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Abstract

This study of objective is to investigate the antioxidant properties of Godulbaegi
kimchi by antioxidant activity, and evaluate the organic acid contents. An increase
in antioxidant inhibitory effect was observed as the concentration of extraction
solvent increased. The sample of methanol 80% extract showed higher DPPH radical
scavenging activity. As the pH increased, the nitrite scavenging activity is decreased,
and the sample diluted with methanol was the highest at 77.8% at pH 1.2. Total
phenol content was the highest at 76.7 mg GAE/g when extracted from ethanol. The
organic acids of Godulbaegi kimchi were detected malic acid, lactic acid and citric
acid. As the storage period became longer, the total number of bacteria and lactic
acid bacteria increased. It is suggested that Godulbaegi kimchi is very high in
availability as a functional food and in its materials.
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= AR 7154 AlE] AHF7E S7Felglen, i 5 HlE
1] 9 F7)2o] F53 A5/ A% 4H7F HA G ITHKim er al, 2012). AEEHE HA
71678 AAE TSk A7t Hol o]FolR| 1L Ql=t, ol= A& SOl TRrElo] Sl Hie IRkE0
o, S 7R Q7] WOt Ames er al, 1995; Kang er al., 2010).
Ag7HA] B o] M rAle AlEoA fHE ZAoE dEfA A=tl(Alonso-Salces e
al., 2001), o] HEEL HH Al A WA SFastA|Z 2R8ste] ALY free radicalS &7 5t
AR A w3kE 9= 5 A7l fQlgt ofg 7HA] 28-S StKHeo er al, 2011).
517 9l ok S5 AR, olFA AUE STt Atae ARk ofsf

AAzAE 3431, AEE SIAPle BEAEE s E

This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http:/creativecommons.org/
licenses/by-nc/3.0) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

Copyright © Korean Society for Lactic Acid Bacteria. All rights reserved.



1Stz ghteh gy, BRI B H fitd Bt

AW SgAtA Aol S7IsHAl HaL, Akekd AE AL F71et
AH A=A 9 2eA 5O = Qlgf free radical Aol £X1F
o] A A2 F¥5HA HrhPlaa and Witschi, 1976). °ol&
AAsl7] At FakeHAo] thgt Tilo] FFE L U=dl, BHT
(butylated hydroxytoulene), BHA(butylated hydroxyanisole)
9} PG(propyl gallate) 50 T4 AISHA|] AMgo2 =4 5
PR/ EAIZE =1L, o1& AlFolu ARgEFo] AAs] A
1 ltiJang and Jeong, 2010). ©]&|gt free radical= A|A
ToEN Lot Aok, T Ae T ot A oeiar
A} AE/ ARl EAol: ARt E4o g A7t 2ide] Z
6‘ﬂﬂ010]: ‘ET]—T;]—

o]—{:— X{E ._./RL,] 7]-7(1— EHjiX-]O] _%/_\_]lcd @;‘(]le_
EetE ot 4 7|et HiE REAT 22 HA
7“4 Z£2 FFYo|tHSun er a/, 2009). 15 1%“’]17] A= &
guet 7R3 E] "ot o, s, 19, 2¥, 48k, 371
59| ARARE 23YTHKim, 1984). LEH|7|E 2o}l 41:
Sk 23l ARREA SRS olEd(inulin) 02 tf> §1
g2 7HA AL Q7] w2l & ofdgloly R g HX & 05%3
o] FAAY HAE @7t Wt FHdols @39 A 55 ¥
F3(Kim, et al, 1998), 1ZHAEHE BF /FAEIHYoung et
al, 1992) ¥ A7to & QIgh 7R &4HE A A7 At
(Lim er al., 1997)¢} 447} g °] E0] S9l= ZoE HiuE:
T 7154 AELEAY THA7E B2 AR B7FEI QItHRyu

et al, 1995).

