the aqueous extract of green tea leaves (GTE)
and the low-caffeine extract of the tea leaves (LCTE) on body weight and food intake

of ddY mice
Indexes Control 1.0% GTE group 0.5% LCTE group 1.0% LCTE group
Numbers of mice 10 10 10 10
Initial body weight (g) 28.0 + 1.15 27.7+1.36 28.3 +1.30 27.8+1.05
Final body weight (g) 34,7 +3.28 34.6+1.77 34,1+ 1.57 34.7 + 2.59
Food intake (g/d/mouse) 4.66 4.92 4.85 4.64

Body weight is shown as the mean + SD.
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Table 3 Effects of feeding the diet supplemented with the aqueous extract of green tea leaves (GTE)
and the low-caffeine extract of the tea leaves (LCTE) on the contents of lipid peroxides

in plasma and liver of ddY mice

Indexes Control 1.0% GTE group 0.5% LCTE group 1.0% LCTE group
Plasma (nmol/mL) 10.37£1.72 8.70 £ 3.53 9.86 +1.89 9.58 +2.03
Liver (nmol/g) 1469+ 11.0 124.1 + 21.1* 123.6 + 16.2* 1148 + 18.1*

Values are shown as the means + SD. Significantly different from the control value: * P < 0.05.

measured by the method of Beutler et al. [29]. The
contents of 0.5% LCTE and 1.0% LCTE groups were
1.4- and 1.5-fold higher than that of the control group,
respectively. These differences between the contents
of LCTE groups and the control group were
statistically significant. This result indicated that oral
intake of LCTE suppressed oxidative stress in the
mouse liver.
3.5 Effects of diets supplemented with GTE
and LCTE on the retinol and a-tocopherol
contents in the plasma and liver of mice

As shown in Table 1, LCTE included large amounts
of

a-tocopherol in comparison with GTE. B-Carotene is

lipophilic  antioxidants,  B-carotene, and
known as provitamin A and is converted into vitamin
A, retinol, in animal bodies. Administration of vitamin
A enhances the resistance of human low-density
lipoproteins [30] and the rat liver [31] and kidney [32]
against lipid peroxidation in vitro. These antioxidative
vitamins in LCTE are expected to inhibit lipid
peroxidation in the plasma and liver of mice. The
vitamin contents in the plasma of GTE and LCTE

groups are shown in Table 4. No significant

differences were observed between these contents in
the plasma of the control and 1.0% GTE groups.
Retinol contents in the plasma of 0.5% and 1.0%
LCTE groups were significantly higher than that of
the control group. a-Tocopherol contents in the
plasma of 0.5% and 1.0% LCTE groups were
significantly higher than that of the control group. The
increases in the contents of retinol and/or
a-tocopherol are thought to be one of the reasons for
the decrease in lipid peroxide contents observed in
LCTE groups.

Considerable amounts of chlorophylls are included
in tea leaves [4], and some chlorophyll-related
compounds are known to have strong antioxidative
activities [33,34]. We determined the chlorophyll
content of LCTE by the method of Kitada et al. [4].
The level was 13.4 mg/g, which was thought to
correspond to the major portion in tea leaves.
to the

Chlorophylls contribute

antioxidative effects of LCTE.

would  partly

The results of the present study indicated that the
LCTE-supplemented diet decreased lipid peroxide

levels in the plasma and liver of mice, and LCTE is

Table 4 Effects of feeding the diet supplemented with the aqueous extract of green tea leaves (GTE)
and the low-caffeine extract of the tea leaves (LCTE) on the contents of retinol and
a-tocopherol in the plasma of ddY mice

Indexes Control 1.0% GTE group 0.5% LCTE group 1.0% LCTE group
Plasma

Retinol (ng/mL) 100.7+181 11604280  1852+67.3% 1956+ 14.2%
a-Tocopherol (ug/mL) 6.77 £ 2.76 9.23+2.84 15.9 + 2.34* 11.0+2.19*

Values are shown as the means * SD. Significantly different from the control value: * P < 0.05.
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expected to be useful as an antioxidative food additive

for animals.

