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Abstract In the present study, we investigated the physicochemical
characteristics and antioxidant activity of kimchi during the
fermentation process. Kimchi was fermented at 18.5 °C, then after
one day, the storage temperature was changed to 5 °C without
fresh kimchi (Fresh; pH 5.6, total acidity 0.3%), which obtained
optimum-ripened kimchi (OptR; pH 4.3, total acidity 0.64%), and
over-ripened kimchi (OvR; pH 3.8, total acidity 1.24%). As a
result, the glucosinolates content of the kimchi was increased
during the fermentation process. Among the glucosinolates,
glucoraphanin possesses the highest amounts in kimchi. In
addition, the contents of sulforaphane and total polyphenol, which
are common antioxidant compounds, were increased during the
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fermentation process. To evaluate the antioxidant activities of
Fresh, OptR, and OvR, we measured 1,1-diphenyl-2-picrylhydrazyl
(DPPH) and hydroxyl (-OH) radicals radical scavenging activity
in vitro. Fresh, OptR, and OvR exerted DPPH and -OH radical
scavenging activities dose-dependently. In particular, the -OH
radical scavenging activities of OptR and OvR were higher than
that of Fresh. Therefore, we suggest that kimchi at the ripe and
over-ripe stage is considered to have high antioxidant activity by
increasing glucosinolate, sulforaphane, and total polyphenols,
compared with fresh kimchi.

Keywords Antioxidants - Free radicals - Glucosinolates - Kimchi
- Sulforaphane

A8

AXE S@Uete] EAQ 14 wFgaEo e Ao A
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B, F714 o] Qo= B-sitosterol, capsaicin, allyl 52| 3}3t
=8 et Ao=E HAEUH6,7]. olAH AR theket
g ggEEo] Rugd wt Hueler= AR gt
%, & 1%, m9xd a9, s A 23 A5 R
A 523 59 A% 7158 dTE 2ds] o] FoR L UTh8-
10].

Free radical® ¢t 7| = 2 o)de] HIFFHAAE 7K &
e EAE AW BEH AMEGAE B8 AEEE, s
3l free radical AAIS A3 2EHAE SE3011]. A3
ZEf 2 AW AA, did) I 5 AAEAE FA5
AZAPES Zefei, ole ¢, BxH, AW 5 T9ASe] ¢
ez riEo] QItH12,13]. 3 Aael ol =] 2
= 9T IFE, EetReols, HEHIRE oY S free
radical A& SAIStA lsld 2EHAE oW 9 e
Al ailst AR dEA AvH14]. webA FHole A
3H 2EHAE oAE FHE dUE £ e JAE A
9 O fE/gEe] #g A 2ds] A UTH15,16].

Ax o] waA|7H} ksl Edol] A o) At wEH
A= L' AZke] Aol wEl EgjdEs 9 AR T 5
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F7FIl e, HaagolA o] JA Zhgol o] oisEA <l
kel E41 F vER] C o] 78k slo= BaHES]
TH17,18]. et dRARE AR, As7] B 7)) AA
N8 glucosinolate, sulforaphane¥} 7+ Aaksl 22 ghaf W
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Sucrose= BioPure Reagent (Seoul, Korea)oll*], phenylethyl
alcohol, acetic acid, sodium acetate, (NH4),SO,= Junsei
Chemical (Chuoku, Japan)ollAl Fd3sle] Ao ARE3lAT).
Agar, trypticase, peptone-> Becton, Dickison and Company
(Sparks, MD, USA)°|A, yeast extract= LPS
(Daejeon, Korea)ll4] 43}t Sodium acetate, ammonium
citrate, MgSO,- 7H,O= Duksan Pure Chemical (Gyeongju,
Korea)oll A #9139 th. DPPH2 Sigma Chemical Co. (St
Louis, MO, USA) A|&2 Fsle] ARSI, trichloroacetic
acid (TCA)y= Acros organics (Fairlawn, NJ, USA), thiobarbituric
acid (TBA)x= Kanto Chemical Co. (Tokyo, Japan)oll4 ¢35}
o ARE-SATE

