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Antioxidant Activity and Inhibitory Effect against Oxidative Neuronal
Cell Death of Kimchi Containing a Mixture of Wild Vegetables
with Nitrite Scavenging Activity

Kyung Hun Kangl, Si Young Parkl, Ki Han Kwonz, Heekyung Limz,
Sung Hyun Kim®, Jeong Gyun Kim', and Mi Ja Chung®

!Department of Seafood Science and Technology, Institute of Marine Industry, Gyeongsang National University
“ODepaerent of Food Science and Nutrition, Gwangju University
"World Institute of Kimchi

ABSTRACT This study was carried out to investigate the nitrite scavenging activities (NSA) of nine kinds of wild
vegetables in a NaNO, model system and nitrite of Chinese cabbage as well as the inhibitory effect of kimchi containing
a mixture of wild vegetables (MWYV) with nitrite scavenging activity on brain neuronal cell death. NSA was higher
at pH 1.2 than pH 4.2 in all samples. NSA of extracts from sprouts of Oenothera laciniata and Aster scaber (AS)
was above 90% at pH 1.2. AS, Codonopsis lanceolate (CL), Adenophora triphylla (AT), Platycodon grandiflorum
(PG), and Taraxacum officinale (TO) extracts showed significantly higher levels of NSA than those from other extracts
at pH 4.2. CL, AT, PG, and TO extracts showed high NSA on nitrite of Chinese cabbage. In addition, the effects
of MWV on antioxidant and brain neuronal cell death induced by oxidative stress were investigated in human brain
neuroblastoma SK-N-SH cells. MWV extract attenuated H,O»-induced cell death and reactive oxygen species (ROS)
generation in SK-N-SH cells. MWV extract showed significantly higher DPPH radical scavenger activity when compared
to normal kimchi extract. MWV extract showed an inhibitory effect on brain neuronal cell death against oxidative

stress by antioxidant activities.
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HY(Codonopsis lanceolata), W (Adenophora tri-
phylla), S8R (Platycodon grandiflorum)s d+a+¢lo] Z
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10.791¢1 Z=F42 #H7}sle] 60°C shaking incubator(SI-
900R, Jeio Tech, Daejeon, Korea)oll Al 24 A3t &3}
t}. Whatman filter paper(Whatman No. 2, Whatman
International Co., Maidstone, UK)(pore size 8 um)= ¢J
Tt gy & FEZ(CLE), 2 & FFE(ATE), &84
5 FEEPGE) 2 VEY & —%—% (TOE)E 4% &5
9 5A0F glo] AA AxE AT =F F=2E AxE 9
&l ARg-3k3ith.

2 EE AlE 2 Az dAY 54 dx B8] %
2] 10821 70% ol &+=-(Duksan Pure Chemicals Co., Ltd.,
Ansan, Korea)S %78l $%7](DM606, Misung Scien-
tific Co., Ltd., Seoul, Korea)Z 224 8|3+ &<t 33]
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5= 7|(N- IZOOBV Eyela, Tokyo, Japan)& A&
FE28E AAS 3 ¥ 5431%7](Clean Vac-8, Hanil
Science Industrial Co., Ltd., Seoul, Korea)E ©|&3%
TAAZ 3Gl s A | g vy 0% deE F=
=(CL), Z}EH 70% oNete& FE2EAT), L4 70% e
detE FEE (TO) o 70%

—.~
Q.

FQrol A Al gl wiF=o] o} HAE S nitrite
assay(22)& W&sto] S35 wiFE A 7I(HMF-
3450, Hanil, Seoul, Korea)2 7+ t}3 A& 20 goll S5/
25 mLE Y3l vortex mixer(VM-10, Daihan Scientific
Co., Wonju, Korea)& ©]&3lo 10237t Ad3s] 1Eg &
A AlRE A48 ARE AFSSIGITH AR NO: 5
=100 pL #A418 A2 529 100 uL Griess regent[A
:B=1:1, A: 0.1% N-1-naphthyl ethylenediamine dihy-
drochloride(Sigma—-Aldrich Co., St. Louis, MO, USA) in
H20O, B: 1% sulfanil amide(Sigma—Aldrich Co.) in 5%
HsPO,1E & E3gh & U8 Xsk e = 4o 1021t
W] A1Z] T} microplate reader(VersaMax, Molecular
Devices, Sunnyvale, CA, USA)E ©]-&3}e] 540 nmoll A
THEE SATTE NaNO2o| AR S o] &3t A&