References

1) M. Luo, K. Kannar, M.L. Wahlgvist, R.C. O'Brien,
Inhibition of LDL oxidation by green tea extract,
The Lancet, vol.349, pp.360-361 (1997).

K. Yoshino, I. Tomita, M. Sano, I. Oguni, Y. Hara,
M. Nakano, Effects
supplement of tea polyphenols on lipid peroxide
levels in rats, Age, vol.17, pp.79-85 (1994).

M. Sano, Y. Takahashi, K. Yoshino, K. Shimoi, Y.

Nakamura, 1. Tomita, I. Oguni, H. Konomoto,

2)

of long-term dietary

3)

Effect of tea (Camellia sinensis L.) on lipid
peroxidation in rat liver and kidney: a
comparison of green and black tea feeding, Biol.
Pharm. Bull., vol.18, pp.1006-1008 (1995).

Y. Kitada, K. Tamase, M. Sasaki, Y. Yamazoe, Y.
Maeda, M. T.

Determination of L-ascorbic acid, tocopherol,

4)
‘Yamamoto, Yonetani,
carotene and chlorophyll in various teas, J. Food
Sci. Technol., vol.36, pp.927-933 (1989).
5) H. Chen, Al.L. Tappel, Protection of vitamin E,
selenium, trolox C, ascorbic acid palmitate,
acetylcysteine, coenzyme QO, coenzyme Q10,
beta-carotene, canthaxanthin, and (+)-catechin
against oxidative damage to rat blood and tissues
in vivo, Free Radic. Biol. Med., vol.18,
pp.949-953 (1995).
H. Tanizawa, S. Toda, Y. Sazuka, T. Taniyama, T.
Hayashi, S. Arichi, Y. Takino, Natural

6)

antioxidants. I. Antioxidative components of tea
leaf (Thea sinensis L.), Chem. Pharm. Bull.,
vol.32, pp.2011-2014 (1984).

K. Yoshino, Y. Hara, M. Sano, I.
Antioxidative effects of black tea theaflavins and

7 Tomita,

thearubigin on lipid peroxidation of rat liver

homogenates induced by t-butyl hydroperoxide,
Biol. Pharm. Bull., vol.17, pp.146-149 (1995).

S. Terada, Y. Maeda, T. Masui, Y. Suzuki, K. Ina,
Comparison of caffeine and catechin components

8)

in infusion of various tea (green, oolong and
black tea) and tea drinks, J. Food Sci. Technol.,
vol.34, pp.20-27 (1987).

9) S. Shibuya, Studies on the constituents of Pu-Erh

tea - Characteristic constituents of Pu-Erh tea -,

Numazu Coll. Tech. Res. Ann., no.16, pp.91-98

(1981).

10) I. Tomita, Tea, its components and their various
functions, Foods Food Ingredients J. Jpn.,
vol.160, pp.34-42 (1994).

11) K. Higashi-Okai, M. Taniguchi, Y. Okai, Potent
antioxidative activity of non-polyphenolic
fraction of green tea (Camellia sinensis) -
association with pheophytins a and b, J. Sci.
Food Agric., vol.80, pp.117-120 (2000).

12) P. Palozza, C. Luberto, G.M. Bartori, The effect of
fatty acid unsaturation on the antioxidant activity
of B-carotene and a-tocopherol in hexane
solutions, Free Radic. Biol. Med., vol.18,
pp.943-948 (1995).

13) S. Cadenas, C. Rojas, R. Perez-Campo, M.
Lopez-Torres, G. Barja, Vitamin E protects the
guinea pig liver from lipid peroxidation without
depressing levels of antioxidants, Int. J. Biochem.
Cell Biol., vol.27, pp.1175-1182 (1995).