solution

22 N Az
¥ el Ag WX F 1A BE2S AA[9P) T
Az, FHFE 25251 10% Aol B3 10417 B

oF Mol &, =& B 33 AFE T AL 347} Fot
A AT Y ulF T 100 g2 VTR0 E F O
2g AFETNE 35g v 14g A7 06g EXAA
B 1 g& viFet I MEH FH, AT d=e Ad9S
L3510 2.5£1.0%% A3 Y. AXE 3715 AAR FH A
ool Fo} 18.5°CollA 3 &S AX H 5°C A3t
Atk A7kl wel pH 2 AEE =Hsle] A pH
5.6, 4571 AX= pH 43, I%7] A= pH 3.8, A==
1.0% ©14e] 7150 wet AEadAE ARE AT AF
3 AEE FEAR ¥ 223 slo] EOHE o]83te] 24717
Bt 33 Wt &3 ), A9t wEsle] Ao ARSI

W
N g

P

423} 3 AFEAE FH3le] pH meter (M220, Corning, MA,
USA) 71718 AME3le pHE A3 F Aee +23) g
AFENE 208) EAEl] pH 847K F3MAIFIEE 289 0.1N
NaOH®] Z:H] mL 5 8kl thol wheh ALkt

Total acidity (%)=[(mL of 0.1 N NaOH x normality of NaOH
x0.09)/weight of sample (g)]x100

it
443} g A ERS TR 9AE Al FaAlTEES ol
g3le] A 8 293ITE Leuconostoc spa= phenylethyl
alcohol® sucroseE 3 7}8t phenylethyl alcohol sucrose agar
medium (PES medium)& AR&-3Fo] 20 °CollA 597F incubator
A gridgoe=z wgsIATh. Lactobacillus sp= Lactobacillus
selection medium (LBS medium)ol| Pediococcus®] A5 <
As7] 915k acetic acid®} sodium acetateS 713+ modified
LBS agar medium (m-LBS medium)S ARE-5lo] 37°Ceol|A] 3
Izt wjFete] et colonyTE 43Tt

23

o
% Sy

[¢]
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Glucosinolate &2

7t N8 %% AFS 70% methanol (MeOH) 1 mLol] 0]
I AFEZSE] glucosinolate F FEES UL T, pasteur
pipette2 ©]-83}] 0.5M sodium acetate® DEAE-Sephadex
column (A-25, Sigma-Aldrich)l S3AF T} FZ2E0] EF 5
=, A=A &2 4ES AAS] 98, 115 mg/5mL
acryl sulfatase solution 75 uLE columnoll FHAIZTE &8
Sl Besto] A2e] rdell 1677 FF A F, 2.0mL
e-tube?l 7 0.5 mLE desulfoglucosinolatesZ 4| ¥ 823}
Atk =¥¥E FEEL 045 um hydrophilic PTFE millipore
filter (3173 13 mm)& &J7}5}¢] HPLC HoZ EA51ItH(Table
.

Sulforaphane % &3

7k AR 5 g8 XEele] s 3} stal A2eA 60 W
%] & dichloromethane 250 mL2 F ¥ F=313ch 258
sodium sulfate 2.5 g& H7lsle] @Al & 30 °ColX A8ks
=313 th ©]& acetonitrile] 8313513, 0.22 ume] membrane
filter? 7sle] FEES T F, HPLC #4184 AER A
3 tH(Table 2).
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Table 1 HPLC condition for glucosinolate analysis

