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Abstract

This study examined the total glucosinolate (GSL) and i

yanate (ITC) c according to different processing

conditions; fresh Kimchi cabbage (Brassica rapa L. ssp. pekinensis), salted Kimchi cabbage and kimchi (storage
temperature 4C and 20°C) using two different cultivars (Bomatnorang and Chunkwang). Four GSL peaks representing
gluconapin, glucobrassicanapin, glucobrassicin and 4-methoxyglucobrassicin were detected in Kimchi cabbage by
HPLC and HPLC/MS analysis. The total GSL contents of fresh Kimchi cabbage of Bomatnorang and Chunkwang
were 21.37+1.06 ig/g dry weight (DW) and 20.96+3.33 1g/g DW, respectively. After salting, the total GSL contents

of salted Kimchi cabbage decreased by 39% and 52% in B

tnorang and Cl g, respectively. Finally, the

total GSL contents of kimchi after storage at 20C decreased by 83% and 56% in Bomatnorang and Chunkwang,
respectively. The extracted ITC contents were analyzed by GC/MS. Three ITC peaks were detected in Kimchi
cabbage representing 2-phenylethyl ITC, 3-butenyl ITC and 4-pentenyl ITC. The 2-phenylethyl ITC levels increased
during the salting process but this generally fell during storage at 20°C as kimchi. The 3-butenyl ITC levels of
Kimchi cabbage according to processing decreased rapidly due to salting and then decreased slowly during storage
as kimchi. The 4-pentenyl ITC of Kimchi cabbage was lost during the salting process. The results for the change
in GSL and ITC contents during the kimchi making process will be used in the food industry.
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S 2 7t4al] =o] thiohydroxaamte-Osulfonate} 722
aglycone FXHAIE @338 tk7F SA] isothiocyanate(ITC),
nitrile, thiocyanate <} glucose 2 3l € Ch(Fig. 1)(1,2). A A
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Fig. 1. Enzyme-catalyzed hydrolysis of GSL and their structural formula.
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GSL & 9 &A1& 93] AH8E desulfo A9l aryl
sulfatase, &5 FFEH 2 A8 sinigrin B AH =<
DEAE-Sephadex A-25% Sigma-Aldrich Chemical Co.(St
Louis, MO, USA)*|4] :rL otlon, o] Fd-8vl = AH8-g
acetonitrile-= HPLC ¥4 5522 J.T. Baker(Phillipsburg,
NI, USA)elA Fatdet. =3 ITC & AMed
dichloromethane-2 J.T. Bakeroll A 713131, EFEZ 2
AH&-¥ 3-butenyl isothiocyanate, 4-pentenyl isothiocyanate
2 2-phenylethyl isothiocyanate= Kasei(Tokyo, Japan)©l| 4]
T A& APl g

GSL & ¥ ey
i3] GSL e Al EF37]17aS0)e] B2l
o EAsgh $AAZ A M, AguF 9
£ 70 mgel] 70% 2] AESE Hrlete] AEF F 581
EFEH70C)3ke] Z(crude) GSLS F+33}1aL 4°CollA 20%
213000 xgol ] A4 E2] S1TE 1 mL blue tipo2 Y
AYS wHEo] H el 24344171 DEAE-Sephadex
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75 19| aryl sulfatase(28.7 unit) 222 loading 3FS3th. 412
ol Al over night =] 31HA] desulfate AlZ T SF/ 0.5
mLZ 33] WHE3}0] loading 3PHA desulfo GSLE: 2] %
t}. #-2]3F desulfo GSL+= HPLC(Dionex, Sunnyvale, CA,
USA)E £413199 T HPLC 8412 58] 42 32 peakoll
3t mass spectrum= MS spectrometer(Thermo scientific,
Waltham, MA, USA) &2 224 3le] Ex}3-S 21015t a GSL
912 g<lslgltl. HPLC 2 HPLC/MSE-AH -2 Table 191
HeRf Atk