S5 AR 1 mLoﬂ 1 mM NaNOg
o 1 mLE 7}sfar, o] §Mo] 0.1 N HCIZ pH 1.2, 0.2
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M citrate buffer® pH 4.2% ZA3}o] 10 mLE A-&3F
$ 37°CellA 1A &<t RESAIZTE W39 1 mLE # 3}
o] 2% acetic acid 5 mL, Griess Al9F(A :B=1:1, A 1%
sulfanilic acid in 30% acetic acid, B: 1% naphthylamine
in 30% acetic acid, AF& A 24D 0.4 mL 73t
Z 23ek § Ws gk el A Aol 1513 WA
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Table 1. Composition of kimchi ingredients (2)
. Control 1

Ingredient (normal kimchi, NK) MWV
Brined baechu cabbage 1,000 1,000
Sliced radish 210 210
Red pepper powder 43 43
Crushed garlic 29 29
Crushed ginger 5 5
Green onion 10 10
Glutinous rice paste 20 20
Fermented shrimp 10 5
Sand eel fermented juice 16 8
Sugar 5 5
Mixture extract - 45
Mixture power - 20
Water 65 13

"MWYV is the abbreviation of kimchi containing mixture extract
and mixture power of wild vegetables.

5, vk, A, I, JFEE A, e aAl, A", £
F F=9, =F & 183 &S Table 19] d9a ¢

1% Z o dd(low-density poly-
ethylene, LDPE) Z&(Z 25 cmxZo] 30 cm)& & 7i¥
AT T 7] Foll Yol 4°CollA A FshHA] wta 393}
74 A EZE Aol ALE3FSlH

e

AzE AAES HaE 397 7del AFH ] 2 A7)
A& pH % e A4S 9l ARkl
goll T75 90 mLE 7+t & thA] o+ 4 s}

4] pH meter(Docu-pH, Sartorius, Germany)
Aekadal, Atee Al 1 goll 75 100 mLE 7Fgh
o] o344k thg 20 mLell 0.1 N NaOH &9 o=
=]

A4 A =(%)=[{(A—B)><0.0009x>xD}/S]><100

A 2 A&e An]" 0.01 N NaOH €99 mL
B: v}gA1E AuH]E 0.01 N NaOH €99 mL
f: 0.01 N NaOH &¢] 47}

Chemical Co., Shimotsuma, Japan)Z ©]-&3}o] 3 uj ok
WMo R 37°CAlA 48A17F w3t ait). 1§ YERdt Al
colony = =733} log colony forming unit(CFU)/mL
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DPPH 2tc|zt
1,1-Diphenyl-2-picrylhydrazyl(DPPH) #tlZ AA
T8 94 Fxe AR(1.8 mL)¢ DPPH(1.5x10™* M, 1. 2
mL) §9& 2 33 )2 37°Coll A 3087 wH-gAI7 &
&t 517

AN BN EH

microplate reader(Molecular Devices)E ©]-&
nmol M FFEE FA8AT

DPPH 2}t]Z &2A &4 dixTo td Als H7H9
FHE=E vlusty [1-(NRY F3E/ x99 5%
E)Ix1000 oJ3te] %= ER AT

M= B = A2
Abgre] AR RAEZFE SK-N-SHZ 10% v &4 3} -8
o} dH(fetal bovine serum, FBS)¥} 1% #lHAHA-2~EF]

oMo uo
b =T .

