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Red Mustard Leaf Kimchi

Jung-Hee Hwang, Young-Ok Song and Hong-Sik Cheigh'

Dept. of Food Science and Nutrition, and
Kimchi Research Institute, Pusan National University, Pusan 609-735, Korea

Abstract

Fermentative and antioxidative characteristics of red mustard leaf (RML) kimchi, a traditional, fermented
Korean vegetable food, were investigated. For the study, RML kimchi was made of RML, with green
onion, red pepper, garlic, ginger, and sugar, and fermented at 15°C. The pH was decreased and total
acidity was increased during fermentation. The contents of reducing sugar, total vitamin C, and total
pheno! content were 2.36%, 65 mg%, and 59 mg% at the initial stage. Although the content of reducing
sugar decreased gradually during fermentation, however, the quantity of ascorbic acid decreased with
the tendency of slightly increased at 6 days, and the amount of total phenol was increased. CIE L*, a*,
b+* values were increased until 6 days of the fermentation. In order to determine the antioxidative activity
of RML kimchi itself, the model systems of RML kimchi were made with cooked beef. TBA values of
RML kimchi which was fermented for 6 days showed the lowest level in model systems. Water, n-hexane,
methanol extracts of RML kimchi had a considerable antioxidative activity with the inhibition of formation
of peroxide during the autoxidation of linoleic acid mixtures in agueous model systems.
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9] Al g2 Alg3te w3222 A1 2}3} 3 Al Eell = phe-
nolic compounds, hydroxy cinnamic acid %, 33
HHE 5o 3AEA Fo| T4 FRE slor &
3], 212 ol 365 e 9l carotenoids®t chlorophylls2
ghakstAd o] gle A 22 o4e A glrh Chlorophylls¥ 1
AT S-S Aol ] 43tE w b of kg 2]
% A}k¥l Abejoll A free radical scavenger
2 ztg-sto] FEdwiol A=t SehAd ol A AA Gl
FHH(2). CarotenoidsE F82] A foll4] vitamin A9 A
TAZ 283 W ohe} §AkstA|, &t H A of

-
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Fodste A FA) B2 Fosivty Barse] glot
(3). 2L ool = mapA <l gabsA| 2 FE9kE ascorbic
acidet 7 e} dlE A sletEo] Hol HiEle] e 2%
V54 AEer A= glern uuld A gt
o] Bofo] BAl <AAE HAH Folx| 3 vk
ZH(F+ZE, mustard leaf, Brassica juncea Czerniak et
Coss.) & Alzt3ba} 1, 03 A A A 259 sl 2 gats
LA} FFEA, Fgedde] 53 & AYz itz
oted 4 gle allylisothiocyanated] glucosinolateZ- ¥]
323l o7} 7bx] 23 HPEL T, o FelH, ¥
g uAlo ZE Hol= AR LA glcH4,5).
E AAd el #4, A, vitamin A, B, C
2] gteko] £& ¥ ozl A2t HA Alddm A
22705 FA 5] A LA 2] A= of
= "Holoh(6). T AAH ) Aiwrt &
olxaL gle] Zk7d A 9] o)3}altd B4, FANA, G H
T} ] o] Fel A $tch(7-9). 53

Al & A 7kl = Hed M 4]l anthocyanins®] F53F
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£ AP A 2 Aepd e 9EF g5 2w
oA 1996'd 109 o)) 5] 1997'd 39 17 o} 523t
A 7t (mustard leaf, Brassica juncea Czerniak et Coss.)
L2 o) 25~35cm, FA 96 g 99 7L &34t
e B, wbee e, A Ak B F8lEky
AHERR T 23R TS A IR TS, 42T
TFarde AHEst o ke AADE Agssc)

Linoleic acid(cis-9,cis-12-Octadecadienoic acid, Ap—
prox. 60%), 2-thiobarbituric acid 52 Sigma Chemical
Co.(USA)llA Foiatsdct. gHatst 548 bolry] 9
& A" 7lEt A AG1FS A4t

A2 9, B7) 2L AAMIAE 2 o L vlA
22 e 9% 2712 FEe] YRE AHER A
Qahe] v ol T L3t 271112 B &2 200 g &
Ashlch kg S o A F 203 omel o2
A o] Aol keh. 15% 2 FEF ol 2E 24

b gk A F B2 23] Aol 3087 E71E Mo
olegt A& AA MY 2o dEE 25%% o A3

EE §A47)17HE 15~154%5 FA 3}
At % AAgE A7 100(g)ell el Haisal
o s} 4(g), ”}‘é“ 2g), L7} F2g), A7), A= 1(g)
2 v-g2 Egsle] 15°CollA HEAA A 243}
Aotk A B 2E Agse 4] FEe F -20CE
FA et e el ERstda AxAs5E §2A
#Z7](Freeze Dryer-5, Ilsin Engineering, Co., Korea)&
o] &3l FAARAZ] F YR -20°CE A 5=
W5 3o Bstg ozl B 8& wniel vpashod A1-8-35)
et

pH+= pH meter(Orion Research Inc., USA) & &3 8}
ok Almes A E vkl 9L 34, A3 ¥ pH
8.3¢] F =% 0.1 N NaOHZ A A 35} lactic acid¥ 2.8
gAkst vl #4192 School® (2)ol 28 &4 slgdc)