Table 1. HPLC and HPLC/MS condition
HPLC Condition

Instrument Dionex system

Tnertsil ODS-2(C18) Column

Column (4.6 mmx250 mm; GL Science, Tokyo, Japan)
A: Dejonised water
B: 20% acetonitriles
0-8 min increased 1-99% B

Solvent

18-29 min kept 9% B
29-32 min decreased 99-1% B
32-40 min kept 1% B

Column temperature 35T

Flow rate 1 mLymin
Infection volume 20 uL

Mass system
Polarity ESI'

Capillary temperature 275
Voltage Pray: 5 kV and capillary: 15 V
Mass scan range (m/z)  100-600

ITC & & EFEY

v} 32] ITC2] $%-& Al-Gendy®} Lochwood(14)¢] A1¢1
291 2}7}1-3l (natural autolysis) ¥ = 4733t AH&-3F3
o GSLel EA3HE MF, AguF 3 Ax AR A
9T 2 g FHF 20 mLs} Ao} ANRa} Ao
A Lo A 24117 x| slTtE 1 ©] % dichloromethane 5

= A71E F 308 T AAAE § 3,500 rpmel A
557 A4 R vk 94 28] F dichloromethane 37k
< Fldte] A27taE o] 83kl 0.5 mL7HA EEsto]
S #2412 stelth GOMSEAH-E You 5(15)9] £4
e Faaiglond Table 20] YERRITh EFEA
2-penylethyl ITC, 3-butenyl ITC 2 4-pentenyl ITC= i3
SEF v FE ARME Hlal £A6ke] 91613l em, MS
Mg Bote] EAFE ERlste] FEA sk

g

z

Az

SARz
B Aol BE BAL 53] vhelglon], ol we
zggke At E2RA2 YA 2 HEg 2

=
=
b

=

o] zpolell gt 2] SPSS program(ver. 20.0, SPSS
Inc., Chicago, IL, USA)S ©]£-3lo] ANOVAS AA3hL,
Duncan’s multiple range test2 7} 9] ¥t Z}o]ol| gt
A AR sklen, BAE FoE 5% FEolA 4

sele.

Table 2. GC/MS condition
GC/MS Condition
Instrument Agilent 6890N JMS-600W Mass spectrometer

HP-5MS Column
(30 mmx0.25 mmx0.25 L)

Injector temperature  250°C

Column

Detector temperature 280 C

50T 2 min
Oven temperature 50-280°C  (5/min)
20C 2min
Tonization voltage 70 eV
Carrier gas He
Zn o n@

ui 7kBol e GSL B
B AT A8 WEE Boheds 2% F
1

FTOR FLG AN B FaoA TL 2R
Aujehs 5 AulEAE BAGe] F5 7 Hlwskich &
=

Wed 9 EY AHWFe] GSL §FE HPLC ¥
HPLOMSE Edlo] 2418 23, F 5 ZF 5 4719
F& J3E g58%en £AF &2 A sinigrin,
gluconapin, glucobrassicanapin 2 4-methoxyglucobrassicin
© 2 ZRIFRITH(Table 3). H3E=Fol = 4-methoxyglucobrassicin
(9.57£0.42 ng/g dry weight, DW) > gluconapin(7.59+0.16
lg/g DW) > sinigrin(2.60+0.17 png/g DW) > glucobrassicanapin
(1.61+0.31 pg/g DW) A2 gHireloldlen, 3=
4-methoxyglucobrassicin(12.46+1.99 ug/g DW) > gluconapin
(4.90£0.62 pg/g DW) > glucobrassicanapin(2.44+0.25 pg/g
DW) > sinigrin(1.16+0.47 ug/g DW) <412 $HrE ol gleo]

Table 3. Individual ghicosinolate contents of fresh Kimchi cabbages

(uglg dry weight)
Cultivars
Glucosinolates
Bomatnorang Chunkwang
Sinigrin 260£0.17" 1162047
Gluconapin 7.5940.16 4.90+0.62
Glucobrassicanapin 1.61£0.31 244:025
4-Methoxyglucobrassicin 9571042 12.46£1.99

"Means+SD (n=5).
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Fig. 2. Change in total glucosinolate levels at different processing
conditions of Kimchi cabbage.