1 EH7] Aslof] B AFEE Kim 520100 #7128 4 &
2= Qo] S ‘} ﬁ*hﬂr I} 9251, ofAAY AA
FNE Hol 754 AAEAY] E8o] 7T Aol sl
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Hir to rfo

o, Chuni} Kang (2013)2 Atshal gFtEA 7hol=
AEAE YERSITE Kim 5(2012)2 8 ikt &4
Hol 71578 A1F 2 71654 AEAREAY ol-871s7gdo] mi¢
< A= Yelth

2 AFolAl= ol et APATE Bt

H

>w
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3 A2 ol /s sl Siiel o ol
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A J
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Act. 157 AAE FBAZEYELA N-1000, Tokyo Rikakikai
Co, Japan)3t & w383} AlFit}. #48H H AES 20, 40, 60, 80,
100% Heks, olEhE, == 472 02441t 5 A4 &=
"iﬁ}oﬂ“% Whatman No. 2 93F&](Whatman, Maidstine, UK)

Bl ojret & FEES MEE ARSIl ME2 42T
deep freezer(MDF-435, Sanyo, Tokyo, Japan)©| 52 His}
B ALgaisict

DPPH radical £4Hs &4

I=H17]2] DPPH radical £#4%-2 Blois(Blois, 1958)2] ®o]
Z510] 3t free radical9l 1,1-diphenyl-2-picrylhydrazyl
(DPPH, Sigma, USA)°] tist A& SH7to] Axpzo] G724
o] kg9l &J5] DPPH radical®] 34-8k= HEE spectrophoto-
meter® ST 2t FEES FEEE AR AR 2 mLo
4 0.2 mM DPPH €94 1 mLE 7}skal, 1027} Vortex mixing
F 37CNA 3087t ¥HAIA 517 nmolA SB=E SH5IAL
W, DPPH radical 2452 A& A7} A59] 354% Zjo|E wHE
E(%)= eIt

DPPH radical £4% (%) = (1—(A/B))x100
A AR 7S S5 3
B : AlZ v¥719] S0 3

Z H= & 54

% Hl& T2 Peschel 5(2006)2] Bl st ZA st
Qo] W2 1EH)7] £&E 0.1 mLo $5 7.9 mLe} Folin
Ciocalteu's phenol A|2Fluka, Buchs, Switzerland) 0.5 mL
£ 7otttk 28 5 20% SRIUEER &9 1. 5 mLE 7}oto] &3
SIRAL, A2ollA 2417 & 765 nmollA SHEE i‘%‘o}cﬂ‘ﬂr %
H& SRS gallic acid(Sigma, St. Louis, MO USAE &

o7 200~1000 pg/L 52 AFAS ZASH & gallic amd
equivalents(mg GAE/g of sample)@ YERH LY.

OFEMA A s =4

oA AASL Gray?t Dugan(1975)9] B30l &3to] 245}
2tk 1 mM NaNO; €9 1 mLo]l 4749 £35S 1 mLE 7k,
0.1 N HCI& AHgste] 93849 pHE 1.28 FHolo] §He-&
Ho| HF FuE 10 mLE SISiH. o] 8-S 37CoA 1At %
oF ¥RS-A|Z] & 7} ukg M 1 mLA F51, 2% acetic acid &4
5 mL, Griess A|2H30% Ao & ZH2F A5t 1% sulfanic acid
9} 1% naphtylamine& 1:1 B]&E &8oto] AR AA A x3t
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A) 0.4 mLE 7fsto] Eaksiqlth. ol A2o0f4 1587 BHAlgt
% spectrophotometerS ©]-&3}9] 520 nmoﬂfﬂ TP E =24
519ith. o] Wl SAUIRE Griess Al9F Al 254 0.4 mLS
7Folo] Fhet B o= Adsiolon, FtiR 4= ascorbic
acid (50 pg/mL)E Aot 2752 AAH bS]
&5 tha9] Ao osto] koIt

oFRAY AA5(%) = 1-(A-B/C)x 100
A 1 mM NaNO; 89| A&
9 H
CAR A F8E
C : 1 mM NaNO, &% FFFE H7fsto] 141F ¥k
9 FB=

Wil 1412 W8T

oo

|1k e =4

7R ISH7] 25 g2 225 g9 SRt A vt & 300
rpmOlAl 108 &<t @43} AHT}E. Whatman No. 2 93]
(Whatman, Maidstine, UK) @ NY g 0.45 mZ st &
L8714 (malic acid, latic acid, citric acid)}& 94| IZAtE
1] (Shimadzu Corp, Japan)Z EA31t}. Eclipse plus
Ci85 #m column(4.6x250 mm, Waters Co, Australia)}S AR
SFRo™, UV detector 210nmollAl ©]84; 0.02% potassium
dihydrogen phosphate® ARESIFCE 42 1.0 mL/min®]
o, $YFE 10 pLE sktHTable 1).

