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Abstract

The antioxidant properties of green tea leaves and powder extracts were determined using several tests including
estimation of reducing power, DPPH(1,1-diphenyl-2- picrylhydrazyl) radical-scavenging activity, and FRAP(Feric
reducing/antioxidant power) assay. All tests indicated that extracts of green tea powder had higher antioxidant activities
than extracts of green tea leaves, and the activities were concentration-dependent. However, each test yielded somewhat
different results with respect to storage conditions. The reducing power of green tea leaves was highest at 1,000
ug/mL, storage at 4°C, and an Aw(water activity) value of 0.23. However, the reducing power of green tea powder,
assayed at 1,000 pug/mL, was high under all storage conditions(with variations in temperature and Aw), and was
about 1.5 - 2-fold greater than that of green tea leaves. Radical-scavenging activity, as assessed by the DPPH assay,
increased in a dose-dependent manner over the range 15~125 pg/mL. At higher concentrations, activities were 80~90%
of maximal were attained. The FRAP activity of green tea extract also increased with rising concentration. Particularly
in the case of green tea leaves, antioxidant activity was most greatest with storage at -20C and Aw values of
0.69 and 0.23 when assayed at a concentration of 1,000 pg/mL. These results indicate that the most important
factor during storage of green tea is not the Aw value but rather temperature, and that use of refrigeration(4C)
is preferable to increase or maintain the antioxidant activities of biological components in green tea.
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So2 AAE free radicalS AAAA WA E BT =
A8 7 ksl §A4AFZE superoxide dismutase(SOD),
catalase, glutathione-peroxidase(GSHpx) % glutathione
S-transferase(GST) 5©] o1, AEAZH FitsiA] T
free radical scavenger 982 3= Z1 S =Z tocopherol, 3
~carotene, ascorbic acid 2 glutathione 5°] && A JTKS).
ol9} o] A& Aol&2 A= kst AFolu A
wo] giksl A4 AR FE]7]E Al A ks
-kl T EES fAStA 4sA 2EYHAZRE AAE
B33k QITke).
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HZ AdA o EAskE T T4 2 HAEE T
dojA= 4% FEAHEE STolA 53] UdAl9 AP 7
2oy A Ao Fodste] AR} =3519A)
T A%E FASEH 8% 98-S dte AeE ezl
g AFAAE Fe Ao] AFAFY MESE AFERER
T2 3L QeK7). 53] U &MI7E 358kl AEF Tl
o] A= A Aol g #Alo] oA I
Aoz o5 A AES TS AaA HEES
O] A5 2 AREsHE e A&7t Bol o FojAaL SITks).

=X (Camellia sinensis L)<= ThaAA A2 A28
FEIEH YA AES Frekal s ¥ olet
‘go] Hoju} 2@ 21-8-2] GAte} A 3] gt
o] Hojgkom(9), Tl A AuiE L e FAFo &
B vid 20% ol S7tste $-7 HEAY A,
Wbz} efefiake] f-dl whE 9JslAnE 2haa) 2ol tigh
A7F 28] 8= AL ATK10). =&k polyphenol, 43
4, S, grshE, F29, AP, fElohr] =4t peptide,
caffeine, 7714 B f7|4F o2 FAE ] a1l =t
o] A2 = 7P ol gl 9= AES= polyphenol-&-
A7) 20~35%F AAEkAL o, FFHEE flavonoid2t
ole] H=E3Z<Ql flavanol, flavanones, anthocyanidins,
flavones, flavonols ~Z2] 3 polyphenolic acid 5©] At} 53]
polyphenol ] 90% ©]73] flavonoid] =4 F TEA<1
flavan 3-ol2 7H¢ W& oS 2HA|8HH, o] @A flavan
3-0l& catechinfF#tx wWHWalch F2 catechinFE+
EC((-)-Epicatechin), ECG((-)-Epicatechingallate), EGC
((-)-Epigallocatechin), EGCG((-)-Epigallocatechin gallate),
GC(gallocatechin) 5©] ATH12). ] & o] B2 EGCG
2 ECGE H-25to] sl vuldste] A8 x|xz &
W GPA7F Atk ol AEES FF, 71, 42 T

= 0oL =1 W O, 232-7% ©

we} zto] 7k Rlo] AFAel ANFH G Aol A o] okl
G A3 A oH(13) 53] EGCGE & T4 Al &
ksl aUF 2 Zoz gEA rh14).

