THEFEHE

11-1543000-002602-01

e

RO

<k

|SE 1M

=

2018. 12. 04.

E|
ol
o
i
al N
< T
K- =r
70l 30
KE RO

O~

zhmm

NN
T
3l 3l
™l Ho
K w0

I+ H
i =0
3 W

™
< <
*: EF
oo <r
Ho Ho



<AlE>

id]

Al

=13
2

golg L)

al
7~

gt BER

712k : 2016. 12. ~ 2018. 12.)2tA|9] A|FHIA2 ST

AAE 150)

of

o

12. 04.

2018.

33 A18x0) met BuA A £

et
1
L=

7t TANl ) Be] Sof B

=

Yk,




BaA QX

mu o o oM T g
o " & o
; © 555 g5
~ :“_l PN » - T
L Al I S~ .
< el mw = mw = Y
I~
TH _1_A__M HML ~
&” 2 © = D o - .
- < &l o erm = u Bo A %
i e op ) Mo T [ o
< = 2 % % o |~ Il "
i P = =0 © B R o iy
'~ mﬂ.\_ ‘uo K ~ .ml
| __n%_u — m.o” ;A_l
3 = x | 0 BREER ERE
< . T, — —
§ = e F 7
© ® Gy . I
” m ﬂmo =0 _Eo MLll_l WI_I _x._o H__l ‘W_ﬂ
O N — ﬂ_.lﬂ
o Hio I3
—_ — E._o .A.._
T N <r _ 5 o .
N~ e L S N ok % B
,Dix_ N = U.L _J_I ~ iy
<k 3 K K- X
o = 70 W.u B MM by
(I R o B mu =
mu__O” .mﬂ_ .A_I U_/” KB _K._o KB & o7
=
& ¥ e PE 5 5o
_ = T §
< <l w | X 0= o o o
© ok o ™ H rr =
= s ~ = Hﬂ ok m..Lﬂ i
h <0 B
iof Bo Bo = K o - "
B ey 3 o To T B -
G I m+ M- _ﬁ/T <r T ur
Gl B B 8 B i oF

7O
= a

=

< AHNEARA A 1A e

A

[

x ZUj9lo] 7147

AP )
HOrSF 9 ALY

od
ol
o

W
Hlo

ﬂ,ﬂ

0




- ABAL AEF
BIA | @A 7leact | axE
78 g | B3 OJJ j;ﬂl] 71234 goy | GrHE AW Aw
e " AR A
5% 7e
Lk
FAAHEI e FYARA 2] 52 ATAL A A
) 3. A 1714 >
o ST 4 s ooy TRH L TUA

7 (224)




<fofE>

oY
03
% T M ®
=0 Cl oy M el =0 ,
i S 4o W B 7 n
= a F E = N s h M CHE R
o W_ﬁu ,m - N Yo Nlo Njo T o o ™ M] MH 5
o o o ﬂ; o o i Ton TR M_.U HAo 3 o il s
ﬂ,:mo EL " ! ‘mwo y _— ;OO 0 m.b mn_u u_rO 0 1__
_ ) o= N = o oH ap 5 = o i NI mf o M
Zﬁm am & | = w5 O @ 2o X woo© i &3 o I
X B T | % ¥ooo= Om o + 3 Mﬁ o i T M M ) M >
» B T w | 24 E 22  dx W ¥ o B o X
® KB = | Mo < k£ o= N o T M H T noos "
o wow | P 6 IS T o oL = % &
= o DI OO I w B < K A
A - i o B ’ o A I i3
mE ~ o MM Lm_. o < do = IW_ =K M m o =l B o i s =
L R A P T T = . 25 %
5 o® oE L S T P s 4T - & ZE Y
o T Z ol 3 55 F T e 4 T I
— ) B/ - o N XO " = =0 ) = ER Joop O N o ) o N E o N
vquJ14 o oo i B FXF A ¥ Bez w o
3 .A_l .m ko 1 ﬁl o 1 1 ﬂ__lm ﬁo o P~ umo _E M El El N “ gl _:_H —_
o R O mour | ® o ~ = o T G e - o Nr & z B
X =~ ~o T o L o X0 ot o ~ o dehi] o)
T %O T .Iwyl KO “ 0# ra ,_ﬂoﬂ_ T o° = \ﬂ — o ,_I/.” Jﬂ_ ﬁ.ﬂ OW O_E 7% el o
T BB oz & 7 v o ,2% % o T E 5
B o A P ° o g X = I < <~ 2 X o s % o1 X
B TS L A T g 4 w o B i o ®M
M1M o s X X %% O_E%mv% d & < N %mom s
Muuxmo%auqx Mao%ao = Nr,_m_.%@uwrmaT oEsmﬁfr ENS.@T Mmﬂwﬂ
@%%%c@ HECNCE M mo%g(ov%ﬁ W 2w %Q%,cz E R
> Jo = Y T "X T o o F¥ oy HBE S = 2 % U
_ SN R SE 2% i ol Mz B i _xzdlﬂwﬂ
v N ﬂ__%mﬁoﬁﬁo %Hzﬂl@u X o @mmJlALmﬁl i
S P ET I et e T 2 1mmomo>@v,§%_b
_ B oo o) 0 X < ﬂﬂm; w N AoguA%
_ CEIC e i o X o P A = o
i ! oA S %E%@ﬂ%z@ﬂlfiAﬂ
ol _ 4ﬁﬂv$%%@ ﬂ@q__;ﬁmz_aﬁa
Jl _ ! \ R = Ef OT ,Llw 5.0 Eo W_H H_OW — 1_ﬁ| —_
4u.x _ _ ~ o @%éoovﬁdaﬂ
B! \ ok < T %o To N B
R _ - R B Jo Jo
B ) ! W
T ! _
el
_
N
ll
gir




O EGHAL 93 A ]E ~utEF A A L8 7
O A4l 15F9o] 7MFHEE OIS AFLAAZ &8 7t
O AAFoz AzdE F7 8 ofF B ofyzt AAEHE (5717
209) SOl FrHom =t AlF A oA
O AHof=z /MEd Frwe A5 BHErEAY 78 otz 1
A St E At E MEE 22U FIPIRS I F
Aol | O M A AF A5 2AE FEsto F4ks} V5ol AstE 23
Z-8A8 g ES Ay FToln FF SAIA AEFZHQ] wEde] E Aow 7

Cleashy | g

% T B Foln A AW

Az W ol AA o] §¢f thzts F1
.]‘_:,'__2'511 Al

Aol RESED) &3] of BER Folg 5737l

(570 °]W)

=3 Ao Wasabia environmental natural . hydroponic
. . ) flavored oil

(570 olu) japonica control preservative culture




)

%t

Hr

- — = O

1.

b I |

AN
1-2. A7REe] oA

1-3 A77MEe] 284

1-4. AT

1-1.

T

A

"0

A

2-4. A

Wi
)

)]

53
v

A

P
_6L

o
o

S

1
4 AHE

2 #%57)

o) A%

=
:I?'

o]
Aol HA e A 9

]

K
il

o

—

0

-

i
N

2-8. H
2-9.

E
=

bl 4

%

o7}

L=

JJo

179
179

T

"

3-1.

-180

181

o
g

:AU

—

il



1. 7 MEHA ] e

1-1. A7 54

O #4718 AN elM G882 S48 uFde] dFt 2 5 A4 &9
O zFole] FE2EE o] &3 MARES 4 FujF ML

1-2. A770Ee] 284

N
[
=
I
o
o
%
o2t
f
A}
_|>;
ofo
n
3:9 ~
ui
rlr
N
Ju
o
=
:Oi:“:
N
_
F'B.(',
=

a9 1. 3A Nex

O AT AFNY WA FEe ATl Jeo] WA 2 2 olzd
AEe] A7t 51 glom, e BWoRE f71% AEN L mved AENY Aol
g3 gl Falelt

A

O olel 2 HFAZYAE AT HF AZPHA wmet AF ANE F5A77] A5t

==z
o
O AFS A B HAE LE, W, Ak, R 35 5o Besd 290 2 4F A



B

al7

slont A&l Aol o

o] 3}

=i}
=

o W, %)

Ho

Ba

wr

fe13
=

h

9

o

T

o] ol wet o}

el B =HolAIRY, AF HHA <Al

F

A
gt

3

A
al

B

Ly
a-

ed

A h

(<]

—_
7o)

e S LR )
SLESHks)

20044 20054 20069 200743
o] (AlF <kt A, 2009)

20039

200214

3,500
3,000
2,500
2,000
1,500
1,000

500

20083 W=

=

—_
o

To
oy

T

buf ofo] thd smlzhel

©

A A A3 ArEA X

o
Rl

=i
=

o}, =4

]

AN

o

Qb A, 2013)

] (mg/kg)

500

X

N
oo
)
gl

N

22

NR

1871

[

b
Mo

1,000
1,000
200

rhob7b R
S

2,500

M

B

)l
=]

=,
unwO

b

o}
T

H

b=

o

=

o o

=

=

=4

=] 7].

Zeb A
U Z(needs)7t A&EH o2

o
o




59 oy =3 JFrtska Uth
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O Allyl 1soth10cyanate (AITC)E aFyyo
B, ¥4 4, WietoldetAl 24 =3, 4 Y, 78 o ZHt e FE&=HEol
=

O AITC® AFEHQ glucosinolatex= 2 EA WolAd= & Blo] gle AR & FHE
SABAT A=AE7F =2Hd Pl o8| TC7t A=
e @atst g @, I e s, o
O EZF YA o8-S HAsliAe 98 &A] aFgole AR FFol FAERY Fa3

AA A ol .
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O 1F4ol= MF 3 (Brassicaceae)ol &dtv A thdA AEE AR E oM, 4
g g Zok Tl S&EATE i A AFFaTr & AFIPEA AEelnh
O arFwole thgh dwbAQl o] &2 2 YAIE FFEH] o, o3 1FPole o
& 5HL Ao ndlE Fo ]Dﬂ 1}%01] Wb AL g S AlFge] Aol
O &5 FUs A4E Z3to WEs Fal 5ol Fart FUtetHA T A e
A7E2 2ols 8504 05 E‘r%*fi |59 AHgo] a7HH, o2 TYgd §E29 AMES
aFYolo 4 AHEE T o] FolAMer & davt Aok
O AA FUo anFWYolo AuEe AMEAE B, YAFe AGstE i F
=3 3ot
# 2. aFYo] A53A
27
1% 7 14 T2 A 2 PR A A &7 AdE
=2, 7  50%
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B =meis ke 4 =2

O o3 AJMS=E skl YRLAQ] uFPolef AR Hike AsiAs SAAAF A
oA A Aatste A2"S 5T a7t o

O #AA Y AME AEA AFRet At S HAGHE Aolgte] HES AL
T 5 4 don B4 FAke) 4vk Au) AAINE =AM @3kg/m/d) thEl o 7w
ATl 21kg/m'/d o Aike] JHsde B AAE B 13- 0 30kg/m /' d FEL] AT
& SR AT7E AYsta A

O EZ FAAANE & Ak A=l wjgd =4, FY 2 FF, AL E 5o 374
W3le Ea gAoRE f822S wAA N iyl 2030% FAAT7] Y3 ATE AW
I dok (=AAEA AITC 3 % : 0.8mg/g, FW).

O B AFdixe 1nFYeld ol&e dAafovt I3E Aol ofd BER F FH|Fo
Hgg T3l nFYole] AHistE o] Eo WE HHoR Jrt

O EF B A7 AFH I T3l uFelo At £25& FAIH, HA
HESE o83 22 7t delx 7198 Aoz FAG
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Fol A3 vtk i Fdell o]Esta ol AFFH o] &o] g ol dAHo|th
O A FU nFYole AE AAY AEHL, FF SollA 204 w77 Atk dA 2 H
NNEEAS A9, BRI YA IS

O xIQke] 7% AisriEe]l 3ol 12 7Ha3de F3dtal A FE dEBFES
ANzeE 5 Bz de FE3ta 9lon, 4~-5dd= By 38, £V UES FEI F 6~7
Ao A5& &3om 1029 = AAT dHoln, AHAAE I AnA} Yutel] 2=
aFYPo] S AT o] AAFE Eojd AWY

<=ul AT >

O 2013delE HAl, 4, WAl 9 Q=4 LED Azle] mE wHuo] Agwgd it
ok A, Fddel ols) ol Tolgth 4BEHE LED Au AxwelA Fde] ME I
o] A% Wee RUHIH Az AM+PA TGl Agwkgol 14 TUT 9w

5 &
A3 JAFHL A MGl A, HFGAA - AMFA A T EdThal BHusiT
O 19983 54 T& vAr, wo F ZxRo Axdvs 745 F AEL &34
(alginic acid) 7t &S ©l &3 AFAAFRE WA AFHREE MEol o
nutrient brothell 0.1% H7}Z oJ &9 FQ R Badllus sp2

L= AR I s e e e

A= JAAZE g dual Rugleow, el HAUMES AlFe Ad we 2 o9
e skl 03% olst dFe AU TheEd=E 03%E HUMRE AFe B 30T
N AZA thzTol viste] BEV|ZIo] 19 AFHUL, 20T AAZAM= 29, 15T A%
oAM= 49 71 BEV|Zo] AR E Ty B st

O 20018 FF=H LY ADUF o s FEES 0|85t A HFEEREA
o 54 % Jhede AT Adus o dEgs FEEL2 I"ddded dEiAe
250ug/ml, Z1#sdvo] tsiAE 500ug/ml FEolA 404%F B AF5de F4S 9
AstAch =3 F2E9 IS8 EEL pHS doll vi¢ sttt Rausgnh AZy
T o e FEEd FHEEST £ 58, 32T 2 H4ge BREA vA= 9
g Hud A3 &£ 28 9 GIF2Y AT 01% HAUMA FAHREZRSG AR R E
BS54 235 Yt e A5 FE2E 05% A7 SAAREEQ dAFAH
AR mAE s A ESRE HATa Bt

O 2003 ZAEUStE cyclodextrin (CD)9 inclusion complex /45 S ©]83dte] i3



A ZEHEA HA F4s EHA quercertin E cateching A3 7= A A& 7]
=< AT73A T Inclusion complex?] 2% 9 pHel Ot A S AES éﬂl- inclusion

complex”} ¥glo] EHRT & Fisses FAYSM 53] catechin® HAA o] ZA &
FE AT catechin-CD inclusion complex®] 2FEEZSEA 9 APAHS A4kl linoleic

acidE AEZ HES] sl AR T FA4rstErEe] HeEs =49 A3 £ E catechin
ity 2 Hbstss Bt o9 22 Ise SR &
inclusion complex+ AAAFS] HERE HRX 0T F8E F Qe 202 HusGH.

O 2007 e TigtaolA 5w o] (Wasabia japonica)®t e T A GaFddo] FAE
(Armoracia rusticanad)< °©1-&3t 17154 Ed<S FE3L ol & vwlolazestsiei= A
T& Pt 1FYolERH isothiocyanateT™ FZo A Ao =& gdsta F
=w9 FeZHE Frisiden o3 dd=de vA Ae BlE 53 T HFL

&

2 st sk sHARE allyl isothiocyanateE A& 1L
g2 83 HAE X A7AE A FAEE olE
A= AL 8 AYF 2= o]go] FEEA I AT

O 20109 Yol AdFEHE Y oaE F2E 2 BFIES o|8st 4SS o
T3 T n-haxane, chloroform, ethyl acetate 5= ©|&3% E£I&9 FAHS A= &
ol tiste] & e Hior thRE 0.03-2.5mg/ml & HAAINFE7 HRHAT
£3] chloroform #8E&E2 B ceeus?t V. vuhificus?] Wty 733 &84S YeElbAY 5%
Y FE2ES 2T 5ol HUlste A% A@ A3 IRk 37148 Al 2 F30]9
A& dAlstd AR 713bs 528 AR, AP AEH 8Fe WA fs #Fol o
st o] YJFH A It AFEHIEREAY o]&o] 7Isd o E BT

O I Yol B 2w Fokel 2 ZIxEokd Wid #H =85 Fi 53 §F Eofol
O3k A= AR AdAolw, dukARl Au) el #I AT ol9d EF FEolu Uk
wHEste] ddst | At A2 AYE EAS 7HA I ok

8
H
E3la o 20161 d = 450. 1&%2 98T ZoE AFHI Yt (B4

O olF AFH7IE AAFL wEY 7IF 20073 7,016 UA 201139 13%¢UE 7|EP

o] 7|12t AFHF HAFAEL 168%° Z3lH olE 7|FoZ 2016W A FEE d=3H4A
289 TTEE ASHT (AF kA, 2011).
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< 7]1&3ka gtk

|ZH7HE $dEFS 2a 759 28 FEE A
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A 248 Ags F32 Fod YT+ (Guangyuan Economic and Information Technology

Committee). 194 A2 2015 HE 2017371A] A A 67haS =4, 2974 Alde

2018\ HE 20204 7hA] A E AL 2,000ha Foist kg ANPAE T 209

(33} 3,800 ¥)e] AlS 2AstH viAE 3GAIZ AulAZA oF 6,670hac] 1009 It (

3} oF 1.9%9) 7= At NS FEsHlos Aot

O aFwole] A% el Witz

I AANGS F7HEFS 57 fste AEF =

Adstar Aok, WEAQ]D At = 7FEkAHIAIF S th7]d)] <Al
g

Qo

FS/ME 2 A4t

Be
AEAE F E7) R WA oF 50%E 22T £ 9

AAdsta S oF 1d 5 I3t A Eslo] =23t B2 FaFol| ZAS AT
R FASEE 27 AT ¢F 67,0000 7 FAEL e ZeE Kol 53] Tt
< B3 FAGFE AFo] vl F AR ZAEIIS

O 2001 Smith 5& dAF, 229, A9 2 g9 A EA Al 2d& FE3t A
AFHESEAL ThsAS AT A4 FE29L 01-1% FEo=2 AAY Ee o
HE A E 220 AL$ § Listeria monocytogenes €+ Salmonella enteritidis v+ ™3k &
dS ZAEET AR A2 AgTe A 2 BT 1% Ay TFolA S BA

B

i, 9wt £ZE Az0) A 22 FEAW 2H) et Rusiar
O ®= wWAth8}t (University of Maine) 78-S IWu|g] F=FHE°] dF (Escherichia
Z21S gAEly] dA AEREFE ALE F s PN PAESR

o E3 @y 39S 3 2370 4ol FWA JHEE BE F B
A qPol} uwko] o] 25%9} 5% HI7FTo] A= ET9 olF-H Zolrp 1,

0.4log, 0.7log Z+4Ad ZAoZ Hristych w=L 2008 1

- 2 FAH YoM o]HI} o BEAE o3l
& T A EHFQ] AR AF YA D Av|A A ufg- BFAQ ARQEo|Th
2

=
A% waAdel Avld AEFS

A
AHIAEES WY, A B B g dzae 4%
gom Ml FHBL FARY, FEAWY 5 FRET o|gle] ol shA A BA
B0 PHslol dvkm nusgc

2 F FEAEY AATEE 20149 2F 4HEHE VIEH e JhEa
L J g 2] L5 olo 2F 4F

deo] Wy gEY AFHNE AF I A&EFHo=Z HAsa Jth (Global Food

Additives Market, 2016).

O AlA AFHTME A 20143 71+ 3799 28 FFoly 20159 FH 20208717 AH

T 92% £EE AAT AoR o=Ha, 20208 71F 6429 SE7A A Aow A4

53 At (Grand view research, 2015).

O o|lF AlA AFERER AL 202087HA] 299 22, 9B ARES 35%E 715 A

o2 9351 Ut (Global Food Additives Market, 2016).
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O AERER BoplA Bn) ARE AW 27% FELE 44 FolH, 53 ofgA
Be VEHE A% Aol 743 Frse 4ERER AYE Gl ME 442

BRI

KT

<sfe] 4A7IH >
O Kalsec, Naturex ¥ Danisco & Z2PEFEFES o] &3 AZE olE1 9o
Camlin Fine Chemical, Eastman Chemical Company &< &A8AMSHEAA] Ao 4dF7]
o},
O Zhejiang NHU Company LTD, Maoyuan Chemical Industries, Zhangjiajie, CSPC
Weisheng Pharma (Shijiazhuang) Co., Ltd., Zhengzhou Tuoyang Industrial Co., Ltd. %
F27195 2 2P oAo} 7Y E0] RETALL AT Ak

L]

ftl
4

F4. sfjef AAA et A7

EDRE ERE TE (55 We =49
du Pont de
The constituent which contains the extract from
Nemours o ) i = 04791359 SIRCY
. bacteriocin and a mint family plant
nutrition
Horizon N
. Natural preservatives and antimicrobial agents =4 20080800093 EU
Science Ltd.
Food and beverage preservatives containing _ |
Lanxess Co. ) =4 20070783813 EU
d-limonene
The Trustees
Of Columbia  Broad spectrum natural preservative composition =4 2014144891 vl =
University
Siamak A process of food preservation with hydrogen  _
P P yeros =4 2013106277 v =

Tabibzadeh sulfide
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of A WAL WE 20009 ol F FEE asn Y= o= A BE A <)
4, BRG] W, A% L AT LW Fo| FUUACE sepn . gt
ARG BE F AAGEE 24 A9 of 0508/d, 2 BAEe] A9 300408/
0% FAEY BIRAY AAFE 33kg/m/d AR, ot e o5 AN vl
REg Bl
S wgAlE Ade ABAY Ao AsRe BAS AN Aolse] 4B ANTL
BU 5 Qom WA AR AHAAE A ] o 7o) AR 2kg/n/d o] Aol
Vet B AAE 53 1AHSE 30kg/m/d FEo ALEE EXZ AFE 1St 3
o
S gAeld AR A AZdUelA MY 21, Y 2 B, ANUE 5o BN
& Fo Ao F22EE LA Oul 2030% FHAIY] AR ATE AT 9)
o (=AA A AITC T4 55 : 0.8mg/g, FW).
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2. A7 Y8 R 23

2-1. 15o] FTHO FAAA & EoF

aFyol Gy FF FTAE 4TolA 15€3 Bt FHEN ARl & Ao AHESEATH
FHESE A= 70% EtOHOlA 4523F A &=3 F 25% sodium hypochlorite®t 0.02%
tween20°] EZ3HE §Ho| 2587 A% T HeH FHTE ol&st 53 AAHsAY. "o
T2+ 3% sucrose, pH 5.7, 04% agar = ZAH MS vl X]/4star, 5ColA 743 B
F 15Tl A wj sttt
A2ERAHE A F MS WAl AR 1FYgo] TA= w579 FRE dotstr] AlAERA
= o ol& 7|E9 dA7AHe}t o] FHERV]ZEO] 16-909 7t
o2 ATHEG. ZIWolA ol aFo] FAE= oF 30-60Y
Tt x2] v kel o] &3t
of & Ho] 3u] SIS wf sFAn|AsINA EFS Al
Asta FA717F 19 ol EZIFE shoottipS HFHsIH ATAEER A}%o}‘ﬁﬂ‘r AZEH
O~

shoot-tip> &2 AP = Az 2EHXE WS ¢ oz Ax f5 iAo A X4

3

AR
3l AT
M2E FE37] 93 wMAE MS71E vl ol 3% sucrose, pH 5.7, 04% agar® ZAHH WX E
o] &3 o™, BA (6-Benzyladenine)®} NAA (Naphthalenacetic acid)E T¢3 TE= FH7tslo
FAEA 23 f% A7 JYsAT AEYFEEASY A9 BA (05 1, 2, 4mg/l) &

NAA (0, 0.05, 0.1, 0.2mg/1)& Z=F3std A &3+, BAE T Al&ARAE Pttt
243 ABE wYex 15£1C, 80-100 umol-m?-s? o] FzAdA A 16417 &, SAT &=
A el A vl FE AT

EAAEE SPSS 21.0 versions ©]€3tH 1, IdQujx] E4HEA 2D AEAA A Duncan &
e AAEAH.