0YsE =4

TEH719] AR7I7H40Y)E <t 5TOlA 5, 10, 15, 20, 25, 30,
400l Fvtret FANESE ST B o] AleE A3t
o] Eatel BESE 108 7181 stomacher(Laboratory Blender

Table 1. HPLC parameters for the determination of organic
acid

Parameter Conditions
Column Eclipse plus Cig5 £« mColumn(4.6x250mm)
Mobile phase 0.02% Potassium dihydrogen phosphate
Injection volume 10 «L
Wave length 210 nm
Flow rate 1 mUmin
Run time 30 min
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Stomacher 400, Seward)Z #&sRgt & @A 3|41t} S+
2= plate count agar(PCA, Difco Lab., USAE, fAHITE
MRS(MRS, Difco Lab., USA) BiA]o]l Z&ste] 37C Hif7]olAl
48A17F Bist & FAE colonyE AESISILE AlE= ImlA &
Z0lo] A&3|AHe] WhHos HuhR|o] =Est

2m o oz
DPPH radical 25
DPPH radical H|w& g3t free radicalZ 31t B4 94
o) ShiEjo] SRR E M 2550 PBle= ST W &
ol-g=, HlwH w21 7hdsie] de] ARSETL Q= W0l
(Kim and Park, 2011; Yokozawa er al, 1998). 1EH}7] —’]‘—
20| tjst DPPH radical 2452 Fig. 13 ZoH, fehES A
QI3 ofekZAt BN FEFLTt oM E U6k S B
HaL, HEkZo)A &3t 80% 34 A4 DPPH radical 245
o] ok 76.3%E 7V =] UERdth oekea} BEa 223} 3)4o
o4 DPPH radical 27%°] 15.1~73.1%, 15.2~59.5%& 1
o, Wehgh %2 AAFS Btk tpoet 8 20
A Z1A7} DPPH radical &75°] #ls4 3ghE, HIENI C, |
A} 22 & £42 FRoll vk AR BarEar §)
tHPark er al, 2011).

—Eﬁ

OFEIMA AAH
TEH7]9] obdANd AAsS £7g3t AIk= Table 29 2t} of
AXY 2A% FAL pH 1.2, 3.0, 6.0904 243 & 43} pH
7} 371t ulet obdAld AASS Aegitt. 1EH)7]9] ol

< ol

=

80 76.27 74.71
7147 73.7

62.44
59.61
60 55.5 9.48

5.19

40

20 { 150

DPPH radical scavenging activity(%)
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Concentration(%)
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Fig. 1. DPPH radical scavenging activity (%) of Godulbaegi
kimchi by different solvents.
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Table 2. Nitrite scavenging activity (%) of Godulbaegi kimchi by
different solvents

Table 3. The phenolic content (xg of GAE/mg) of Godulbaegi
kimchi by different solvents

Concentration (%) pH Ethanol Methanol Water Concentration (%) Ethanol Methanol Water
12 72.80+1.50 76.25+3.27 67.75+0.49 20 12.30£0.02 7.48+0.02 0.09+0.00
50 30 57.62+2.13 61.11£1.37 49.21+2.80 40 31.95+0.07 18.33+0.02 8.50+0.02
6.0 22.68+0.78 27.01+2.29 17.50+1.88 60 46.83+0.00 51.61+0.08 11.00+0.05
12 81.53+£3.54 88.77+1.40 78.71%3.07 80 63.17+0.04 59.27+0.15 19.660.10
100 30 76.55+0.97 82.72+0.24 53.58+2.05 100 76.74+0.06 72.01£0.31 25.82+0.15