ko] A g et AT 2= FAHsAE(B), ofY
Zolzuel Helol= F2A AAMEEA B35 a3H10),
dFZH 2EHEA3K1S), FL2E(16) Tol Aot =3}
g7 ko] ot Zapo] P ik AFEE W
Z7 shollA Z2E AF3AS W 4ol =i A2
T7F =555 vEAA o] wEA FeEa(17), BT
=218 A T FEo 27t 4 v FEF] dish
ZAFE v} ATk(18). o]} o] FF B 250 tiste] ZA}
o] fFEAE 2 FAWs] gk A7} o] Folx|a ot
U=a}, FUZAE FEete] kst A e &
23} &A o] 2polE AR AAHQ] AT vl F=53
AR olt), meta] B Ao U5a) BUSAE i
AT 081, 0.69 & 023 27X 7 A YA 9
WE@25C, 4T 9 200)3E1 2 370 &<t A staA

=
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37 A168 A3ZE (2009)

Ao AR-E dmAtel BdEAte A she o
274 FEAALNAM AZEI oM 2008 48 T4
ANFH), EE=A= H21F A4S 213519 100 mesh sieveS

23S 9% 1,1-diphenyl-2-
picrylhydrazyl(DPPH), potassium ferricyanide, trichloroacetic
acid, ferric chloride, 2,4,6-tripyridyl-S-triazine(TPTZ) =
Sigma Chemical Co.(St. Louis, MO, USA)°l| A T35S
W, 2 sle] AlofEe BF PAE 53 AHgath

M= U F&E89| M=

FHEIAT 081, 069 L 023 1S Z57] 93l 28
71(1.4 L)ell 4] KCH3CO,, KI, (NH4)2S0,42] B]-&S& ZA 3t
¥t 89650 mL)S THEQloH, =3} BHa} 20
gS Bl 3IMY St 42, ¥ 2 WEE25T, 4T, 200)
2004 247t AAFstAh 53 EFFEES A=Ak
=3t 2 goll 70T F/7S 100 mLE 3H7iste] 583
FZ3F 3 No. 2 9J3}X|(Whatman plc., Kent, UK)Z J2}3+
5 XF5Z7|(EYELA Co., Tokyo, Japan)Z &35}l
5 A7 ZWShin Lab Co., Ltd., Yangju, Korea)3}] A-8-3}
Atk B2 AxH FEEL 20T YEsaoA HashdA
2 Ayl A&t

By =3

FEHE(15~1,000 mg/mL) FEE 2.5 mLol| sodium
phosphate buffer(2.5 mL, 200 mM, pH 6.6)%} 1% potassium
ferricyanide(2.5 mL)E E3A17] & £35S 504 20
£ 5ot kA7l B2 trichloroacetic acid(2.5 mL, 10%,
wiv)E 718k 650 x goll Al 1087 AlEe)Ekct A4l
g FAAGS mLyo 2ol mL)St 1% ferric
chloride 1 mLE 7}A1Z1 3 700 nmoll A FH=E =43}

ATH19).

DPPH radical &2H&M =3

DPPH radical 227842 Blois(20)9] HH S
AHESEAT w5 FEE 1 mLol dEEE
1.5x10* M DPPH €9 4 mLZ 7}3+ & vortex mixer
LA &3 o AeoA 3087 WA &
UV-spectrophotometer(UV-1201, Shimadzu, Tokyo, Japan)E
o]-8-5ked 517 nmo| A F33 % (optical density, OD)E =743}
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St} Free radical A2AZAL thS-2] Ao oA 43}
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Radical scavenging activity (%)=1-

FRAP (Ferric reducing/antioxidant power) =&

FRAP assay+ Benzie9} Strain21)oll <J&f 11oke w1 o]
o 23S 98] WA 0.3 M Sodium acetate buffer(pH 3.6)2}
40 mM HCIZ §-3A17] 10 mM 2,4,6-tripyridyl-S-triazine
(TPTZ) solution, ~1&] 311 20 mM FeCls solutionS- A %3}
t}. wg] A|ZF Sodium acetate buffer, TPTZ solution &
FeCl; solutionS 10:1:1(v/v/v)e] HIE2 £33l 37Tl A]
10~15%3F incubation A]7# FRAP reagentS <=H|3} ]t}
59 FZE 50 Lol FRAP reagent 1.5 mLE &3}
votexd}al A-2o A 3087 W3 & 593 nmo|A] 3=

£ 24590

SH Xz

BE %2 33] ukE A
), 7 Fgkel ok AF2 SAS(Statistical Analysis
System, ver. 6.12)5 ©]-83}o] H ¥ HF 22}, Newman-
Keul’s multiple range testsZ F¥ 50l i3l F94d<S 4