T' mg/L T mg/L

CaCl, 332.02 KI 0.83

KH,PO,4 170.00 MnSO,-H,O 16.90

KNO; 1900.00 Na;MoOy-2HO 0.25

MgSO, 180.54 ZnSO,-7H,O 8.60

NH4NO3 1650.00 Glycine 2.00

CoCl,6HO 0.025 Myo-Inositol 100.00

CuSO,-5H,0 0.025 Nicotinic acid 0.50

FeNaEDTA 36.70 Pyridoxine HCL 0.50

H;BO; 6.20 Thiamine HCL 0.10

) Ast

AU71E 1) o) FagE yFolo] AHuk EIxZS MSHIR| Ol BA (05, 1, 2, 4mg/l) <}
NAA (0, 0.05, 0.1, 0.2mg/N)E && R @& AT F 0Lt v A= ol Fo} Aot
AR A FAETE AYstas Aol 125 $RH mAe ATt

wE A2
BAAYD Y 35 AHE FAow A A b Froz delsst AAstdth BA
WA T BASH NAAE E£& A@ AelFolA Ahx f59 Aol 24 Ygkort A

Z Ao A9 2mg/l BA + 0.05mg/1 NAA A TFolA 767%°] 7V & AxF=EE&S B
Ath BA @& AZFolAs Wi 30 AHE LR Aot AWsty S0 FaHE T
o] @io] dojytil NAAS FE7F 0.lmg/l oo 2 Fold A¢ A~ fFE&o<= ¥yt

oy Az =& FasTh




FE 6. e AFAEA sxo WE AGRIAxEE Fi FAEA = HR

BA (mg/1) NAA (mg/1) AAA S g (%) AE & (%)
0 0 0.0d 0.0fg
0 53.3¢c 40.0cd
0.05 76.7ab 40.0cd
05 0.1 70.0a-c 33.3de
0.2 63.3bc 10.0fg
0 83.3ab 40.0cd
0.05 83.3ab 56.7b
: 0.1 76.7ab 43.3b-d
0.2 73.3a-c 16.7f
0 83.3ab 56.7b
0.05 86.7a 76.7a
’ 0.1 80.0ab 53.3bc
0.2 76.7ab 20.0ef
0 76.7ab 16.7f
0.05 83.3ab 13.3fg
’ 0.1 80.0ab 6.7fg
0.2 70.0a-c 6.7tg

aFYPole] AAREAEAE thFe cytokinin (BA, Kinetin, zeatin)? 1.0mg/l IAAE E&%
Hj 2 | Al 2F 83% <] Az A& oF 88%<2] multiple shoot 7} FEHATE ATF2474% Q
Sub (2FA 9, 1997) FARS] dulA oA E IAAE AHEA Al FEELS EAVF glov
A oA ARG BATo] HA ddsie Az e AN AHE B ol 4

o]9]o = Hisao (1988) & shoot-tipell Al 1-2
4 A 45 oyt AR T T Bustes T AEA 54 @t FA3 cytokinin auxin AlE
o] A E AHAZHEA o] AGEERZ Fd FAEA F=dd FEls Aoz AdHEn.

g/l BA + 02 mg/l IAA ZFo2 HjF 37)



8
& A=Az 234717 9
)

kA exsieh
Meksd 2 EAAEE A ATs BYT zdstl WaAston, 0203t Wsn Azel
Ao, Welgol, BAS, AFH, AFF & 2AHAT

Wy Ast
Avrdzol ] feE A2EL 48 AAzdA A7 A TolA b ve HAZ ¥
AE&S BAI (23.3%) 0.0Img/1 TAA A FolA 90.0%= 7 &2 B4 FA 8o 25
AT,
100.0%
ab
90.0%
ab
80.0%
70.0% be be
60.0%
5000 el
40.0% q q d
30.0% d
20.0%
1005
0%
0 0.5 1 2 4 0.01 0.05 0.1 0.5
IAA IBA

a9 6 A% AREAA wEd BE Aurdzd fU 4424 el 28 45 vn

d A2E2 AE AF2EA TRV AT A

o 2
o] FAEZR EIPrtx RSP 20079 &Y 5 AARAER FHIFFA



ZIW A= FEAEe T ARAA AR Ak A7

5 = T o

3t sucrose 2 BAES WA Hrtel ok Ao E dAHFE/NA = THEFO
%! = o
I

RS

=olA| ™ 1 o] o g Fobd Ay AEY 9
At oo FAEAE FESF2 7] S 7=
AR & 55 #HT a7t Ak ol 93] MS 71 Eu] A9 sucroseE ©| &3 oM,

L ¢S i to
K-

2
o
o 3

A
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lo

ox

o

fr =
olo

o

o i

o 21

2-8% TE7HA 1% & AolE Fol MiAE 24t 22 dFE 7 F 25em 242 7Y
o FAE 2738kt

ke 2 SAA s A Ao LI st WPstR om, 3047 wi st Al
do], Bgfdo], EAr, ATH, FTF 5 AT

AYo 2 HIIEE sucrosed] FEo| wel mFwgo] ZIWujA Y AR wX= A
= 2 A3 sucrose®] 5% 5%7HA EHoMEATE Az dolet By, AeHF ¢ UF
F 5ol 7tk AS s e dol IA 4% AHFFAA M FEEAe™ 6%
0 Aasat B9 E 2-5% AT SAAHCE {Fo3 Ao]E Hol
ko 4% HEFolA 52ME 7M=& FE 7SR ols A o] &H WY
Aol EPFo] 2uf A Y& AEjolr] wFEo 30¥3te] A |t Foll= & AolE Ro|x ¢

o
TEHoE AAIYS wW 4% sucrose O APt 7P nFo] AR ¢TI AoE Hol
53 AFgHF AdedFs B 3% AYTET FAZHCEE fFooA w2 A AT +
Atk &9k 6% ol e ATl L FYyo] AAol drA oz FA AR, ol
= 4 59 EAE FEREZAEN EA7F A AAo] AstEe ACE AdHT.
007d ¥t&g Sol 1 o] Az AFo] HAE sucrose = I AT
A% sucrose 6% AT TFolAE AR Zol7l 543 At Aot vl
ohek vhag o Aol A= sucrose 1, 3, 6% AA ST BlaLst 3%t 6% A BT Alo] <
AFHE getstr] oA, 1-6% Atele] B 2 Axe] Hole BAXHCE {FotA &
< Zo®E RusAET, ol wirizte]l 257 & vlud Frob JHAIEY] Zfol7t @AY A4
ol Hste] AR FhY Ho = AGHTH

O
F
2
>
T
>
>
o M



37 FEEe wE 1WA A v

Su(c;:))se ’?lf—(?m)@ ] E'!a(?m;:‘] °] %(:i)# 5 (8) A5 (8)
2 3.9b 5.1ab 4.2a-d 2.84c 0.15c
3 4.2b 5.5ab 4.6a-c 3.04bc 0.22b
4 5.3a 5.8a 5.2a 3.72a 0.27a
5 4.9a 4.8bc 4.8ab 3.44ab 0.25ab
6 3.3c 4.2¢ 3.6cd 2.88c 0.22b
7 3.1cd 3.5d 3.8b-d 2.12d 0.16c
8 2.7d 3.4d 3.2d 1.76d 0.15c

Ykl ABAE ZAWRA DR DA 23
AAMANNE A2 AL AsatAT R F28, B8 wE el ~F 59 olf

2 AdHcE 5ol oY
8¢

phytoagar, gellan gum 2 gelrite & ©]&st HAT =712l BEAII & FHEAE 1A
sjo] WAES B YNHOE agare] THE WA B4l FFE vIAA 23 2o A
o= & IFe FX ] Fou agar o =T A=A S wEk FA=Ae] A &
FHFE Frh

53] aFdgole] - AR AN E o] e Ao® HuFA 1o} phyto-agar °] A
A A A=l 04%E 71ESE 02%, 0% (FAMA) AGA=E o] =AujgA o] uF
1S =Y 7 d=A dFs AT

HlgFg7l= @9 8cm 2719 &71E ©l&3 L, MAFA lem (50ml) A8 Aol P H
e, Z4zke] wjFErlol= 374 X8ty = A

e 2 SAAYE A Aok LI =St WPsiHom, 3043 w st Az
o], Heldo], 24, ATH, AFTF o= AT B

W) A%

iAW phyto-agar &&= W& ZIWHiA ARS #HI A x| Zol= phyto-agars
A7FskAl 2 dAmiS e o A+ 0%@19)“] el dolo A 0% 02% ol F
Aoz FoatA] Askout 0% 04%E WAl HA S AFejolA HAo] ¥ Fastunt
2 LA oA 02%9 04%NA = 7 5.49} 522 HlshAl AFHAoU WA el



ANE B Aol QolNE fstAl BAEAUT AAMY Bl Az olg}
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L T - - B S ¥, Y - T B

o4 02 ]

{phyto-agar, %)
mAZ=0| 20| wie|9) o) {phyto-agar. %)
= :):] =
<z 8l del> <2EH>
6 04
0.35
5
0.3
4
0.25
(e) 3 (g) 02
7 015
0.1
1
0.05
1] 1]
[ 02 o 0.4 G2 1]
(phyto-agar, %) {phyto-agar, %)
= =
<A s> <AFEF>

a9 7. el mE fAEA AR v

oF AdolA AstE 9% WP 1215Ce L= 5 4
Mo Rere AEAY S X, A% AEY A AANIA MFLst FolAW =3 Fel
slo] Y@FES PA= Ao 3 ! o u}

Z1Bu) A o A MY EE 7+ 15, 17, 19, 21, 23+1°C, F 2712 80-100 umol-m>s? oA 1Y 16
A ZF 33, AT = AEIE 3097 sikEty Az 4

o
4=
AU
iy,
o

27
A
\—l?
ox
of\
ol
A
of\
ol



EAA = SPSS 21.0 versions ©] 839, A x] E4HEA 9 ALSZH Ao A Duncan &
Mg ANt
) A
80 5.0
70 80
60 7.0
50 60
(cm) 48 I 50
30 (ea)
40
20
30
10
20
[1X1]
15 17 19 n 3 10 I
HE2E () 0o
15 IF 19 21 23
a AED 20| wEj0] 20| HIgEE (0
=, A~
<Az 5 HEe o> <2fa>
250 .40
245 0.35
240 0.30
235 0.25
{g) 230 (g) 0.20
2325 015
230 0.10
215 0.05
210 0.00
15 5 7 ) 13 21 23 15 17 15 21 23
HEEZ 10 HE2= 0
<A F > <Hds=H>

a9 8 Mg Ee] W fAEA AAHw

Gorst WMo el mE ol UMl A% Mm A% W 30U F BEAA AL
ML Est S5 E FaSAT 15T AeTlAE Axe] ot 6lem, ¥el Aol

6.7cm EAF 647 2 ASH 216g T2 M FEI ASAEHES B whd 23T AT
A5 Azxe ZolE 39em, EHT 4.67) R AWK 1.24g 0= o] 7 A xSk ohyk
17C A FolAe Az o] 6.0em Elo] o] 6.6cm, EHT 6.27] B AFTTF 2.04g 2=
FAE 15T ATl nlste] ofzt Epoy AR {FolatA] ol midA 17C o &%
7t 7bE gk Ao g2 AeE QT

aFYole= A AujA 25T ol dollA= Aol HEw
of Mol w9 WsHA #8she AoZ AL HTT

HuzE glou® & AzAel] Hlst

rr
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J)J

SRR RS

ZRI

L
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I Aol g FE, dejol

ks

oAA T4 7he

Nlo

olell 71l A

Hjj <l

Yamasaki

Al

(N-P-K-Ca-Mg / 6-1.5-4-2-1 me/l)& ©]&

o8& =2 <3t

8. ¢
71 (%)

-
it

A -K (cmol/kg)

12

P;0s (mg/kg)

o=

A2 (%)

6.42
EC(1:5) (dS/m)

0.71 977.74
pH (1:5)

1$Hd-Mg (cmol/kg)

55.84
X|g/d-Ca (cmol/kg)

K

3.76

5.61

11.47

6.77

(g/cn)
0.15

Ko

7hu]

60.18

78.87

0.71

T:IE1

5

o

)l
B
s
B

)
!
oF
]

s
4

~

Hlges 17+1°C, 80-100 umol-m?>-s? ¢

glom w3 25 %

KN
| .

Xl

=

7
&

o

T

(=L
o
Nfo

Aol A Duncan

A

o3
%7

A

o

SPSS 21.0 version
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n3gol ZANGRE Bojol =, £AWA 9 g YER SR Ao} 23 F o)
90%, Ml% HE 0% = AT Aele A Witk o

& YE AT A% £AE0l @12 FAAAG 207

&8 wshge] 71%E Weka, B Ao

sto] 2% E 4 o, d& FES A5 dERZ T2 g0l
=S AR uFYolo A 32735_7&1-1@ JJr%?'{ FEA A EEhEo] Yolxal FAAEE T
o] At ste] Ago] AstE Ao BorHTh
100%
o0%
B0%
T0%
60%
50%
40%
30%
20%
10%
0%
peritie = dbal

B2 week B4 week

el g FEA A wshE o] Az Dol WeolE ¥l 74% Aor FAWAT Mm
Sol® 78% FEolT. BAGE FARANA 6671 HekolE Al TolA 627] B Aol g
4 ALTAA 587 Ao BEAMCRE 45 AT folapAE LU AR A5
& Hejole 8 47 wale) syl Hslel Adlg AR Al TolAE BARoR fola)
Al st

2ot 9 M(?m;‘“lol ‘%if WEE @ A5 ()
HojolE 10.4a 6.2a 7.48a 0.66a
27 HiAl 9.9a 6.6a 7.14ab 0.62a

Ao & AtE 7.7b 5.8a 6.22b 0.48b
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22, FAAME o] §3 wEo] 4k Ho}

1) FAAMA WA FFe WE 2

X
s
L
o

X

7H A=

NE

H}

S Lt e
Al AA v R vl FEE FHsH7] 95 Yamasaki B RS 058, 18]

Hl S pH 55-62 HE HojUR 4Es 29 1402 RAYGsty 4|3 ?%ZHHH A A
o Al Aui3tATE AHl 24> NFT (nutrient film technique) W02 FHS £33t W4
ol WER ¢S FFA e HAE |44 E HAUE Rt YT &
9 Wl=e] =71E 0.8x2.6m (2.08m) ©H Hﬂ‘iﬂ}ﬂr 200L Fuld 8715 AX|ska 80OW &<
T% BI (€2FZ, PH-8OM)Z 2442 Bfo]HE o] &3te] 158 F/158 A Loz
=2 FEs AT

A7 S vl g% 15+1C, 80-100 umol'm™-s™ & FZA A 16A1ZF 7, 8AIZF = A4
Bolm, AAEEE 20em*20cm (HAe] HEE FASIAIL A 457 FRE 2, ASE Z
AT 52 30Y 4 90Y3t S48 S °J_ AHE AAEEA

FSAAEl= SPSS 21.0 versione ©]&3Ra, FYufA] EAFEA W ALSZ | 4 Duncan +

NFT W4 o83 5ol s3AmMA HA wjdde] #58 dotrr
o &

Mol A 15 MeFele] FEsh EobdSE 1 qos FgEglc
AT 209 St A AME DFYols Aol FAS AstEE mgol BBHUC A
309 Aol 7 AT AgAelst AA gghort c0d Aol NEe| do] W gFeol

194243t 150 AR PN Ef ATl Wshe] 9 Aow 2AHLE A 02 Ao
A ZAAGE olel @ Aakol wxaAl Uehtod 53 AFde] A9 1
ARz folatAl g H2Tol wste A vebgh



50
a0
[cm) 30
20
i
0
30 60 90 60 90 60 90

S I
£ I

200
180
160
140
120
(g) 100
BD
B0
a0
o | i i i
1]
30 el o0 30 60 o0 30 B0 S0 30 Bl o0
ns 1 15 2
<A FH>
75
20
15
(2
10 -
30 1] 90 30 el o0 30 &0 o 30 ] 90
0.5 1 15 2
<>

I8 11 g s wWE AL H 5ol A% WAL (30, 60 909)

ol H71Y S (2011) Tol wi¥} EC
Z

W AEF 5 Al 1A
3l AU HEIC, AITC 5% S% 7+ g =

450l 3.0dS'm™ ©]/o]
N A FL 1.0 dS'm™ A

S
3tal, 2.0dS'm? A= F



Fol wlste] folsA HAWUTT Hd Avksl n5d AL eyt

2) FAAMA FY w8 F7)o) WE nFYo] B

oy 2L
o =
o rr

EqbAo) MEHA wEgShe FWolst 2 AEE A LAY 95ppm oo R

TEIT Qo] (MsE 9, 2004) ©HAE T viAAE Soll Blste] NFTR2olu #5730
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4) FAAMA AN D] e Eo] A

AALEE @7 2 37 AE A4k Al=E" F5 wl$ F8% FeFS vA e Aot o

HE o2 AAEET 75 &9 ds A2 4dte A%S Holu Tyl A2

F7F F7vslr] W] A% WAL G HAdd AAEFS 29y F7MANE ¢ ok (WEE

9], 2004).

FAAA nFYgole] AAUETL K HAE FFE AL FFHCE BAAY =&

RS Qs AAH AXLEE A 20%20cm, 15*15cm, 10*10cm, 7*7cm & HA o =2 7}
)

2554 AA F 309wt 90t ASFHE vinsdn. AmMSE S wldeE 17.5+17C,
80-100 umol-m®s™ o] FZIA U 16AIXF &, 8AZE ¢=EZ1 dHloln], FAAEE SPSS 21.0

version< ©]-&35t3 3, LdYMA EkEA 2 AREHA A Duncan £41-& AAISHA T

re

W) Az

aFo] AANEETE BEe vAs FFE dotEr] 9l
10x10cm, 7x7cm UY|7}A] A& FE FA3te] A3 Ay 4z Ao
A= A3t Apolg HolA| 3t AR A5 6

&7F RS, olHd A S 00LdAA T E ol R

o}
FFYolel FALS A= AAMITAS HA 15x15em ©]d FAS o & A

of o] REA 9 P T& AT 78 1Fo] iAo

F 9 dFFel o T8 845 AASA "o

obef #o} Zol Z AR W3 GHAT A Tteret AT W AFEFES 5 FA
E AdERE ARG AL 10emx10cm A2 T4 7P 55 AL B F gk ol
2004 W Fol A2 (30x25cm) et BA T (30x15cm)ol A B E7E F Yol S Blwg A
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ARz As7)kb 2 AEY AE8F m T AA m G m G
(cm) (¥) (cm) (8) (8) Ve Ve (8) 5% (8)

30 15.1 34.6 4.4 25 865.0 110.0

20x20 60 34.2 87.1 8.7 25 2177.5 217.5

90 47.7 176.4 19.4 25 4410.0 485.0

30 14.9 34.1 4.4 44 1500.4 193.6

15x15 60 30.1 79.2 7.8 44 3484.8 343.2

90 40.3 142.3 16.2 44 6261.2 712.8

30 14.3 33.1 4.2 100 3310.0 420.0

10x10 60 23.4 62.2 59 100 6220.0 590.0

90 30.1 94.3 10.1 100 9430.0 1010.0

30 14.6 26.4 2.7 204 5385.6 550.8

Tx7 60 19.7 36.4 3.3 204 7425.6 673.2

90 26.4 48.2 4.8 204 9832.8 979.2

FeFol| WE nFYPo] AR th FFS FA5H7] Al Au ARk Adel= 29w LED 3%
T (B8 /7t 2o o e AFso= io] xHo] 7hestA TSt FEE
zA-stg . S 100+5.7, 150£9.1, 200+9.4 umol-m?-s? ¢ 3FF o g Ao ZHzho
FHFE Aol 2HY AE TR =o|7F ZF 50cm, 20cm, 10cm Sholl A 7Hs31 S T

AL w e 17541C, AAEE7}F 20em*20cm HE o] HEE TSR b 47 F
HH 24, AsH 9 A5H 52 30¥ 14 0¥t S48 AS2AE AASAH. SAA
2]+ SPSS 21.0 versions ©]-&3tH 1, PAiX] E4AHEA D ARFHA A Duncan 45 4

A3kt
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o] AITC StaFof Hjx]&= g3k

S ATFE B3 FAANE T3 Yol AwA AR FAe] FEE Yamasaki 1.58] 4 S
=z %“35]91214 EC 7ol AITC 59 &i&s =Y F A7l «std +73A4u= —L—ir"gol
= E = 1.5y kel A 3043 vl & EC 55 1.5 S'm™’ o 3 =S
st 30 7& o AujstAch EC %2 IN NaCl& o] &3t 7t ==
1 24, ATE, AdFEF 2 AITC §FS S48
AITC & #2137 18] Tsaos WH(Tsao et. al, 2002)< W3t A3t T2
AzxzE 1549yl 1ge 100 mLe] 50% acetonitrile®t Eg3te], 100 ColA 1A3F SF{FEZ4-E
FEdg F53}e, o]& HPLCE ol&3ted At Aol A&d
HPLC+= Agilent 1100 seriesS ©]-83F31 1L, sinigrin® 74 UV 71437] 228 nmoll Al &RI35HA
, AITC= 242 nmo| A &1ttt B H-LS C18 Discovery (25 cm x 4.6 mm, 5 um, Supelco
Co., Bellefonte, PA, USA))= AH&3IATE ©ls42 0025 M NH40Ac (pH6.75) (A)<t
f 15

l~ﬂ

acetonitrile (B)E AM&3tY] f<4% 1 mL/min® £EZ 1283 EHFAT ol Ay

99% A /1% BE 257} E#%UT, 50% A / 50% B MR 0587 A5A T, 7557
FABFRAT. A 9% A / 1% BE 1287FA FASAT 200LE Tt 3¥HES T A

=1 2”?_]5‘}93\‘:}.