En}o] Al (penicillin/ streptomycin) & Eagle's
minimum essential medium(EMEM; ATCC, Manassas,
VA, USA) sl o2 5% CO7F Fa 5 wlg7]elA 37
OC Z7Ho 2 HHo]:—a—]_oﬂ]:"_.
23 AEE D7) 98 S FepaA(T75 cm?)el A
wFstar, 2~39 el g WA WA & 80% LA
Zeks W trypsin-EDTA(ethylene diamine tet-
raacetic acid) §N(1>x)& AH&3te] Fatgl AXE dojyl
T g Aol AESFS 1x10" cells/well# 2x10* cells/
wellZ 23} 96-well platesol] AEE Zol5a1 24A7F
&2t miFetel MTT assayok Al | &4k F(reactive

oxygen species, ROS)& HA&37] fl8to] AHEs3it). 12
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AEZE5GE dotroktt shshd ~Ed 2ol g Als
of HAAMEL] APE A aE Polry] 9 AEE
500 uM Hp029} 30%-3F SK-N-SH A 3] SA]ol] =23}
AL, ROS A4 oAlsS dolrr] 98] JA A5} 500
UM Hz0:2 F Aol 3087+ SK-N-SH A %o A28ttt}
FAY T HoOp AT Z2T 2 A gjzroz Alg
aFolth.

M= L ROS &X
SK-N-SH A3 uellA Aksta »=Ed 2~ (oxidative
stress)?] % 2 AB7} HAAAE Y ROSE 2AF 4

JEAE &3] ¢l A 2,7-dichlorofluorescein diac—
etate(DCF-DA, Sigma-Aldrich Co.)& ©]-&3}o] SK-N-
SH A2 W B4¥ ROS &2 S743H3lch 10 mM DCF-DA
2 wEo] 10 uM ¥ %7} 5 %F phosphate buffer sal-
ine(PBS)2.2 3| AIF T}, Al Eo) v & A A & 10 uM
DCF-DA &5 Aol tgh th5 37°Coll A 4523 mi ¥
&}3lth. DCF-DA &5 A% & PBS&E ol Q=
DCF-DAS €8] AA% th PBSE Hsho] 51t Wi
ARG AE W B3 50 ¥stE 3% FEABio Tek,
Winooski, VT, USA)E °]-&3}4 488 nm(excitation)$}
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525 nm(emission)ol A =43} tH(24).

A-“g__%ki r:.17|-

ko] ik SK-N-SH A9 AEE2 Chung 5(24)
o] A}-&3F MTTI[3-(4,5-dimethylthiazol-2-y1)-2,5-di—
phenyl terazolium bromid] 3+ W& o]&3sle] A3}
Atk = 2 wellel MTT €95 mg/mL)< 7= €] 10
o] 18 7FalFaL ©hA] 37°Col A 4217 i wljFste] MTT
£ XA A formazano] viAle] whek U] e
A& A YA A AT Folb iR & k8] Al
Ast7] Y3l Aol 3087 WX § dimethyl sulf-
oxide(DMSO)& ©]&3t &3jA17]
reader(Molecular Devices)E ©]-838}4] 570 nmoll 4]
TE SAHIT TFE A A %"]5‘11‘: DMSO=

i, AES) AEEE o} o
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AEE (D)=

[QAR=S
AR

Al &E microplate
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M E T=79 =

20~254) 2] o &+ A8
A8l T AAF &
A2d(color), & (flavor),
ZH(texture), BH(taste), @UL(Salty taste), 215H(sour
taste), kA& SH(wild vegetables taste) ¥ E34 71&
S (overall acceptability)ell tiate] vj-$- ETh(ul-$- 733},
53D, Eop(Haitt, 43, LA 2= TH3A), Fslth2F), of
T o132 Ukt Is ARl st A PR

Y
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Z% A

& AEAd dolsh 44 5 /1342 3 10 g2 9
grol Wil 2027k Hlo] THEIE TR AT Thg
o, # ARl WS v weieh g Al Aeha 108
Ashe T o s B,

S7%2|

B Y ANEL Hd(mean)+ E A2 (standard de-

viation, SD)Z EAI8F 1L AT 7F H 2] 2}o]+= one-
way ANOVAZ #2948 <13 & Duncan's multiple
range testE o|-&3}o] AFE AP o, X0.05 =0l
A FAde AFE HAFd e T4 42 SPSS