AA g ¥47](HC2000, Black & Dekker Inc.,
UsS)Z =gk AA(1g)E 2 d8 AZZE o435 948
1 mL #H3te] 103l v} 34 F 25 01 mLE
vl A] 10 mLol| £33}o] petri dishell 3 -8 w55 37°C
= FA8E wFr) A 48417 wiFRE F- & sl
CaCOs% -3 MRSHIA(10)5 1] 71 4-&ll 5} 43
~45°CE J7sle] rl-8-3bodv).

25 blenderi U}.-Hs}m] Az3 & olnpaty A LA
(Minolta Ct-310, Japan)& o]4-sted CIE 1976 L'(L;
lightness), a’(red-green), b"(vellow-blue) & &4 s} t}.

Z phenol &2t

Folin-Ciocalteau A 2} o] &3l & #H& 3F=ks
3l9d 2 9% chlorogenic acid 3.2 2 34Hsbgl oh(

Ascorbic acid

A 7k7)1 21 2] ascorbic acid §H8k2 DNP
H(12)& o] &3ty FAsbsl e, L-(+)-ascorbic acid
=

2|117| model system

7} 4] 517] A zAE7) e -y $ERS
o 3ted 2 gh 5457_7]-4 TR 755%, A AL
1.95%, 2522 20.6% A tH13). =& -5 10gS 3
&3 microwave oven(MR-293S, Gold Star Co., Korea)
ol A 182t 7193} Table 134 z2e] Al8HEZ model
system Z A 3}ed 7}d s m7) o) gt Akl A o itk
e A gk} & petri dishell cooked ground
meat(CGM) 10 goll 57 10 mLE 718 ¥, CGM 10

=y

Table 1. Formulation of model system with ground beef (GB) and mustard leaf or mustard leaf kimchi

Model systems

Formulation of model system

SSssS<=28HE—~

Cooked ground meat (CGM) 10 g + distilled water (DW) 10 mL
CGM 10 g + 4 day-green leaf mustard kimchi 5 ¢ + DW 5 mL
CGM 10 g + red mustard leaf (RML) 5 g + DW 5 mL

CGM 10 g + RML 10 g

CGM 10 g + 0 day-fermented RML kimchi 5 g + DW 5 mL
CGM 10 g + 0 day-fermented RML kimchi 10 g

CGM 10 g + 6 day-fermented RML kimchi 5 g + DW 5 mL
CGM 10 g + 6 day—fermented RML kimchi 10 g
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A 7ES AL T CGM 10 goll A A& 42
o7 model system& A3l e 7 79 —r7ﬂ
ZU3 2 243519}t 7 A model system A&
AHERE Al B3z 15°ColA] 447 EA A 54470

gk EA ) A o} 2 G AR A, 6 HEAAA &
AR 7] =g A 77] A & blender® 2%-7F vl 5]
Argslget. 2419 2 A 82 Frkske] A8 model
system-g 4°Col| 4] 457k A A sl A 32 A & 4bshok
& TBAZFE ol Arsjugich

é y[get! “i

sust MEo| 55

AZA R 5 goll 50 mLe] FF55F ¥ 3 3087 boling
water bathell 4] 33] W $Z 3} Whatman filter paper

Nod2Z oix3l & 2252 100 mLE ALFo2H &
5

FZ2E4 49 w:l(14) 7712 2] Wer-g FEdL Pratt
9} Birac(15)9] #H-& o439t & AxA R 5 gol
J el ol A AF2-

S0 mLef vl thE & Arhstel WS Ak
ol 4] 20413k sLRER EA b7} 5
SHL RopA AFHANF o] 5
ato] 40°Cell Al 553 F ool @%‘P
A7l Hexane &2 AXA &

5g
2 93 soxletFE7]| & 33 4l -’_’ﬁ%fﬂ 7 %%" o}
<

Z&solch

AT %71 °1J9“
—‘a‘—

TBAZ} &A% 915 petri dishell4] 4] 327] model
system® A] 84 82 #3}o] blenderoll M 2¥-7F whaf 3
round flaskel] &7, 8 475 mL9 4 N 94 25 mLS
7Vt F5H3 £F9 50 mL, TBAA Y 5 mL& 354
7t4F AE 538 nmoll A FHEE St} 2 4

FE 52 g4d5 =42 9 s A+ linoleic acid& AF&-
3 44 2543 model system% ZAF F o) & ut
S0 3}o] thiocyanate™]-& |43 71324l linoleic

oh o 2
o o F
acid At} A =& &4 3]"35],"4'(14).