HPLC Agilent Technologies 1200 series
Column Inertsil ODS-3 column (150 x 3.0 mm i.d., particle size 3 pm)
Wavelength 227 nm
Flow rate 0.2 mL/min
Mobile phase Solvent A (Water), Solvent B (ACN)
Time (min) Flow rate (mL/min) A% B %
Gradient conditions 0 02 3 ’
18 0.2 76 24
32 0.2 93 7
Table 2 HPLC condition for sulforaphane analysis
HPLC Waters 1525 Binary HPLC Pump (Miami, FL, USA)
Water 2489 UV/VIS detector (Miami, USA)
Column Discovery® C18 (4.6 x 250 mm i.d., particle size 5 um)
Wavelength 254 nm
Flow rate 1 mL/min
Mobile phase Solvent A (Water), Solvent B (ACN)
Time (min) Flow rate (mL/min) A% B %
0 1 80 20
Gradient conditions 20 1 65 35
25 1 0 100
35 1 80 20
% EhE #F 54 TAEH

ztzkel FZE 200pLell FF 1mLE 7+s ¥, Folin-
ciocalteu (Sigma Chemical Co.) 0.5 mLS &3}5le] A9 6
E7F AAGT) o] wkgAlo] 7% Na,CO; £ &3 & H2
o 1AIZE 3027 WA AT W9 UV-1200 UV-vis
spectrophotometer (Shimadzu, Kyoto, Japan)< ©]-8&3}¢] 420
mellA FFEE G5 EFEER gallic acid (Sigma
Chemical Co.)E ARE3Io™, 23 gallic acid HHFAL o]
£3lo] A7 g gallic acid equivalent (GAE) mgl& A
3 TH20].

1,1-Diphenyl-2-picrylhydrazyl (DPPH) radical &4 84 &4
DPPH radical £24% &4 W2 Hatano 52119 Wil u}
2} sl 72t s A89 EtOHo| ¢ 60 uM DPPH
fAS Z7F 100 plA FHOE EFSIILE o] F AL 30
E7F Wkg-A171 F, microplate reader 680 (Bio-Rad, Hercules,
USA)E o]&3l4 540 nmollM F3=5 =450

Hydroxyl (-OH) radical 24 84 33

Alg#o] 0.1mM FeSO,- EDTA €9 02mL¢ 01M
phosphate buffer (pH 7.4) 12mL, 10mM H,O0, 02mLE
7V3lal 37°C water bathollA] 4A17F wR-SAIZTH 2 & 2.8%
TCA €9 1mLE 71l WS TXAI71AL, 1.0% TBA £
1 mLE 7138le] 95°CollAl 1087 71EA1] & F43] ¥Zslal
microplate reader 680 (Bio-Rad)Z ©|-&3l 520 nmol|~ 53
T8 A3t 22].

2 dgoa 4 A= ¥ (mean)+ 3EFH (standard
deviation, SD)Z YERATE A3} B8 FAZZ T3 SAS
software (version 9.4, SAS Institute, Cary, NC, USA)E ©]-&
slo] AU X224 (repeated one-way ANOVA)YS: 13+
AFE7% (post-hoc test)>Z Duncan’s multiple range tests A}

gajol B2 FI5E 00594 frelde AEsidn.

HAAe dm Y Foll S sk Bkt 28l s A
S A Antd s JEliH, ol w3 § AR
of e wrslE Fol walEwA AdEE fr1ike] St
Sl w2t pH7E ZHasstal, & Atee 7k "4 ol¢
22 Wshe AAe] Bt e FH| T3 IS WRIth23].
dubdo g AXE Hrld 7P gt ’Jeje] pH=
4.2-4.4, 2Fe= 0.6% Je=2 dEA Q) 2 wg A

o weh pH % AHEE 2T A3

)

)2] 739 pHS} 2=} 22t 5.6, 0.3%2 YERdThFig. 1), ¥t
H AHAAE 185°ColA 37 S AA 5°ColA 30€7F A
As19S wl, pHeF AH=rt 2t 433 0.64%% S H ] H&
7] AAE 4E F UAUTE o] F oF LI pHIT 4.3-4.0
Atelolld dAsHAl FAENeH, AX] BF F 178¢A pH