Values represent the meantSD (n=5). Means with different letters above a bar are
significantly different at p<0.05.
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FF ol Aol7t Aot F GSL §-e BAA Aol 7t
121 TH(Table 3, Fig. 2). Hwang 5(16)2] .ol o]shd
Hjj 5ol 3l GSLZ 4-methoxyglucobrassicin®] 7} 3
o] gton ol E ATt fAMg Aol
A5 Aol "l AduiF9] GSL S Table
49 YeRIQILE F FF EF sinigrin AYFE ol
A E O™, 4-methoxyglucobrassicine &5t &ol| A]
4.16035 pg/g DW, &304 7.19+0.83 ng/lg DW= 1%
o] 2lxul ol vl Zk2} 56.5%, 42.3% HAaE Ak gHA
gluconapin?} glucobrassicanapin®] & vl w4 434
of w} AA WslshkAl gttt o] A7 GSLe] AdFH
5 ko] Zagt A AdHE Foll AR mAIL7]
wjiEo 2 gehech AdFA o whet v F GSL FeF
2 Bubie 2 39.0%, =32 52.5% AT Tyagi &
17)°ll w2H mustard cake®] % GSL a2 -3 Akl
F2 ol FRATI0] FUHESE GSLF Aadhe A
2 Uesith gk i3t Aol &b vl F3 Al
o] A8 Felo] Al s el o sl =W
A AEeto] dHE =y oju £&4 EFQ HE C,
3, GSL& 233t 3 a2 felotu| it So] A

Table 4. Individual glucosinolate contents of salted Kimch cabbages

A2478 A3Z (2017)

Az RE WA U-21H9,12). Hwang(9)] &7l w2 &
UAIZE L Ao AMgShe gl BRI SUMESE F
GSL gHeo] Zhasisict. vis-e] A3l w& GSLJ e
2 7120 A WA 9912 GSL7} RSt i FERaof
gt Nz B 2 Qlsle] g4 §& 7] wjEolth o]
712k FE) wel 229] Apol7) 3lof gl AlE ghe.
2 gty Jxrt @A Beho,10). webd F3Fol
e} FUzde] AT A= GSLY T Aol
Q&S F0H10). GSLO] T 7ae] F BiA| o= AE
o] w5 W] Al ) 2] myrosinase”} GSLO| 8-}
GSL7} 7k Rl 7] w&olt}. Hwang9)& Y 34 5
myrosinase®]l 2|3t} GSL7}F #all¥]o] % GSL gHge] 7t
ot Ao g 2131929t myrosinase= Bl 28] &4
o] ZHaEm A% F U] A4o] ddthe ATy
of ute} uFo] FA oA GSLY T Ao Fa3t
AN AHFEG 2 HArlRs el o Az B2 Qg
22 &7 Aoz ALEHETKI1S,19).

H|E AA 2 7Fgste] 22} 419 20T 159 A3
F GSL #&2 2438k th(Table 5-6). X2 A 23t
4CAA A2 #A8HS vl F FF 5 gluconapin}
glucobrassicanapin®] #F-2 27 WslelA] ekgk). AT
4-methoxyglucobrassicin& 3t Al 2.3740.73 ng/g
DW, 533014 3.1120.33 yig/lg DW= 21 &]o] 2 ¢lulj S]]
H)ato] 77} 43.0%, 56.8% FHAE AT 20Tl S48k

Table 5. Individual glucosinol. of kimch stored at 47C
(ugfg dry weight)
Cultivars
Glucosinolates
Bomatnorang Chunkwang
Sinigrin ND' ND
Gluconapin 7.20:0.20” 4142025
Glucobrassicanapin 1.3120.05 2.710.14
4-Methoxyglucobrassicin 2374073 3.11£0.33
"No detection.
"Means*SD (n=5).