(statistical package for the social science) version 12.0

2 73(SPSS Inc., Chicago, IL, USA)S o] 83}o] HA
A=y
Znt Y oF
FE £8
g4, 2, =2k4], WEd, tele, 2o, 75X, 23
aga Ambs 70% oee FEEY &8 747 404,
27.4, 42.5, 35.8, 34.0, 35.4, 33.6, 33.0 18] 3 35.1%%)
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Table 2. Extract yield in 70% ethanol extracts from wild vegeta-
bles (g)

Scientific name Symbol Yields
Codonopsis lanceolata CL 40.4
Adenophora triphylla AT 27.4
Platycodon grandiflorum PG 42.5
Taraxacum officinale TO 35.8
Sprout of Oenothera laciniata OL 34.0
Cirsium setidens CS 354
Pleurospermum kamtschaticum PK 33.6
Aster scaber AS 33.0
Allium victorialis Linne AV 35.1
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9 At 22 EE(TO, OL, CS, PK, AS, AV)RE T} e
oAt A ZHE-& YERNATH Table 3). thele2 23

g, 2
2= 37
T, TE

FEEE(OL, AS)<> 1,000 ug/mLOﬂH 90.8%%+ 92.3% o}
A AT A d XX

7 AE-ES VERAS A, ol dy, A,
Tgx 2 WEy FEE2E5(CL, AT, PG, TO)S 242+ 35.8
%, 32.4%, 36.3%, 88.6% oA A~A 88 YENS

o} A ZT o2 AFE-3E ascorbic acids 125~1,000

pg/mLel A= 100%01 717k oF &b &A 288 Yeh
Aa1, BE FRAA AR ARt & obdAkd &AA
285 e A tH(Table 3).
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Table 3. Nitrite scavenging ability of the extracts from several wild vegetables at different pH reaction system

A EdE A7 AA 1463

(%)

pH

Concentration (pg/mL)

s Samples”
condition 125 250 500 1,000

CL 19.01.2%129 22.3+1.5% 26.7+0.8¢ 35.8+0.7%¢

AT 22.8+0.3%C 21.0£1.6% 24.8+1.8% 32.4+1 4"

PG 19.1£0.5M 20.2+1.4% 26.7£0.5¢ 36.3+0.2°¢

TO 36.0+0.0%° 50.4+0.9% 69.10.6°° 88.6+2.7°C

oL 45.8+1.3% 76.7+0.4" 78.7+0.9°C 90.8+0.6""

12 CS 27.4+0.8% 42.2+1.4F 62.5+6.3" 80.3+0.6"
PK 30.4+1 3% 39.7£1.6%F 58.0+0.8"° 83.4+0.7%°

AS 50.2+0.1% 64.0+£0.9°C 85.0+0.1°" 92.3+1.5%

AV 33.1+4.3% 42.61.0" 71.9+0.5°° 77.5+0.5%

Ascorbic acid 62.5 125 250 500 1,000

seorbic act 56.9:03° 97.0:03% 99,5403 98.9+0.5" 99.5+0.2°

CL 24.0+£0.95 21.6£1.0¢ 22.5+3.3¢ 22.5+0.9°

AT 18.9+£0.2N5F 17.6£1.68 20.0+1.9° 21.3+3.0°

PG 19.7+1.4b"F 18.9+£0.6°° 22.2+1.2% 25.542.0%

TO 23.3+£1.2%P 21.5+0.6°¢ 22.1£1.0%¢ 21.1+0.6°°

OL 8.7+1.0" 11.1+£1.3" 11.3£0.9% 10.7+0.8"F

42 cs 14.240.9" 15.8+1.0%F 17,542 3¢ 18.120.1°"
PK 16.1+4.7V5EF 15.9+£1.6° 14.2+1.0F 11.6£2.2°

AS 20.0+1.5*PF 18.6+£0.4*P 17.0+0.6°FF 16.1£1.2F

AV 35.5+4.8° 24.1+3.1°8 29.4+2.0°8 28.8+0.8"8

Ascorbic acid 39.8+0.5% 58.3+0.5% 81.0+0.5"* 94.3+0.7*

UCL: C. lanceolata extract, AT: A. triphylla extract, PG: P. grandiflorum extract, TO: T. officinale extract, OL: extract from sprout
of O. laciniata, CS: C. setidens extract, PK: P. kamtschaticum extract, AS: A. scaber extract, AV: A. victorialis Linne extract.
>Values with different small letters within the same kind of wild vegetable are significantly different at P<0.05.