3.8, At 1.24%9] F57] AXE IS F A

o} olHg 4

= A9 pHe 2R 2710 A9 s} deiAlE 9
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Fig. 1 Changes of pH and acidity of kimchi during fermentation
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HE UERH T pHel RIHHE A} S7ketchrt ehvtelA]
= FHE vt 2 A3k fARE d3E JERL
th25]. Jeong 9 ATF26]M= AXE 4°Col AFHAES
] 120474 pH7E 4.1 AEE RIS S Helgy B
A on, Park o AF27eME 4°CAA 297 AAE
HEAZS u pH 331, AHe7t 1.34%2 UERdtal Harsled,
2 Ardel fARE 23E VeSS & ATk

AxY ey F 28 x7]d FAse F8 Ak
Leuconostoc sp= 5°C L] ALofA Ao] ksl fikd
o= oiERtAE AYdste] A eiE Foltar, {714k
S Aske Aoz dEA JUH28). H3 Lactobacillus sp=
15°C BxolA AFo] &dsl At R ol F2 4k A
Aol L vR= AR BIAEUT29]. oHE HA=
Leuconostoc sp3} Lactobacillus sp.8t 732 F8 fikdo] &
W] 283 o siole At AlhE gks die AX7F "ok
2 Aol LEAIZE E XS] i HEE S 4
I} Lactobacillus sp= 237X *JelolA 4 log CFU/mL, A&
71 A 7<% 78 log CFUML, #<%7] AX+E 82 log
CFUmMLE &7} 255 ikt 571 S7isks 2E g}lst
Arh(Fig. 2). Leuconostoc spi= “3AAoA 3.4 log CFU/mL,

o
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Fig. 2 Change of lactic acid bacteria of kimchi during fermentation

A&=7] XN 84 log CFUML, #&7] AX A 5.5 log
CFUMLE A&7 X7 F217F S7ksrt #4271 A A1l
A 2 g7F ke AE E AT Lee T AFH[30]°1

A Leuconostoc spi= X758 F43] 571811 pH 4.0-4.59]

A&7| Fo| EEe & F43] 7A8laL, Lactobacilluse 7
A 8 A 7N =2 2EES UERE pH 3.8 ©ldtE 9

o]X o]F o7k 7hadtla ByH ul k. ol pH 3.8
7] ZAXONA Lactobacillus sp7t A57] AR} FABHA =
& & & YeMH, Leuconostoc sp.2] 749 pH 439 A&
7] AXA F7FEE Holth 7] ARelA Holdl 2 A
To A¥el e AHES B

Glucosinolate= H(sulfurn)® g3l AE 3P40l
AR guiF, B2FE] o Sl Aida 553 1)
71 Fofsar glom et ditsl, gufoles Fo| e
S Yelitky Bv5o] 2At}31,32]. GlucosinolateS $-3h Al
AE Algo] AFHSHH Aio] xZo] A EHA 2 &Ko &
ASF= myrosinase &40 2Rg-o] 2]3}e] isothiocyanate, nitrile
9 thiocyanate®} 72 EalibEo] AAFH L ol EalikES A
SH} 2uks ok dEA JTH33]. 2 ATellA ARkl
ANagl vlFE FAEE S AX|] @F GAE glucosinolateS
BA&Ak F 97 72 glucosinolate F77F SIE AL

(Fig. 3), = & BAo] gRIE A2 glucoraphanin, glucoallysin,
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Fig. 3 HPLC chromatogram of glucosi

nolates in ethanol extract from kimchi
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Table 3 The contents of glucosinolate in ethanol extract from kimchi

No. Rt (min) Trivial Name Content
Fresh OptR OvR
1 6.02 Glucoraphanin 0.33 1.31 1.49
2 7.41 Glucoalyssin 0.02 0.16 0.10
3 14.34 Unknown 0.08 0.25 0.06
4 19.54 Glucobrassicanapin 0.04 - -
5 22.35 Unknown 0.01 - -
6 22.98 Unknown 0.03 0.05 0.03
7 24.87 4-Methoxyglucobrassicin 0.02 - -
8 27.34 Unknown 0.02 0.04 0.02
9 30.15 Unknown 0.06 0.01 -
Total 0.62 1.81 1.71