Table 6. Individual glucosinolate contents of kimch stored at 20T

) (uglg dry weight)
(gfg dry weight) Cultivars
. Cultivars Glucosinolates
Glucosinolates Bomatnorang Chunkwang
Bomatnorang Chunk — )
— 0 Sinigrin ND ND
Sinigrin ND ND 2
. 5 Gluconapin 333+047 2.9240.16
Gluconapin 7.49+0.18” 3.130.11
. X Glucobrassicanapin ND ND
Glucobrassicanapin 1374022 1.170.17 .
.. 4-Methoxyglucobrassicin 0.32+0.19 1.68£0.18
4-Methoxyglucobrassicin 4.16+0.35 7.1940.83
T N "No detection.
7N0 detection. "MeanstSD (n=5).
"MeanstSD (n=5).
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< W= sinigrin?} ©}E©] glucobrassicanapin’= 7 2% |
29ktl. E3b gluconapin®] B #ollA] 3.33+0.47 ng/g

DW, &340l 4 2.92+0.16 pg/g DWE &Q1%]0] 4T A%l
Z=o|| H]sto] z}+2} 53.8%, 29.5% A% %21, 4-methox-
yglucobrassicine E3 =30 A 0.32+0.19 pg/g DW, 5%
o] 1.68+0.18 ng/g DW= &R1=|o] 4°C |7l F=of] u]3}
o] 27t 86.6%, 46.0% A ATk o= A2 oA GSL
o] Eall7t 715 = A et Jung 51D A=
7} EE5E A% 2710 F GSL ko] F43] it
3 Bydte] Z AFATe} fARE v S5 dole 23
oluf A& Alzste] 4T AR S wl 4-methox-
yglucobrassicin®] & #4240 & 71425 01} gluconapin
7} glucobrassicanapin®] $H&FS ZA| 7FAEHA] Egtom
Hwd gl A Py Aoz Alg®ch vl 20T
ARl &4 2 dEv) APEE Bl EEE Aoz
et sgoa o] A% g thE GSLY H] Sl
Fedhe Zo& AdEth o] 4§ GSLO| Fiol wel &
due F=r Gabdnh % GSL oz ge uf A
I F A Fas, 4 Y Foll A gashke A
2 JEgthFg. 2). deolv $4 3 T F3 w2
W3} 2tol7} e A FZo what Hrloly AlxEs 5o
Zolol A 7]Qlsle Aoz AdE

Hi 3 7130l e ITC &

W55 713 el mhE mee) $HFS GOMSE 2413
ZA¥}E Fg 30 Vel Fubesd 9 &3 F AR
2-pheynylethyl ITC, 3-butenyl ITC, 4-pentenyl ITC7} 2915
Atk ©]= Hong? Kim(13)¢] A7k X5k ch A%
Hong¥} Kim(13)¢] &0l A& 2l ufFell= o] 5 ITC
o] &% =47} 4-pentenyl ITC > 3-butenyl ITC >
2-pheynylethyl ITC 2}31 Bt & dFo e Bt
=%-2 3-butenyl ITC > 2-pheynylethyl ITC > 4-pentenyl
ITC <A 2 B4 59 oM (Fig. 3A), %32 3-butenyl ITC
> 4-pentenyl ITC > 2-pheynylethyl ITCS] A2 4153
thFg. 3B). °1& FFl W 1mCe & Aol = o Az}
2-Pheynylethyl ITCE w3t 2 &% F A& tistod
A F F7RsIi T A2 ekl Agshe 2l
2AEE Aoz Jelton 20CE #A4sdS o A
Aadhe A%S YERRSITE 3-Butenyl ITCS] 4% AT
Aol e AaHAqt A Folle 2PEHA Be
Aoz 2159 or, 4-pentenyl ITCE AA IS 2] ol A
el Ayt 7keAelol elate] ¢hds] LAt wiF
o ITCe] &3 AL A3} FF ol whel ITC ol o7}
Ao, FL 7HEAA 1TC] §HaF Wiz} Ak
U3t Chun F(18)2] A7+ Az B4k 2t ZAX|e] whE
71de] EoluwA 1TCe] $Heko] tadte AeS Bk