NE7t 242(257), ¥4 C), 183 Y520l A]
Ao A FE2E FEE 47 2elste] vk &
= < =43 A3+= Fig 1%
2t} oMo F3E SR 2 AAVE A8 g
2S e, & it A4S 7SS 35 &
27} #=A vepdth Al 7ER] A= BAIg10] 15~250
AR 07 F7Vel| whet
eH, 500 pg/mL /g2l
FrAAE L T A=t vl dASHA =obA
31, 53] 1,000 pg/mLAlAE 718 =& ksl g0 2 A
o] ghlgo] Yehds & 4 Atk AeE 218 vl
39S w 1,000 pg/mLol A WA o] 71 kst &4
o] Eokom 53] FREAR 0239 95 FEEC] Al
o2 7P $54¢ S S YElE ZoE ®eltt 1Y
U AL WE 2A0XE 1,000 pg/mLolA] AR pattern

FAEE FAdd) m A= FEIAE 2 ARFero av 335

< Holal glon, 7P w2 S FEEA
Z

23%, 4 CollA= EGCGY 3] 36.5 mg/gol o, *th
H5 81%, 20T A= 11.9 mg/gE vl$- 743t =d o]
23t Ae A=At AisEet A% 257} catechint

A.

8 1| C—J Aw 0.81
Aw 0.69
B2 Aw 0.23

O.D. (700 nm)

15 31 62 100 125 250 500 1,000
Concentration (p g/mL)

8 11 C— Aw 0.81
Aw 0.69
BEEE Aw 0.23

0.D. (700 nm)

15 31 62 100 125 250 500 1,000

Concentration

p g/mL)

8 1| C—J Aw0.81
Aw 0.69
B2 Aw 0.23

O.D. (700 nm)

15 31 62 100 125 250 500 1,000

Concentration (p g/mL)

Fig. 1. Reducing power of 70°C distilled water extracts from green
tea leaves.

(A) The reducing power was performed after 3 months storing at room temperature
(25°C). (B) The reducing power was performed after 3 months storing at 4°C. (C)
The reducing power was performed after 3 months storing at -20°C. Values represent
the means = S.D. (n = 3)
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3 caffeine®] Bekoll vwi-¢- R1ZHEH

g =} Og o= s
N4 W e A Ho] ape] FA FA
P2 onldcta A9 gl bebd B A7) @
A% Av =3 B BEEe Pzl g

3} &Ao Walz A9d 4 )

P FEEE U549 499 o) BUR R

AARZ71ZT, ZVJ%E, agla FEIAE)S Zt

ANE =E3IH o, FE2ES ¥EF 15~1,000 ng/mlL”
] thekatA FHlste] FEoleS A= Y
1

A8kt Fg. 2). 271 EENE

0.D. (700 nm)

15 31 62 100 125 250 500
(

Concentration (u g/mL)

0.D. (700 nm)

2
(

Concentration

b g/mL)

0.D. (700 nm)

15 31 62 100 125 250 500

Concentration (u g/mL)

Fig. 2. Reducing power of 70°C distilled water extracts from green

tea powder.
(A), (B), (C) showed in Fig. 1. Values represent the means + SD. (n =

3).

37 A168 A3ZE (2009)

FZE9] Avo}l FA13 pattenS BT A w} 5
AZ A S BA g1, =0 BlEe FH e
F7He HAFATE ey A FEE BlEl 250 ugmL
FE oo e FAQ1 FdE Y A F4E e
53] 1,000 pgmLolX= =2k 358 tiH] oF 1.5~2xf 0l
sFete g dsol A, vEo] FEEE At
olo] W& AAE HAFAE EIch

ANE FTHNEA, 52 FE2200 vl&)| 254 F
ESEA 9 S v7}7} Aoz 9FetA e
71 Z}Fo]= 500 pg/mL o]/Fell A BlS “'jx“}ﬂ RSt
S2ko] -8 242 7Pl wet & &0 g
(2324) 2 EAl SR ik dlE sitEe fEld
o] = FH Rt thiito] £84 18 FHd 3
A= o] SAstaL 7] W25 A& -8 kst
E4S FE] Hslxe 1A EAZRE f €43
71 Aol Basivar Ajtstal lek12). 5, &9 2
= oA EE=s27F =5 89(70T distilled
88 4 e AF o] AiF o R $5ste] A
24 E2A 24 9] phenolic compounds(catechmﬂ— ¥3h &
Z3o] B2 B4 7IR1E Ao g F5Eth E& =sAt
T2 APEH T W A9 AFg 1. Bl
1,000 pg/mLe] A E] Fafol gk Fast 7|2
2u)7] Sl e FEE 28E AR 4T
W 27042 1 :rLiii Hslele] #AIE A= F71H4
ol A7 s Aog ATEH) L o] er': iy