Fresh: Fresh kimchi, OptR: Optimum-ripened kimchi, OvR: Over-ripened kimchi

Table 4 The contents of sulforaphane in ethanol extract from kimchi

Table 5 The contents of total polyphenols in ethanol extract from kimchi

Sample Sulforaphane content (mg/ext g) Sample Garlic acid equivalent (mg/ext g)
Fresh 0.48+0.01" Fresh 134.6+6.7%
OptR 0.49+0.01° OptR 166.4+8.3°
OvR 0.52+0.00° OvR 189.3+9.5°

Values are means + SD of three independent experiments. “’Means with
different letters are significantly different by Duncan’s multiple range test
(p <0.05). Fresh: Fresh kimchi, OptR: Optimum-ripened kimchi, OvR:
Over-ripened kimchi

glucobrasicanappin, 4-methoxyglucobrasiccin®] 471X I THTable
3). 2 FoNME AXolE glucoraphanin®] g&Fo] 7 Eko
), Al 71 EE ©@Al9] AX A glucoraphanin®] S A
HokS uf AN #57] X2 G ATbo] Lojd4E
ke ¥ UERT

Sulforaphane2 isothiocyanate A|€<] Wl EZ2ZX, w52}
2 ARk Qo F2 FHrEe] Jom Aae] xFo] 1t
H=HA glucoraphanin®] myrosinase T4~ E4Jol ]3] Ea) =
o] sulforaphane nitrileZ} 7 AYAE= AoZ HIEo] Qch
[34,35]. 53| sulforaphane®] <, ikl dAS 59 T35
R UETHA] sulforaphane] - HAE Aaje] A2 &
H A7t @3] o] FojA|aL UTH36,37]. & ATolA 371K
g oA 71X]9] sulforaphane -8 =43 A3, FE2E9]
g T AAAE= 048 mg, Z57] A= 049 mg, 3<57] A=
0.52mg®] sulforaphanes $Hrshs A FR1ISFATH(Table 4).
7] A7 AR D A7) ARG fojHoR B
sulforaphane -3k Zlo2 Yehs Zo® Hol wad]

we} sulforaphane®] ol HAF F7tete S € F U
Axe] IE wAle] e F Febe e s 23

(Table 5), AAXE 134.6mg GAE/g, 2%7] AXE 166.4
mg GAE/g, #<:7] AAE 189.3 mg GAE/gd] 32 Yehj
o] wart AYPIFE F ZTvE ko] foHog Eopx
E AL o F dAr olE Park 59 AF[17PI4 AXE 4
ol 7] HEAIZ] X9} e 2EoA 29 F
o wEAIZl X FEEE F e TS SH8NS

w ©7] wE AR wlal] A7 2ER AR F Eus

Values are means + SD of three independent experiments. ““Means with
different letters are significantly different by Duncan’s multiple range test
(p <0.05). Fresh: Fresh kimchi, OptR: Optimum-ripened kimchi, OvR:
Over-ripened kimchi