6.0 52.66+0.83 56.52+1.06 41.78+1.39

b

A AASE SEelEE, WEE, B)E FE519 50% 314
pH #te] 1.20141 7+t 72.8, 76.3, 67.8%= UEFHTE. 100%
ogts, HgkE, £ 345t SAHPS W pH 1.2004 22
81.5, 88.8, 78.7%= LEF{th HHERE 53 Al obdAly
AAG0| e &M S5 AR SRS =A YERh
Aitat oA S A4 59 AlEe] Eol dREo] o
(Chung er al,, 1999), oF4IEE AT HFHA oFFlF amine)
9} "kgsto] YEZA(nitrosamine)o|2h= HHEAS A5t
o] WEFZZZHS(methemoglobinemia)S -5} oz
LA J=t|(Park er al, 2009), IEH)7] X HE & FEE
oA oAIEE AASHR= B} Q= A 0& YERY, nitrosamine
9] 4 AAAE E8o] 7Fed Ao AmHTHSim and Han,
2008).

o

—lOll FIF l

pads

12 s

A2 AlEAl] de] BEEE o] A= 22 tAMEES] skt
2 TRt 29} #AS 7HAIH, phenolic hydroxylo] ©#&
4 7|et A BEAST Aekote] AWl st 443
4 F4E 59 tst AEgdS YebdtHan er al, 2011;
Lee et al, 2005; Park et al, 2011).

7} guf(olehg, wehe, E)oA 20, 40, 60, 80, 100% 343t
23 3 i RIE 2 thaa} Zh(Table 3). ¥ Hls 3K
B o2 oehaz 3E310] 100% S4H0)A 76.7 mg GAE/g
o 7} oIk thgo =2 wehE&al EojlA] &3 100% 314
oA 72.0, 25.8 mg GAF/gl& YER{Th Kim S(Kim et al,
2010)0] gk w5719 At Hejo] ¥ ETHEei39.2,
19.9 mg/g)Et =2 FFS UE o, o= F25E 8yl
et & Rl 9EtA FE580) SlolAE B AlolE HEhY
7] wjEoltiCha er al, 2009). 1719 HH Al & EH=
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o| A=l ufest Ak, Ak ol W2, AlYgt
|, 2315 0|24 stHBae and Lee, 2008).
o] f7IAE TS dotr] sl Alkit, Z4E FALRS
IHTable 4), AARS 12.7820] 8.4 mg/mL A&E
F2 14.5%0] 5.7mg/mL A& oH, TAL 14.9%
.2 mg/mL AZEFct. Shin(1996)] A2} Zo], w5
SH1719] AollA Aftito] 71 Wo| HEE|GloH, R4k
Ab 08 = HEEIT 7SS A AR = R} A
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o
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Table 4. The contents of organic acids (mg/mL) of Godulbaegi
kimchi by different solvents

Malic acid Lactic Acid Citric Acid
Retention time 12.718 14.550 14.973
Content 8.40 573 0.20

=
o

|

Cell count(log CFU/ g)
=3 (] w o~ i =2 ~ 00 w

5 10 15 20 25 30 40
Days
=4—Total microorganisms == Lactic acid bacteria
Fig. 2. Changes in microorganism colony count of Godulbaegi
kimchi during fermentation at 5C.
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uEE7] AR $AF Al WskE AR A3k Fig. 29
2}, YRk o= nEHy] 1x]9) 27] Wavt AP HA Fw
7t S7Fote] HiX|ofl =3t & thA] A5 ThAdhs HaEGES
Z+=t|(Park and Park, 2004), ¥ A IEH]7] ZHA] A
o] Fw7t 4 20970] 6.6 log CFU/go 2 FtjXof =
golgltht 1 o] 3 HE a4 Fachs A0F Uehith &4
3 AN HSHE 2ARE A3, $497170] sold4E fAkdol
7.0 log CFU/golA 8.5 log CFU/go2 75t

7

e o

ol

27535k Aol that Arjele] walo] thdo] 315]3 glox, ol
ufe} sieh 2] ool bt Gl GBI 7t B
o]0l 3 glek. B3] HAROI AELS A T Aol FA
Spe] et AT TS F7HHIL Gl FAl0I, AR 2
At A Hoke] Zol ug- Wk

2 Aqe 1S9 715 ARCEA olf TMeEE HESH
7] floto] AAR & 4749 Guj(oeE, HEE, B)E 5
%t &S DPPH radical 7%, oFEAd a7, & #sdt
ZF A7 4 Ul*@%%% SAsieit. s 580 o