rr

1

ol

AL 1l ITC FFe A 19800 S} o)
B3P 2o, 59 ol Folle ghs] 2489, ol

A7 2719 myrosinase®] &4Jo] 3] A4 E7] A
GSL3} ¥h-g-3te] #a 2=l ITCE sttt 484
57} Z718H A myrosinase”} 24S @Al HHA 1TCS]
Aol Zolee A og dSHrh Park 5(19)2 7t XA
%4 % myrosinase 242 20CoA 3¢ o) 2818
o F23] 7aste] 4 o] FolE 50% ©de] S £
skal 109 Folle A &Aool itk Busta gich
ol ITC AAo] 7147 Zaele] ukgo o3t Aoz &4
= 714 2 magel 1Al Imee 24 dlew dvkd
th18). Foo Z0)E A< AElel pHlME GSL7F
myrosinasecl] ©]3to] F& ITCE 7 gho] w2k 4bAe] 2
AM = nitrilec] F8 EaiiHEE PJAHE T Bk
t}. 39 Kim 52D F2tS AAZ A Z239S o) ITC
el A lle] ITC7 92 §&HA7] ez
d &t o, ITCe 3 E42A B & 8354

>

>

20

E

=N

Isothiocyanate contents
(ng/g dry weight)

Kimchi cabbage ~Salted Kimchi ~ Kimehi stored  Kimehi stored
cabbage at4°C at20°C

Treatments

(B) 20

c

Isothiocanate contents
(ng/g dry weight)

Kimehi cabbage Salted Kimehi ~ Kimchi stored  Kimchi stored
at4°C at20°C

Treatments

Fig. 3. Change in isothiocyanate levels at different processing of
Kimchi cabbage.

(A), Bomatnorang; (B), Chungwang.

@, 2-phenylethyl ITC; [, 3-butenyl ITC; O, 4-pentenyl ITC.

Values represent the meanSD (n=5). Means with different letters above a bar are
significantly different at p<0.05.
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B A8 Edolng A4 3l X9 hdge £&F]
2457 Hoe A% 3 o2 e s ksl AY
gatg]o] 245 AS Aoz dckEti22). GSL % ITC
TS 3] ]34 54 7 E(firmness, hardness)©l|
GG ol 7hFHol upet o] Wale] JIE v
RolH, w5 7o) Wro] J&2 =I5l g AEZQ
zo] FFRE Ade] & AR o FHTh Lee 5(23)]
Ao o) 5l HEI RS F 49 pectinesterase= HElo] 2
gliko 2 RalElS u) Ca B Mg 7} 7twddhs k=
= fxsle] A8 Axets dusA e 2eS dttn
Basle] 3714 e A =3 Wd A9 ujF 22
E2]-3}8H8 EAJo) 9@ GSL ¢ ITce| ek Wsle] <lx}
HAE R & 5 A& Aolth e 71F(GSD I £
(myrosinase) W3- 53 B3AHEATO)S] 4ol tiak A
T-E 938lo] myrosinase EA ATFE 7 K FPE ojok &
Rolth.

soted 9 23] rtEEd
QAR F, Al S, 4°C A7 AR B 20C A% AA)
w2 GSL 2 ITCe| FA4 -3 B4S st} HPLCS
HPLC/MS®4] Az} Bubed 2 &3 v 5d= 4579
GSLsinigrin, gluconapin, glucobrassicanapin, 4-methoxyglucobrassicin)
7 =t AR5 & GSL e Eubheh
21.37+1.06 pg/g DW, 34; 20.96+3.33 pg/g DWollA A <)
AR Eohed, £l 47 39%, 52% Ak
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&, o) 7+t 83%, 56% Aadte] GSLe| ke
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