FAIA Bl = SPSS 21.0 versiong ©]83% 1, dHUujx] E4HEA 2 AFEHA A Duncan i

Ale AABEATH

) A

¥ 11. EC =0 & 3ol HoE AITC $H3F

EC AITC (mg/g) AITCS = *» A5
(dS'm™)

HS,

o3 27 29y 23 2

1.5 0.41+£0.03a 0.07£0.0la 4.02+0.46a 1.35 0.18 3.22 4.75
2.0 0.47+£0.04a 0.09+£0.0la 3.76+0.29a 1.60 0.23 3.01 4.83

3.0 0.29+0.02b 0.05+0.01b 2.73+0.31b  0.67 0.10 1.37 2.13
FAAMA EC 0] 3ol A U AITC 3 v X= IS =AM 23 EC 1.59

2 dS'm™ AgFols 1
dS-m™ A g F M= Az 2 2 .
T3 AITC ol oA = EC 159 2dS'm™ A F3toll= F2AQ WIS Holx] ¢gto
U 3dS'm™ AHgFolAE AITC gHFo] =A 743

=
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2.53

3.99
3.70
3.22
1.73

0.23
0.23
0.18
0.13

1.58
1.89
1.35
0.67

4.44+0.18a
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13. T3Wo] FAAMA A ol 8D

PR L R S
= (g (7/m?) HEE 2 (3]) (g/m? (g/m?)
30 20.4 100.0 12.0 24.,440.4 97,761.6
60 43.5 100.0 6.0 26,122.2 104,488.8
90¢ 60.7 100.0 4.0 24.276.0 97,104.0
120 71.4 100.0 3.0 21,405.9 85,623.5
150 73.8 100.0 2.4 17,718.0 70,872.0
180 73.5 100.0 2.0 14,701.1 58,804.3
SR} D] BAA Y NS o]ed FAAME 93 Ao AFS Ao x| 9k
w ol AzF WEZQ Aujsl spsE Ao g JET AETAn 2o Aoy AA
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E 15 FFE FAAAY AL FEHuE (2018 71F 47

55 @71 ()
1. A A R|ZAL 103,535,720
2. T R] 52,660,455
3. 7| 3AR] 49,665,000
4. vf=ZA} 18,150,000
5. Q¥R 9l COLAIAE 88,625,536
6. AFEO0]&A|AE] 115,920,500
7. AR A AHE 18,874,464
8. ZARAH|ZAL 60,956,220
9. A7|ZA} 53,385,896
10. 7F&2A} 4,540,000
11. Hj2HZA} 6,993,586
12. Q1g2]o] 6,500,000
A 579,807,377

A& oF 58909 Jla 288W, AM TEA AE0EA

& TSl 71 we wEol
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7+ 17.9%, 153% Ax HlF< AA AT AFolSA 2L SA4A Y AL vzt &
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T ZRo] o HZ = FAVE =23 ATh



T+ % 9 = (%) s
Al/dH] NE=L] 28,990,369 204 717pAkzE 71%
s 37,800,000 D&} 191 - 20179 47| HF A8 &g
(-T":}EJK]“) , s gl v v ox7lwuw oW o [s]
2l 64,800,000 391%21,600,000¢
*
(Rr87h) S e L, UV UVURE
=] 5,760,000 At 5 (4 *12+6,0009)
714 18,000,000 ol W &7l
o gy Sl 540,000 oYl =
=gy 2,400,000 AW F S ETAY]|
el H] 9,600,000 oA ey
7154 7,200,000 Az =
L] 2,400,000 WA & (RF=2A] o))
E 7,200,000 REfLE QU ojoiydz =
A 184,690,369 o] §F 98u|L
SFH S A& AR AN HFe] AA A B LGH L9 555%F ARSI 9ol M
2 1AHE Yegt @A 01y e Alde] biFsigel] wet AdTFEHE, AANE,
Aul 2 21 So] 188 Ao FE wWrpy) AFHT Qo) AN vl LE=EE 349
7] WEol ME AFoleAdA, AF #F7] T AT EUstd & E&E& Suof A A
P Ade] AARE e AR AdHEY

3) ;Fol Azk AAF D Bt B

Ul A =X A A A AskE mFYole 1.2kg/m*/d, SAABAl 0.13~0.34kg/m?/ A=
ARGl om el ABAUAE o 33kg/m’/HOR sebH It (H719, 2007). AA A
o 71 AW YA7F 3, skl B Yo ANzeAH mFWo] AAAFS BW of
0.74kg/m?*/ A (TA71F) o2 ZAFH A

UH ATFARE EUE 609 % AW 26.1kg © TEWo| Aaro] 7}
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Folin-ciocalteu Z1#] 3L sodium chloride(NaCl)

+%¥ % heptadecanoic acid(C17:0)7}

-
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Il Supelco-37 fatty acid methyl ester(FAME)

L
AHEH AT

micro-Kjeldahl', Soxhlet FZ%, 550C ZA3|sHoE AOAC EFH ot

(AOAC. 1995).
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G S FAsE FA R AR S ZAFSHY] 8l HCIE o] &3 4FEal & o] &3k
hLim & 2015). 4 AxH" 13 = 6 N HCI¥} &7 20 mL
=719 test tubeol ¥, 10&3F wwh-E AASAT. wwk § ek WEg $ 110T=E o <4
heating block(Thermo Fisher Scientific Co., Rockford, IL, USA)ell 243t o]% 7Fdste] ofn)
AL 2 o] TR E FESHAT 50C %Al rotary evaporator (R-II, BUCHI, Postfach,
Swizerland)E ©|&3to HCl& A1 A3 % sodium dilution buffer® 50 mL A-&3 o, 1
mLE #H3td 02 pm membrane filter2 HHAA ofr] =4t 2454 7](L-8900, Hitachi High
Tech, Tokyo, Japan)E ©]-&3td A EAstth @ldS 74352 ge fFreopraits A
Fat7] 98l o] AE 1 goll ethanol 20 mL¥ @74 102%F 2¥E % 3,000 rpmoll A 20&
B AAEEE AT S A EST $ 25 mL sample dilution buffer® &3 Al 7]
a1, sulfosalicylic acid 20ml & FH7}sle], 4TNA 1A3F &t WA & ThA] 3,000 rpmeol] A
2087 YAEEE F, 02 pn membrane filter2 AFH{AIA FAEoIH 4 BAS 9] AL
G opr At AFEA7](L-8900)F ©l-&std 8 ofn|x4bs A EASAT. ol A B4

22e 9o eI T,

i 17. Condition of amino acid analyzer for structure and free amino acids in Wasabia

Japonica

Structure amino acid Free amino acid

Column Ion exchange column Ion exchange column

46 mm x 60 mm 46 mm x 60 mm
Column temp. 57T 30C~70C
Flow rate Buffer: 0.4 mL/min Buffer: 0.35 mL/min

Ninhydrin: 0.35 mL/min Ninhydrin: 0.3 mL/min

Buffer pH range 3.2~4.9 2.8~4.1
Wavelength 570 nm & 440 nm 570 nm & 440 nm

w

® =
2 AFE F29 AEAAY AWAE 28-S gotR7] 98 Boron trifluoride(BF3)-methanol &
o] &3t methyl ester2 FEASAZ F AFS JPFATHKim 5 2017). 5ol FA ¢
01 g= FAE 54 F test tubedl &3 H& WHIEFE =2 =Z 05 mLe heptadecanoic
acid(C17:0)(1 mg/mL hexane)E 7 H7}3stAth Test tubel 0.5 N NaOHmethanol 2 mL&
A 7Fetd Reacti-Therm I Heating/Stirring Module(Thermo Fisher Scientific Co., Rockford,
IL, USA)= ©]-&3t 110°Ce| ==olA 1083 7FEstdtt. ol F AdolA F&3] WAzl
% BF3-methanol 4 mL & #7}8l] 110°Ce] =0l A 1413 A7 AIH o ARl

o] %
AZ E3tHo] 2 mLe hexane2 FH7}st] 187F vortex A%l TS hexaneZS 33ttt

N

1



e A AHEE gas chromatography+ Agilent Technologies 6890N “%|7} A}
LEAT. B4 AP SP-2560 capillary column(100 m x 025 mm id. 0.25-pm film
thickness; Agilent Technologies, Santa Clara, CA, USA)°] AF85 %3, carrier gas®
helium(2.7 mL/min)O] ol gFHY FUT ¥ HAEV 2E= EF 250THLoH, split ratio=

5010, BEo|el 93 Sadt airs AZ7 ]oﬂ/q B3 40 mL 3 450 mLo] Z}Z A& Q)
E} Oven &%+ _%7] 130TCAAl 583 HE & B9 4T S7HAA 240CT7HA sAlA 158
T 842 33 HiEste] A o}%{E}. B2AE Aae At 2EFFS 0183t

AZEE o] &8t FASATHLim 5 2015).

o F71d =4
aFgold EAsE T dHFe AFFHKFDA 2008)°] AAIE  microwave acid
digestion(Titan MPS, Perkin Elmer Co., Waltham, MA, USA)< ©o]&3t HAg & £4&
A&t Adxd 3ol AR 05 g& B3] FFst] dAe 71 ¥, 10 mLe] &
AH& 7heE 3 158 3 180°CellA 7EEstal, 600 W lUAE 718t AlRE &Eslskdth ©A
g7t 455 A5 £715 100 mL WAZetAaE ol &3ty FE4d F, 02 m TEHE ALE
st AlRE HHY 3 F B4 8 ARE AT 2allE AEY FU1d 24S =AY
Zefzrt 333 54 /ICP-OES(Inductively  Coulpled Plasma-Optical Emission Spectrometer,
5300DV, Perkin Elmer Co., Waltham, MA, USA)E ©| &35l A3dS 2333t

Wolo] JoF & 7|5 AR U3 A= 3NkE-S 5l HEad HAUAE FdA 1)
AL, HEgk e {4 SAS version 9.2 (SAS Institute Inc, Cary, NC, USA)
&3], Tukey’s multiple range testE &34 T3S U3t THP<0.05).

Fgole] ReW UugRe ofd) Eo] etk AAHOE e FEFFS AT 9
0&1 Zol Ay 22l A9 leafoll A folH o2 =& FTFHP<0.05 %

% petioles] A 7P oMo e FHP<005)S JHUAT w4sEe) A AHAR
Hol Brlste] M OR 8% AF rhizomeold 7 ¥ ARHE Ui
FAsE dAA SAMeR A9E At ohd FEole AHHL A el ojelgol
T3 RO F9E o YNAES SdA Age $EE g, 7z
o WegT

o
s
%2
H

il %O ok JN



3t 18. Proximates in Wasabia japonica

Proximates (g/100 g of wet basis)

Leaf Petiole Rhizome
Moisture 92.50+0.24b2) 94.37+0.5a 81.35+0.23¢
Crude protein 3.21+0.36a 2.45+0.14b 2.33+0.35b
Crude lipid 0.32+0.01a 0.13+0.01b 0.10+0.01c
Crude ash 1.72+0.01b 2.07+0.35a 0.98+0.36¢
Carbohydratel) 2.26+0.58b 0.98+0.36b 15.48+0.28a

Data represents the mean+SD in triplicate.

1)Total carbohydrate content of foods has been calculated by difference. The other constituents in the sample
(moisture, ash, protein, and lipid) are summed and subtracted from the total weight of the sample.

2)Means with different letters within the same row are significantly different by Tukey’s multiple range test
(P<0.05).

O Aot B flobu] Ak 24\

3 19. Structural amino acid composition in Wasabia japonica

Amino acids Composition(%)

Leaf Petiole Rhizome
Essential amino acid
Lysine 7.17+1.24*Y 8.51+1.07° 6.15+1.36°
Methionine 1.50+£0.12? 0.17£0.05° 1.61+0.09?
Leucine 7.79+1.47¢ 6.60%£1.26% 4.56+0.95"
Phenylalanine 7.27+0.872 6.80+1.05% 5.03£0.74%
Valine 4.06%+0.58? 4.56+0.69? 5.04+0.772
Histidine 3.73%£0.64% 4.05+0.45% 3.05+0.38%
Threonine 4.96£0.48° 5.19+0.57¢ 5.57x0.74%
[soleucine 2.024+0.09% 2.39+0.132 1.7940.14"
Non-essential amino acid
Arginine 7.16+£1.05° 4.84+0.69° 10.24+1.36°
Glutamic acid 18.61+£2.35° 23.27+£2.982 20.47+3.05%
Aspartic acid 12.97+3.24° 12.95+3.14° 17.7242.992
Alanine 7.33+1.21% 7.95+1.36% 6.71£1.45°
Glycine 6.53£2.05% 6.13£1.22° 4.90+1.07°
Serine 5.96£0.94* 6.58+0.87 5.87£1.08%
Tyrosine 2.93+0.15° 0.00£0.00 1.2940.08"
%Essential amino acid 38.51%+4.17° 38.27£5.02°% 38.27£5.027
%Non-essential amino acid 61.49£6.62° 61.73£8.54% 67.20%£7.13%
%Total amino acid 100.00 100.00 100.00

Data represents the meantSD in triplicate. 1)Means with different letters within the same row are significantly

different by Tukey’s multiple range test (P<0.05).



38.27+5.02%, 38.27+5.02 A)i/ﬂ 7] n

phenylalanine®] 83+ o}v|x

3t 20. Free amino acid compositions in Wasabia japonica

199 YEbAT AA A o= FA ot gtk A

BE FHollA glutamic acid®} aspartic acid®] 3
AHe] 73§ leaf, petiole, rhizomedl| A Z}Z} 38.51+4.17%,
153 £ 2 UEgom, ol FolAe {FoF Ao
(P>0.05)= A=A ZUth. Botn| =it A= leaf, petiole, rhizomeol A lysine, leucine,
Aoz FAHAT

Amino acids Composition(%)
Leaf Petiole Rhizome
Aspartic acid 1.27+0.05%Y 0.76+0.08" 0.74£0.09"
p-Serine 0.00£0.00 0.33+0.05 0.00£0.00
Threonine 6.374+0.14°¢ 7.38+0.21° 11.0240.32°
Serine 4.20£0.11° 4.77+0.13° 3.1840.14°¢
Glutamic acid 6.9040.14° 7.6440.24° 3.58+0.18°
Glycine 0.384+0.07° 0.41£0.09" 1.70+0.08"
Alanine 12.4940.43° 19.55+0.61° 8.75+0.25°
Valine 8.81+0.17° 9.254+0.31° 10.08+0.33?
Cysteine 0.00+0.00 0.4740.08" 0.6840.09*
Methionine 0.11£0.02° 0.24+0.03? 0.26+0.04%
Isoleucine 3.67+0.25° 3.41+0.12° 3.95+0.15
Leucine 3.7340.19% 2.2840.09" 3.75+0.18%
Tyrosine 2.6440.15° 1.0340.05" 2.71+0.10°
Phenylalanine 5.64+0.24% 2.65+£0.07° 2.1440.06°
G-alanine 2.08+0.112 1.16+0.08" 1.00£0.07"
y-Aminobutylic acid 33.29+0.97° 33.37£1.06° 26.82+1.15"
Lysine 1.3040.07? 0.55+0.10° 0.76+0.06°
Histidine 1.15+0.04¢ 3.85+0.11° 5.77+0.15
Arginine 5.97+0.22° 0.904+0.07¢ 13.1240.47°
Total 100.00 100.00 100.00

Data represents the meantSD in triplicate. 1)Means with different letters within the same row are significantly

different by Tukey’s multiple range test (P<0.05).
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33.29+0.97%, 33.37+1.06%, 26.82+1.15% ©S.& YEIS O™, GABAZI E&-¢-
acid ERF FFURAN A E3HE oA AR

2a len,

S

A
o
oL
ol
rr

Ao A9 & 200 YERHATE

petiole, rhlzomeoﬂ A BT y- Amlnobutyhc acid7} 71 =& Hl&&

AEEZoltt. GABAE
QAZte] ¢ GABAE o459 HHE

JE rz

4kl leaf,
AT 5 ANeH, 4z

y-Aminobutylic
AANA AAE
AH oz zd3



H, ofu|=4ke] A Fo|X|qk, &y} ofw|iAto] olyr] wjZo] GABATE ©Wd Ao #ostH]
gEth GABAE 237] 2R FH sintet Fdd F83 A5 F7] Wi, =77
b ATt AR W7k T B B9 F8 AFEHY IS vl A oA

Az} 77k Al ZEZLE

AR AATze] %A GABAZF A7AelA @Aslel ZAztel FA

% she, A AL 4L o)F, B, AFEN Y A, AWz G 7]
£} Ayg NES] AR AN, AAAAT FEAAE AR 432
GeA gtk 1 9 YHiHoE Ee wee H obmire

aFgole] RO A 2A4E & 213 chromatogram-2 1§ 260 YEFHJAT 151y o] 9
B Aol 9 leaf, petiole, rhizome® FolA  ZZb 0.32+0.01%, 0.32+0.01%,
0.32£0.01% = ¢ w2 Bl&= AUt Fa3 A4ate] 4% linolenic acid(e-3), oleic
acid(0-9), palmitic acid® 1= +=t], 53] linolenic acid(w-3)2] 74-%- leaf, petiole, rhizome
of FojollA Z7h 59.57£0.12%, 52.87+0.14%, 44.25+0.23% % w9 E HI&E EASHTH

3] leafoll A 194 (P<0.05) .= 7H &2 Hl &S E At Linolenic acid(w-3)¢] 74-% <A Oﬂfﬂ
GAEHA G AFolA AFMokets AFEAAEY 3 FRE SHA doH, AdS FA 5
o, AelA Alzete] AAE FAEHECR DS st vt 53 &2 207 AFe=
elongation WHg-3} o] FZA3to] WA E = dasaturation HH3-2 F3A EPAY DHAZ 3=+
Ao g dHA Aok Oleic acid®] 749 leaf, petiole, rhizome®] F-jolA 747}
16.33%0.09%, 14.39+0.04%, 14.22+0.13% = leaf| Al <& (P<0.05)C.2 =2 H| &S YEHAT
4 ExsiAske] F83% JEQ oleic acidv-v IEFAWAOR, FHASE FIde

(o]
H & 3}+= HDL-cholesterol® +X& &t} =3

LDL-cholesterol®] & Y331, 7H& sk A1E
I Als AE3 =guR|o] &3 o|y, Aoz dHA

Gars} F5oR FULEII} Holut
A 6 ol &

]
o} Leaf, petiole, thizome®] EE& F-2|olA 60%°]7d<] EZ3A 4 o] &elF Tt



3£21. Fatty acid profile in Wasabia japonica

Fatty acid

Composition (%weight)

Leaf Petiole Rhizome
Palmitic acid 11.68+0.01°" 17.56+0.02° 19.37£0.05%
Stearic acid 3.68+0.01% 2.25%+0.03°¢ 3.04+0.09°
Oleic acid(®w-9) 16.33£0.09? 14.3940.04° 14.22+0.13°
Linoleic acid(w—6) 8.12+0.07°¢ 12.194£0.10° 18.19£0.12°
Linolenic acid(w—3) 59.57+0.12% 52.87+0.14"° 44.25+£0.23%
Arachidic acid 0.26+0.01° 0.274+0.01° 0.49+£0.042
Gondoic acid(w—9) 0.20+0.02° 0.27£0.03% 0.26%0.02%
Behenic acid 0.15+0.02° 0.21+0.02% 0.19£0.09*
%Saturated fatty acid 15.78+£0.21°¢ 20.29+0.14" 23.09+0.16
%Monounsaturated fatty acid 16.53%x0.15* 14.66+0.09° 14.48+0.13°
%Polyunsaturated fatty acid 67.99£0.25% 65.06+£0.31° 62.44%0.24°

Data represents the mean+SD in triplicate. Data represents the mean+SD in triplicate. 1)Means with different

letters within the same row are significantly different by Tukey’s multiple range test (P<0.05).
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19 26. Fatty acid profiles of Wasabia japonica (a) leaf, (b) petiole, and (c) rhizome. Peak
1, palimic acid; 2, heptadecanoic acidSIS;; 3, stearic acid; 4, oleic acid; 5, linoleic acid; 6,
arachidic acid; 7, gondoic acid; 8 linolenic acid; 9, behenic acid, respectively.
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3P ol9 leaf, petiole, thizome® F-olA &20E mineral A

1059 F714dE FA3tAR A, leaf, petiole, rhizome?] F-9lA 7}

=

L=
A2 K(potassium)©] 1 o™, 43.75+4.35%, 65.02+4.21%, 181l 57.93+3.23% = z
YEFH A 285k FQ]LH-"/] T
3

A% GEENa)H 2ol Aol F
- g FEe

o Aol
z4%c JEFS AZ Y

o H 1o

Nl oﬂ “l‘i %EQO{ 9)]\-9-14' %_]—-E—Q] 95
ol EATH. ZFEH HEFS dd2 B gkl #A,
n X, MEZy L] 9 (electric potential)oll FFE FIA &=
dots 48 o =Y Z2FS oAUA Al Al &b 28, Alxe el

5SS X 2

280 5%
A AE U ole

o Yeh A

[e)
=

32

o] gk

2 ol off
o L2

A, JEEH 45 482 B3 AAA A2 Ax, AT £33} o9, Wste] §7),
2719 By §A T AEH e s @A DEL Ho AAE Bule 9F8E 3o 9
7Ise FA dEt 55 =HES AHYE 51, Y¢S HojxgA g
3t 22. Mineral compositions in Wasabia japonica
Minerals Compos.ition(%) .
Leaf Petiole Rhizome
P(phosphorus) 9.11£0.87%Y 5.34+0.56" 6.75£0.69"
S(Sulfur) 20.44+£1.97% 6.89+0.74° 14.92+1.22°
K(potassium) 43.75%+4.35° 65.02+4.21% 57.93+3.23"
Ca(calcium) 19.66+1.21° 18.99+2.09% 16.15+1.43°
Mg(magnesium) 6.61+0.43% 3.24+0.33" 4.02+0.29°
Fe(iron) 0.15£0.04" 0.08+0.02" 0.06+0.02°
As(arsenic) 0.05%+0.03% 0.06£0.03* 0.04£0.03*
Zn(zinc) 0.08+0.02° 0.04+0.01° 0.08+0.03*
Mn(manganese) 0.15£0.02° 0.14£0.03* 0.04£0.02°
Al(aluminum) 0.01£0.00° 0.19+0.03* 0.01£0.00°
Total 100.00 100.00 100.00

Data represents the meanzSD in triplicate. 1)Means with different letters within the same row are significantly

different by Tukey’s multiple range test (P<0.05).
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(Fohn Denis, 1912)°] w2} S48t #244% ARE 1 mg/mLE SRTE JHAIZ =

Z 40 pLol /5 200 uyLE 78t o37]o 2N Folin-Ciocalteu’s reagent(Sigma-Aldrich
Co., St. Louis, MO, USA) 200 pLE Y& 3 30x% i?‘&fﬂ‘iﬁﬁ} o] &M 30%
Na2CO3(Sigma-Aldrich Co.) 600 uLo} F/F 160 uLE 7Fstar E£F3te] 25Tl 4 2A13F <t
A W3 ¥ 750 nmoll A FREE SAHSATY. TH=TEFS é%‘%} | #18l A8 EF
HAEZ & gallic acidE AH&3EY 0-500 pg/mL =& 3t MEH LI YHOE 45}

[‘

ne e

< ABACRRE F EYds FFe ST
O &itsty

Fo aFyole]  d4ksE 2 DPPH(1,1-diphenyl-2-picrylhydrazyl)E  ©]-83l% radical
scavenging activityE o] &3t ZFA3IATHBlois 1958). AxH 1FWolE FEH ot

78 FES F=E (200, 400, 600, 800 pg/mL)Z 343 T A58 80 yLol 02 mM<2
DPPH &< (dissolved in 99% ethanol, Sigma-Aldrich Company) 320 yLE %3l 2R & 3
7CoA 3023 WAIZ T 517 nmoll A FR =S S8R oM, tha9o Aol thdste] 4t
39 & A A

ool

Radical scavenging activity(%) = (1 - A& H7IF9 FFE/AE TR §F35) x 100

¢ Radical scavenging activitys EHE IC50 (2A %5 50%0l 3ldstes MES )< A

=
Ar3hsit.

