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Abstract

This research was done to find the effect of y-irradiation on degradation and antioxidation activity of the alginate
and carrageenan solution. The alginate and carrageenan aqueous solutions were irradiated with Co® y-rays in the
dose range from 3 to 100 kGy. The molecular weight of the alginate and carrageenan decreased as the y-irradiation
dose was increased. In addition, the viscosity of irradiated alginate and carrageenan solution decreased depending
on the y-irradiation dose, too. Furthermore, 1,1-diphenyl-2-picrylhydrazyl(DPPH) radical scavenging effect of y-irra-
diated alginate and carrageenan was significantly higher than that of non-irradiated control. However, the y-irradiated
alginate and carrageenan showed lower antioxidation activity rather than that of non-irradiated. Consequently, y-irra-
diation is not only very effective method for degradation of the alginate and carrageenan, but also increase DPPH

radical scavenging effect of them.
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SfFopll A thdFol e d4je] axHo| & ;
27|, F3old B grud 59 sz ddFe] A
Aol ek A7t Zo] g 6H%?\‘:}(Zvyagubtseva et al.,
1999; Koo et al., 2001; Choi et al., 2000; Elyakova &
Zvyagubtseva, 1974). ¥714H2 227/ AEH 24 o
F2 EA=e]y M/G(mannuronic acid and guluronic
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7 A 4%, Ax A4, AR, #8484 2 EE
A% Tol Holu AE, sFFE 2 J%F 59 4
2853 JtH(Philips & Williams, 1984). =5 &714ke
T4 9 s 229 AduE, SU2EHE BF A,
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HH] X 2 BT oA, S o, F¢, FAH 7] &
292 54 S S 02 BHAHKm &
Cheng, 1984; Sosulski & Cadden, 1982; Jeong et al.,
2006). 7F=H7]d %50 ok deHo] = AAA

Wwﬂi?lﬂﬂwﬂhkf SE3 240w dl8 e

HopollA AMRHI Qlon, 53] AF EAS XHst=
ORE FAFE, SAF, A 2 A F Tl 3
A, 384 2 i'rxﬂ ot O]% 3 AtH(Park et
al, 1995). =3t 7127 de g E2Q i) &4 tdFH
2A Y32 4 @"a"ﬂ]iﬂ %"JE e Aoz gt

&7 B} 2 th(Nishino & Nagumo 1965).

o]¢} Zro] &7t 7t tgd 7154 S TR
U Ag2oA &8l7t g, o] B AY sET S
7Fghol| mEt B g ol de] st WAL 7HA APE o] 4]
A= 3 ATHKim et al, 1999). 3 s2F 22|
o] thFd AelE(Kim et al, 2006; Huamao et al.,
2006; Yoshida et al., 2004; Kawada et al., 1999)°] Y} 3&]
ol wlgl 23 9HS Besia AP ERA S 947



ekl 2P Gk TR ARAlskel skl viXle 9% 59

floll L8R RS ARASeks Wyl dg A7t
gis AL Aot FA7RA] AYH o= YiHe &
Zagel gRES 543 WHoE TEo AX oyt
ol B4 B4l HE7l 4T 84F W] Bo) B
Aol o, & FaHe A A 38 7&%6‘}‘%
AT AF Aate] oF (oo et al, 2003). ©f° B2