=3} F589) % Aol s vmal W) 2 ojn 2
2AE 2 Q02 AzHrh

DPPH radical &7{&d &3

DPPHE &2} el Pg gk St zhE 3HiralAet cysteine,
glutathione¥} 2 /-3 o}u|=2+3} ascorbic acid,
tocopherol, hydroquinone, pyrogallol®} #-2 polyhydroxy
aromatic compounds, aminophenol¥} Z+2 aromatic amine
59 kst &4go] e EA v SdEo] Fe
Bgidlo] g E o] ¢HY3 slgtEE Wstste] ks
=A e} o]H g §Eg-o] Ax= FAHSAY F4 FolF

o ¢J&3+H20,26,27).
=AF FE2E5 088 DPPH radical 27245 =
St Ayl= Ul Fig. 33} 2t} DPPH radical 224 &4
S4 A% 202 s Ao 208 Lyl P12
A sty A= 9 FREA= AAflo] 125
ug/mLU}Z]t =5 9]EZ 0 F radical 2AHEA 0] Z)st
= ZAoZ BT, 1 o] FE(250~1,000 pg/mL)ol A
T °F 80~90% 8 =] ) radical 2AE/3-S UERAA T
[—1 o]}\]- icg}_z‘-} o] 3?:]-/\4 57} patterng y_o]x]% %‘5—9}—
o Eg Hu 24 el SRR BE Aol=
SAA fFAE gle Wl 92% Ao® e
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Fig. 4. DPPH radical scavenging activities of 70C distilled water

extracts from green tea powder.
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[ Aw 0.81
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(A), (B), (C) showed in Fig. 1. Values represent the means + SD. (n = 3).

Concentration (p g/mL)

Fig. 3. DPPH radical scavenging activities of 70°C distilled water

Concentration (p g/mL)
extracts from green tea leaves.
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(A), (B), (C) showed in Fig. 1. Values represent the means + S.D. (n = 3).
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Folom gadel 34
Ve

tiH] Edsate] Aert Aejdd £49 FE2880] A
Zog ¢ 0}04 Y =& st 8o =9 DPPH
radical 2SS Hel Aoz Al HT T3 Jang(28)
S22 Aeny Qe =3 HHe HA AEZAS AASH
g AFE FRAE, 7HA 3R, F dsA S
& 9 SR olE e JERE7F =1 IESAR0]
A5 1 o] SUtEE AR et & dsA
st e MEx ﬁ(@%% 2 Azhel w2t
23.38~82.14 mg%, STFH =0] e 1.37~8.11 mg%h=

&2 et 5219 7154 4 %C’J polyphenol &}
o & eol5 Btk zdx}%oq%sﬂ - FEF2E 6537,
%%A]ﬂ 72 min®d W HhgS Bow, 2Lt o
n%/\]ﬂO] AFE B Yeht lﬂxH 83929 &
= tha Aold ATE JelYE), o] =1 F
h} 32 7HIRIF] 240l wet sl B
12240 23t FHEIRIF2] A2 Wal) RS Ao
Atz Ethal AWEtginth ol S8 & W, A=At}
Wi=xto] )] B 22888 XHA xjoldA
gt HolA o vopt JEx10] ©E 7R84 1
L BYSHEAESY F s} QS A= A=
Aeg,

N
oov r

et

S S

FRAP (Ferric reducing/antioxidant power) =3

FRAP assay+ colored ferrous tripyridyl triazine complex
o] 2J3} ferric ion®] ferrous2 AEE X = HAHS & /‘4?};}
ozZM A U9 £ el S =45l upHo g ok
pHO Al S+ Aol o)) ferric tripyridyltrizaine(Fe’ -TPTZ)
B84 7} ferrous tripyridyltriazine(Fe’-TPTZ) 0.2 3915
= Qo) 7128k REe] FAEA} SdEe 7T
Aol Zgrste] 1ksl0121 WelTha).
%%o ©]-8-3}o] FRAP assay©ll 2|3+ aHita}
P Fg 59 2tk FUE e S99
S pusts B0Y Fosh FA, Q=3
7} 715l whet FRAP assayoll ©J3t &H4ts)
A709) S5 EHE nelFith 53] Ao A
°] 1,000 pg/mLo| A o ka4 S B3]

A3 AREw) 48 BYwo] 93 Aol 2A
A0 WAt Yk FRAP assayol A Lo A 1
F, A% 227t 5%0}%—:1141 500 pg/mL ©]’d2] xg]
oM 1 71| A YebaS & 4 UL, 2 A
2 20CY WF Azl 1,000 pg/mL #2729
kst o] 7HE =A Yl th B3 FEEAE S
M v B3 2oz} wAYEY =T, 500 pg/mL ]3] T
Aol FESAHEE 081 sk =720 0.699)
0239 FEEolM FdH ez 53 Fiks}t Tl y
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37 A168 A3ZE (2009)