O Sinigrin?} AITC & &

F8 sinigrin? AITC & &Ust7] all Tsaos e WH(Tsao et. al, 2002)= 33}t
ARt AT 54 dxd o ] 1g 100 mL2] 50% acetonitrilex} &3+3led, 100 CTolA 1
AL FRY4E T3 VIES B8 FEHS F535te], o] HPLCE o]l &3t B4t &
To AH&H HPLCx= Agilent 1100 seriesE ©]-83F 1L, sinigrin® 74-¢- UV A <7] 228 nm]
Al FR1etR A, AITCE 242 nmollAl Flstdth. ZH -2 Cl18 Discovery (25 cm x 4.6 mm, 5
um, Supelco Co., Bellefonte, PA, USA))g AREEFATE ©] 572 0.025 M NH4OAc (pH6.75)
(A)$} acetonitrile (B)E AF&3lYd 4 1 mL/mine] £E2 1283 SHFAY. o5 Al 2=H

[o

& 9% A / 1% BE 283t EHFA, 50% A / 50% B HIERE 0583 FEA F, 758
b FASAT A 9% A/ 1% BE 1287HA A 20uLE FUske] 3RS S
AE Felski
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5ol 9 leaf, petiole, rthizome®| F-9ollA &lH S A& & Fds TF 2 it
(IC50)= oFfl Fol YetAT. FHlE FF2 leaf, petiole, rhizomeo] H-{olA 747
1,275.00+170.81 mg/100 g, 420.01+81.70 mg/lO g, 183l 382.22+60.60 mg/100 g E4 leaf
ANA 7HE e dEFe A FHEe] FFe A Fts Y Y dEFES 7HA
™, phytochemicalss T F X3ste SEFAHAELE ddA Utk ZFYolY leaf, petiole,
rhizome2] F-2JollA &lH 1C50< & W 7.64+0.54 mg, 17.24+1.17 mg, 16.95+0.61 mgo. = &
e wpef o] e FheFo] 94 S S VAT AR leafdll A THE & FEO
2 7 =8 d4E gA4S Vg 28 doH, o3t REE FH=F ol leafl
A 7P w8 dES Holve Axet dAEeE Aotk aFWol leafd HUH R ¢
s S VA= o E BdET

N
=
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3 23. Total phenolic content and antioxidant capacity in Wasabia japonica

Wasabia japonica

Leaf Petiole Rhizome
Total phenolic content 1
1,275.00+170.81a" 420.01+81.70b 382.22+60.60b
(mg/100 g)
IC50 (mg) 7.64+0.54b 17.24£1.17a 16.95+0.61a

Data represents the meantSD in triplicate. 1)Means with different letters within the same row are significantly

different by Tukey’s multiple range test (P<0.05).

3) Sinigrin®} AITC & #4

aFyole leaf, petiole, rhizomed] F-9lolA &lE 55 A& F sinigrin® AITCY FF=
# 16% chromatogram- 19 270 YEFHATE 7 17914 sinigrin®] 7d-%- retention©] 3.9
min A A A=A, AITCY A+ 11.60 min FFAlA A= AT Sinigrin? AITCY
1S A3l 200~400 mno] o] HE-S FRIg & mFolo] R sinigrin? AITCE
g1t At Sinigrin®] 7-¢- leaf, petiole, rhizome®| F-9lolA 11.95+0.91 mg/g, 10.42+0.23
mg/g, 183l 38.36+243 mg/ge AL, rhizomeolA F24(P<0.05)& H2 FFol
UEFSTH AITC 9A 5ol R oA rhizomeodl A 71 &2 &3S FlstAa, ol
Ads 2HAAAM AA st A7t dA st A3olH Sinigrine AFEo] Aot HeeFAA
tobAl E4F v 3eh-gS &t o] AB| e A ¢ (Ally isothiocyanate, AITC) /9]
7178 etk aFdole vientyt o] FAIRA AITCE F-4awte] axyt glof i,
dEdelst, 0157+, B ew, TEATH 5o ATHE dlde S4S dAIHIL oY
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19 27. HPLC chromatograms and UV spectra of a standard of sinigrin and (tR=3.90 min,
Amax = 228 nm) and AITC (tR=11.60 min, Amax = 242 nm): (a) recorded at 228 nm; (b)



recorded at 242 nm.

3t 24. Sinigrin and AITC contents in Wasabia japonica

Wasabia japonica

Leaf Petiole Rhizome
Sinigrin(mg/ g) 11.95+0.91b") 10.42+0.23c¢ 38.36+2.43a
AITC(mg/ g) 0.44+£0.02b 0.15+0.03c 4.09£0.06a

Data represents the mean+SD in triplicate. 1)Means with different letters within the same row are significantly

different by Tukey’s multiple range test (I’<0.05).

S|
~

O Vitamin C =

A

3P o9 leaf, petiole, rhizome?] F-9loA &RlHE & AZE F vitamin C FFS 3F 259
chromatogram-2 1% 28] YUEFH AT} Leaf, petiole, rhizome®] F-9|ollA 2}z 108.09+7.43
mg/g, 64.72+421mg/g, 18]l 94.17+6.97 mg/ge AUt FTH= FFH s &
Aol 'L HAAY leafoll Al 92 (P<0.050) .2 714 &2 FEFe st

3 25. Vitamin C contents in Wasabia japonica

Wasabia japonica

Leaf Petiole Rhizome

Vitamin C (mg/g) 108.09+7.43a 64.72+4.21c 94.17+6.97b

Data represents the meantSD in triplicate. 1)Means with different letters within the same row are significantly

different by Tukey’s multiple range test (P<0.05).
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19 28. Total ion chromatograms of vitamin C in wasabi. (a) standard; (b) leaf; (c) petiole;

(d) rhizome
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aFPolo] FEA FHAAE THE 28] 100 um polydimethylsiloxane (PDMS)2o.2 & ¥
5

75 mm, PTFE/silicon septum, aluminum cap, GERSTEL, Muelheim, Germany)oﬂ Y3 587
o AHzl® SPME fibers FY3ATH AlSE 60T heating blockol Al 2083t A=A, 3
AR SPME  fiberg B3 30% ¢ EZHHoW, A UL AHAELS gas
chromatography - mass spectrometry(GC/MSD; Agilent 7890A & 5975C, Santa Clara, CA,
USA)E 1023 &3 & &4tk 7] Ao 42 HP-SMS ZH(30 m x 025 mm id.
x 0.25 pym film thickness) S AF&3F T oju] EAZHOZ 08 25 = 40TCoA] 58 HFEE
L 200C7HA B9 5T £E2 52 AHOH, injector 25& 220CE 313 2™, carrier gas
¢l helium® F%2 1.0 mL/min, 83 split ratio= 1:10°]UT}. Total ionization
chromatogram(TIC)o| A &2 ¥ 2} A2 mass spectrum library(NIST 12)¢} FZdS ol &
3t BRI oH, 7 A5 @] AEL 93 WA olE VFoR o HA vadH s
100% &2 $Hitste] 2k &S50l 7HAE AU S oA Hl&(%) 2 YER AT

O A AL

GC/MSE &l 88 449 ¢d 7|88 GC/MSDoll &2HE  Olfactory  detection
port with heated mixing chamber(ODP 3, Gerstel, Linthicum, MD, USA)E ©]&3l, 344
Ed g AFAY $4E& T sniffing testE HAAIFATE /Aol 7= £+ HAE A
oo} AlZto] Zghe] wWE F7to] WA o] TAEHE S Este, 3HY sHE AIATE
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O %2} = (Electronic nose) &4

AP E EHE 8l AR 1 mLE headspace vial (22.5x75 mm, PTFE/silicon septum,
aluminum cap)°ll ¥ 40CoA 500 rpm = 5%t wRISIAA headspaceE ZF AT A
SABANHAYIE AHEste 1,000 pLe] FLHAPES HI & A (HERACLES, Alpha MOS,
Toulouse, France)Z T3t 1, F 71 column (2 mx0.18 mm DB5/DB1701) ¥ + 71¢]
flame ionization detectors (FID)E 43} Th Oven &%+ 40TolA 523t FAHAL 27
0C7HA = F 4TE FsAA 3027t FAHASH, F4 7129 flow rate= 1 mL/min% th.
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o 5ol FEEY ASEAARSY &8 AAYES FFs7] s A4 1FYo] FEE
= A3 AA AH|(ASTREE electronic tongue II, Alpha MOS, Toulouse, France)E ©]-83}51
|+ 77FAl sensorg 7}Z module(Sensor array #5, Alpha MOS, Toulouse,
France) & AF&31992™ 77}A] sensor % SPS$2} GPS sensori= standardZ2A4] A& EAEUE=
B go R Agarglom, SRS(A1T, STS (A1), UMS (7435, SWS (23, BRS (23hH< o)
#38k= 571A] sensors AHESFATE 2709 HAR Al eF 57FA] ubA ol 71918k sensors
Z}7+ 2] sensor response®] AHEol we} 0-129 WHEE e
A BEZE IRASEH. Alse 1%Y 52 25T 5 o 72 (Whatman
No. 1, Whatman, Kent, UK)E ©]8-3} sensor2}e] HH-&- E849 particles Al
A &7 AE 100 mLES 48 Fe&7]d "ol ot A& SA 7] g Be AlEe 73
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aFyol 9 leaf, petiole, thizome®] F-#lollA FRAHE EF A& 5 VALY FHFE £ 2
chromatogram< 138 199 YERNITE 1150l 2] leaf, petiole, thizome2] F-$1o A 7}
& RS #AAs HH, AITCO §Fe] 7M w2 A= st AITCo 7
retention time®] 7~ °F 11.50 minol A &U3}FS L, reten index®] A% 914E sttt 1L
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19 29. Total ion chromatograms of Wasabia japonica

rhizome, respectively.
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3 26. Volatile compounds in Wasabia japonica

Compounds RT (min)? RI? Content(ug/1 g) . OdOIT Od.or.
Leaf Petiole Rhizome intensity description
Acids
2-Hydroxy benzene methanol 5.43 <800 0.34+0.49 nd nd
Dimethyl silanediol 5.81 <800 nd 7.71+10.90 nd
Trifluorolactic acid 18.81 1144 nd 0.08+0.11 nd
3-2-Methyl phenyl pentanoic acid 27.26 1452 0.10+£0.14 nd nd
2-Tridecyl ester methoxy acetic acid 27.90 1481 0.69+0.98 nd nd
Alcohols
1,8-Cineole 16.29 1061 1.81£2.55 nd nd
2,5-Dimethyl-2,5-Hexanediol 16.42 1065 nd 2.02+2.86 nd
Aldehydes
2-1-Phenanthryl benzaldehyde 14.58 1005 0.27+0.39 nd nd
2-Hexenal 19.26 1159 nd 0.08+0.11 nd
3-Hexene-1,6-dialdehyde 24.82 1361 1.17+1.65 9.42+13.32 nd
Hydrocarbons
Ethyl-1,3-dithio isoindoline 8.51 827 5.71+£8.08 0.64+£0.90 nd
2-Methyl-5-dibenzazepine 9.52 858 0.64+£0.91 nd 4.47+6.32
1-Heptadecene 19.10 1154 0.05+£0.07 nd nd
Azulene 20.13 1187 nd 1.22+1.73 nd 1 Wasabi
Nonadecane 25.74 1396 nd 1.08+1.52 nd
Tridecane 26.39 1411 0.86+£1.22 nd nd
Heterocyclic
2-4'-Nitro-2'-thienyl pyrimidine 8.65 832 nd 1.73+2.45 nd
Isopropyl isothiocyanate 9.91 869 nd nd 1.37+1.93
3-Methyl isothiazole 11.11 901 4.93+1.32 2.84+4.01 8.67+12.26
Allyl isothiocyanate 11.50 914 71.51+£8.14 8.99+12.71 117.80+£166.60
Diethyl-1-propanamine 12.25 938 0.99+£1.39 nd nd



4-Isothiocyanato-1-butene
Dihydro-5,5-dimethyl-2-furanone
2-Ethyl-3-methyl-4-phenyl-6-chloroquinoline
6'-Formyl-6-trimethyl silyl
ethynyl-2,2'-bipyridine

Paromomycin

2-Chloro-3,4-diphenyl benzofuro pyridine
3',4'5,5" 7-Pentamethoxy flavone
Tetramethyl pyrazine

Ketone
1,7,7-Trimethyl icyclo-2.2.1-heptan-2-one

13.94
14.12
15.36

15.66

18.84
20.26
21.19
22.50

19.75

987
991
1032

1041

1145
1192
1226
1273

1175

3.01+1.74
nd
0.32+0.45

nd

nd

nd

nd
0.09+0.13

46.63+65.95

nd
2.51+3.55
nd

0.12+0.17

nd
0.09+0.13
0.39+£0.55
nd

nd

3.59+5.08
nd
nd

nd

0.36+£0.52
nd
nd
nd

nd

Data represents the mean®SD in triplicate.
D RT: retention time
2 RI: retention index

¥ nd: not detected



O %2} = (Electronic nose) &4

I FP oY leaf, petiole, thizome2] F-2lolA &l Fr| 7 FFS AAZ +4S FalA
glE dHE F 279 chromatograma ¥ 309 YEFHAT. TFYol leaf, petiole,
rhizome®] F-9ollA 71 £& VP ES & B, AITCO o] 7HE & A= &
AR F 10709 F8 peakE U3 IL, F 83 peaks SHA peak® HEH AITCY
Fe g3t AITCE = garlic, pungent, sulfurous®] odor description®. 2 Y& A o
H, 7 7HA A A5 A3 e AdAE FAsA L, MXT-594] leaf, petiole, rhizome
o RjollA  345.78+48.90, 1,309.28+160.62, 13,426.24+653.002] peak areaS QA1
MXT-1701 AP A ER1E AITCS| gHFoll A 894.58+33.15, 1,683.31+204.42, 4,785.69+211.612]
peak areas FlstAth o|#d A= SPME F3F3 GC/MS #4< &3l |zl Axe} vl
<=3 S EA3¥TE. 18 30014 AITCS 7% retention time? 7% 80~90 minolAl 7
Zo] o]Fo] Hrt F ZIX 9 FHAF AHEo gk AA FYol leaf, petiole, rhizome
o] FHolA rhizomeol Al 7HE = A AITCE AU, $A £ 16914 dFH
sinigrin®] A& LA A&l obd A&Eolzt GC/MSeF HAtFoA = &lH o] oY
At
2 Aol AHE-¥ Heracles I A}
= (]:] =42 MXT-5 / oFst=Ae
EFYez FA F 719 FIDE
Holltrapol F&HE ol B A s =
EZrtE T3] peak®] retention tim
o] FH (3}, o]F, EAF, RI, CASHZ, description &)°] ?%H‘H 9}1”4-.
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3 27. Volatile compounds in Wasabia japonica using electronic nose

(peak area x 10%)

RT? (min) MXT-5 MXT-1701
i MXT-5 MXT-1701
No Compounds Sensory descriptors ) Leaf Petiole Rhizome Leaf Petiole Rhizome
(RD)? (RD)
1 Hexadecafluoro 10.63 9.45
- 2.33+0.16 3.05+0.12 104.96+13.9 3.02+0.43 3.87£0.12 111.83+14.05
heptane (363) (388)
alcoholic, pungent, 13.18 14.71
2 Ethanol 2.15+0.29 1.65+0.08 479.39+34.03 nd nd 1,40.23+112.84
sweet (427) (545)
. 15.85 16.93
3 2-Propanol alcoholic, etheral (@92) (604) 10.25+7.8 11.15+0.85 231.70+11.30 6.03+2.01 10.47+1.21 178.33+40.38
4 Ethyl 68.89 79.46
apple, green, sweet 7.02+1.12 22.69+0.81 428.39+58.59 6.81+0.84 24.79+0.87 466.56+68.43
2-methylbutyrate (839) (921)
. . garlic, pungent, 85.90 99.08 1,309.28+160. 1,683.31+204.4  4,785.69+211.6
5 Allyl isothiocynate 345.78+48.90 13,426.24+653.00 894.58+33.15
sulfurous (876) (980) 62 2 1
. ) ) alliaceous, cauliflower, 100.21 105.75 5
6 Dimethyl trisulfide . nd” nd 950.91+99.54 0.06+0.01 0.25+0.17 871.83+60.04
onion, rotten food (955) (1,031)
apricot, friuty, very 103.04 109.75
7 Amyl propanoate 2.14+0.25 1.6+0.34 235.05+24.21 nd nd 241.11+25.90
sweet (971) (1,054)
carrot, garlic, 108.39 114.31
8 1-Octen-3-ol . 44.00+6.20 105.01+19.11 262.59+32.82 6.65+3.33 1.82£0.25 277.21+44.86
herbaceous, spicy (994) (1,091)
. 120.29 124.36
9 Linalool green, muscat, parsley 5.59+2.11 1.5+0.13 597.26+64.23 5.84+2.71 1.34+0.05 647.26+73.67
(1,096) (1,196)
green, herbaceous, 131.60 134.85
10 Decanal 0.53+0.21 0.42+0.03 74.82+9.47 0.65+0.39 0.83+0.14 78.62+9.91
orange, peel (1,206) (1,315)

Data represents the meanxSD in triplicate.
D RT: retention time

2 RI: retention index, ® nd: not detected



0 0m 2 3 O N 8 N B0 P oW N oW W W W

B EE

:

nm a2 » & % & 0 Y P oW W oW AW W R

@

Response
E B B .

B

= .