n=1

AFAEC] thFF Bl &9 713 (Takeuchi et al., 1994,
Joo et al, 1999)3%} 714k ©]-8-3F #3ll(Joo & Cho, 2003)
5 BL A7E A=A ol¢k 3 H Pebd A
£ o] 83 IR ARSI Al=HL Yot Aepd =
A Al FAE A gtd o] R 22 FRAE
UE ZEE YA A SLTE FA A7
, 2005), ZHapd wHA A o] 2-o] 7hsEte] FAA
01-4 A, A, duA] &84 T ARl JoH
cellulosett starch®} 72H2 ThFo] AHExbshol] 7hnpad o]
g3A o] HIEUATHFldvry et al., 2003; Leonhardt et
al., 1985). HRF ofUg} AN ZAME AF] dYrtet &
& 549 ¥l glo] B4 s Fo rAES Al
Aste 7P $2 WHOE dEA Jdom 1 o]§o] AA
o7 e ATHWHO, 1999). Alt}7} N-nitrosamine,
biogenic amine3} -2 $J3l 22 74 (Ahn et al., 2002;
Kim et al, 2003)9F 2]F°] &H24d Za(Lee et al,
2001yl = ek ZAE @3¢l Ao ' W uHo] FHo)
HZ Zhabd ZALRE Q1S A AR A dslel dig
A T3 aks] o] Fo|X| 3L )0, Antrodia camphorata
(Haung & Mau, 2007), Ul5(Variyar et al., 2004), *}2Z=
7 (Harrison & Were, 2007), 221} (Prez et al., 2007),
=2} 9Jo et al, 2003), phytic acid (Ahn et al., 2004)%5
o] 34ksL G4 bl e ¥FE A E AR
st sHAINE thERol tgk ek Ak AR
£ FHOER o|RoR 1 FAits &S HIEST g
Aelggde tig A mrg Aoz ZAupd A
O3Fe AEAstet 84 2 A @ vX = I+t
gagk Aoz ALREHAT.
oo & AFolM = slxFree tlEF
1245} 7heb7)dell Aelbd e ZARE &
%313, DPPH St 27453 3sts S 3
b ZAPE G214 T dGe] AEAtslke) ditelsl
] A3t
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2 A A&t &714ke SigmarKAlginic  acid
sodium salt from brown algae, Sigma Chemical Co., USA)°]|
A, 7} 12 FlukarH(A-carrageenan, Fluka, USA)Z4-E]

Atk

A7k TG BES 10 mg/ml 2550 &3t
ZAI T ddAE AT A W

mpaA ZARA A A 100,000 Ci

2 Lo 10 kGyhZE 3, 5, 7,

10, 20 2 100 kGy9] F5-4FE =5 XA} st &
oS ZARE A RE 4°C YARASIHA AFd

ol g3
A},
EONEE
Q714k3} FelrIvre] gk 2AM Be] e BAae)

H3lE =437 Y3l GPC(Gel Permeation Chromato-
graphy)S A5 1 mgmL 552 A|E5 1.0 mL/min
422 300uL? injection 3T} Detector= Waters
2410 Differential Refractometer, Column- 2xPL aquagel
OH Mixed(7.8x300 mm), HXZ= Waters 5155 A3}
o A% EF *3.'“’1‘18 pullulan (Polymer Labs Ltd,.
Epsom, UK)& ¥FFC 2 dto] Yepl ATt

o =%

G714k FhE g o] ARy AR E YT
(Cone and plate) 324 HEZA (Brookfield DV-II+
viscometer, USA)E AH&-3te] 439 5 mgmL §%
o] AJEE 4 mL FY3AL 25°CE FA5HHA 40 P&
spindle(X] 5 4.8 cm)y& ©]&ste] FHEE & 0.59004 30
pmZFA] vHEo] 7HAA 2430 7.50 /s2] shear rate
M9 ARV =g AAE Yep At

DPPH ZiC|&2 MHs &5

DPPH #lt)Z 27152 Blois?] WS Wd sl 248}
A Th(Blosis, 1958). A& 1o 4 mgmL F=2] A|EE 05
mLo| 02 mM DPPH €9 05 mLE ¥ vortexd ¥
A2olA 30%7F WA$ T UV spectrophotometer
(GENESYS 10 UV, Rochester NY., USA)Z 517 nmoi| 4]
FREE SR B3 A5 B Mo 9% F3
£ 24 57 Hst J"\V’q 2 0.2 mM DPPH &9 o
Al methanol 0.5 mLE ¥o]

Elolr
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A FA5 (%) =(1-

ats =4S ¢18ll TBARS(Thiobarbituric acid reactive
substances) = Buege®} Auste] ol we} AAEHSY

(Buege & Aust, 1978). Oil emulsion= 0.1 M malate
buffer (pH 6.5) 8 mLol 50 mLe] Tween-203} 0.25 mL2]
H7vste] A ZsTh Linoleic  acid

linoleic acid&
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emulsion 0.5 mLe| 1 mg/mL &%2] A& 0.1 mL2 900
ppm FeCLE 0.1 mLE 93 FHF4 03 mLS A71std
ghE- E9E0] 1 mLo] HA 3kth 37°ColM 1417 B¢t

A% $ 7.2% butylated hydroxytoluene(BHT) 50 uL=
47}ste] WHg-& HAAIZIAL TBA/TCA £ 2 mLE 7}
atd Fe BollA 1587 7HEAATY ¥ 3 9487
(UNION 32R, Hanil Co., Korea)Z 3000 rpm®|A] 10 ¥
Z+ A4 2YAFHAY 3AY 1 mLE FHs Uv
spectrophotometer= 531 nmo|A FFEE =S43IAch &=
g AIE B Ao o3t FFEE BA FF7) o
FAEL oil emulsionS YA &3 e HpH o =A3

ATh.

