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The Analysis of the Physiologic Activities of the Jeju Teas according to
the Fermentational Degree

Shin Young Park* and Sun Joo Lee'

Department of Clinical Pathology, Cheju Halla College, Jeju 690-708, Korea
'Department of Chemistry, Cheju National University, Jeju 690-756, Korea

Abstract - In this present study, we investigated the anti-oxidant activity, the inhibition ability of lipid peroxidation, and the
protective effect of cow pulmonary epithelium (CPAE) cells under oxidative stress using green tea and 3 types of fermented
teas of Jeju Island. To compare the physiological activity of non-fermented and 3 types of fermented teas, the fermented
time was controlled with 0 hr. (non fermented tea, G), 12 hrs. (20% fermented tea, F20), 17 hrs. (50% fermented tea, F50)
and 24 hrs. (80% fermented tea, F80), respectively. Scavenging ability on DPPH radicals of 80 pg/mL concentration of F20
was similar to that of 50 uM epigallocatechin gallate (EGCG) but it was stronger than those of G, F50 and F80. All extracts
tested inhibited LDL oxidation but G and F20 inhibited LDL oxidation 25~30% more than F50 and F80 at 40 pug/mL
concentration which was similar to that of 50 uM EGCG. We observed that the CPAE cells treated with the tea extracts had
a significant increase in cell viability, especially the cells under oxidative stress with 1 mM H»O, as compared with the
control group (no treatment with tea extracts). These findings suggested that all tea extracts containing fermented tea had a
protective effect on oxidative stressed CPAE cells through their free radical scavenging activity. It can be concluded that
F20 extracted from 20% fermented tea has the most significant antioxidative effects that inhibit lipid peroxidation and

protect the CPAE cells under oxidative stress.

Key words - Green tea, Fermented tea, Antioxidant activity, LDL oxidation, Cell viability
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L 5EG o dste] 7| EAEORA Yy o|gHT
GAek, ol A 4o 4oy Aol Ao T

I

ol wjet 7154 HECzAS A7 AelaE L e
+29 W2 O 3 £k A0 SR ol

el otz AZHPO] Tk WRAR, WA, i
3, FEAAZ TRHA A2 AR, 8, ), %, AR
AelBY A So| epls Fad 24vh Het, et
Shol ) AZEE 2] thEe uskaAkel SAjoln W
At A B =] vl ulula Agold
=2} flavonol, flavanone, flavonoid 52| polyphenol
22 wo| 39511 9o} et FFALEES L o]
2t EEES A A2 o 3025 AR, i



£=2}9] polyphenolF+= catechin® & &2l flavonol &
(Kuriyama et al,, 2006; Park et al, 1997; Park et
al., 1998) & o]=9] A& 7]l thet W2 A7} o]
SofA thabat Ale] 7o) WAL ek, waAel B
b Eo] Tolahs W} o7 Stele] EAERE Eo]
ofgh WHS- olgatnE AaMANE Beled, wal
oA 7HEIZIF7F teaflavinfF = Wolst SLgA Al
o] A3} Fafjw]o] 7hH d3elEo] F71ettHChen et al.,
2009). o] Ip7gollA 3H=e] A Bt k7] 5o 7124 54
I AW ef A 2ol MatE Ag7hA] el =
2] el S F8 dgist aut, dFE 2
= Ast, 5T AAE, T T, S48
243}, FEddoe] 9 A =r] 59 Ago] Kkl

Qlth(Ishikawa et al., 1997; Jankun et al., 1997; Visioli

t al., 2000), 2t ¥t A9 ool =apet el

Aoz AxdE th=A| o daxte] wet A &
39] Hzto] gt At P At =EhE o] glof o]
et 2o 2ekA el 5] dasirkal Az, FAof
2] FulE AAshs 7 Sa% 847 Az oA
1 Yol A Ao By 5k, &= 5ol
whepA e A quitt 535 S0)9 A4S AASHA = E
gk 2] Al o] e 280 wWatof Fash adlo] &
Aoz yzhwo] At 2; 9 raxe] asof oigt o
oA o7t "asiia YZECHKim et al, 2002).