00 2 2 4 N £ 0 & F W oM @ oM OW B T
Retention time (sec)

19 30. Chromatograms of Wasabia japonica parts by electronic nose. (a) leaf, (b) petiole,

and (c) rhizome, respectively.
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19 31. PCA plot of Wasabia japonica parts by electronic nose. (a) leaf, (b) petiole, and (c) rhizome, respectively.
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19 32. Peak patterns of Wasabia japonica parts by electronic nose. (a) leaf, (b) petiole, and (c) rhizome, respectively.
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19 33. Peak distance of Wasabia japonica parts by electronic nose. (a) leaf, (b) petiole,

and (c) rhizome, respectively.
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19 34. Sensory plot of Wasabia japonica parts by electronic tongue. (a) leaf, (b) petiole,

and (c) rhizome, respectively.
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St FYolo] uj&uts AAst= 3ELS glucosinolate 3HEHES] UFQI sinigrine @ 4
A 9om, sinigrin AHAlE wl&8ts 7FAA] g2y myrosinasee] &3] ZhEE #AAFE AR
% allylisothiocynate(AITC)7F A=A ZA€gr 3 wesgte] AAHEATHChin & Lindsay
1993.). 2l & Ao =A)3}+= glucosinolate 33HES M E oA HE} FASE 47| Fol AP E
of EAetH, A7} vtgd wf M Eute] Adste] EAsk= G40 Y Tl Ho ohef
gk 313 ES AYAdgti(Hara et al. 2001.). ©]2] ¢k myrosinase-glucosinolate system©. 2 131§ 0]

E3s ARl A EE OoFd ZieAdel el BRart o] RoAa e, A&, &%)
=228 9l Escherichia coli, Staphylococcus aureus, Saccharomyces cerevisiae, Aspergillus
oryzaeol| thdt A8 H B WAA Aol i I &7 Aol RuFEHAeH, HZ
Ao A= wasabie] AITC AEo] dN-g A, A4, FAAY, &4 LD g4k 37}
sttt R E S okDorsch et al. 1984.; Bennet & \X/allgrove 1994.; Morimitsu et al. 2000.).
AFYolE AFY &AAEA o] &3 AFE B AATE, vinegar B AAA o] 83 ALY
7b ew, aFyo]l Aol ol#d wWaY sAo IFE mXITa B¢ thShin 2015;
Rha et al. 2004). webA] 2 A5 15FYole] 274, 99, 181 d9 #ed A& g3
I, aFgele] RE o] &3 ARIPHA AF NEE A% MExAEE F&stua ot

7hH A9 U

Az E o] &3 vt AR B4 79 2 FEU wE aFdo] AEo] VA= ut AR 9
HJEHe 57Fx vk A E(SRS, STS, UMS, SWS, BRS)Z} 270¢] referenceol] #<fst= Al A (GPS,
SPS)¢} 171¢] reference electrode(Ag/AgCD)7F 2+l 2213 (ASTREE I, Alpha MOS, Toulouse
France)E o]&3te EX43H . o]lF SRS&= Algh STS&= &4k, UMS= Z-&ul, SWS+ ok,
BRS+= #uts 7AsHA, GPSQ} SPS& AAM S HASI= ZFAAME AEHAS —rﬂ‘ﬁ 4y
g+ 1 g9 /N AZES 100 mLe] HAFolA 60° ColA 150 rpme.Z 60 #3F wHks}HE A
ot AES FE3A L, OZ]J'}% Tl n¥EH B dFE v X= HAHE particles A|A
3ttt 100 mLe] AlE e HAE An)eo] samplerol] A3 & AAE 1202 F9F HE&) 4
AEES BA3H T, EAAANA AE F LALAE 3 AAE AE B4 J%Zsoﬂfﬂ XqXﬂ—r
£ ol&3te AAHE WPt TAEA o
< A3 @2 3 vES S HaAH EEHAE FA vlwstda, 7z *‘%4&‘«] AMZE 7’*«]
98 Aol= Tukey’ s multiple test(P<0.05)E ©]-&3t3 2™, SAS =1 3(Statistical Analysis
System, Version 9.0, SAS Institute Inc., Cary, NC, USA)S E3& Yebfidch HAts 240 A
8= s EAe W st (Discriminant function analysis, DFA)3} FAE £
(principal component analysis, PCA)Z& &EsliA AE3 71E Bt A& e sid& st
(Kim et al. 2018).
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W Az
aFgole) R FE2&ujo mE Bt AR AolE HASE Tl Fskda, LY. ol
BRIt Slel A sourness®] ¢ & F= A-%7F 50% ACN AFHT tha 9o,

saltinesse] 4% HAl Hl=g AHIFES YEMAT. SATF umami, sweetness, 1E|il

bitternesso| A+ 238 & FE=HT 50% ACNQI 497F o ZsHA yebdt el A4¢

o2 1299l 93 Z7 B} saltinesset

umami”} 73*0}71] UrE‘r""——"—q FE8uy FE50 o3 Aol FHEHA ZdT. AITC
[e) (@)

?%.Ti HL =2 /\}a}x] EAo] glon, HLolles ©uks, T2 43 kS upx|uto)

= o]f7} 1F4ole pungent principlec] MAEHE= 34 o] 9

2 31 sk W] 7 ZL sigrinineo] myrosinaseol] ]3] 73]

HHA @oks W& glucoseet 2uts W& &sles ZF 9 ul&3k& U= AITCrF A4 st
= A
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10.0 ‘ 100

80

6.0,

Bitterness .

- Saltiness Bitterness «___ e -+ Saltiness
—— DW-mild —— DW-mild
— ——DW-hot — ——DW-hot
~==e== BO%ACN-mild eemenee BO%ACN-mld
e 50%ACN-hot i 50%ACN-hot
Sweetness “Umami Sweetness ) Umami
4 Soumness
Bitterness .. . Saltiness
—— DW-mild
— ——DW-hat
------- 50%ACN-mild
- 50%ACN-hot
Sweetness “Umami
=2 ul AH3

a9 36, AR S ol g wFuo] F9M FExA
%

e, BEH, (O

A gk AEo] Yell= AHRE o] &3le] principal component analysis (PCA)E F3%+
loading plots Adstda 19 379 YeplSlth. Loading plote] ZA¥ PC1(49.02%)l
positive correspondencedt BF AE-2 sweetness’} 7 A 1 OS2 saltinesse}
sourness’} &1 = N0 H, negative correspondencedt A &2 umami®} bitterness7F &< = 3
t}. PC2(37.45%)°l A& saltinessE Al 2|3+ umami, sourness, bitterness, 183 sweetness7}
positive correspondgt A o2 YUEFGTH
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1% 37. Loading plot®. = 4% HAHE 53 B4R &4

Loading plotoll Al Yebd 71 B3t A 2o patterng o] &3l nF Yol FEE Zzteo] X
EAS Yelgr] 93l discriminant function analysis plot &2 WeRo] 18, o A ASFA
o). DF1(83.26%)°ll positive correspondencedt 73} negative correspondencedt G| ™
3t cluster7}t EelEom, 243 Ao =0AAHoA A9 cluster7} BE359 T 1A
9k DF2 (14.05%)° &g EXA = ddA & FZ(code A9t B) # 50% ACN F=Z(code C
o} Dol &gk Fio] EJAHUY. =3 GHAAME E F=(code E9F F)3} 50% ACN F==

-

(code G} Heoll &gt FEE SAFHAT. 7S AL A ol A8 gt A8 F

’O‘H B clusteringe] 7Hs53 ARE RAEUT AR B o3 uw HEe Ays

FWoleo] HEedE bkt AEEY BEHQ vt ARY ZHA 9% AoE ATEM, o
o= SMET

Eﬁ& B3 Ql v AES /¥ sensort &S A
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1) Sinigrin® AITC 33 &4

=

DR ER

FoE sinigrind} AITC 38 3<U3l7] 98] Tsaos2 WH(2002)S W3] A&
54 dzd 1F49Ye] 1gs 100 mLe 50% acetonitrile?} &33ted, 100 CollA 1417t 371
e T MEE B FEAE G534, o|F HPLCE ol &3t BAs At A+ A&

HPLCE Agilent 1100 seriesE ©] €319, sinigrin® 7% UV HAZE7] 228 nmol4 &<13}%
a1, AITCE 242 nmeollA FlstAth. ZH- C18 Discovery (25 cm x 4.6 mm, 5 um, Supelco
Co., Bellefonte, PA, USA))= AH&3t3ith ol&4d< 0025 M NH40Ac (pH6.75) (A)<h
acetonitrile (B)E AH&3tY 4 1 mL/ming HEE2 1283 T FUY. o4 A=®HS
9% A / 1% BE 283t THFU, 50% A / 50% B2 BIE&E 0583 F5A F, 7583
FABFAY. A 9% A / 1% BE 12E87HA FAISEA Y. 200LE FYU3t] 328 S A3
£ gelststh

aFgole] FLfolA 7H} &L sinigrin® &S Eol& rhizomeol Al o7 7HA FEH I
£ signirin®] < 3E 20004 UERH A, 279 chromatogram-2 1% 25-27¢] YUERAAL
o FEUAE A5 FEZFDW cool), EF F=(DW hot), 50% acetonitrile®] A& F=
(50% ACN cool), ZL2]aL 50% acetonitrile®] @5 FZ(50% ACN hot)< ©]&3t3ATH 4714 F
Zoll A leafe] 79 A5 FZ(DW cool)@ EF FZF(DW hot)o| A= sinigrine] WeEbA] oF
ko™, 50% acetonitrile®] A2 FF (50% ACN cool)® 50% acetonitrile®] EF FZ(50%
ACN hot)ol 4 12.14%0.11 mg/g@ 11.760.13 mg/gS &A3}FH T} Petiole2] oA A2
T FZ=(DW cool)I dF F=(DW hot)oll A+ sinigrin®] YEFUYA] 243k, 50% acetonitrile
o] A& F% (50% ACN cool)@} 50% acetonitrile®] B FZ(50% ACN hot)oll A 10.48+0.01
mg/g¥ 10.36+0.10 mg/g= <15 h Rhizomed] A F-ANAE A5 FZFDW cool)? EF
FZ(DW hot) A= sinigrin®] WEFYA] ko™, 50% acetonitrile®] A FZF (50% ACN
cool)# 50% acetonitrile®] €+ F=(50% ACN hot)oll A 25.10+0.43 mg/g¥ 51.62+0.35 mg/g
< FUstA, LI FELAY o 50% acetonitrile®] A& FF (50% ACN cool)¥ 50%
acetonitrile®] @ FZ(50% ACN hot)oll A EF leaf® petioleo| Al ¥oixl gtHh FojH o=
2 TS gl A Th(P<0.05).
aFYolef Feo M M =S AITCO &< Hol= rhizomeol X o8 7HA] FEw ol ot
< X 2194 YeER A, ZH2He] chromatogram< 1% 25-27¢] YERJ LT
T FZ(DW cool), EF FZ(DW hot), 50% acetonitrile®] 22 F= (50%
al

50% acetonitrile®] @4 F&(50% ACN hot)& ©] &3ttt



3 28. Sinigrin contents in Wasabia japonica (mg/g).

Wasabia japonica

Leaf Petiole Rhizome
DW cool ND ND ND
DW hot ND ND ND
50% ACN cool 12.14x0.11bA 10.48+0.01cA 25.10%£0.43aB
50% ACN hot 11.76£0.13bB 10.36+0.10cA 51.62+0.35aA

Data represents the mean=+SD in triplicate. "Means with different small letters(a, b, and c) within the same row
(different parts with same method) and means with different capital letters(A, and B) within the same

column (different methods within each part) are significantly different by Tukey’s multiple range test
(/X0.05).

474A FEAA leafe] A AL FEFDW cool)@ 4 FEDW hot)oll A 0.59+0.02 mg/g
7 0.15+0.01 mg/ge &AL, 50% acetonitrile®] A FZF (50% ACN cool)™ 50%
acetonitrile®] ¥4~ FZ(50% ACN hot)oll Al 0.28+0.01 mg/g? 0.23+0.01 mg/gS IS T
Al sinigrin®] Ay} o] FHT FEFHT 50% acetonitrile WS FEoA EL& AITCY
TFS RIS Petiole®] A9 A2 FZ(DW cool)@ €5 FZF(DW hot)oll A4 0.09+0.01
mg/g¥ 0.07£0.01 mg/g= &A3ERIL, 50% acetonitrile®] A= FF (50% ACN cool)3} 50%
acetonitrile®] € FZ(50% ACN hot)ollA 0.00 mg/g¥ 028+0.01 mg/gs sATH
Petiole®] 74+ 50% acetonitrile®] A2 F% (50% ACN cool)ollA= FAHA FUTt
Rhizome®] 7-¢ A& FEDW cool)¥} E5 FZ(DW hot)oll 4 6.98+0.06 mg/g¥ 0.00
mg/gs &AL, 50% acetonitrile®] A2 FZF (50% ACN cool)¥} 50% acetonitrile®] &
FZ((50% ACN hot)ol Al 1.19+0.04 mg/g¥ 0.22+0.01 mg/gs FAsIAT TLdF ZFF

50% acetonitrile & FEx7o] AYE A Ashe W FHHoE 2 FFe &
itk olg’ Ades A FAA AITCY FdiEe] &4HMe 7t
At &7 YAFAE ARRSIA kAR, FPEEo] £4dd TheAo] Aeoer A

o}

off
ox
ftlo
N
N
mgl_‘,
i )y

3% 29. AITC contents in Wasabia japonica (mg/ g)

Wasabia japonica
Leaf Petiole Rhizome
DW cool 0.59+0.02bA 0.09+0.02cB 6.98+0.06aA
DW hot 0.15+0.01aD 0.07+0.01bB ND
50% ACN cool 0.28+0.01bB ND 1.19+0.04aB
50% ACN hot 0.23+0.01bC 0.28+0.01aA 0.22+0.01bC

Data represents the mean£SD in triplicate. "Means with different small letters(a, b, and c) within the
same row (different parts using same extraction method) and means with different capital letters(A, B, C,
and D) within the same column (different extraction methods within each part) are significantly different
by Tukey’'s multiple range test (/<0.05).
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13 39. Chromatograms of leaf by various extraction methods
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19 40. Chromatograms of petiole

by various extraction methods
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1% 41. Chromatograms of rhizome by various extraction methods




et 2FE 7 5ol i e Fdls FFE Folin-Ciocalteu's®]
5 . £ 1 mg/mLE FFTE 3HAZ F 1 F 40 pLol
F5 200 uLE H7Fste] 7]l 2N Folin-Ciocalteu’s reagent(Sigma-Aldrich Co., St. Louis,
MO, USA) 200 yLE ¥ ¥ 303 T3t o] & 30% Na2CO3(Slgma -Aldrich Co.)
600 pLet F7F< 160 uLE 7Fstal E3ste] 25TAA 2A%F < BA] ¥E&-g 3 750 nmol A]
FEEE S48 FHsdEFe AT A8l AHSE EF=EEE gallic acidE ARES
o] 0-500 pg/mL == st AEI T} YPOoR FHste] A2 AFAHe= HH & &
dils dEFS A=A
Fo8 aFWole]  d4ksE 2 DPPH(1,1-diphenyl-2-picrylhydrazyl)E  ©]-83}l% radical
scavenging activity & ©]-&3l ZAsIATH16). AxH 1FWolE FE=HH wet 2/E ¢
B2 (200, 400, 600, 800 pg/mL)E FAF = A=A 80 uLol 0.2 mMe] DPPH %oﬂ
(dissolved in 99% ethanol, Sigma-Aldrich Company) 320 yLE ¥ 3 %3 & 37Tl A 304
L AR G5 517 nmollA FREE SASI oM, s Aol tidste] Fastge S48
AT

Radical scavenging activity(%) = (1 - A& H7IF9 FFE/AE TR F3E) x 100

aFgole] FefolA o2 7hA] 22U wE FHEe FEe & 30004 dEldTh vzt
A FZ A leafd AF HF FZFDW cool)@ € FZ(DW hot)ol A 0.11+0.01 mg/g¥t
0.12+0.03 mg/g= FA3ARIL, 50% acetonitrile®] A2 F=F= (50% ACN cool) 50%
acetonitrile®] € FZ(50% ACN hot)ollA] 0.15+0.02 mg/g# 0.13+0.02 mg/g= Z<3FAT
Al sinigrin®] A9} o] FR{HF FEET 50% acetonitrile &2 FENA £ FH =9
FFS 15T Petiole?] A9 A4 FE(DW cool) 5 FZE(DW hot)ll A 0.05+0.01
mg/g@ 0.04+0.02 mg/g= &A3FAIL, 50% acetonitrile®] A FF (50% ACN cool)3} 50%
acetonitrile®] € F%(50% ACN hot)oll A4l 0.04+0.01 mg/g¥ 0.04+0.01 mg/gs <At
Petiole®] 749 50% acetonitrile®] A FF (50% ACN cool)olAl= ol Aol F<l
HA %UTHP>0.05). Rhizome®] Z-¢ A5 FZDW coo)@ €5 FZDW hot)oll A
0.05+0.01 mg/g¥ 0.03+0.02 mg/ge= ZU3FAIL, 50% acetonitrile®] AL F= (50% ACN
cool)# 50% acetonitrile®] € FZ(50% ACN hot)ell A 0.04+0.01 mg/g¥ 0.04+0.02 mg/g=
gttt Aoz hx] FEHo the FHE HlwoME A AFTE HEel ol

leafoll Al 7F =& Z9% srake 3olstgn)

Olt



i 30. Total phenol contents in Wasabia japonica.

Wasabia japonica
Leaf Petiole Rhizome
DW cool 0.11+0.01° 0.05+0.01° 0.05+0.01°
DW hot 0.12+0.03° 0.04+0.02° 0.03+0.02°
50% ACN cool 0.15+0.02° 0.04+0.01° 0.04+0.01°
50% ACN hot 0.13+£0.02° 0.04+0.01° 0.04+0.02°

Data represents the mean=SD in triplicate. "Means with different letters within the same row are significantly
different by Tukey’ s multiple range test (/X0.05).

aFYolef FRolA o] 7HA FEHC wE sl A=E & 3104 YERHIIT 4
7HA FZo A leafe] AS A4 FZEDW cool)@ @4 FZ(DW hot)dl A 6.72+0.77 %<}
8.82+0.62% 5 U3l 3L, 50% acetonitrile®] &2 F= (50% ACN cool)Z} 50% acetonitrile®]
¢ FE(B0% ACN hot)oll A 7.47+0.12% S} 3.14+1. 83%% FA3FATE A sinigrine] A}
2] /T FEHEU 50% acetonitrile 89 FEoA 22 IS FASAT 1A
oAl AFo](P>0.05)= HAEA 3kt Petiole®] ¢ A5 FZF(DW cool)@ €5 F
Z=(DW hot)oll Al 2.05£0.26% %} 3.17+1.61% 5 <UL, 50% acetonitrile®] AL F= (50%
ACN cool)@ 50% acetonitrile®] B FZ(50% ACN hot)oll A 3.43+0.54% <} 3.13+0.68% =

A3 Petiole?] ¢+ EE F=XANA leafoll Al HO= {FoH olz v ﬁo]ﬂ
ATt (P<0.05). RhlzomeA 3 A& FZE(DW cool)@ EF FZ(DW hot)oll A 2.62+1.49%
9} 1.60+0.62%E &<13tH3, 50% acetonitrile®] A F= (50% ACN cool)@ 50%
acetonltrlle«] A4 F=(50% ACN hot)oll Al 2.96+0.80% <} 4.43+0.48% 5 ZUstAth. AA AL
2o gk o8 vl E I AFT H}Q]r 2ol leafoll Al 7 =2 ¥4t
1, FHs T Ao FYI dHS Hol= Ao HFRo & 0 FTH=E

7} positivedt correlation®] & Z o2 dATHETH

3 o

N r2orr

o

A

3t 31. Radical scavenging activity in Wasabia japonica (%)

Wasabia japonica
Leaf Petiole Rhizome
DW cool 6.72+0.77° 2.05+0.26° 2.62+1.49°
DW hot 8.82+0.62° 3.17+1.61° 1.60+0.62°
50% ACN cool 7.47+0.12 3.43+0.54° 2.96+0.80"
50% ACN hot 3.14+1.83° 3.13+0.68" 4.43+0.48

Data represents the mean=SD in triplicate. "Means with different letters within the same row are significantly
different by Tukey’ s multiple range test (/X0.05).
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o aFygo] FE2E AegRAaAESY &8 FAHes F8r] f 4 Ao FE=
< 17A38] AlA AH(ASTREE electronic tongue II, Alpha MOS, Toulouse, France)E ©]&3}
Atk AAs FA4 AX = 77 A sensorg 7FZl module(Sensor array # 5, Alpha MOS,
Toulouse, France)= AH&3}31 0.7 77}A] sensor & SPS$€F GPS sensori= standard 241 A& &
MRoes BAPgoz ARgEH o, SRS(ATH, STS (&dh), UMS (#&dh), SWS (&ah), BRS
(Z8H< tE3H= 57HA sensorg ARESIATE 2719 BAE AlA e} 5714 g R 7]As=
sensor= Zt719] sensor response®] AL we} 0-129] W E e vt 2302 WIS, F
44 Bt BEZE st AEe 1%9 52 &g STl AT

(Whatman No. 1, Whatman, Kent, UK)E ©]&3}% sensore}e| WH&-& wWajstes &
particleﬁ AAG =7 AFE 100 mLS 48 fFel&7]dd Fof ot A& A7

ot

ox
iz _l

NgE 73 WHEsle] AAstgon Y MEo B4 ¥ sensort rinsing 3 & 58 o]
/‘:‘-Lé—oﬂ 3k o] st e dAs] AAT F AFES P A2 gk A Ao
radar plots 3 7HE ot A&t HlwE A A8k

fr 2

35 3 320 YERAIUTE 471A

.
Aors g918t9 a3, Buke F&v

aFYolef FLfol A o 71A] FEHo] wE vt AEe |

FZollA leafd] A5 A2F FZF(DW cool)ollA 7Hd 2 4

Ho| ME xpolE A9 YA 2%, Umamie A5 50% acetonltrlle«] A2 FZF (50%

ACN cool)# 50% acetonitrile®] €+ FZ(50% ACN hot)oll A -3 3t 79 2 745 YEHY
2 F=

=
ATk T 50% acetonitrile®] A2 FZF (50% ACN cool)@} 50% acetonitrile®] @4 FZ(50%
2

d
ACN hot)oll A iAo E H& w@utd} &uks &Rttt Petiole®] 73-%- 50% acetonitrile®]
<+ F=(50% ACN hot)oll A A2 £ AlvkS I8t 1 @”L«] = FEHEY
= @¥o] =A FUdn AN 7HA EfAM = M =2 @'5’\}9] % Y ERH AT
Umami®| 73-5- 50% acetomtrlleA AL FF (50% ACN cool)¥} 50% acetomtrlleA A5 F=
(50% ACN hot)ell A =3 gt 82 Bl 985 UEHUWAH. d3Y Ae= S/HT F=°] 50%
acetonitrile €9 FEZRUT= o4 =943, £20ks AT d8H-E& YeEl A &t Rhlzome-‘?]
A5 SF/T FF°] 50% acetonitrile &4 FEET+= F2 Aluts YEFAL, &Bte] A=
A F Fe 22 AHE FHAE AolE HolA &gtk Umamiot ©ote] 7% —%—%
W E ddo] ¥gten, &3 Fe TFT FEEUE 50% acetonitrile & FZE o A
ZstAl AU 2 AF= g AR OE udd FEES 1ol RoE &gt
of, doAd e FHu FEHS ol &steT 7 HolHE A3E AR ATHT



3 32. Sensory data of Wasabia japonica parts by electronic tongue.