Values with different capital letters within a same concentration are significantly different at P<0.05.

“NS: Data within the same kind of wild vegetable are not significantly different.
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Table 4. Nitrite scavenging ability of the extracts from several wild vegetables on nitrite in chinese cabbage (%)
le Samples” Concentration (pg/mL)
condition 125 250 500 1,000
CL 27.4+0.5%27 30.940.9 36.5+1.7°C 45.442.7°C
AT 57.8+0.1°" 59.3+0.6° 61.1+0.8" 67.3+1.5"
PG 31.0+1.0° 34.0+1.5° 38.4+0.8"C 44.942.5*
1.2 TO 40.3+0.2 48.1+1.6" 63.6+2.8" 67.0£0.5"
Ascorbic acid 62.5 i 125 _ 250 _ 500 _ 1,000 _
56.9+0.3 97.0+0.3 99.5+0.3 98.9+0.5 99.5+0.2
CL 17.3+2.7° 20.6+2.2°¢ 21.7+1.0°° 26.0+0.6*
AT 46.2+0.1" 47.9+0.0° 47.5+0.6" 46.8+0.5""
42 PG 6.8+2.7"° 13.5+1.3° 11.2+0.6"° 11.6+1.7°"
TO 4.4+0.9" 5.4+32" 21.2+0.8* 21.0+2.0™
Ascorbic acid 39.8+0.5% 58.3+0.5 81.0£0.5"* 94.3+0.7**
1)Samples are the same as Table 3.
>Values with different small letters within the same kind of wild vegetable are significantly different at P<0.05.
MValues with different capital letters within a same concentration are significantly different at P<0.05.
27 2eS Yepdfler, 9EdE 125~500 pg/mlell A olghi= A& AT F AV WEdd AF A Ax: 0y
= frAkek of A A A& vER S Y 1,000 ng/mL < dF AFs] YEZANR A4 A7t 7Hsskar vk
M= 23| WFdtH(Table 33 Table 4). pH 4.20]4 ¢ qF37F 7hsst AXE N ol vk S AA AR A
49, &84 183 s FEEECL, AT, PGO2 1 mM AR el Aryske ), 45, A vk T AA0] FAlR
NaNOz9| 2eA A% Aol fFAbatAL vk vt oy £ o]&3 NaNO; % w5 FE& &0 39 o}di & ol
FEEADS BE A vXoA] 52 ofdAikd &A 28 &o RdlA AQEn o} o5 FAmdd og A U
S Yehgglth o9 o] 1 mM NaNOyo| =4l A A gz obAMY &2 g W YERAR Ao vA= ddFe
2 A%S Uehde AL o5 FEEddE obdargErt AT Foll At
ofvzt v EAE0] drEo 7] wiitel ¥4, I, =
g2 g 9EH ] 70% AHE FEE i AT vhg Az =S 7L HXIQ| pH, AE U [ HSL
sto] o} AL A Aol FFE vE 7 US Aol A gy & FE=(CLE) : &Y & FZEATE) : &84 &
Z+E o}, FZE(PGE) 15 & FEZE(TOE)S 1:1:1:19 F2H]
2 AT E gy, ], Egkx R 9EY FEE| 2 239 23 FE2E2 AA A4X FAY °F 3%, 18
v Feoll il o} S A AE HAFRAL, ol& oy 22z 2 e S TEd 2Es 1l
Ade AR FHo R AR 7Hee AASA, AT T8 o] FH|E E3d 3 B2 A X FAY & 1.4%
o] &3te] YERAIRIS AFEZAR] oA E S AT R 2 H7bste] Az AXE 4°ColA] 7L HE A 7H
A AR UERANR A4S AT F A& 7S US 410, 3 283l 74l pHS} 4t&e] ¥stE SA g A=
7M7) A AAES T Fig. 1% 2t}
ob A2 A 27 Bl A 253 ofWl T} whg-sho] et A EHES M A= S0 Il wek pH
4 B YERANS A7) witol] JERAR A4 = SolA| AL Ate = SUkshe deba A oF wa S A
< JAletes HHoR AFEAS fHste Add obHlRF st oL, A 23 25 9@ o] IR AX0 MWV
HUE of A &7 Aol tigk A7-Eo] EdelA W& = ARA7E drEe] A 82 dnk A X NKRY g =4
31 JQH3). ¥EFY C, a-tocopherol, #H&=3}3HE-2 ni- 797 pHE 9% o2 7+489 1 (Fig. 1A) A EE F9
trosating agentE W24 s AY wh-gAdo] gl B2 A o= F7FstAvHFig. 1B). Fabe& A7Ee A9 pH7t
2 FAAA EZAT AAES JAT 5 Arh3). Ohet T AR vlE] el Wskshe A FabEel 3
Kim(32)2 % #l& o] 7Fg 39 f7do] o}z ¥ oo ok g3 wolgt A aL33), Ku &
2 ZARE 7P =gtk Rustg e oY, 2, S @NS #a 1094 dvrxme} 14k H7F |7} pH 7
A g2 AEY FEEAE W54 sgE T s Aged 2 EYN 2 A% F7F &97F dJdva e 2 AT
E4do] gfEo] Qo] ofHAE A gl JFS WA At FASFL T
Aoz y7hE} 2 &3 FEED B9S Ak AXMWV)eF dakbd
2 AT A7 JALAd o3 Sl T obEAd S ANK)E " A3 fakd 4271 5.3 log CFU/mLe} 5.6
AR LAZIY] UEZAN AAS AAE 5= S A log CFU/mLY 1 &a &4 39Adle 7 o 7+ {fAkt
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Fig. 1. Changes of pH (A) and acidity (B) on MWV during fermentation for 7 days at 4°C. NK, normal kimchi; MWV, kimchi
containing mixture of wild vegetables. The values are expressed as the mean+SD (n=4), and means with different letters are sig-
nificantly different from each other (P<0.05), as determined by Duncan's multiple range test.
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Fig. 2. Changes of lactic bacteria cell count on MWV during
fermentation for 7 days at 4°C. NK, normal kimchi; MWV,
kimchi containing mixture of wild vegetables. The values are
expressed as the meantSD (n=4), and means with different let-
ters are significantly different from each other (P<0.05), as de-
termined by Duncan's multiple range test.
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Fig. 3. The effect of MWV after 7 days of fermentation on DPPH radical scavenger activity (A) and intracellular ROS generation
(B) in SK-N-SH cells. NK, normal kimchi; MWV, kimchi containing mixture of wild vegetables. The values are expressed as
the mean+SD (n=8), and means with different letters are significantly different from each other (P<0.05), as determined by Duncan's