H

=1

¢

k.

AE AT FRE-FAY RS
e

FAtsls (%) = (1 )X 100

SAHHME

A9 A7 FAAGE 2y A8 i3t HFrEF
a2 YeRfAth SAS Programe o] &3te] EAMEAS
AAsAen, ZAL GEE 7H 94 HA L Duncan?)
OFAAYOZ p<0.05 50014 A8 Th

HOK Z=A] [E 22Xt H3

-1

A 229 gebd AL A RS E HEoE2E B
anks, 7HnAdd A4, TSl Y o2 Hiugo
4

A2 (Phun & Nho, 1988), Tha-Fol Zrtd e xAlslA
HA ggdFe] T2E olF3 JE glycoside 2go] 3]
Ho] AEAS H5] £8 Pl ZANE A9 Be) 3}
AP B2 Qs AAE 2 2lHZo] glycoside 2o
3ol FH #AstA ¥kgS FINTE AR EEA
ATHLee, 2005). ©]o] £ AFAE | mgmL =] &
2443} gk g9 3-100 kGyel el zALs
F GPCE o] &3ty Aol wl2 BEalge] ¥l =
A 3tAtH(Table 1). £AF A& 93] pullulanS AHE-3}

i)

Table 1. Effect of y-irradiation on the molecular weight of the
alginate and carrageenan

Ao - 2ol - ola - BFERIE - T - UAE - olFe - WS - 95

By
U 3 kGy ZAFFolA 13.3 kDal 2 73] 74t}
g ZAFFO] ST F4E BAFo] gasle 20 kGy %
Aol 4.5 kDa 714 2223} =90tk 28y 100 kGy
ZAFFME ERFEo] 53 kDaS 2 20 kGy RAFFo| H]
3 o Frlske AEE depidn e g £33 471
A AR A B v ZARES] A BxjEko] 1300
kDa °]3 24 3 kGy ZAFFA|A 9.3 kDaZ2 F43] 74
3L, 20 kGy 7HAE ZALZO] SIS Eabapo] 7+
2381 4.5 kDa7kA] A28t =AUk 28y gl id g
Al 100 kGy &AFF9] Ex}#o] 9.1 kDaCE 20 kGy %
ARl Bl tha F7hshe A S YEIT o2l 4
= 03% LA 8 ZAulad g A A] BA}go)
125 kDaollA] 100 kGy ZAFZ 10 kDaZ7HA] ZHAsiths 1
3(Cho et al, 2003)¢} 1% L714H F8&H] Ezpeo)
6x10°(Mn)°ll A 200 kGy ZAF Al 8x10°(Mn)7HA] 743
ZAZH(Naotsugu et al., 2000)9+= ZF T 3=z, B
TolM = @7 ExbFo] oF 1600 kDao 2 EA}gko
- & A ARE3l 9] AFEEF g Aol B A
S 2 AREH. ol ¢ AN E FLEA U
v 122 £ 1A% AvidE ZABME ZvkA
ZAb o] £xF Ul £3le} tEo] T3] dojd 5 3l
& 29FE Z(Choi et al, 2007) 0.8 AEA}ZFo = 3
g A et xpEstE = 202 ALR Y o] E S8 20
kGy ©]3te] AM e 7hatdd AL G714k FlE7)de)
A2 st w9 f-8-3 W Ao 2 Alg €,

ojo > &

—_

ZOKR A e MEo| Ha}

3-100 kGy A7 ZvlAS ZARSE €714aka 7habr)d
T AP F e HEHEE 24 st 2R
EE Table 29 VeSS 2 A3} G704 899] H$-
H| ZAMEY] AE7F 294 cPHOY 3 kGy RAFFAIAM =
3.07 cP, 5 kGyolM& 2.15 cPE XA o] 27} T4=
AEe F43] ZasNL, 7-100 kGy ZAFEIAE 1.02-
1.23 P olF ¥ AEE Byt Fled 94 €1