Sourness Saltiness Umami Sweetness Bitterness

DW cool 7.6 6.6 5.2 59 49

DW hot 6.5 6.6 5.6 5.9 51
Leaf

50%ACN cool 6.0 6.3 7.9 6.2 6.2

50%ACN hot 6.9 6.5 74 6.3 6.3

DW cool 6.5 7.2 6.1 6.2 5.0

DW hot 6.3 74 6.1 6.1 4.6
Petiole

50%ACN cool 6.4 7.4 8.2 56 6.2

50%ACN hot 8.1 7.5 9.8 59 54

DW cool 6.8 4.4 5.0 6.4 55

. DW hot 53 42 3.1 8.6 58

Rhizome

50%ACN cool 29 4.0 3.6 8,9 8.3

50%ACN hot 2.7 4.0 4.0 59 8.2

aFYols] FEUo| i FHES st f& MAE T MdTE Fgstin. g
g AFY ALS f8l MR AFT(FE, 2AA, oF, Bt)E AAsAT. AF A A3
o] 85+ IY, Test tube (TFFT 9 mL), Sample ¥ (FFF 90 mL), & Z83 7|F&
Auto clavedl 121TC 15 #3F HEH3ldon, 13 yo] JEHEE FEZHE sample o 1% 43
Y 7283 AFHY. #2838 sample 10 g% sample Wol Y3 wykgic} 10u] A8 8
S test tube ° 1 mL 23 3143}, 1008] 314 3] &HS test tube o] 1 mL YL 3|4
ot HEEAQ] A S F8) 1,000 A E &S AP AMESERL, A ¥l we e
sttt AdE A F7F F4e Bl 7d5E FlstAdth AHEE Petri filmol FEFE 1 mLe
HAE F TR FES =dA E4HAIZIAL incubatord 35+1°7TC vl FSIATE (48A1%1).
Samples 35+1C oA 2~3A1%F v & £xH 082 FHst FEH WE 8-S &<l
st

) A3

FFYole rhizomes 8% FE2Z W2 Jy Eo didlA AT AREE AFS
A < o] &3 diNHTE Elg A7

sto] 7L A ATHE 2528, 1Y 28-31). o =
28] ZHAAAE Aol AEHA oka, A A RE o] AR, 50%



acetonitrile®] @ FZ(50% ACN hot)ollA 7Hg ¢33 Fdde A8, d2F 5=
(DW cool)# D4 FZDW hoyoll A e a8 Hlatqth oW ZHo)A Aok =
ZDW cool)? D5 FEDOW hotoll e 24 278 A257t A9, 28y fze
ot £& AdsE FQlsAT (3 33, 19 42).
3£ 33. General bacteria in fish cake by rhizome extracted with various methods
Fish cake Control DW/Cool DW/Hot 50%ACN/Cool  50%ACN/Hot

1 0 0 0 0 0

2 0 0 0 0 0

3 4.6x10° 4.2x10° 9.5x10° 2.5x10° 6.0 x 10

4 8.1x10° 6.2x10° 1.48 x10* 5.3x10° 3.9x10°

5 2.8x10* 5.1x10" 6.5x 10" 1.5x10* 5.0x10°

6 2.25x10° TNTC! TNTC 9.9x10° 2.4x10°

L' TNTC : Too Numerous To Count

FHE o] &% Mg SAHANA AT FZDW cool), EF %%(DW hot), 50% acetonitrile

o A& F= (50% ACN cool), 7123l 50% acetonitrile®] €+ F=(50% ACN hot)= H w3}
& W 50% acetonitrile®] @ F2&(50% ACN hot)°] 7} Qr—’F?ﬂ FES FASATHE 34
29 43).

3t 34. General bacteria in bean curd by rhizome extracted with various methods

Bean curd Control DW/Cool DW/Hot 50%ACN/Cool  50%ACN/Hot
1 9.0x 10 4.0 x 107 1.0x10° 6.0 x 107 1.0x10°
2 4.7%x10° 3.2x10° 6.5x10° 2.1x10° 1.9x10°
3 8.6 10" 8.1x10* 1.01x10° 5.1x10* 3.2x10*

2AAE o8& AdT SN H2F FEZDW cool), EF FZDW hot), 50%
)

acetonitrile®] A2 FF (50% ACN cool), 1¥]3L 50% acetonitrile®] @4 FZE(50% ACN
£ 50
o]

hot)& ®luall & ) 50% acetonitrile®] A& 3% (50% ACN cool)¥ 50% acetonitrile®] &<
FZ(50% ACN hot)o] 3 ¥ S FAsAT. stAT dA AFF FHU o Fol Hlg]
AN 72t 2Z2zAd g2 g7 zpolrl AXE & 3R, A 5

[¢)

Fe AT = gtk oPF FEe

2 R E e Hpol7h AE F

BANE RE TFNA 270l %7}@ Rro] ge Aol &
o o FAHY B A E ulaA s



i 35. General bacteria in sausage by rhizome extracted with various methods

Sausage Control DW/Cool DW/Hot 50%ACN/Cool 50%ACN/Hot
1 7.3%x10° 4.1%10° 3.0x 10° 3.0x10° 3.7x10°
2 5.8 X 10* 4.0 X 10* 3.7% 10" 3.5 % 10" 3.1x10*
3 8.9x 10* 5.4 10* 5.9 10* 4.6 10* 4.8 10*
4 TNTC! TNTC TNTC TNTC TNTC

L' TNTC : Too Numerous To Count

ohabs o] &% Mg SAHANA A4 FF(DW cool), EF %%(Dw hot), 50% acetonitrile
o A& F= (50% ACN cool), 712]aL 50% acetonitrile®] & —%—%(50% ACN hot)= H]E_‘B‘H
& o} 50% acetonitrile®] 5 FZ(50% ACN hot)o] 7H4 %#f& gA4ES ol AL
T FZDW cool)@ @ F=(DW hot)o] A thxaHe] nluoA FtHe] aFo] o %
@ S FAASATH(E 28, 1F 45).

3 36. General bacteria in Razor-clam meat by rhizome extracted with various methods

Razor-clam

. Control DW/Cool DW/Hot 50%ACN/Cool  50%ACN/Hot
mea

1 2.0x10° 1.4x10° 3.1x10° 1.8x10° 1.5x10°

2 2.8 %10 2.1x10* 3.8x 10" 2.7x10* 1.9x 10"

3 1.45%x 10° 1.57 % 10° 1.96 x 10° 1.21x10° 1.14x10°
47FA A Fol| mE FHEES gldl B uf sinigrin® AITCY 35Fo] H2 50% acetonitrile]

AL F% (50% ACN cool)@ 50% acetonitrile®] EF FZ(50% ACN hot)ol A -3 3+t
= o] &3 A2+ FZHDW cool)# 71EE o83 dF FZDW
hot)oll M= &Eso] FHetAY 23] =it H w2 Alds7 A58 Aoz gld 2

I FEs o]&F aFWole oS A= sinigrind AITCY o] =& 50%
acetonitrile®] H< F% (50% ACN cool)Z} 50% acetonitrile®] €4 FZ(50% ACN hot)S &
g A77F g Eojor & Aow ATHT



Fish cake 50% ACN /Cool 50%ACN/Hot

1st

2nd

3rd




1% 42. Colony counting of general bacteria in fish-cake by rhizome extracted with various methods



Bean curd DW /Cool 50% ACN /Cool 50%ACN/Hot

1St . .

2nd

3rd

19 43. Colony counting of general bacteria in bean-curd by rhizome extracted with various methods



Sausage Control DW /Cool

50%ACN//Hot

1st

2nd

3rd

4rd




Razor-clam meat) Control DW /Cool 50% ACN/Cool 50%ACN/Hot

1st

2nd

3rd

19 45. Colony counting of general bacteria in razor-clam meat by rhizome extracted with various methods



2) w3uolel Unt nEAlete] )

r (o]
fz
(i
18
)
il

el GAE Al B 9 dRe HdEaAE S8 A A% VeH &A= ARSI 1
< st =Y FAEY JHAE w4 BT sEe ARbelAl #F&sHA A8E
AE AEY FHoE AEHI thlee & Lee 1998). A ZHE] EE AFag oA gt
Fe T7MA7IAL BT HAE N7l AT FUEE AREHATHCho 1998). Tl I,
s, A o] AAFUER ASHAY &, Rz, AWA Oga Fx To] MjaRo=s
ojgH AT, dutHo® AFHIIER Agste FAEE AFY VIEAES Eole 9T o9
T aEkd FAAEe rEel o WA E dAs=H a3t e Ao dEAL Ao
(Amr 1995). &3 FA 5ol Fots B SEF H=s5°] vt IvE 7HAIL 3o 4F9]
712AE AN Aol AEAoRE ARFHUAM AN FoEA B2 e T AT
(Cho 1998). 24]3%¢] —rJH% HAe] WS F ”1*3%91 Zhgol os doju= A7 B2

g dEs I R E Ak a3t 9,151‘% A& 4 ?ﬁ 3Lt ;qu &9 S7HE 7
AeE T Jor, 4 BRESY Aee I kA g U REEEC] AKHSE U
A Qo] FHZolle A4l gk a77F Sl el JAA AMEEFE AdstE = FA ot A
Aol A AAE ol &3t AFe HIlslH REEE AETOE AT IHAS FA
of WEAZ|1A} FeE AFEo] o] AP JArHMcSwane et al. 2000). whhA], B Ao
e AFRERY 33E5 Lotr7y] fste] 1Fyolo TS 7|ESY HESS st
O g4 Es =AY T

TFgo] Akl ME 4F a9 HEHS FAsty] 9 AFL FRE YA F4E
z243te] m3gol R bR controldt 374X HER(LHALE, T IEES AP
AUES), 2T $RAYeIA AN BFYe] RER HHEEA H9 ¥ Mo Uk
of AP WA Aol AR REZE 0.01%F 4SS,

st gk wl X (Nutrient broth 4g, Agar 7.5g, D.W 500mD 1 LUJE"V IE A7 120C A
Aot Hetstal ez 60C=E g3 wr 24 A HAsAth 90 mL 2
HA Azt (BREE 2mg/mLE Lﬂ71 Aol F¥ole] RESZ] TS siA 47}

A AET] AFYol 2 FHE ol&T HER, AFWo] HER (IFYo] A A,
AFAGEF, T2 24 EF, 281 ABALES 27 1 mLY YeTh

AFaAdd FRE 7] AAT F a=EA & A2 7 10 g¥ 90 mL Holl H7bsta &5
Heth 3% ASE 1 mL Fol 9 mL FiFol] YErh(3Au] 47109

AEHA A M5 10'7 10°8 47 270 A ImLA 93 g5z e FHMAE 2
Al 10 #1F 2Rt 90 mL 3 R uiA] (o] whH yrbA] oAl ARl ¥eth)E <l
olEfoll ¥l 241 H AWT F At ZIvEe s Eds 9 mL 48709k d-HA 1 LE
ol BHEAA B3 G = FeFxed RAGoh 44 10%10°10' Al el gl



o gREs A 2413 FHell A @RERQAIZEAAZE6AIZEBAIZD S X3 ek 48A1F F v R o] o

% 379 YJeRJAtt ControlS 7|&0 &2 H
AotA Tolx| A kol AlZko] el uwet
E A3 oA = #o BE5ES EY

N S5 Aow R
JEPQT 8A%k0] A Aol e 1o =
& JEQT, EFBolAE IRT B nEY
REF 94 AWAAE $4 RERY G4 B BAT F AU FAT

® 37 AFYolE HUIe REY HE
H%g%? Control ~ Rhizome Mixer ?*Lf';?’%f\“ Eﬁég}‘\“ ﬁ\;—‘,__litl%?
1(2h) 0 5.0<10  1.0x10? 2.0x10° 2.5x10? 5.0<10
2(4h) 1.0x10°  6.0x10*  4.0x10? 5.0<10% 3.0<10? 6.5<10°
3(6h) 3.0<10°  1.65x10° 1.6x10° 1.8x10° 3.5x10° 5.3x10°
4(8h) 1.4x10*  55x10°  1.5x10* 3.6<10° 8.5x10° 8.5x10°

e C O IET D) - Rhizome Mixter THA TSN IE S = Z =00
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Control 102

a8 49, 13FYo] @ BEZ AL WE HFS (6 hns=e 2
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Control 103

a9 50, mFge] R BER Ag] WE AFS @ D=9 3l
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2) MTT assay At A3

KRICT
EaneEsN
AR s
o 3] Fole] ALEYe] et ¥4
A gy
o A#EH44g

— HEF : MCF-7 cells (g1zHfuboha] )
- &7} MESF : Detroit 573 cell

(21gF H R A X, fibroblast, normal)
- aFo] ¥4, DMSO

[0 2% =]
ME DEdo| M= SUE PES HEH x| 2o} DMSOo| Wol Hage & 4
sals Mzof #Halgt

o 453 By
— Cell seeding : 1.5% 10" cellfeach well of 96—well plate
- Hu8 DMSOel 3o €4%2(1000 rpm, 5852 459
HE Aol AR
— Cell seeding 24A4]7F 3 A7) AS5dl(o]g} ‘ma3aflo] Sl )
10mg/mlE 1/2 4 serial dilution = 2l
— 2442 o]F WST-1 assay® MEXE5Y 2l
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KRICT

Bl e

“ﬂ%‘,@-_ "El.é’

. —
=g 0 - ] mﬂ-
[&&#al)

ME W mitochondral dehydropenase®| 2| F tetrazolium sal (WST-1AM formazan
ojgl= EYEE0| a5 o8 SHSH MESMo|L | 58 &4

= .0)-d)

Add WETA 30 min Mansurs sbsorbancs

[d&E2E 29

O EAR 9 =9
o MEEA 1(MCF-T cells)
- 10mg/ml2] &F4o] &2 10% DMSO7} #2lg #MxEuch
=< AE 54L& vehd
— 0.625mg/ml o]t mEvgo] Sos] He HE Fio] el
A %&

AN
-
[k
l‘ I I
R L 1 L= =1 i 1

T g gy
[D5do] 299 Mzsd £4 1)

% CHl vintmliny SSTAL)
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KRICT

HvarEs

- 9] AEiHylefA] el o] pifo] B9 625 xp/ml olE2]
TR METe HuEle 3 AZEEAe] vERA oF
o MEERY 2(Detroit 573 cell )
- mmgfmlﬂi el &2 10% DMSO7F 32y Mxsc
o 4 =48 JEpS
- 0.63mg/ml o|s}8] nFfo] 2] HE ME FAo| Fal
HA o

I
]
- I .
ko1
, |

L4, ] [t L] QLK)
OhED

i g
B B

B

=

% Cell viability (WST-1)
& X

EE (mgfmlL)
[DFEdo] Y| MESH =4 2]

- % ﬁﬂawﬂ 2ol o] mullo] Lol 630 ug/ml olate]
2 ATl Aale At MTEAe] ekl obg
- uoh A AXLSYS FHL S8 ohPe AT
54 shisks 20| 27t or Was, ol BERY
X 954 T2 7t A7 WA Ao ARF

MCF-7 Al 54 Ald 23 625ug/mg °late] sEolA= AlE5Ao] #EHA Lskon,
Detroit 573 (B/3AE)S o] &3 Alx54d AlF é-\/}oﬂk]t 630ug/mg ©]3}] F ol A
AEZAo] #AFEHA Gtk AT FERDAA Y FI54d T ATE IPsteo] A&
ANERA QAP L FrrH07 e oA olt),
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3) HESVF FdE FF B &5 AA%

2F FE71ES AFe] AXLRHE LRAANA FAujrt 7bed HorIte g AHojdnt
(Yang et al. 2013). ol 2la&®%F ofyel, oofF, 3stAlF 18 73 7Hed gt A
Fo A& drh. §871F 2L AAF AN, V& AFY i HlE =me UHETA w4, A
Fo 2AAA 9 zAYH] WAR vz HAY A9 dasiy fsd AYPE 53
o HALojok it} B EA 9 EZAIA H(cut-off point; COP) 718 AARE 2]E o A%
2 %713 Sensory shelf life; SSL)& AA3 7] 9lste] 714 ] ALgHE WHoze 4
ol AA|Z o7 HAHI COPE 7|Fo 2 SSLE A3 = Wy oltYang et al. 2013). o] WY

S Hx2 AL AFAE Gacula97)=A AG7|7te] mE AF o]F A AFE &
B 37 d = 1%-none, 74-very strong)ol s AAZH oz M3 elF COP 2.5%
71ZoZ AF SSL& AAe Aot ol FHH AdE ol &dok st dod COPE &

oA EHEAY, ATATE AAMoRRt = 54l Unh Aol g FFl Hgow F
o] 7hsskARE ol Tz ols) dAd COPOﬂ «l 3l A" FE7E EHfTL 43
Azel ?’4—_1_51‘3}4 °l°ﬂ 2 °4%L°1]*1L 571 B

Lo N

o ol 1
o
2 o
N
Q1
I
o

F 204 FANZ & Yot 2w A
A3 Dol A7} T2 AZHAG 2Rl
97 A A EEFHAA FYBom 5
Yatel Azt AeR ANEE EITADADATHOL 1)

ox
f
i
ol
i
>

[e

o

o

5 aba)
ol

Ol

o i
;
[

2 ot T
Rl
i)

Ho
of
N
o

- 107 -



0% 52 AAE AdE TR

AYAT RERV FYD AFS FAAE T QuAEFe FAFAT 03 whgale] Azb
4% A5E Bastel Aol BAHUT, FHAS 072 A 43tel HE FAALL 16
Az AU ol JJETH o 60% FE71%] o 60% F/HR ol thek HETFE 7]
= AFY 4FNF MRAYE 2o| APk, hETe] FABAYL J1E 109614 13
U o Z74E AOE Uehgrh os AMHOE Az F YNNG FasA WE 59 of
F2 1290 £85E 497 BeH, ANFL 9 Az AL vhE BHAD o st
o WaE A%E de Rew Budt,
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EE SR (=2 Rer2 dBaE
4y & A" ) ojRpE ¥ )
Ay 713 20189 12% 062 ~ 2p184 129 249
U e T A thEx} ojg M
MEE HIlz BOAM 7IEF B
Fi 213, 84 mde ElRSs o &by 031-660-7140
A-1401
71y (FEREHTA AP H e} oAy
S fu 7|
HIE Ui 8T E=0f
ol = 388 IVXEIL 7012 HEhy 031-734-7155
n s bR et
ok o # o2k 23 e, ol H, oje
4 = |
¢ 77T fEHAR
-2
- AW |UidEss
FEOIED %Exl-ﬁ . PP EqTAY
=l e 6.0 0.2598 14
= 4 Qs - = -
B 40 00140 200
SETAYTTAS 0.7 HE) HEEI 13

EFNEY BT & IS E d20) oie EE TR cample): 138

Fl LH8= AEHSIRIP 25 RlSE A= CfE AMEEN0|H, 2 s AREE g2
AE9 7S48 SEHE SMAE0 0 HB0| M0z FEEY i O X
PHE0|3, pstEpl 4EHE HoiMe 2 Ui bEoE e T 2ol HEs SR A0
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(F)SH2 A ThA|
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M 2E 42%H
7t HHi ¥ S HEu
2 UEY MBE HES BHFLYM HES FLOED) ABSR 243 10 15T
OlA 14 ZH HEAZ|BA 28 THO2 F 8Y AWE SUSIAC

L. SEXE U YUY

ZEHX|HE Al e
QI 2 FAEZDH) H7 YHAIESE 4 OS2 A|HE
ojMg 45 M4 451 Yetd Tz
e FAERE) &7 YA EY 4 0| 42A =
47 o453
i JEE CEERIE A TR
= 2 1, AB YA Y 1.1 MAEHEAE)
2 VL E |
T MEEH F sE=7
HEac 10°C, 15°C a7 148
= - Al 2L
fEgc 10°C Al i 33
B} SR
BERNE BT 2H

rH&s81 M7, EAEE 4, 0|43 EY

i . 5
ethl= = | 10° (Log) 45 M5 451 Boty =

AE3H) H7, U¥tAgY 4. 0|4 EAIHY

oEzc BHE 47 RZD

EE

qcw 5% Al2an dahBsAE) oF M 5F 0|4 S FHEo oz 45
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H 3E HEqat
1.1 EXX|EY 4¥Eq

H1 S5 {Oi=4)e 10C ME 24

A O] & 85 s
Z12HE) 2= (logyg) L 2o a4 (98 #E)
0 0.00+0.00 EHE 9.00=0.00
1 0.00+0.00 BHE 9.00£0.00
4 0.00+0.00 2HE 9.00+0.00
& 2.26+2.05 =HE 9,00+0,00
8 1.16+2.00 HHE 9.00+0.00
11 2.04+3.54 283 9.00+0.00
13 2.02+3.49 =HE 9,00+0.00
14 4.78+1.67 =dF 8.60+0.51

B2 EEMiEDL 15C HE 20t

MNE o] Sst 5 THE
ZIZHE Fit2 = (logyp) & da (98 A 5)
0 0.00+0.00 EHE 9.00+0.00
1 0.23+0.40 =EdE 9,00+0.00
4 1.82+1.06 EHE 9.00+0.00
3 3.16+2.25 EHE 3,00+0.00
8 6.49+0.19 BEHE A53+074
11 443+3.85 SHE 7.73+096
13 5684032 =HE 7.20+041
14 7.05+0.14 B4E 5.40+0.51
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Fe7|8t dd A EATE DN

1, 6|5 HEZ
s HEY |7 mines) BT 52w
IERE &5 AR AP R RS R A A E
EEE fiutaz
2. ZEX EE SEHE
2.1 EEIE YT EEHHE (log)
FHET| ) o 150
o (iR [} .00
i .40 0.23
i (18 [4] 182
B 203 L]
8 1,18 a0
i1 2.04 A,.43
13 2.02 5. B8
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= A &e 3% §27E 3 VBNFIRE B2 FET A 0Xf HhENe| YsgScdR BE
5t0] BIAYUS HESINUL, QAL 078 HEY T FEEAYE 12U MEEQch
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2-9. mFol7t A7HE HEfAS AAFRANY BY AE

aFYole AAE e tdAd w4 AEE dAsta Asd 7FolA FE AEEY 2+
2 Eo|th o7 AR Wasabia japonica MatsumS Y E o] Q4k=|¢l mFYolS A Hs}H,
Sharoll A A St FF2 7§ Wasabia koreana NakaiZ ‘E"‘I‘?I‘E]o'] o] g5 31 QtHPark et al.
2006). Fgole Sro A3 et vt AR o= s FAEEAY o]go] HyAo|H, o
23 gtat gk allyl isothiocyanate(AITC)ol o3 H o2 AITCL T FYolo &A= HlFA|
¢l sinigrine]2k+= glucosinolate AlEe] 3}gt=-°] myrosinaseol| oJafl 7trEsi=E o] YHET A
Hkz o 2 &4e 7l glucosinolate= AMEZUW oA EAst=d], 9F A= o Axrt 3371 F
W, MEZuto] Z=A3= myrosinaseste] 7H4EE WL Jo)A HohDai et al 2014).
Sinigrine &9 wl& B3 |2 IS 7}X11 AT HEHI o, nFYols R
HEE S, 99, 28 ZASE E7/sta d=d, o T e B sidsts 2 A Tt
shaFol sinigrine] $HrE O] ATt HiE }lﬂr(Sung et al. 2017). Sinigrine] &4 o
aFYyolo] &g Ao Y 2o HAH A FREFHE FAR AEE ARl A
ATHKIm et al, 2007). Yol A AujA| o] Ao Jom, AFLEGol o] &
T2 24 B dFoln, 24 A AE el &l AVIE o o) F7t
Hjoll ofef o] WAk, 17te] HE dejA om, o) we} aFYPole I Y
o
Els

o}
yu|
'~

rlo

ol
=

° N
o rlr _10 o g
4E o

Aol Bl A A FAANEL o] & A< F&olth(Park et al. 2006). kAT Slo]
W AR 238 1 ol AF P AFLARY o] §ES FUHE F
AddAT EPAFE Y Sung 5 20179 AFAE 183 BRoH o8-S
AELAQRS YA F 7eF F48ES Bk v AtkSung et al. 2017).