B AT S AR SR} B B5E AE)
el 1A SR in vitroo| A ) Expet Wa s 39A
2 gt wake) GASHs] WekE AT A
3159 HILE 3| free radical &%, @3] NEE
o]-g5to] ABFAEY AT 71FE F mxh Aol o
2 WEAE) ASAEY Lo o) FRE 10T F
MASE Gl Q2 2910] E= LDL(Low density
lipoprotein) At8} oAl 5-& AT, =Aet aat 7t
o) ela E5 AolS T AT A7) 714
gl ot AR V)5l e 52 AFsinA

.

re

pE SR ES
Waao] AEEe 7 thelol] weh 23

% o7} 9}

A4t 248 W o] wpE Ay 71so] Wit At
SRR E EEER S EEEER FEERE SRS
55 golshl ool WaS FHAYIE 2N TR
Kbl wfeh w0} 47} 2AEeHChoi and Choi, 2009).
B Ago) AMEE WERY] A9 0y FARO) AZHE
20% WHA= 1247, 50%+= 17TA17F 181 80% rax}f
L o4 7oz gty &% 50T, A& E 80%2 24

o4 Azsteln, Wast T A Qe A, 9, Az

9 & A A=

=2 9 daxe &
B EARRl S2HG) <} HaHA | wet 20% HEAKF20),
50% A7) WP AFS0) 18] 3 80% WA A|Z] W
F80), 4375 URHH o0& 7oA A5 utAl= A3t &
Ut o & &Y WA 500 g A= 49| £ |
£ S7sto] oF 90= HEo| AL Eof ”01 A7

_>;£

DPPH %S o83 ilstay &

MR 2 ) WA T2 355 LA
AS G IS ZAFSH| Y8 S-2lett]Z(free radical) A
A¢Fel 1,1-Diphenyl—2-picrylhydrazyl(DPPH, Sigma,
St Luios, MO, USA))E ¢|-835}¢] free radical scavenging
a5 =434t DPPH &4 Singh and Rajini
(2000)°] i e} Saleledet, chaeh wEe 54, o
Az} 2540, 80, 120, 160, 200 pg/mL ) 900 uLef A]
=25 A7IekA] 9 tl2wte] F3 =7t 517 nmoflA] oF 1.0
o] FEE 55 A3 DPPH €9 300 pLE %7}k
=35t 5 37Co)|A] 30871 whSslglt). o] Y Sn|nE
23] EGCG(epigallocatechin gallate)E Al8-5}% 0.
517 nmo| A SL T E =A3}o] DPPH radical 2 AZAS
ofefje} Zro] A4tatgirt,

DPPH radical scavenging activity(%) = (1-A/B) x 100
A AR W AY BT, B AR BA AlY SR

LDLY| A3A] 7%
s %)

Human low density lipoprotein(LDL)-2

Z7%)(copper—mediated LDL

Sigma AHSt
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Luios, MO, USA)of|A] F+¢J3}%lo™ LDL -§9of ZAjst
= EDTA + Econo—Pac 10G desalting column(Bio—
Rad, Richmond, CA, USA)ES 28 B3} A|7|1L, =3}A|7]
T PBSE S22 AANZ Agasc), i 5
== Bradford reagent(Bio—Rad, Richmond, CA, USA)
£ ARt 243 & 22549 bovine serum albumin
S o] &5l FEE AAkSIAH. LDL oxidation HH-g-2,
50 ug/mL of LDLT} PBSO|| =21 5 uM CuSO.(H& 2
+ 125 mL)o| =y HaAL 228 719 492 715t
Z] oFe Hke N EES 37CoA] 24 hours E¢F ¥RSA|7]
t} A|Ro] &3t LDLO] A= kit(Bioxytech MDA—586"",
OxisResearch, U.S.A.)E ©]-835}9manualo] 2|sto] A
dotlch, MDA-586 "2
N-methyl—2—phenylindole(NMPI)E MDA%} 45CojjA|
HhSehe e 283 Zlolth 1 &9 MDA #A7} 2 &9
NMPT Z2A}e} §hg-5to] gt M 34ds}o] 586 nmoflA]
A TS Hol= ok A2l carbocyanine dyeS A)
/gt

chromogenic reagent?l

ASIAEF A(oxidative stress) HAls A

MIZHYQF

SHLA| L5283 (Korean Cell Line Bank)ofA Gt)sh
cow pulmonary epithelium(CPAE) cell S 10% fetal
bovine serum(FBS, Gibco BRL, Grand Island, NY), 100
units/mL penicillin¥} 100 ug/mL streptomycin®] 2%
% Gibco AF9] RPMI 1640 HjA|Z CO. Hi%F7](NUAIR
NU-4750E, 5% COz)& ©]-8-5to] 37 ColA] ujeFstsict, of
2} ol Aofulere Aol Adlo] ALeE BET
o) AES WslelT WAL o] ol o ¥ mEksleict