Table 2. Effect of y-irradiation on the viscosity of the alginate
and carrageenan solution

Dose of irradiation M.W. (Da) Dose of irradiation Viscosity (cP)
(kGy) Alginate (1 mg/mL) Carrageenan (1 mg/mL) (kGy) Alginate (5 mg/mL) Carrageenan (5 mg/mL)
0 1,605,277 1,351,841 0 29.40 23.10
3 13,310 9,359 3 3.07 2.04
5 9,102 7,252 5 2.15 1.43
7 8,307 6,704 7 123 1.23
10 6,441 5,583 10 1.02 1.02
20 4,532 4,543 20 1.23 0.82
100 5,333 9,096 100 1.23 1.23
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A AR AES Yol 271 HE 231 cPollA 3
kGy ZAFFIA 2.04 P, 5 kGyollM & 143 P2 F43]
A oH, 7-100 kGy RAMFS 3¢ &4 vt
AZ 0.82-123 cPY 22 HF=E HAH. old A=
G704k Fhekrg S o] BExlgo] 3 kGy RAMFAA &
B3| a3 FAMAFO] F7Heel whet Aagh A3}
U AFo 2, o5 Fmrt EXAFY UHS HAE
TR U2 € F Atk AR A e 2AFE S
AR Wl AE = 2oz gsix AiRrtae] 9
3 2 BAFRY WHshy A F4AFY dds
FrEdtd AAHo R AE7hrt B 2R ¥
35 Z#stA o A=t HAsHA "Etke Bi(Bao et
al,, 2005)% 7S Q22 HAert 4% Ao Algdch
E3E o]9} o] ZulA Al 93 Ax 9 FoFHUA A
A= AL FF(Toru & Setsuko), S5 A&, I4u}
AR, 242 AE(Lee et al., 2000) 5o 7ok A A] A
7t ZAMA o] vlE et folH o R A% Ao U3
gho}, =g ebd AR G704 TG el B
A ArAtolo] {9l FBAAE B AL 255
of 2% A-carrageenan®] AEA3H(Kim et al., 1999), 2t}
Al Macrocystis pyrifera)?} v (Undaria pinnatifida)®|~]
F53 QS g7 RS AFHLee et al,

1998)9} & =] gt}

ZIOR =AW 2 DPPH 2lC|Z A7459| He}
A FALEY A ZHE A8 28-S Yehlle
Qe e A £ & 45 Fof wol oMy
o webx datst Edol Mz &2 F4AE BT &
tze FosiA HH izl o3 4tslE oA Al
A= Aotk HAZ &AFE 4 AM-E DPPHE= Y]
A Mg goZE s EF2RE Ax e 4
g Al wod ngtgdz ASHAAN 89 Hgao
HojxH, o] 2] Z DPPHY-S AL 9] 3hits}l &A=4
Moz da] ARSEI dth(Lee et al, 2007). ©]o] & A
TFoAME ek ZAF 4704 71 de) g &
Aol vx= 9FS DPPH gz 2AAH S S 2
A TH(Table 3). L A3} 7ol ZA} 317 2 L7l4t
< DPPH &tz &A% 7R & A22 Yehgth
a2t 3-100 kGy] ZAwhd-E RARSE S7015He ZAMAF
o] &7} &5 DPPH @ 4750 F715t 2034
100 kGy A9 739 242t o 76%9F 74%°] &< 2
Z 2A%E JeSIT 7 9A g7l fAabe
FE e HlZA}F 7121732 DPPH % &A%
UeRlA] kst AP o] Z7t S5E 2ASA
7kt 7713 AS- 20 kGydl M= o 33%=
nH e Zs HYOoY 100 kGy FAMEIA 70%E
L 2AHE eI ¢4 sk e o

—
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Table 3. Effect of y-irradiation on DPPH radical scavenging
activity of the alginate and carrageenan

DPPH radical scavenging effect (%)

Dose of irradiation

(kGy) Alginate (4 mg/mL) Carrageenan (4 mg/mL)
0 2.04+1.76" 2.49+0.48¢
3 8.58+3.49° 5.23+0.92°
5 26.9743.28°¢ 9.07+0.76"
7 29.68+5.81¢ 12.18+1.31°
10 37.8743.04" 19.2341.23¢
20 76.38+2.61* 33.33+0.62°
100 74.43£0.25* 70.63+0.99*
BHT 94.60+0.18