Fol tgt AE=7F S7FstAA, 28
&R AT A FUHe
zg o] F2 AMEEH7] w&l

Ch go] o3k 22 9] "2k W3
i &S AlFete W wHEZFQ A g wE FA A
Falst Edo AL xYs7I= Fthlee
et al. 2017). =3k &S HAT A5 HAAFY FEASE WA AT AL&FA gt
AT7F P o, HF FA g AT JA AEKHoE HPH o] ghrhlee & Park
2010; Song & Jang 2002; Yun et al. 2000). =3% =+ % FAFY A
g3 A= AEH v e, S (Lim et al. 2012 2 Lee et al. 20139 H7tE &=
g HATY FFEE WS P HA A g ATV IPHAT I AELAY FA9 FH
ez Ao AL75Ao 3 7= AW EYTHKIm et al. 1996).
olo] B AFoAE AR nFYolES HIbstY wHE 5 AEZAHS
A W3}, olslstd 54 9 HAAe} AASE o] &k o S Al
el gk AFE JAFst AZHZ QD ARGl E3etd 15 olo EAFA A ZHAY
HAESIAT

of Il
o
.

Lo
1>
o=
1o
2 B
ot
rlr
>
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1>
1o
A
ok
1%
ot
o
i
rlo
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7hH As 5

A=
aFYo] FHAfF AMEH aFydol= IF4FY(Yongin, Gyeonggi, Republic of Korea)ol A
20173 %ol FAAME T3l AAE MES ARSI o AFugtom, B Aol AMEH 1L
FWo] FH(specimen voucher number: GFW-005)& 2 AF7]3#e W TR BASSY
o Ago) A" 1F Yol AMEL2 Udeal), FHW(petiole), 183 <74 (thizome)s EF X33}
o % vEE AFES FPstHa, -40°CellA 52 $ sZ2471d=x= (PVIFDIOR, Ishin Lab.,
Suwon, Korea)g %3l TS AAT ¢ 1FEES 20 mesh JYEZ 3 ste] ATl AHE3IA
o+

:

A ef

B Ao AHEE 2E A3 ¥FZS Sigma-Aldrich Co.(St. Louis, MO, USA)ell A )3}t
Aot Hexane, methanol(CH3;OH), ethanol> HPLC-gradeE AF83}% 3, anhydrous sodium
sulfate(Na,SOy), isooctane, diethyl ethere} #Z-& AJeFS ACS-gradeS ©] &3t}

aFye] Akeel Az

54 Ax8 1FYolE A/ 48 FAT Axsr] 98 HAPS Bl HH e
o Agstgon, 10 go nFWolE 1 L) tlFfol A7Hsha 100CA 142 ek muke
58 nEdole A84 ARS §EAZOH, RS o DI AAsfe] APl g}
A,

Rl 4m
oY,
ofd

O oA

ol7F H7td A&fAe fRAE FAHES HAs A&F MY dFRE AHESATH
LY #AE 714§ §E7](KFR1201, Kaiser Co., Seoul, Korea)oll @i A=A T4 7}
French-fry €59 ZAE ol&3sty vk FEALUE APt FEA 27 d==A
100 mLE AW, F& FA+ 2443 FAE 100 mLe B3t A £9&5 1 L=
stHA 1038 HHESE & WA o2 AL FAE o]gdtd AFS sy

i)
NN

do do o




Ak 2 A

B AFoA d& BAFY AW 2A4S Lotr 7] 8 boron trifluoride(BF3)-methanol & ©]

23 FEASE AASAY. AHEE UHEEFEZ LS heptadecanoic acid(C17:0) 1™, 0.5 N

NaOH-methanol& ©]-&3le] 100C 2] 2%olA 718 & Ao WAzl EFdo] 2 mLo
1=y

hexane& Z7}ste] 183F vortex A7l t+& hexane & 334t 3% hexane =& 2
272~ E o] 8359] hexanes A|AS U AES UA] 1 mLe hexaneol| =of A g ol AHE-3}
Aot A HRAF 2248 913 gas chromatography+ Agilent Technologies 6890N %x](Santa Clara,
CA, USA)7} AF&E Ao SP-2560 Z=(100 m x 0.25 mm i.d., 0.25- m film thickness)ol
T2 AE7] 5= EF 250C HoH, 2B x7] 25+= 130° C 94 58 HE & B4
4° C F7HAA 240° C7HA] AR o 1583 FA39 S /18 Agike] 542 Supelco
37 FAME 3 F3%(Sigma-Aldrich Co)& o] &3t Z}zte] MEE AIZHS o] &3t A3 H ot
(Prato & Biandolino 2012).

2F7HAV) =7
A9 47b= AOCSH(AOCS 1990)< ol &3ty FAE 1 g& FHE £ ethanol : ether&
Llviv) s &9 30 mLE Ho FAE &AAN T A7l 1% HAszEH<d
(phenolphthalein)&<4 100 xL& 7l3ted & 42 H @2 4ol & w71# 0.IN potassium
hydroxide(KOH) in ethanol o2 AHAsAT. A5V} flv FAES s, o 29
st A7HE AAESEA T

2F7Hmg KOH/g oil) = [5.611 x (a-b) X f]1/ S
- BAE el 0.IN KOH-ethanol &899 4B Z(mL)
: FAE 9 0.IN KOH-ethanol &89 9] 48] #(mL)

: 0.IN KOH-ethanol &89 e] o 7Hfactor)
C AlE FAI

v o ®

FHAksE7HPOV) =4

AOCSH(AOCS 1990)& ol-&st #AirstErte] dFS FAsH7] flel E2kx==o] /A4 1 g&
# g % acetic acid : chloroform 3:2(v/v)E &3 &4 25 mL& o] FAE &3iA AT =
3l 2 ¢ =3} Z&E(potassium iodide, KD-& 1 mLES ¥l 187 EE01F & g4 1087 B
T Z=H5 75 mLE vhete] 48 t-S, 1% AE(soluble starch) &< 1 mL 713 H 0.01
sodium thiosulfate(Na,S,03) &Moo & FMo] = uwj7tA AU FAIFS 233 & v}
2l idsted #AArstE7HE Al4be T

n[ozlﬁ

413 E 7Hmeq/kg oil) = [(a-b) x 0.01 x f x 10001 / S

c BEAE S 0.01 N sodium thiosulfate & 89 2] 44| ZH(mL)
cFARAe 0.01 N Na2S203 #F &9 A-n]ZH(mL)

0 0.01 N Na,S;03 & 849 97HKfactor)

F AR FAI

n = T o
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p-Anisidine value (p-AV) &4}
&0 ZA5= aldehydess} ketones®] &S 2lst7] 93] AOCSH(AOCS 1990)& o] &3}
o p-AVES o] g8tk A 100 mge 3 F isooctane 25 mLE& 7}ste] AL fasta,

350 nmoA FFE=E SAI. o] &4 25 mLel 0.25%(w/v) para-anisidine/acetic acid £
0.5 mL& ¥a 15&% ¥3A &, 543 A FFEE S-S, ofdfl o] 2o thdst

o] p-AV AlLtst

p-Anisidine value = [25 X (1.2a-D)] / S

a : Anisidine €3} HFg3F T A5 &Ho] FTH=
b : Anisidine &3} HHg317] Mol A5 &N FIA=

S: Al® FA

AAE A7l et A FEZE SA-sY 15do] HIF Y
Aol A S ghels] Hokt AAFE7IE A3 9ske] rancimat ¥ (Metrohm CH
series 892, Metrohm AG, Herisau, Switzerland)& ©]-83FRtHKim et al. 2017). ¢F 3 g9 EHA R
A E rancimatg tubecll 20 L/he] Ao g F7]E FYUste 120° Co &%0A4 HAS 23
3l THKim et al. 2017).

Measuring
vessel

Conductivity
measuring cell

Measuring
solution

Reaction vessel

Sample

=

=t+— Heating block

19 55. Rancimat &4

= A4x}A(CR-400, Konica Minolta Inc., Tokyo, Japan)& o] &3t A=A 9 =7 FA

Walsle ATE 2439t AHgHE Ax $£XE= ®E(lightness, L'-value), HA%
(redness, a™-value) @ 34 =(yellowness, b -value)E o] €3ttt 28|11 H7189 38 #

slo] wE ZAATE =H3s}7] 9siA]  spectrophotometer(Multiskan Go, Thermo-Fisher
Scientific Co., Vantaa, Finland)E ©]&3}o] 420 nmolA FF=E T3] Z2HES ety

171

Ol

Be FAE G 449 Be PAEE WYRE Ao BT £ HEE 24
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b g9=8 &

ol

8 2] &7 200 «LE 96-well plateo] =71 F 420 nmolA FFEE =H
Q15FA THKIm et al. 2017).

% 56. A AA A

Az= A

AAfFAe FAsHoR WAHE IEH AR E4& s AAZAI~=HERACLES I,
Alpha MOS, Toulouse, France)< ©]&3tdoh EA/FA 3 g& 50° ColA 500 rpmeE 203t
WA A headspaceE ZF3stY, F 719 column(MXT-5/MXT-170D)<S HHA 2 A2y Al ~H
o A flame ionization detectors(FID)& #2413}t TRAIZHE 13029 2oH, trape] F2E ¢}
g2 = 77 25° Co 240° ColA &4 sttt A8 E4d 542 Kovat ‘s index
library 7]1%Fe] AroChemBase(Alpha MOS)E o] &3l ti(Jo et al. 2016).

Axe &4

HAFAY HATAHoRE dAEE 7|8 9 AR A4S 98 AAs] (ASTREE, Alpha MOS)
N2"E& o] g3l A3 AMEe ot A9 e 2719 reference A4t 718 gt A
S AE3h= AAGRS, STS, UMS, SWS, BRSE o] &3tH T o]&F SRS& Algk, STS& &Ul,
UMS+ 7Hzgl, SWS& @8l BRS& &8t #HAstal, GPSeF SPS& AlAgk& BAsteE &4l
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Nz AEHUT 4 ARE AASE Ol gate] 0.1 g/ml FEZ FHAH F 6083 Tuksw A
G 9ee Faoee, s B 1B AASNATD AsAE A4s Ae samplerd
AR T ANAES 280 AEAA AL B AR BAART, A4S @ 75 B4 AHE o) &
sho] 718 gt ol Flelsls AAMA L ke HASATo et al. 2016)

S EE

e AYRE #HeRd ZEHAE AANGEA L, HARY Bag kY #FolA4d& SAS
9.2(Statistical Analysis System, Version 9.2, SAS Institute Inc., Cary, NC, USA)E o] &3}% o™,
Tukey’ s multiple range testoll 2]s}e] F2]A& 2213} THAXO.05).

A3 9
A ¥kat 24
B 7 FA uE A4te] WEE & 38.9F 19 580 YERAY ti2TE AFEE o
o aFYgol HrF tiFfolA 14714 A4S S8R, 23] vHEo mE Xl 24
2 30l Ax Bx3 xWAkel oleic acid®}t linoleic acid7} 8 A W4RS 32l

t
o
N
oL
2
2
>
rlr

palmitic acid7} ¥ AW4ko g =Y. FHAS s}
S Kol linoleic acide WEHQ] w-6AIEe] AWAto 2R FAH4Y W&
ANA BF FH2HES &AL T8 S gFste 50 vk &EA :
T w-6 AR A WA FAEEHA B EAHCE R AFOERY FaS Wolof
g Ao g el Aok o] F linoleic acidZF AWlA Aol B7FHsT ol
GO ZHE F WA o]FARE FAs= E/\(desaturase)ﬂ Aol g7 Eo=z gy
tH(Watkins & German 2002). ¥HE-221 F 7 S 5 A cisgEl9 linoleic acid= ¥4 A
44.84+0.01%°14 1038 ¥4 * 239i006%i HASP Y. 153 Yol7 A B ol A
7 Al 36.90+0.27%04 103 EZ % 2.65+1.04%= 7F4astH T Linoleic acid®] trans
7A9-E7 Aol 0.00%14 103 HZ % 310+0.06%.2 ZF7FstAt) o] # 3 transP e =
FEANA 71dd Ao AddAnt =3 wHEAQ HAFAHS FMA cisFE S oleic acide
Aol 15.79+£0.11%°14 103 7 & 0.00%% t©] o)A A=A &ta, 3Pzt HA7t
HAFAAME "7 doll 7.34£0.08%°14 1038 HA 3 2.65+1.04%= 7435kt Linoleic
acid9] trans® o] H-FH A ol 0.00%14 108 HZ F 3.10£0.06%>.= F7lstt). ol
transF e+ cisF el A 7|¥H Aoz FdHT Oleic acide A WHARS ol x|qk AW &
d2HE FFs I3 B2 o] A4 48 g =& Eu dEA Ao 9
dstxoz FQ3 u|E A= A WA tHKim et al. 2017). EEXIIA LA T w-3 A4S
Al FHAFAHE T HA Aol 0.23+0.01%04 103 HH F=
& AQa, aFol7E H7FE A5 0.24+0.04%914 105 ¥
% 1.28+0.02%= ”EH@OJ H S7FtaRth. Lu7F-3 AEAhE A AL FAg ol A ol
X]i/ﬂ«l A AZzE BHs Y FAe 94T Itk A ATH16). dAHeZ E o
2 AFolA aFgolzt A7k AR cisF oA transBo®2 HEEE HlEo] ¥ W
FAHACH, w-3 A4Ee] HES JA| A ¢FokA UEETh o3 ARE S 1549
o AH77F HAFY A 2N dFGH R g AARE UENT A dddEn

F
H

B (e
(R
o
o
N

£ 1l

X
i

_:_4

rr

32 g
Y
AL 2 fo O Ot rE ool 3@

o
=

il

E

rﬂLDoﬁrlrégegrlr
n&oﬁﬁ

A
linolenic acide] 2% 19}%
0.78£0.02% = izl H]
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Acid value (AV), peroxide value (POV), % p-anisidine value (p-AV)

HAAA & AV, POV, ¥ p-AVE 45t 3F 38. o YEFHATE AVe A i+
F2 Aol 0.11£0.08914 103] #Z & 0.79+£0.072 F7letHa, 15 gol7t 3

Al EZ Aol 0.39+0.01014 103 #4 % 0.81+0.032 F7Fstth AVel #2 o
Yo7k A7td HAfTAA £+ o =4 YELT

'

=() th=

RS0 - |

w , iJLurm JJWL,,_.F“,_

F—

=2 nd=

,,., .||.

| Al
- el N L'ijI LM“JJ_.H_H__

1420 ] e | th.

W
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=g th=

1206 -

e

=8 th=

4

2040

5 D00

<10 th>

T
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<@ th=

1330

000 -

=8 th=

Wl a |

<10 th=
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) o 5 =712 = = 3 = o 2 =
¥ 38 "7 wER FEH nFWolE /MR HAF gt W5 24
Fatty acid composition
Sampl Frying
e 16:0 18:0 1817y 181(n9)(cis) 1826ty  182(n6)(cis)  18:3(n6) 18:3(n3) 20:0 20:1(n9) 20:2(n6) 20:3(n6) 21:0 220
ot 1283+003"  5.50+0.87° 0.00+0.00° 1579+0.11° 0.00£0.00° 4484+001° 0.76+0.01¢ 0.23+0.01% 0.82+0.03® 5.09+0.01*° 447+0.01° 3.31£0.02° 1.19+002* 454+006°
2nd 1748+011°  672+2.11°  2392+022®  0.00£0.00°  0.00£0.00° 4.56+0.07° 2.05+0.00° 056007 064+009* 051+0.03° 1959+022* 1213+003a 1.23+0.13° 1104+195
Soybean 4th 1500015  4.87+0.04°  2055+0.10° 0.00£0.00° 6.05+0.08° 7.55+0.04° 1.63+0.02° 037+0.00¢ 0.49+0.02° 0.70+0.02° 1787+005° 1171055 1.51+£0.00° 11.70+003"
6t 23314155 12200770 3006+208° 0.00+0.00° 3.49+0.23° 258+0.17d 3.39+0.19° 0.81+0.11° 1.54+0.10° 1.34+0.15° 880+6.15° 4.50+0.41° 0.88+0.06° 7.10+067%
g 2222+050° 1198+022* 2736x068° 0.00+0.00° 3.16+0.08° 245+0.05¢ 3.56+0.01° 0.87+0.05° 149+0.04* 0.80+0.11° 1228+024™ 7.11+223® 09640039 576+0.24°
10 217840528 11724035  2704+072®  0.00£0.00° 3.10+0.06° 239+0.06% 3.51+0.14° 078+002® 1.41£0.00° 0.78+0.02° 1309+029% 7.52+240® 099+000°¢ 589+0.26"
ot 122440149 549+0.08° 1492+008° 7.34+0.02* 0.00£0.00¢ 3690+027° 0.59+0.00° 0.24+0.04° 0.65+0.06° 3.52+0.02° 6.82+0.05° 4.17+0.01¢ 0.00+0.00 695+091°
2nd 15232001  628+156® 2096+006° 0.00+0.00 6.29+0.02° 8.11+0.00° 0.46+0.01° 1.11+0.11* 039+0.01¢ 1.29+0.04° 1679+000° 7.77+0.01° 134+0.06° 1278+00%"
Wa;ab
|
dd 4th 1845+0.14°  4.89+0.27° 2523+036™ 096+135¢" 4.88+141® 227+0.75° 2.05+£192% 0.50+0.05° 0.68+0.01° 177+0.01% 19524005 7.51+0.04° 046+0.06° 1084+024°
-a e
d
6t 1800+£021°  873+029%  2619+016° 293005 1.36+006“ 3.11+0.05° 0.77£0.03° 0.52+0.20° 1.75+0.05> 2.23+0.09° 1544+0.10¢ 9.98+0.06> 0.41+0.06° 859+0.15
gth 2013+025"  1039+012° 2681+043% 3.98+0.05° 231+160°@ 346+0.02° 0.00+0.00° 0.52+0.04° 2.16+0.00° 4.06+0.05° 1292+002° 4.16+0.12¢ 0.63+0.01° 847+0.55
10" 1776+019°  883+007®  2482+023° 251+0.04* 359+043™ 265+1.04° 0.31+0.39" 1.28+0.02° 1.71+0.00° 225+0.00° 1630+0.07° 8.89+0.13° 0.58+0.00* 824+0.07°

DAl values

are expressed as the mean+SD of ftriplicate determinations. Means with different superscripts within a column

significantly different at p<0.05 by a Tukey’ s multiple range test.
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AVEE A 1 goll EAske FeAgAte F3A7Ie 2od &2 (KOH)e d&e e
e AZ=HA SgAEY 29T Agake] FAAS e et fduz 257 b2, =

A7be kAo HEFAZA L FAo] AstHE e v HHKim et al. 2017).

® 30 AP WD F/ES 1FYO|E WA AR Arpus

Repetitive frying

Oth 2rld 4th 6th 8th 1 Oth
Sovbean 0.11+ 0.25% 0.39+ 0.48+ 0.65+ 0.79+
y 0.084Y 0.04% 0.00" 0.04" 0.12 0.07¢
Wasabi- 0.39=+ 0.51+ 0.59+ 0.66+ 0.73+ 0.81+
dded 0.01° 0.00° 0.04% 0.02° 0.00% 0.03°

DAll values are expressed as the mean+SD of triplicate determinations. Mean of each measurement with different
superscripts within a row (a-e) are significantly different at p<0.05 by a Tukey’ s multiple range test.

POVe] 749 tiFfrolA EHZ ol 4.40+0.54°14 103 7 £ 18.82+0.87= F7}slaL, AL
=]

o)z A7k Ffold B Aol 6.60=0.48014 1031 7 T 12960912 27k
. POVE g mFWolst 7R AR TR Boke ol debkoh astEge
Aol 973 2 med Feeld A7 BAHE Adngel ) YHHE HHBHEA B

=
et S At AolH, H4&FAY A AEE FAsAY AdaFETIS A= A

FEh HEFA 4 A8RA Fu5EILY] FFS 60 meg/kg oldtetE FHL 2 W 10
5] 9] a—%x—m ARG YR AH oG AAAYE ofF o] Fojx A gkghrii

T 40 9Pe NEF F/1E} 1FYolT WM HUR R} W

Repetitive frying

Sample Oth znd 4th 6th 8th 1 Oth
4.40+ 8.88+ 10.18+ 12.51+ 15.59+ 18.82+
Soybean el) d dc c b a
0.54 0.88 0.25 0.58 0.00 0.87
Wasabi-a 6.60+ 9.40+ 10.72,+ 11.68+ 11.78+ 12.96+
dded 0.48¢ 0.16° 0.18" 0.07% 0.59% 0.91°

DAll values are expressed as the mean=SD of triplicate determinations. Mean of each measurement with different
superscripts within a row (a-e) are significantly different at $<0.05 by a Tukey’ s multiple range test.

p-AVel A9 tiFfollA EZ Aol 20.73+£0.07914 103] FH 2 $F 39.73+1.342 F7FsHAL
ezt A7bE dFRolA HAR del 17.77+0.12004 103] HZ F 3250+0.512 F7hs
AT p-AVel 2 3ozt Arid SHAFANA tFf 2o 9 UEst. 53 Al A
2 &fA9 Ab7E XYH™  aldehydes®] ®l&o] FrFehesvl, acetic acide]  EA|shol A
p-anisidine aldehydess} whg-3tef Ao EFA S FAst=d, olHd HEJAES FH3NA
stojo] A= & gldtth(Akoh & Min 2002). 53], aldehydes oAl Absjgolx F2 LAY}
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teFs S5k WHolt(Naz et al. 2004). F A #Fo mE AV, POV, € p-AVE s 2
o] H7te] A% AVe ZUles i UFERREUOE =4 JeElgA T POV p-AV, 1
g1 TOTOX &2 O st Yelth

o)
R
Ay
%

F 41 3 S e FVEY AFYelE WUk "o p-AV W3

Repetitive frying

Sample
Oth 2nd 4th 6th 8th 1 Oth
20.73+ 2255+ 25.51+ 27.33+ 33.04+ 39.73+
Soybean 0.074V 0.96¢ 1.03¢ 0.55¢ 0.41° 1.342
Wasabi-a 17.77+ 20.02 + 24.26+ 25.47+ 30.08+ 32.50+
dded 0.12f 0.03° 0.01¢ 0.43° 0.32° 0.51°

DALl values are expressed as the mean=SD of triplicate determinations. Mean of each measurement with different
superscripts within a row (a-e) are significantly different at p<0.05 by a Tukey’ s multiple range test.