St DPPH radical 27462 HAE F&s%7t 1“—0}7\1# Z
7t RS HAN, WEEE 223 80% sHdor
#S W DPPH radical £7%°] 9 76.3%=2 7 &4 L}E}
ok pH7F S718tol| whet opdAld AATE ZASHIAL, H
ErEE 5143 Alg7t pH 1.20014 77.8%2= 7MY =T &
Hz e T2 oEEE FET 100% 3|AHA 76.7
mg GAE/gP& 7P¢ =8Itk 15Hl7] 7AX9] {714k 24k
T eoE A ASEUT A7l dojdaE I

L Zolsy, fAREYel M. olHd Ane 2 )
DSl Beluls gago] FHSkL, DPPH, obAle 27
EHE Hol, 7154 AA=HS Bgol sdtelet Bz
Snio

1. Alonso-Salces, RM, Korta E, Barranco A, Berrueta LA,
Gallo B, and Vicente F. (2001) Pressurized liquid extraction
for the determination of polyphenols in apple. /.
Chromatogr. A. 933, 37-43.

2. Ames BN, Gold LS, and Willett WC. (1995) The causes

and prevention of cancer. Proc. Natl Acad. Sci. 92,

12 | Curr. Top. Lactic Acid Bac. Probio. 2016;4(1):8-13

10.

11.

12.

13.

14.

5258-5265.

Bae MS, and Lee SC. (2008) Preparation and character-
istics of kimchi with added Styela clava. Korean J.
Food Cook Sci. 24, 573-579.

Blois MS. (1958) Antioxidant determination by the use
of a stable free radical. Nature. 181, 1198-2000.
Cha JY, Ahn HY, Eom KE, Park BK, Jun BS, and Cho
YS. (2009) Antioxidative activity of Aralia elata shoot
and leaf extracts. /. Life Sci. 19, 652-658.

Chon SU, and Kang JG. (2013) Phenolics level and
antioxidant activity of methanol extracts from different
plant parts in Youngia sonchifolia. Korean J. Crop Sci.
55, 20-27.

Chung SY, Kim NK, and Yoon S. (1999) Nitrite scaven-
ging effect of methanol fraction obtained from green
yellow vegetable juices. /. Korean Soc. Food Sci. Nutr.
28, 342-347.

Gray JI, and Dugan LR. (1975) Inhibition of nrnitro-
samine formation in model food systems. /. Food Sci.
40, 981- 984.

Han EK, Jung EJ, Lee JY, Jin YX, and Chun CK. (2011)
Antioxidative activity of ethanol extracts from different
parts of Taraxacum officinale. J. Korean Soc. Food
Sci. Nutr. 40, 56-62.

Heo SJ, Ahn HY, Kang MJ, Lee JH, Cha JY, and Cho
YS. (2011) Antioxidative activity and chemical chara-
cteristics of leaves, roots, stems and fruits extracts
from Acanthopanax senticosus. J. Life Sci. 21, 1052-
1059.

Jang YS, and Jeong JM. (2010) Antioxidative efect and
digestive enzyme inhibition of grape seed extract
(GSE). Korean J. Soc. Food Sci. Nutr. 22. 783-788.
Kang M, Kim MB, Kim JH, Ko YH, and Lim SB. (2010)
Integral antioxidative capacity and antimicrobial acti-
ty of pressurized liquid extracts from 40 selected
plant species. /. Korean Soc. Food Sci. Nutr. 39, 1249-
1256.

Kim JG. (1984) Illustrated Natural Drugs Encyclopedia
(color edition). Namsandang. pp. 42.

Kim JM, Kim JN, Lee KS, Shin SR, and Yoon KY. (2012)

Comparison of physicochemical properties of wild



=
s

15.

16.

17.

18.

19.

20.

21.

22.

ISl BHet 2, Q71 B 2 Q4

and cultivated lactuca indica. /. Korean Soc. Food Sci.
Nutr. 41, 526-532.

Kim JY, Oh SW, and Koh JB. (1998) Effect of Godu/-
baegi (Ixeris sonchifolia H.) powder on growth, protein
and lipid concentration in rats. /. Korean Soc. Food
Sci. Nutr. 27, 525-530.