ko] Z71ek Aoz Ryd A FARE FES eIt

A 7K 2rg 9 71X] EtOH 3=E¢] DPPH radical &
Ase Hlust A3, e FoX FE2EL s 2oRSE
DPPH radical &7 @AJo] Foldo s Zlsh= 738k veh)
AthFig. 4). E3H, 1000 pg/mLe] AR FE2ES Y|E3519
500 ug/mL F= olde] Hs7e} ] X FEES AT
Aol A 25 90% ©l4d<e] ¥& DPPH radical &4 &
A= e Aoz vyt AR, H457) 1K), 357] A
2] 2] 7+ DPPH radical &4 &S vlw3d 2z, 1000
ug/mLE e oAM= BE o 7 radical &7 E4d0]
Foldl ztelE JERNA] 94gkot, 250 ¥ 500 ug/mLE A2
g FrollXE FHE719 3<47] AA7F AAAEL E2 radical
2AEAS JERIITE B3] 100 pgmLe] A=, HAL7] 2
A, B FH57] AR ATl ZH2E 29.8, 50.5, 41.0%E LEF
el A%7] AX7F 7P 948 DPPH 2715 Boirh B3
ol#8t Aye wg WA ¥ X MeOH F&E2| DPPH
radical 2AGE ST ol AolA Hsr], A&7], AAA
92 DPPH radical &7%°] 5713t A3} fARRE s
YERAATH3S].

‘OH radical> ROS FollA 38tz 71 wkgAdo] A,
A AFNEE JWAIBEEL DNA 48 F7U EdH S
sle BdE d8A JuH39]. =3 A tiab el A
He A FitslEon) sbslArt Fefyh Cu?t o9 &
A M WAL, 7PF BA4o] 73 free radicalo]TH40].
F717H AA FE2ES wEEE AUsle] -OH radical 427
A4S 243 A3Fig. 5), B HA Al oA =

==

TE=E
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Fig. 4 DPPH radical scavenging activity of kimchi during fermentation.
Values are means + SD of three independent experiments. **Means with
different letters are significantly different by Duncan’s multiple range test
(p <0.05). Fresh: Fresh kimchi, OptR: Optimum-ripened kimchi, OvR:
Over-ripened kimchi

T oEHo g AAGAC] TURe AEE BTk Egh OA
Ak DPPH radical &7 &4 ZAsfe}l o] H&7], 3457,
AR o2 B2 oA 335 /e %S UeHlt. &
3] 500 pg/mLe] A57] AR FE=(74.4%)> 1000 pg/mLe]
AR FEE62. 5%) B} 27 T3 E%0™, 1000 pg/mL
o H&7] AR FE2E(74.6%)H A9 FA8E -OH &7 &3}
= Yeplt ol9t e A3E Kim 52 ATF[38]9 ¥k
< o, ZE A EF 7I7PE EF3 1A EOH FE&
o] MeOH XKt} & 2752 Btk MeOH =59 74
-, A5719] 1000 pg/mL A2lo] 53.8%= 7HY 2 &4
JepliglEt], 2 d7elX= A<7] 4A] EtOH FE+2 1000
pg/mLE ﬂfﬂd o] 7P B A 4L Yehlo] fARE
Fde B

2z 5

AT AR, A% 2 #H57] dEe] Al 7] EadA
t& A9 olsleky EAJF} dits) e/l tiell YolESitt. pH
2 A 248 53 A (pH 5.6, 2He 0.3%), A57] A
(pH 4.3, 2= 0.64%), A7) AR (pH 3.7, AF= 1.24%)5 Al
27 ARgsigith wErt JPL4E glucosinolate®] ko] Z
7tetden, 538 AAA, A&7 AA, H57] AA 9
glucoraphanin o] 71 =4t} ok opgl, g} 8y
WA gaksl -2 4# A glucoraphanin, sulforaphane, ¥ %
ZolvE o] S gadAd X A5 st
F4S 243 A3, 100, 250, 500 pg/mLe] FEolA AR
o vl A<7)9 B<=7] 29 DPPH radical 2750 5
S YERESH, -OH radical £74%5S 4319S W BZE &
(100, 250, 500, 1000 pg/mL)llA Z<&719F 47] A 7F
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Fig. 5 Hydroxyl radical scavenging activity of kimchi during
fermentation. Values are means + SD of three independent experiments.
“Means with different letters are significantly different by Duncan’s
multiple range test (p <0.05). Fresh: Fresh kimchi, OptR: Optimum-
ripened kimchi, OvR: Over-ripened kimchi
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