14) M. Sano, K. Sasaki, I. Tomita, M. Ikeya, Y. Torii,
Y. Koizumi, S. Kodomari, Effect of tea leaf
(Camellia sinensis L.) feeding on the freshness of
broiler chickens, J. Food Hyg. Soc. Jpn., vol.37,
pp.38-42 (1996).

15) T. Goto, K. Yoshino, M. Sano, I. Tomita, H.
Murata, Antioxidative effect of the extracts from

the used green tea leaves on cod liver oil,

-22-



Bull. .Jpn. Soc. Sci. Fish., vol.62, pp.677-678
(1996).

16) H. Yokogoshi, S. Mochizuki, M. Takahata, S.
Quazi, A. Yoshida, The hypercholesterolemic
effect of caffeine-containing beverage and
xanthine-derivatives in rats, Nutr. Rep. Int.,
vol.28, pp.805-814 (1983).

17) M. Nakagawa, Correlation of the constituents with
the organoleptic evaluation of green tea liquors, J.
Food Sci. Technol., vol.16, pp.252-258 (1969).

18) M. Nakagawa, Relation of catechins with the
qualities of green and black tea, Bull. Tea Res.
Stat., Minist. Agric. Forest., Japan, no.6,
pp.65-166 (1970).

19) K. Yoshino, Y. Hara, Determination of catechins
and theaflavins in tea infusions by
high-performance liquid chromatography,
Numazu Coll. Tech. Res. Ann., no.27, pp.87-91
(1992).

20) G. Panfili, P. Manzi, L. Pizzoferrato,
High-performance liquid chromatographic
method for the simultaneous determination of
tocopherols, carotenes, and retinol and its
geometric isomers in Italian cheeses. Analyst,
vol.119, pp.1161-1165 (1994).

21) J. Stocks, J.M.C. Gutteridge, R.J. Sharp, T.L.
Dormandy, Assay using brain homogenate for
measuring the antioxidant activity of biological
fluids, Clin. Sci. Mol. Med., vol.47, pp.215-222
(1974).

22) K. Yoshino, M. Nishimura, A. Watanabe, S. Saito,
M. Sano, Preventive effects of edible mushroom
(Hypsizigus marmoreus) on mouse type IV
allergy: Fluctuations of cytokine levels and
antioxidant activities in mouse sera, J. Food Sci.,
vol.73, pp.T21-T25 (2008).

23) D. Todaka, Y. Takenaka, T. Takenaka, The

J. Technology and Education, Vol.17, No.1, 2010

production of caramel with the DPPH radical
scavenging activity, J. Jpn. Soc. Food Sci.
Technol., vol.46, pp.34-36 (1999) .

24) F. Masugi, T. Nakamura, Measurement of
thiobarbituric acid value in liver homogenate
solubilized with sodium dodecylsulphate and
variation of the values affected by vitamin E and
drugs, Vitamins, vol.51, pp.21-29 (1977).

25) K. Yagi, A simple fluorometric assay for
lipoperoxide in blood plasma, Biochem. Med.,
vol.15, pp.212-216 (1976).

26) Y. Koizumi, |. Takahashi, T. Uchida, H. Yoneyama,
Research on development of low caffeine tea - A
tea blanching machine and the optimal
operational condotions -, Bull. Shizuoka Tea Exp.
Stn., vol.17, pp.31-39 (1993).

27) F. Tono-oka, N. Matsumoto, A. Ishigaki, Y. Hara,
The tolerance of tea catechins in the diet in rats
and the influence of catechin intake on body fat,
Proc. Int. Symp. Tea Sci., pp.366-370 (1991).

28) P.D. Mascio, M.E. Murphy, H. Sies, Antioxidant
defense systems: the role of carotenoids,
tocopherols, and thiols, Am. J. Clin. Nutr., vol.53,
pp.194S-200S (1991).

29) B. Beutler, O. Duron, B.M. Kelly, Improved
method for the determination of blood
glutathione, J. Lab. Clin. Med., vol.61,
pp.882-888 (1963).