AR2| X2

Hjek g 2ol =x}9} 322 0] Whg o] ASIAE A 2
272 B7] 93] 2719 Moz o] 225 A
2|5} c}

B

) /\].gl_/\Egﬂ/\oﬂ 3 H]HPﬁi}Q} dhg o] B3 g
=3} 9l 328 MaAE 27 st T ASRAEY
25 Fl3l H.0.5 Afste] 24A417F v,

MEEME ZHMTT 2H8)

CPAE A|329] WX 7} 24 well plated] Z+ well & =&
St M 7} HEE dn] 75t A cell countings &
1 x 10° cells/wello] E%E2 platingdlo] CO. Hj 7]
oA &5 Fet viFAIZITE A2 B == 3-(4,5-
dimethylthiazol —2—yl)—2, 5—diphenyl tetrazolium bromide
(MTT) W o]-&3dle] 243U Byun et al., 2005).
o] assay ¥ AlopQl= AlE= A2 Y n|EZC ol &
4~9] dehydrogenaseE ©]-&3}o] MTTE 3Hlste] E-8A4

o] F& A& W= formazans A6k 58S SH6=

=
35
T

[¢) = o] R
Aolct, 2#E 2 AY/dE formazan®] S AoRl= A2
2o vttt AAJE formazang dimethyl sulfoxide

(DMSO) ¢ =0]al 540 nmojA S L== 27‘43}04 (Shimdzu
UV-1700) H,0.9} A|ZE Hejo}r] ke A ZES
2 to] AxY SRS %E YERRSIT,

2 control

Cell viability(%) = (H2]7-2] E4*/control S4) x 100

ool Aol AR R AR Sigma AlEE AR

>
H
i
o
HT

9 é B FY AYFE 6 well
standard error2 7]E3}
L Student’s t—testE ARE-5}o] -2

F&E9]| DPPH A £AHI(Scavenging ability
on DPPH radicals)

H a2l 2K G) et HE Fwof wet Eg 3%F
O] TraXH20% HHEA}F: F20, 50% WA A} F50, 80% 2ra
2} F80)9] 2% >+ 2 a|sle] DPPH radical AlAR
£ 2431 YtHFig. 1), =22 Z3Re nE 2R d g
x}ow 28 B8 BoHl e Biel APl

23] 57@0“4 53] F209] 75 80 ug/mL 5
%’% 7§7P3P & o DPPH 2:74&°] 90%E ol 7H H
ot BTE w), AN =2kl 6o A SA
Fro 225 AT Al 79% ALQ| free radical &2AE
S Hoj 50%, 80% WAl F50, F80of H]3| & T4
= Blou 20% azte] Wl W BAE Hlr
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Fig. 1. Dose-dependent effect of green tea and 3 types of
fermentated teas on DPPH radical scavenging activity.
where: G: green tea, F20: 20% fermentation, F50: 50%
fermentation, F80: 80% fermentation.

Scavenging Activity, %
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Fig. 2 The effect of 80 pg/mL green tea, 3 types of
fermentated teas and 50 uM/mL EGCG on DPPH radical
scavenging activity. The results are presented as the means
+SE. Hp<0.01; significantly different from the control (no
treatment).

20% Ta x| A 71AF free radical A& =4 YUE}
80 pg/mLe| F&E FEE o&sto] dnteEde g
2] &R 71715320 EGCG(epigallocatechin gallate)
&} v e H(Fig. 2). F209] A< 50 uM 5= EGCG
A2 A3}t YER free radical £74&7} A9 FYUSH £
S48 B0} F503) F09] A SHo] ZraElsich

AFEAL 2] ke ol w2 Aeiehy 7)ol B a

TLefu F503 F807tolli= Aol & HolA| ghol Ha o] A
7F FAst ol dkE U]%l% & = Q8IEE Oh et al,
(2004) & 50~55% LA F=2 % } ]—lr—x}0ﬂ H]
o Aurd oz Lo &FAE)S
Z 3pASIERA o] 11“01}_1;]—_]—_!_ _1—_’8}9"1 L]- Gardner et
al (2007)] w2 ﬂﬁ }OJ —'E? = B‘HOH 15”°ﬂ*1
67 A= ulAl AlEES &

2 sk, ol A ¥
o 7S ef2f 0 Jﬂ%

o= =210 Fagt B EA 7HIRE T
Ao A theaflavin© 2 H3}E|o] WAzl £Q73F
AEZZ 2-gstch(Harvey et al., 2008).