94.6310.24

A-F: means in the same column bearing different superscripts are
significantly different (p<0.05).

oi-tocopherol

FRo Zutd-g AL o5 FXRE o]F1 e
glycoside A3to] 3| =|HA] pyranose 128]2] ©|FAT F
7b F718AL Al 4 BEREEo] dojdriy ¥¢EA
ATHNaotsugu et al., 2000). etr 71k FhEh7] gl
e S ZAMHE o3 AR EE A Ax 22
F4a7F B34 3 DPPH 2Ht| o] Foj=]of QHy st vlgi
242 A IA € A2 AlsdY. 28 3] 7
2T E UIFRY F27F =EAEA £2F U 47171
QJR-E @ol| EojuA HEZ grjZdaAd 3452 Ao
2 A ZtEtHFeng et al., 2008). F2 tU3F9 334719
o] F71ETE Bgd LAFe] S/ YE 9759
HIET QO (Xing et al, 2005; Qi et al., 2005), ¥
AFoA e bl ofg HEA S} 7 ¢e] Bz
2ASY & ¥FE VA= A= yzey o9 e
A= chitosan®l] 2-20 kGy<] ZAvhAS ZALSE 249 £
ZFol 71 A2 20 kGy RAFFAA 7HE &2 gHZ &
A< el Azel dX3h(Feng et al., 2008). 3k
npa Z2AVSEA] @82 phytic acids DPPH 2tz &7%
S Ho|z| gor} 1054} 20 kGyd] Zubd ZAL A] gz
&7A%0] F713taL 20 kGyellX & 70%9] &2 2AHTE
B3l Aekx AR5t (Ahn et al, 2004), 22v}e] FF
Eol 05-30 kGy9] Zuhd A} A] Aggo] F71 =
DPPH &t]Z &75°] %713 A3 (Prez et al., 2007), th
7ol 0.5-5 kGy®] 7whd A} A] Ao w2l DPPH 2}
bz &A% $718H9 5 kGyolAd 7 £& gz &
A%e& B9 A (Variyar et al, 2004)9% FAFsICH 18
U ¥ E 2 kGy®] 7HdE chinese cabbageo] AL 3
AU e T30 530 kGyo| 7wk 2AF A gz
o750l 743t AZH(Ahn et al, 2005; Suhaj et al,
2006)7F BT lom, dekAlol 10 kGye] 7w =
AL} A=Ak "ol 5-20 kGyel 7 A} A] gtz
AT ¥yt HolR] gtE B3 (Byun et al., 1999;
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Byun et al., 2002) 5= St}

ZOR =AW 2 giskse| Hig)
Zubd AR €714 7 ]'?4'7 1'2o] linoleic aicd2] =&
2st JAof W K= FFS ZH3E7] Y3l linoleic acid
S H7tste] AAAIsE Fdsta of 7]
= AR e a=) O R =i T S B R
TBARS 332 =431 th(Table 4). TBARSE A 29| A
sl2 A/ ¥ malondialdehyde”} TBAS} WH3-3le] AJAIH
EZE A A7t QAL FE 1 FqFL SojEL ¢
Z13ke] 739 ZhubA v zARES ditabso] oF 9392 7}
¢l %';—%l&td 3-20 kGy9 #vhd 2AMEE] H§ o 82-
89%°] FAsteS Hol H|RARF HE Thh B s
BAow AN F e A2 Yehtx Fgith 28
1} 100 kGy ZAFFE] 73§ o 73%2 71 w2 3 v
ERfidiTh 7l A ZmbAd B 2AREe] dHatslsol
oF 94%= w9 F2 S YERIN ST 3-10 kGy<] ﬂu}
A ZAE OF 85-90%F HIRALTO] Mg thad W
Aelss B 7P Id 941 20 kGySF 100 kGy<)
oA ZAMEY A Zhz oF 79%9)F 59%2) W ditkals
UeR it ol4te) Axtz 3 10 kGy®] Zvhd &A=
1% 747 de] atshe g tha AT L 2o
ool st o] Zrld Al 059 dikalsol
FEFE PAA] Be AR AlRE AT 100 kGy
73S a2 aZo] wj$ AAN aAF] AupdRAL &
%3 7l de] Fitsles s AAATE AoE Alsd
o o]9} 2o ZupbAd FAle] wE Fatstso wWaEe
lupin T2+ FE= ArHlE A A9 2AMIZ] 5
7} &= gkslso] 744d A 3H(Szezapa et al., 2003)9F
AT}, w3k skekAol] 10 kGyJ Zropbd zALs} Al 94
5-25k Gy} Zwhis A 3 A5 Fadskee] oA
zpo] 2 Holx && %J}(Byun et al.,, 1999; Kitazuru et