TYT A BE=A] FEE] tiste] FRAP
assayE T g A3, Fig. 6014 B uhe} o] =3}
FE=3 FABH 15 ng/mLell A 1,000 pg/mLe] A 2]
A FEoEAQ Pt GRS BT, HA] 500
ugmL o)) FroA S gkt EA49] FTHE e
Aok ohek Ql=mAte] A FEE Ao vlE| thazte
Zpo] 7} WAL 941 FRAP assay©ll 9]t &H2bs) &4
Ol UsmAF FEEO ANH R A Jeyth A=Ak &

59 7495 500 pgmL o] F= At X9 it
3} Aol WEAF 20N 7P EAFRE 1.6~

A.

1 Aw 0.81
Aw 0.69
B8 Aw 0.23

0.D. (593 nm)
~

15 31 62 100 125 250 500 1,000

Concentration (u g/mL)

Aw 0.81
Aw 0.69
B Aw 0.23

0.D. (593 nm)
~

15 31 62 100 125 250 500 1,000
Concentration (u g/mL)

1 Aw 0.81
Aw 0.69
B8 Aw 0.23

0.D. (593 nm)
~

15 31 62 100 125 250 500 1,000

Concentration (u g/mL)
Fig. 5. FRAP of 70°C distilled water extracts from green tea leaves.
(A), (B), (C) showed in Fig. 1. Values represent the means + S.D. (n = 3).
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G B2 S5Eel A4 FEBAE oo

AA7E A e Ao = dAdHh

foksiR, Qi) B R U AR Fot

Agewst FRBYEY Aolg Fol B9, DPPH
radical &~A&A], 18]aL S =23 A= geg

2ol ok = Atk i d Fro| AP =

0.D. (593 nm)

15 31 62 100 125 250 500
(

Concentration (u g/mL)

0.D. (593 nm)

15 31 62 100 125 250 500 1,000
(

Concentration (u g/mL)

0.D. (593 nm)

15 31 62 100 125 250 500

Concentration (u g/mL)

Fig. 6. FRAP of 70C distilled water extracts from green tea

powder.
(A), (B), (C) showed in Fig. 1. Values represent the means + SD. (n =

A7

3).
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FEEYT zpol7} FGiksl AT = T
% ==l *M%W“X‘"

=219 de7t oS
o] A7t o =3t 74 o
A 1EE 9L A
Z Ao Z AlgEn. 53t
123 AFe v¢ He FEFES HYdE 52
AE °l%°l S8k e
% 9= 313HE, Vitamin CS 313+ ksl g A 3
31 JThE). HEo] 6579 catechin isoforms = EGCGE=
HIERY] EXT} 25H), HIER] CEt} 1008) o & fﬂ%} gﬂr
= Yehdtha dhi(14). T3 85/ AlH I3} 9 Fol
EAN3FE catchin®] FH/3S 20T - 6713t @}e& oa;L
o| A catchinf & 7Hg Bo] EAlsk= EGCG”} ECGE.th
BaEE F50] ¢ ¥ken ECGEU EGCG7F 3¢ %A
sl o ebgsltkar Argslar ATh29). H322°C - 374
4 7F A% BE A= AUEE 43% ©15+Y 1 catechin
o] 3}8h4 kg Ade] A=Y, gt S7HEel weEk
FHEIZ1e] Ba7F Z7hEthE0) HL uEo g A7)zt
o] ZAoAFE A BAEH0] A =Y ol k3t
sHY #FAE 7}7<4iﬂ}31 g 4 Stk gEo] E AT
A2 ZA uFEet A Mlt% AR =3t 3
1=, DPPH radical /\74%} Y, FRAPO| A HojE w)gak
zto) & 837 flaiMe Tes] 2k s Aed9ER
Q1 catechinfr g slol A 7]1Q13F ARJNA] o™ catechin
7 AL v AP ERET BFHQ JEAeo
A 71913 A A A &3 ¥k-3- mechanism= 42 27}
AL} o5 HEME FEE TTE ALY 5
A3 A 2100 o 232 W3tele] AAS e
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27 W3E ARSI H4F FEES FEZYE08],
0.69, 0.23)$} 2%=(25C, 4C, -2070)8 23
A ol B esA AR 15 goll 70T 301%4 100
mL= A7vete 583t =] Erlsith 4tE 54
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