mﬂ
ox.
o
319
_&
ﬂ'
o
N
k

m

_[

slz‘s}oﬂﬂ 2
Ashe 3}
gt e

LDL2] A3} A| 7% &*(copper—mediated LDL
A8l £3)

22 e @7EdA ° 7 LDLS| At} B
BolLh FAFUASE] 03 4TS Hrhn vy
3lo] LDLE] Atgte] oAof tieh Fa/do] ZrzxHa §l
(Ohmori et al., 2005; Visioli et al., 2000), JAISEL
LDL ASHE oAgtctal B 5 Qo (Lee, 2011) E73]
berry fFolA &5o] L4sitfal R E{ch(Feldman,
2001; Heinonen et al,, 1998; Park, 2008), &2l%= tj3E
ol AlglER R dEA Qong =3 W Wy Ax
2 gelat SRl ol LDL 415} o2 otz 9
8 22BESL Arbolel LDL 43 A5 Akt
(Table 1), LDL——] A]—g} Ar = x] AR J_].}\]@]. _L].)H oﬂ /\1 A(])J/H
%)= malondialdehyde(MDA) 9] %S ZX*O}O% Brlsta
o %4 W ol £Re SEAS WeEe WIS
MDAS] Aol ol A olAet 1E 3701 L0L 41
5 olAl5e] BES el & ARolA 54 9 uE

3 2288 48 WIS 91 £R4E W A2l
= DA9] /& A5t
1—‘:— Ao g oju] &2 E22 EGCGE positive control

stol #E8& Wit Helel vmsialct

Table 12] ZAFjo]A] 225-2 A5 7154 & negative
control 2] 7-¢- A/4J%E MDA o] 25 uMo] ¢l o =2t |l
W Eal 225 HUKE 49 nE AAE MDA oFo)
negative controloﬂ BE)] FA5] B =2 Hol vjdla
4 22850 mE 249 IS AN
L AS & % Y, 40 ng/mLe] £2E A2 Aol G

o_fllilmﬁ

negative controlo|gal 3} 1L M

A 9 i

-239 -



HiHEEE Korean J, Plant Res, 24(2) : 236~242(2011)

Table 1. Effects of green tea and 3 types of fermentated tea extracts on Cu” -induced LDL oxidation. The values are mean

+ SD (n=3)
MDA (M)
Extracts (-) control' (+) control' F20 F50 F80
(ug) (-extracts) (+EGCG)
40 25 £ 0.0 41+ 0.0 57 £ 02 58+ 0.9 74 + 0.0 7.0 £ 0.4
80 - 42 £ 0.1 43 £ 0.1 51 +£03 55+ 0.0

1(-) control and (+) control mean negative and positive control.

Cell Viability, %
200

160

120

80

40

(@ EGCG G F20 F50 F80

Fig. 3 The effect of 80 ug/mL green tea, 3 types of
fermentated teas and 50 pM/mL EGCG on the viability of
CPAE cells. The results are presented as the means + SE.
**p<0.01; significantly different from the control (no treatment).

9} F20] 7% TH el ol U] MDAS] AL ] o}
AN AL}, =2 80 ug/mLE 2 Z7}5te] A7skad
S AL 40 pg/mLo] HI8H 25~30% HE © ALE7L oA
%|o] positive control¢l 50 uM/mL EGCG A ] A&} #
9] HAst &2 a5 Bt Kurihara et al (2003)
of th2H 90T o] AR Eof 158 A= -2l vhdaxt
ol -EXE H71et Agof| Al =3t free radical &7%
23} 317 LDL Hibsh oA avprt o3k S8kt
a2 Ao Aol =ate} 20% Ha) hiE
Aol 3ol vlah oS Foluk T o4 HokE

oItk AL o 4 9lglth

ASIAE G X(oxidative stress) HAls A

H R 29l =xpo} 3744 F7-0] WAl &= et
Al 2< }-*}o}“‘ﬁ} Hjj e F¥fjul A3 CPAE Hijo)
oHol| 7} 2282 40 ug/mL FEE X 2]3te] 247k vloF
3t & 0|59 n|EZE=2|0} dehydrogenase©] &gt MTT

Cell Viability, %
200

160

120

80

40

H202 G+H202 F20+H201 F80+H102

Fig. 4. Protective effect of CPAE cells with extracts of
green tea and fermentated teas from oxidative stress. The
results are presented as the means + SE. **p<0.0 1; significantly
different from the control (no treatment).