emulsion®]] Fe*Z
2ol ZAREE 2

U}‘d o°"

oy XX e do

Table 4. Effect of y-irradiation on antioxidant ability of the
alginate and carrageenan

Dose of irradiation Antioxidant ability (%)

(kGy) Alginate (1 mg/mL) Carrageenan (1 mg/mL)
0 92.95+1.49* 93.50+0.74*
3 85.80+1.91" 86.59+8.0145¢
3 89.24+4.51* 85.54+0.8245¢
j 85.42+1.05" 89.73+1.74""
10 84.45+1.02" 84.55+4.405¢
20 81.71+2.05" 78.7843.30°
100 71.6243.39¢ 58.98+6.60°
BHT 93.8240.57
oi-tocopherol 92.86+0.19

A-E: means in the same column bearing different superscripts are
significantly different (p<0.05).

- g9 -

Bkt - ZAE - S - ARt - el

al,, 2004)9F= frAFetTE. €M, phytic acidel 10-20 kGy<]
Zupd AL Al Fatsbso]l thA F71EA(Ahn et al,
2004) Antrodia camphorata FZ2°] &4+sls0] 10-20
kGyo| #mhd ZALZ 44 F7+8 2 3H(Haung & Mau,
2007)st= AdtETh o] MY kA Ak &) dojue
EX‘Q FAsks 2 Bd AT Haks 943 A%

= Ho|al A] erot AA7FA] ubad ZAlel] o3 aHaks}
%94 ArAQl e W R 2] gk 9l

2 o

10, 20, 100 kGy

o Aode 2AK H, 2% 4EE 24515, DPPH
A 2% Busee S35 2o 15 &
95 543 a8 g4 )4

A3}, G703 F5He] Expgko) 5‘&7] 4 1600 kDaoﬂﬁ
20 kGy 7} AP kol vlEls 7Asle] oF 4.5 kDa 71A]
A2t = A, 7 89 =3 7] 1300 kDadl)
A 4.5 kDa7kA] EApo] AT T S04 =89
o] Ax7} 294 cPAllA 20 kGy RAFFOIAE 1.23 P2
wobgon, 7l 49 JA] 23.1 cPAllA 0.82 cPE
ot ZAL oF] H=7F 7H4sHA T DPPH Hgd &
AsE SAHS 23, vRAF €74 FhE7)1de DPPH
oz 2ASES 7R &2 vk Zdebd ZALEE 4714t
3 7l AN O] F7F E4E gz &A%l
S7kste] 205} 100 kGy ZRAFEAA gzl4te] 242 oF 76
%9t 74%, 7V e oF 33%9} 70%9] =L gud A
AgY S Jedo. 28y ditsks 34, 3-20
kGy®| 7vbde ZAMS ¢714ko] oF 82-89%= 93%2] &
23bES Bel vl ZAL A7lAb HlE) T Wk, 7o)
9A] 3-10 kGy] Zebd ZARE7} 85-90%9] FAksls
Bl 94%%] B|ZRARE] HIE| ohA W FE BYou
Aae JepA] &t ot A3E S8 gepa
ZAPE G214 ] ARabsle) Hxe] i v
S EHAQ1 Z1EolH, &7 e de BUZ A7
T2 FUAIT| L s i AT Ao R AR
Hrl ol E&) 3-10 kGy«] Mol Zupd 2AE B
3 g4t TG &893 9 S Besa DPPH
Bz 24 84S FANFLZA L7144 Feb)de]
2 FoN 9] o] &EokE FUAIE 5 A& AL E Als"L.

o £

HAlel 2

< 9F= FRreFdM FRI= 2006L45 |74
T71REgGEA e 3oz FYPFHIUon, FEFHOZ
20073 % Brain Busan 21 Aol €3 A °J£§ o] Foi7l
Ao =, A4 Aol ZAI=EH YT
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