TOTOX®| & POVl 20fztel p-AVRS R ghoz 2g 24de A% % sz &
HA Qo
¥ 42. §4& HbESE FU]E aFYolE HUKeE H AR TOTOXZ: Hek
Repetitive frying
Sample
Oth 2nd 4th 6th 8th 1 Oth
29.49+ 40.99+ 46.60 + 52.68+ 63.93+ 76.43+
Soybean 1.16"0 1.60° 0.254 0.66° 0.10° 1.56°
Wasabi-a 31 06+ 38.84+ 4570 + 49.02 + 53.43+ 58.79+
dded 0.93¢ 0.33¢ 0.35¢ 0.44¢ 0.98° 1.80°

VAll values are expressed as the mean+SD of triplicate determinations. Mean of each measurement with different
superscripts within a row (a-e) are significantly different at p<0.05 by a Tukey’ s multiple range test.
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KA s FrEE 4ad o A4 HE L MEE ZF}E Yol Jov, s,
FEA WA, aldehydes, Lelx FWA F7HES 2o AuHAel YAHE BAL Fa)
B & glom, APAE AR/ WE ol g3tel Brlshe WA FrPPE] ol &

tHLee et al. 2007).

43 . FAS eI FUIEH AFYolE Ui ®Afe] =TIzt Wt

Repetitive frying

Sample
Oth 2nd 4th 6th 8th 1oth
Sovbean 3.21+ 2.67+ 2.54+ 248+ 2.49+ 252+
y 0.04% 0.04° 0.03¢ 0.11¢ 0.02¢ 0.01¢
Wasabi-a 2.80+ 2.62+ 2.77+ 2.49+ 2.39+ 2.33+
dded 0.07° 0.08% 0.04° 0.03" 0.01°¢ 0.01°¢

VAl values are expressed as the mean=SD of triplicate determinations. Means with different
superscripts within a row (a-c) are significantly different at p<0.05 by a Tukey’ s multiple
range test.

Ae, 2T g gx
A AANA B AE, A5 9 850 HIlE X 449 UrE‘rIHO*E‘r e F HAX
(redness, a)] A9 FfolA EZ Ao 2.49+0.11004 103 57 3 2.09+0.032 7FA&
3, aFYPolrt Hrkd dFFolA A A 2500110014 108 HZ F 1.01+0.12=
stk AME= aFyolrt HIME  HAFANA A&l A FAHNAT =
(yellowness)& 2|vldle= b gkel A9 thEfolA 7 Aol -3.75+0.08<14 103 A
-2.95+0.028 =7}stgar, a5xYyol7t A 5ol A E7 el -3.72+0.08°14 103] ¥
% 0.37£0.042 Z7tstdoh. 3yl H7bE A FolA o yellowness7} Z7 st o,
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Repetitive frying

Sample
Oth 2nd 4th 6th 8th 1 Oth
Sovbean 3598+ 3558+ 3572+ 3563+ 3557+ 3584+
) oybea 0.05°V 0.01¢ 0.01° 0.02¢ 0.01¢ 0.02°
L Wasabi-a 35.98+ 3526+  35.22+  35.34%  3510&  35.29%
dded  0.05° 0.02 0.01° 0.01° 0.01" 0.01
2.49+ 2.30% 2.10+ 2.19+ 2.154+ 2.09+
) Soybean G 172 0.11°° 0.07% 0.07" 0.08" 0.03"
? Wasabi-a 950+ 038+ 037+ 081+ 097+ 101+
dded 0.11° 0.12° 0.07° 0.22° 0.17° 0.12°
Sovb -3.75+  -3.25+  -3.04+  -2.96x  -2.74+  -2.95%
) oybeatt—0.08¢ 0.03° 0.04° 0.02° 0.04° 0.02°
b .
Wasabi-a 372+ 1.54+ 1.60+ 0.82+ 0.83+ 0.37+
dded 0.08° 0.06° 0.05° 0.12° 0.10° 0.04°

VALl values are expressed as the mean+SD of triplicate determinations. Means with different
superscripts within a row (a-e) are significantly different at K0.05 by a Tukey’ s multiple

range test.

E 450049 o] THEE FRWAY 420 nmol A B4 SolHow FHa
st B FA7F 7R = AW ARE A= AFoE gFfolA A A 0.09+0.009
A 103 Hz7 Z 0.20£0.002 =rvtstda, mFYolrt HME TR
0.57£0.01a 4 108 A % 0.59+0.01%2 & ZF71sl(o. 2 Eel ghe a3yolzt HU7kd
o, k<3
7

2

0
AR GA 7 »}wal ATl A BAHE GRS F7hH &S B
of A7l HRHT $5E Ao BHHET. dvHoR 420 oA HAHE AE
AR A1 S AR S48 5 QAW B0 FAH A Ras 24 Azd o
3 WHEE Ao Msd e B o AriHe vants 27} vge] ge Adzel B
T oug X A7 Asel B,

r°*‘

15, 972 MEF FIEY DFYIE IR HAFe U W

kd

Repetitive frying

Sample

Oth 2nd 4th 6th 8th 1 Oth
0.09+ 0.13+ 0.16% 0.17+ 0.18+ 0.20+
Soybean el) d ¢ c b a
0.00 0.00 0.01 0.00 0.00 0.00
Wasabi-a 0.57+ 0.66+ 0.65% 0.64+ 0.60+ 0.59+
dded 0.01°¢ 0.01° 0.03? 0.002 0.02%¢ 0.01°¢

YAll values are expressed as the mean=SD of triplicate determinations. Means with different superscripts within a
row (a-e) are significantly different at p<0.05 by a Tukey’ s multiple range test.
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¥ 460149} o] Bxo 7 T80 A EZ el 0.046+0.0010014 103 ¥ZH =
0.051+0.0012 t&x =739, 1%"—%4017} 2719 q]c OoM 5471 x%Oﬂ 0.067+0.001 A
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Repetitive frying

Sample Oth 2nd 4th 6th 8th 1 Oth
0.046+ 0.048+ 0.049+ 0.050+ 0.051=% 0.051+
Soybean cl) b ab ab a a
0.001 0.001 0.001 0.001 0.001 0.001
Wasabi-a 0.067+ 0.066+ 0.068+ 0.067+ 0.068+ 0.066+
dded 0.001° 0.003% 0.001° 0.001% 0.001* 0.001°

DALl values are expressed as the mean=+SD of triplicate determinations. Means with different superscripts within a
row (a-c) are significantly different at £<0.05 by a Tukey’ s multiple range test.
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204.2+35.3914 1038]9] HAAAES A 3 272211402 23]y J7Vlsle FHE YERS
t}. =3k grassy$} green®] odor descriptionS YWE+= 2-penten-1-ol¥} banana, sweet, 18] 3l

fruity$t odor descriptiong YER+= 3-hexen-1-0l9] A 10.2+0.33% 3.3+0.1944 HHZ 4
S AR 3 73.0+3.09 73.0+£3.02 7S BEA{Y Table 694 FYolE H71s EHA /2
4% 1109 Fa3% 34 714 E 5 hexane, propenal, 18] 3l triethylamineo] 23+ 7]
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O
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area(x10%) 7]|&o 2 7.2+049 2709904 103¢ ®HE HS AR FT 20.6+0.47

A% 2 AFLAY BATE B4E

1764042 Z713He By dutzxog Axzm B
AP FPREY] BFA AEEY A7 A EAS oF AA dide ARl 13
AN 2E'lE o] &3t HARE FXTTE T8 oA FH Ades 259 HEe E4ste Al

- 163 —



J)

AR AR

A=

3

chromatography-mass spectrometry (GC/MS)l| H]
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A Al 2"lo]t(Chung et al. 2008).
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E AT AAIE o] &3 RHEE Ao 9% TR FrHs
(Peak area x 10%
RT (min) Odor Repetitive frying
No. Compounds RI o
MXT-5RT  MXT-1701 description o 2nd 4" 6" gh 10*
1 Methyl formate 12.0 - 401 - 26.0+£1.0 44.1£1.2 53.6+1.0 51.6+1.4 61.2+1.5 62.0+1.9
Alcoholic,
2 Ethanol 13.5 - 448 212.3+t7.4 155.6+4.5 61.9+1.1 39.2+1.7 22.5+0.7 17.1+0.6
pungent
3 2-Propanol 16.4 - 500 Alcoholic 98.3+2.3 48.6%1.3 131.7+2.4 87.8+3.5 91.0+2.4 117.4+2.4
4 1,4-Dichlorobenzene 127.2 - 1022 - 7.4+0.1 15.2+0.3 19.1+0.1 18.7+0.6 19.0+0.5 18.8+0.5
5 Methanethiol - 13.8 476  Cheese, fishy 78.3+2.4 208.5+6.5 296.2+5.7 2354+11.3 496.6%£16.0 541.4+13.5
6 3-Methylpentane - 17.9 572 - 204.2+35.3 209.7+14.9 293.2+7.7 3023194 293.2+11.8 272.2+14.0
7 2-Methyl-2-propanol - 21.6 621 - 123.8+3.5 472113 122.042.6 82.2+3.6 81.1+2.4 104.012.2
Grassy,
8 2-penten-1-ol - 73.9 888 10.2+0.3 43.1£1.7 59.0£1.9 66.7+3.1 75.4+2.4 73.0£3.0
green
9 Decane - 109.8 1000  Sweet, fruity 11.8+0.4 2.0+0.1 1.2+0.1 1.2+0.1 1.0£0.1 1.1£0.1
Banana,
10  3-Hexen-1-ol - 136.3 1080 ) 3.3£0.1 16.0+£0.6 21.3+0.5 22.0+1.0 23.3+0.8 23.1+0.6
sweet, fruity
11  3-Ethyltridecane - 260.7 1468 - 0.7£0.2 4.8+0.3 11.5+0.2 13.5+0.3 17.3+0.7 19.2+0.2
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3 48, AAFE o] &3 WEFHA o3 uFYo) HF thFFe FrHs)t (Peak area X
10%
RT (min) Odor Repetitive frying
No. Compounds o m " N N N "
MXT-5RT MXT-1701 description 0 2" 4" 6" 8" 10
Ammonia,
1 Triethylamine 13.6 - 425 Fishy, 303.9+10.5 19.6+1.1 17.7+0.4 25.5%1.0 15.3+0.4 23.2+0.7
Pungent
2 2-Methylbutane - 14.0 486 - 138.5£5.0 156.416.7 222.4+5.8 256.8+8.9 518.0+7.7 486.419.9
3 2-Methyl-2-propanol 16.4 - 494 - 127.2+5.5 77.9+4.1 97.2+2.4 140.5+4.6 131.1+£2.7 135.4+2.3
4  Propenal - 17.5 566 - 446.0+16.0 0.0+0.0 0.0+0.0 0.0£0.0 0.0+0.0 0.0+0.0
5  Propan-2-one - 18.0 594 Fruity, glue 0.0£0.0 261.8+17.4 312.9+7.6 350.2+19.0 348.7+10.9 375.1+12.3
6  Hexane 19.0 600 Alkane 472.3+19.0 64.1+3.5 74.2+2.8 72.9+35 75.4+1.9 68.411.1
Light green,
7 1-Heptanol 108.4 - 970 tt 24.8+0.8 32.0+1.6 42.1+1.0 46.3+2.5 46.2+1.1 46.0+1.0
nutty
. Citrus, spicy,
8  Sabinene - 109.9 1003 ) 18.3+0.6 2.3+04 1.3+0.1 1.1+0.4 1.0+0.1 0.9+0.1
turpentine
) Qily, nutty,
9  24-Heptadienal 127.5 - 1014 4 7.2+0.4 15.6+0.9 20.1+0.5 20.9+0.9 20.3+0.3 20.6+0.4
ranci
. . Light green,
10  Dimethyl sulfoxide - 136.5 1062 i 19.3+0.5 25.6%1.4 34.5+1.2 38.0+2.1 38.6+0.9 38.4+0.9
nutty
11  Decanoic acid 229.5 - 1323 Fatty, rancid 2.7+0.9 5.3+0.3 10.9+0.4 14.2+0.7 17.3+0.3 17.6+0.4
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13 23] 33] 43] 53]
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olo] Wl ;FYolE A/ B MBe FEsh Aot Ehoh Agre] Aol met
A o] e HAY & YUtk o F AL mFolo] Hrle] ME Hzeol Ago] A
g B34 A Mo BelFee HAT £ AAUTh MAT A 43 WY HPAAE Ta
ZASAT WUE AA S %e AeE AR HZle]l wE U ol Fa%e
Fgo] AT + AYh =AY GA FAHOE Fadgnh 2uel FE A FH A
A4 BN ZaFe FAT F Atk Bl A AAHeT mFYole| Frbel webA
woto] 27132 Belse

® 50, 159l A7t HARE o1& W MY BARYe] B 2uA HEE 24}

CRES:
13 23] 33 43] 53]

A4 7z 5.67+1.51 5.33+0.52 4.83+0.98 5.17+0.98 4.60+1.67
HAF 5.33x1.21 5.67+1.37 4.83+1.17 5.33+1.21 5.00+1.41
LIy 5.00+1.67 5.83+1.60 5.00£1.26 5.50+2.07 4.80+1.30
2 sk 7.00£1.67 6.17t1.17 6.00£1.10 6.50%=0.55 5.60x1.95

Tt 4.83+1.83 497+1.21 4.83+1.83 4.50+1.76 4.60+1.52

Gably 3.33+£1.63 3.33+1.86 2.17+£1.94 2.27+0.97 1.60£0.55
713 5.67£1.63 5.17+£1.47 4.67+1.37 5.33£1.51 3.40+1.14

AT Uk hFReh nEo] kel ThE mFWel Pulfel BHA RES Hm
2 43 87

S, wFgole] At ME A/t HAHOE paPL HANAL, HAG
o

AAE Ba 48T dads FAE BAT 24 S69) 8 4R
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AP E oo Fr = “A8RAd R, FE, HAAFEE, ZVE T T A E
A 50% oo, 22 Ev Ty Al AFol FrE FASHr] st ARgsteE AS w3
o 11 A9star JHKorea Food Industrial Association, 2005). o] &gt &v]F+= ALEH o= 7}
Ao A AATE Eo]E3 HAlA ARE st 94 #i'o] FUhEhel weba] gihdo] FR9
F7LE st EFsA] &2 78 W oHA ge 2YHS AEste ddie AL siddd w
g dorr A&HHoT I YZneeds)7t S7HE ZAoE dAdHET =3 YrEJH Fe 2
3} 22k A F9 THEES AAEtE ARGASdAAE TF ok FAEE AH HAFE A
T Aoe AR AEH A mE:SE 29 BtE AT o8 ARl o A
A3t F3LE st ol LW ETE oy v Aot AE&FA Fau ALA H
AFEE 5= FU7IetA ol50] A AE AH&st] A &FA9 AFAAE B At o] F
7beleE Ao 2 BRuEy dthKoo & Kim 2006; Lee & Lee 2000; Lee et al. 2006).

HAAF 2 HFLEAE H7Ig FrF9 49 AAE HAE A% 22 4% FrEA
o W37l zHEoe Holth @A Il Frlfe 543 S7HE Holal YAT 2719
719k vt Aol dAVIRE A & G438 At ZutE AHFH7E 8T E Holth o]
e FAALS Sl A AT LuFE Hola Sv IV WdAEFQ] wrlE, 1F8]E,
FudFuf, vt S, A, HE SIS 5 OdE SR IR A AL
Z AR = EA-o|tHLee & Lee 2000; Lee et al. 2006). oJo & AFoA= 1FYolE
7hek el Bed EAS HESIA S

A=

Aol ALgE FEole nFole] &4, 99, I8 IS 11E E3 AES AEsId T
TS AAS] S8 sAUARE B3 dxE ARE AEsEen, AHSE A Y=
£ flsted d2EfHI S5 SYBERFE AFSSAT

s A

AYEf Az AHEHE 5ol Ax=o HA Hles ZAsH7] fs) 1,000 mLe| 3B
LYol 10 g9 FWYo] PXES Y1 80T %A 2083 wHke F3lA &3] 159
o7} B edd FFHES FEAT. old tdd w=o FrFE Azt #sko

0.0%, 0.2%, 0.4%, 0.6%, 0.8%, 12]1 1.0%% T== A =33

o
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 0.0% 0.2% 0.4% 0.6% 0.8% 1.0%

O 62 FEEE Azl 5ol Fu|H

i e
[N

ol

QL

2

o

. A8 EE A% X ©E(ightness, L'-value), A S(redness, a -value)
(yellowness, b'-value)E o] &3} th.

Frlfol gt= FRlshr] fst gkolu Fol A9 fl= AWe ol &t W HowA
e A S83HA ARERe 7Fo g % S AU wiAste 4de YA
o Aol Fofstes dde B sdE JIdoR B & = 5 Qe AT E
A7 = Wde AASAT

EY o] YUkl mE Mo WHEE MAAE olgsty MEE FASAH.

A== AXHA(CR-400, Konica Minolta Inc., Tokyo, Japan)& ©]-&3te aFn|f9o Fxo] w&
AT

o

ek
=
b g

kv

) 23

B54E Ea B VEEe] U ARE E 5l BT MEel A4S 0.4%9)
0.6%N A4 71 HAzai ulgolgon, Bt L0%oA /M B ARE Yeniath el
A5 mFgolnl o] Bhe 02%0)4 FRLom, ke mEuo] 0.4%9} 0.6%014 713 BT,
AL 0.2%9F 0.4%14 7H Egrom, FARE 0.8%14 Eghor] Ane 04%)A EUT
Al HEEE 0.6%4 7bg e A%E Ui

k

%

51. Fvlre] ;o] Hlgd e A A

ZHu g MEE

b
odh
N
2
=
i
=
~
)

aFgol vl A

=1 XN
0.0% 470%+170 3.50x1.72 4.10%£2.33 3.90£2.13 4.30+245 3.80+2.20 340+1.96 4.10%£2.28
0.2% 5.00+1.63 390173 4.20£2.25 4.20%+210 4.50+£237 3.90+2.02 360196 4.60+2.27
0.4% 540+165 4.00+£2.21 3.80+181 420181 4.50+217 420%£2.15 3.80+2.04 4.90%2.13
0.6% 5.40+x1.71 4.40+217 350+1.43 450+2.01 4.30%+1.95 4.10%+2.02 3.60=171 5.00%=2.00
0.8% 420+1.93 430%£2.06 3.30+£1.25 440%+212 410213 4.30+231 3.60*£2.01 4.80+2.04
1.0% 320162 470271 280+123 420257 420220 390%£251 3.10+1.73 4.40%2.32
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U

BEANE T B3 A YA A GGl S0 AT AT £ 52
9] A9 04%0A 7P AEFE wgelgon, e L0%AA 713 l_—%% a8 te
ohowure] A9 nFyolst HhHA e 0.0%e0AH Eghon,

ﬂll

i

2ot a25Yol 0.2%9F 0.6%
ANA 7HE EuTh A8k 0.4%2 0.6%1 A 7}?@ =gtom, 7Z-AWe (2%0]A =gkon] Alnk
2 0.2%F 0.4%°1A =9tk HWAERl AE=E 04%4 7HE & AdE Uehdch A
EFE AT aFo] FrFe A 7IE dEdus 04%2] MM 7 w2 ASEE
HAARE, A& A AAse driael 544 w3 A A4F A M 22 AEEE B
= 0.6%1A4 7Hd e AdZ=E vehde ;OJQ T AT FF AFALES A=
0.4~0.6%°] Hl-& WA A7t & A3 HluE FalA AAsoF & o2 Huy
ATt
352, W& o] &3 Fu|Fof aFo] Hl g mE dAsHA A3
Aol ) ) _
A= &7 lEacls &t Aoy Azt Adg A3E
v &
0.0% 5.60+2.12 3.00+1.49 3.30%+177 450+2.07 3.00£1.63 3.00£1.76 3.10%+2.13 3.20+2.10
0.2% 5.60+1.43 4.20+1.23 3.00+1.70 4.80+155 3.10+1.66 3.50*2.32 3.20+1.87 4.10+2.02
0.4% 570+1.34 430+116 280*+155 4.70+211 340+1.84 3.40=*217 3.20*x175 4.80+2.10
0.6% 5.10+1.45 450*+143 2.40+107 480+1.99 340+1.84 3.40*217 310%+179 410+1.79
0.8% 5.00+1.33 5.00*£1.76 2.50x1.35 4.30%+258 3.20£3.20 3.10%£247 3.00+1.70 4.30*=1.64
1.0% 440x1.71 540%+2.12 240*£1.65 4.80*294 3.10+2.02 3.20£2.66 290x1.85 3.00x2.31

ME o g 3ol el wet Lightness(De #H4dte FAE WeHA oW, A%
UEHl = redness (@)9] 739 2580l A7l we} greendll 7H7k MEE YERIT 4
£ Yeldl = Yellowness (D& 04%5 Al9stas 3ol HIlel met 37t F7Hg
slstith AMEe) A AH e Z|Edd et 24T Havt e JoE Fddn

tlo b
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3 53, Fr|fY n o] Hlg wE M=
Lightness (1) Redness (a) Yellowness ()

0.0% 43.60+0.00 -1.38£0.06 3.82£0.05

0.2% 42.95+0.01 -1.91£0.06 4.25+0.04

0.4% 43.32£0.06 -1.96+0.00 5.44+0.01

0.6% 41.86£0.02 -2.19£0.05 5.21%0.05

0.8% 41.42+0.02 -2.25%0.10 5.28+0.03

1.0% 40.75+0.10 -2.50£0.05 5.55%0.04
)l AA =
Frlir= d5dT7IHe A7 Aol w2t 1—’%‘@01 2 04% S EAE 9T F
80ColA 20&3t witeh & offste] A xzsivh. Frlf+= AHE T3 A AHAE o o &
st= APt fe F HHoR Jds Aoy FHALY Ador FA A L22E FTH
Al s Pt ok A HA}p Ahzmof o] &shE FH e A BRI, o tiAlst
= AFoE MAYEE 7HA L 8 Folth
TR A FOoEAY AP E st AF AE FA HA By FERDAAY @3 =4 4
AL T2 g o o]t

19 63 Tl AAF
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