multiple range test.
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Fig. 4. The effect of MWV after 7 days of fermentation on the cytotoxicity (A) and the protective effect of MWV on H,O,-induced
cell death of human brain neuroblastoma SK-N-SH cells (B). NK, normal kimchi; MWV, kimchi containing mixture of wild vegetables.
The values are expressed as the mean+SD (n=8), and means with different letters are significantly different from each other (P<0.05),
as determined by Duncan's multiple range test. NS: not significantly different.
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Table 5. Sensory scores of MWV after 7 days of fermentation
at 4°C

Items NK" MWV
Appearance 3.3+0.9™ 3.5+0.9
Color 3.4x1.0™ 2.2+0.8
Flavor 3.2+0.9™ 2.8+0.8
Texture 3.2+0.6™ 3.540.6
Taste 2.9£0.8™ 3.0£0.7
Salty taste 2.8+0.9™ 2.8+0.8
Sour taste 1.4+£0.5*Y 2.4£1.0°
Wild vegetables taste 1.5+0.7° 3.6£0.9°
Overall acceptability 2.8+0.9™ 2.9+0.7

UNK: normal kimchi, MWV: kimchi containing mixture of wild
vegetables.

NS Data within a same item are not significantly different.
Means with different letters are significantly different from
each other (P<0.05, n=40).
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