Kim M]J, and Park EJ. (2011) Feature analysis of di-
fferent /n vitro antioxidant capacity assays and their
application to fruit and vegetable samples. /. Korean
Soc. Food Sci. Nutr. 40, 1053-1062.

Kim MJ, Park HS, Lee CI, Kim SH, Kim PN, Huh W,
Lee DY, and Son JC. (2010) Component analysis and
antioxidant effects of Youngia sonchifolia max. /. Food
Hyg. Safety. 25, 354-59.

Lee SO, Lee HJ, Yu MH, Im HG, and Lee IS. (2005)
Total polyphenol contents and antioxidant activities
of methanol extracts from vegetables produced in
Ullung island. Korean J. Food Sci. Technol 37, 233-
240.

Lim SS, Jung HO, and Jung BM. (1997) Effect of Ixeris
sonchifolia H. on serum liquid metabolism in hyper-
lipidemic rats. Korean J. Food & Nutr. 30, 889-894.
Park JM, Shin JH, Gu JG, Yoon §J, Song JC, Jeon WM,
Suh HJ, Chang UJ, Yang CY, and Kim JM. (2011) Effect
of antioxidant activity in 4/mchi during a short-term
and over-ripening fermentation period. /. Biosci. Bioeng.
112, 356-359.

Park SJ, Song SW, Seong DH, Park DS, Kim SS, Gou
J, Ahn JH, Yoon WB, and Lee HY. (2009) Biological
activities in the extract of fermented Codonopsis
lanceolata. J. Korean Soc. Food Sci. Nutr. 38, 983-988.
Park SM, Choi YM, Kim YH, Ham HM, Jeong HS, and
Lee JS. (2011) Antioxidant content and activity in
methanolic extracts from colored barley. /. Korean
Soc. Food Sci. Nutr. 40, 1043-1047.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Park WP, and Park KD. (2004) Effect of whey calcium
on the quality characteristics of kimchi J. FOOD
Preserv. 11, 34-74.

Plass GL, and Witschi H. (1976) Chemicals, drugs and
lipid peroxidation. Ann. Rev. Pharmacol. Toxicol. 16,
125-131.

Peschel W, Sanchez-Rabaneda F, Diekmann W, Plescher
A, Gartzia 1, Jimenez D, Diego Jimenez, Lamuela-
Raventos R, Buxaderas and Codina S. (2006) An in-
dustrial approach in the search of natural antioxidants
from vegetable and fruit wastes. Food Chemistry, 97,
137-150.

Ryu HS, Hwang EY, Chun SS, Park KY, and Rhee SH.
(1995) Effect of godulbaegi (Korean Lettuce, Ixeris
sonchifolia H.) kimchi on the in vitro digestibility of
proteins. /. Korean Soc. Food Sci. Nutr. 24, 1010- 1015.
Shin SC. (1996) Comparision of the properties of
Youngia sonchifolia Max. for kimchi preparation.
Korean J. Plant. Res. 9, 105-112.

Sim KH, and Han YH. (2008) Effect of red pepper seed
on Kimchi antioxidant activity during fermentation.
Food Sci. Biotechnol. 17, 295-301.

Sun YP, Chou CC, and Yu RC. (2009) Antioxidant
activity of lactic-fermented Chinese cabbage. Food
Chem. 115, 912-917.

Yokozawa T, Chen CP, Dong E, Tanaka T, Nonaka GI,
and Nishioka 1. (1998) Study on the inhibitory effect
of tannins and flavonoids against the 1,1-diphenyl-2-
picrylhydrazyl radical. Biochemical pharmacology.
56, 213-222.

Young HS, Choi JS, and Lee JH. (1992) Further study
on the anti-hypercholesterolemic effect of Ixeris son-
chifolia. Korean J. Pharmacogn. 23, 73-76.

Curr. Top. Lactic Acid Bac. Probio. 2016;4(1):8-13 | 13



	서 론
	실험재료 및 방법
	실험재료 및 용매추출
	DPPH radical 소거능 측정
	총 페놀 함량 측정
	아질산염 소거능 측정
	유기산 함량 측정
	미생물 측정

	결과 및 고찰
	DPPH radical 소거능
	아진산염 소거능
	총 페놀 화합물 함량
	유기산 함량
	총균수 및 유산균수 측정

	요 약
	참고문헌