30) M.A. Livrea, L. Tesoriere, A. Bongiorno, A.M.
Pintaudi, M. Ciaccio, A. Riccio, Contribution of
vitamin A to the oxidation resistance of human
low density lipoproteins, Free Radic. Biol. Med.,
vol.18, pp.401-409 (1995).

31) A. Palacios, V.A. Piergiacomi, A. Catala, Vitamin
A supplementation inhibits chemiluminescence
and lipid peroxidation in isolated rat liver

microsomes and mitochondria, Mol. Cell.

-23-



http://bigjohn.fukui-nct.ac.jp/journal/

Biochem., vol.154, pp.77-82 (1996). from marine organisms. J. Org. Chem., vol.61,
32) V.A. Piergiacomi, A. Palacios, A. Catala, Vitamin pp.2501-2510 (1996).

A inhibits lipoperoxidation ascorbate-Fe™” 34) K. Takaba, M. Hirose, Y. Yoshida, J. Kimura, N.

dependent of rat kidney microsomes and Ito, T. Shirai, Effects of n-tritriacontane-16,18-

mitochondria, Mol. Cell. Biochem., vol.165, dione, curcumin, chlorphyllin, dihydroguaiaretic

pp.121-125 (1996). acid, tannic acid and phytic acid on the initiation
33) L. Ma, D. Dolphin, Stereoselective synthesis of stage in a rat multi-organ carcinogenesis model,

new chlorophyll a related antioxidants isolated Cancer Lett., vol.113, pp.39-46 (1997).

BREEMNSHABLEEBEH 7 4 VHBEYOMERIEEA

FEp AR A
MR TESEEMFR WETFER (T410-8501  yH AT K[ 3600)
*Kk-yoshino@numazu-ct.ac.jp

25

RIS DN ST U728 7 = A I (LCTE) O Fi L /E M 2. A HHM(GTE) & il L7, %
/NSO GTE & LCTE DULERIE, 17.3% (Wiw) & 10.2% (Wiw) T - 7=, LCTE D H 7% & 8id GTE
DI A3% TH D —J7, LCTE FDOH 7 = A & EIL GTE DK 8% L K- 7-, B-InT ta-ba 7=
17—/ L% LCTE OB &, £ DOEEITK 0.3% (Ww) TH - 72, invitro DEERIZFBW T, LCTE 1%
GTE &R L~ LDk L— MEH & T P VIER 27~ L7z, LCTE @ invivo (23T 2 Hiie b/ %
BETT 5720, HEME ddY R~ U 2 (il O@FE fEE, 1.0% GTE 2% L 72k, 0.5% LCTE Z#inL
TRk E 7215 1.0% LCTE Z Wi L7kt o 4 F okl % 6 I F'aﬁﬁﬁi X¥7z, 1.0% GTE, 0.5% LCTE ¥
FTOV1.0% LCTE Z IR0 L 7z fil Bt o4 5%, il Akt 2 B IR S E 2 58 12k L v o 2 h o R E il
b B a2 KT S MmN ROz, ~ 7 ADOFECTIX, 1.0% GTE, 0.5% LCTE ¥ X1 1.0% LCTE
FEO MR A VIR B B Jom B B BHIE & el U TR EICIED L7z, 0.5%36 KO 1.0% LCTE IR 2 I
B~ ADMETDOLF ) — LB L V0a- b2 7 ca—/LOEE L, BEREZERSEZ~ 725D
AEIZED2T, ZTHODOFRENS, LCTE ORFA~ORITEMANICI T D8R B L AITKT D
BIEZEmdosbDEEZILND,

F—D—R K, KD 7 o VR, ikl ~ 7 A

-24-



	J. Technology and Education, Vol.17, No.1, pp.17-24, 2010
	Antioxidative Activities of Low-Caffeine Extract Prepared from Green 
	Tea Leaves 
	References