Hk2of mjx| 3RS RASIITHFIg, 3). &5
Aesta] e g2 (0 vl &= A7t
}\] o] Z7E|QiT) E3] F20 AH2lFto
Az A2 EGCG A2]7-e fARE w2 Al
woleh, Saeh wa F580) AstAEd s

S aitE Aol y| Y& A e 1 mM
(H202 %_O_H o ;qaol_o:] /\]_g]_/\EEﬂ/\E oul—

e
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=
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A sl A 0 AR} FEEES L s
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ZARFATH 2&E 0 147} 040] H,0,H ]—;‘qﬂz‘s F 79 A E
o] g w= o AHPE 5HA] (2 FA ] tfxto] Hlg)
oF 40% A% AT 21U H0, A2} 3 2} 3=
ZEE9 AHIsto] wjoFst 79 H,0.ut A 2]t Al E o]
vlgl] ggo] A F7hE|SIT olegt Aubs wx} E A
A Ao A B fARE Ao AuE Ho FEEY
A7PE ASRAE Ao Hiet R adE Ueidl= AS &
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T UAtHFig. 4). ZAkof| 23 7HE19] 4ls} 7]5
e AT ofu] o) A ol olFold Fou W
2He] Fagh ey S491 theaflavino] gt d++=
oF4 wlelat Aefoltt, Mol $ FEES o4 i
vitro A4 FEE0] 7FE3l free radical &2AH5H
= Holm HL-60 AZFF o]-&3t Ay ofA Al U free
radical /o] LA A EHrh= Aukso] HiEir ¢l
thLin et al, 2000; Luczaj and Skrzydlewska, 2005;
Nanjo et al., 1999). Lin et a/ (2000)9] w2 $X}9]
Ae12/d=2 2 theaflavin Z2]of 25k Z/dika B4 o

A= w3 free radical AAATbe] w2 Ao| ohzt

=]

A HAG L BN ASIAEY A Aol A Alxghy
o] FAE 4 U HiL BIGIek 2ol T 7MY T8
3t 3714 £579] theaflavin(theaflavin, TF1; theaflavin
—3—gallate, TF2; theaflavin—3—38'—digallate, TF3)}
H:0,5 HPF-1 Alzof| A2j3t A9 Aol A TF1Z} TF3
7} AR E | 2o Bt Al2O] 3} 7)e W Al BT
Fito] ool TAe] 2231 theaflavinYS 5 H3
th(Ziyin et al, 2008).

bz oz v EARR 2= 35 AU §17F ofgt A
F AEY A &) Z 47h= Aol 2
o2 dEA lov Hade Ha oA ke 4E
o ARRAIA Eof 917} ofstAY F& Al Y A Fo =
ohE S glo] mhd o ok A A qlok & A Ay}
© AFAE FaRAE =20k fARE ARede ol
20% SHEA] A 54} Ko} o St gHAs 9 A}
AL oAl se Holug grog Hut AA A A7t A

e T8 NEE 5 la= AASHAL U

_‘d
T o
o
rlr
paus

B7ksHs DPPH 27%50] 7H 429 Zle @ vehyiet,
20% a2 80 pg/mL A Al 50 UM FE2] EGCG A]
2|9} A 9] SASE free radical 2748S Bt Hxot 3

Al 2k Ha Aol wE ARy 7)el Byt A

o\

o] WhEAl W& LDL Atk Ao 9=k 2] W3}
AR} ARG5S B oY 53] Al 40 ug/mL A2 Al
of &=atet 20% WEALS] A9 thE Al Hls] 25~
30% A= t] LDLY Atg7t A Elo] 50 uM/mL EGCG
A Aot A2l FUS 422 AW A gIkE W
%At CPAE Ajazof =2} ¥ 3579 Haz F552 A
23t Aol M FE2ES ATsA G2 Ao ulg|
AzEgo] 40~60% Skttt £3] Aol 1 mM IH4t
SeaE AEjste] ABAEHAE g A oA 54t
9 raal 2520 A27h AEe ARBIAEF Ao gt
B3aIks Yeifs 2 & 4 3ol ol Aats2
=2 E HaA}L F2E0] A Y free radicalS A|ATS
BN ABIAEF A0 gigh AE B FIe| Fasdt 7]
9] shUE 283t A7} 20% LEA} o2 E Aol H]
3 5t A 5S UERdths AE HolFgl

AL AL

e

2
TFAE] A QS ol 23 FAHA A=A
Aol Alhe s SHEQS g
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