SAHz]

W2y 7 A 52 5e d& AY AHE Student's
T-test 2 ANOVAE 53 o4& AAeslond 24 =
T 3L AL S ol stk ol o) 2o
BE BAIA = £ pakaged! SAS ver 6.12(SAS insti-
tute Inc., Cary, NC., USA)E o] &3l a3}

A% gk ks o A W 5o Wske
Table 29} Zgkt}. a7} AP +2 pHe 430
A= A4 Fbste] LR 64A S5 o pH 45, A%
0.7%el =galgdvl. A HaA A9 &2 pHY
Z4ke] WEE drbd o2 Algsin] 2Eu AdEE,
A2l g Sof ulel FebA| v pH 4.2~44, 4= 05
~0.75% F-o| 7H3 vto] & A&z e gl
(16) ol &= A Aol e dX|slsich A AaFe] F§=F
Z79 25y Y 5o Aol & 2 A
A& dae A B TH, AU, 2FFECd 9
A E of g ks Ao deA|x glch Ao wta
Aol gt Ao A A7) 44§ el ubet #UF4
gafo] ZbastH A AlErE Fobgbda BaE 3 9l o
(17) o] = AAbo] B2 YEE S udte] AL A s
2 vehte 492 A=

AANE F AAge] Wil dav|e] 2
= ZAbg st S7hste] 6d Al H A E B3l
wEE daged o8 FEE Fo4EF Leuw
mesenteroides~ 71 21 2] vl vlE=] 3t k& 7] A
o A%7)e 2 47 A Ao =slsdtisl Azt 31
P Fhasts Ao T deiA glor(16) B A oA
=38 6dA7E AvbaAs Fabdert sk ei(data

were not shown).
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Aake] Wl o3 9 =g Aty &
Folld Ax &2 55 vl 9] o] anthocyanins
o] ek Ao ZAlell A% Ax Wste F483 ARR AL
45 girh(18,19). A7t o xS faste] dA
744 Bl 98k A== CIELABA A A& &3 et
W A5} Table 33 2l &, Har|zte] AadeyE

b ZHe Zrtsle] MLe 2424 Bk A A e =4
AT A U AAAFLR Harls AL 4 4 9
Ak w3t o] ZHE CIELABZ ol 7jutsle] 5 4 7ke]
AA AzFQ) AE w3 & AlAbetl & o (20), 7 @ 2 A
o} i E o] EA 71A 9 AAbz 6248 A7 Ao
efigion Harl APDeE A HAY f{iﬂ?‘fﬂﬂ
7488 Bof wha 6d A 7] A eke] A= 8
A Aol & viebyct

Table 2. Changes of pH, total acidity, reducing sugar and
lactic acid bacteria during mustard leaf kimchi
fermentation at 15°C

Fermen- Total

Reducing Lactic acid

tation time pH acidity sugar bacteria
(day) (%) (%) (CFU/mL)

0 544058 0.05£0.01 2.36 2.9x10*

2 5401002 022+0.03 1.78 1.2x 107

4 497+001 0571001 1.17 2.7x10°

6 450+0.02 0.70£0.01 1.00 1.0 10°
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Table 3. Changes in Hunter's color values of mustard leaf kimchi during fermentation

Fermentation time (days)

Hunter'color values

0 4 6
L 9.99+0.020" 13.08+0.040 13.16%0.038 15.16£0.276
a* 1.56%0.080 3.63%0.029 3.97+0.038 513*0.133
b* 17.01£0.046 22.16+0.061 22.23%£0.036 23.32%£0.251

YMean*SD of the triplications.

Table 4. Changes of ascorbic acid content during mustard
leaf (RML) kimchi fermentation at 15°C

Table 5. Changes of total phenol content of red mustard
leaf (RML) and red mustard leaf kimchi

Fermentation time (day) Ascorbic acid (mg/g)

RML only 65.010.41V%
0 52.0%0.21°
2 49.5%0.34°
4 42.0+0.45°
6 49.0+0.24°

Values are Mean=SD of the triplications.
Values with different superscripts were significantly differ—
ent by Duncan’s multiple range test (p<0.05).

Ascorbic acid &2F
712 2 & 2 213} ascorbic acid ¥ &F# 3} Table 491
vrehd vle} 2o} A4 g A 2Ee] ascorbic acid ¥
65 mg% e 3L, LEAF 52 mg%rt Hdebrt AR i
sl ot SAS A thA] o= A ' Frtsbgich Az
9] & vitamin C &8-S A EA 2 X} Park $(17)9] o
o oha 2 A velyked olE FF, A2, A
59 AFA | 3 g W] wFeletn AzH
o A 5AFe] & vitamin C 3 E E0dE
A7 dge] Hagler FAR 2 Hoee FAE,
%A X, ascorbic acid FE4H ol ujel AFA e of
4 o]z} gle] R} W AFr} o] Fo{xol & Ao
Beeh(17,21). & A A= pH 454 =] HE 6
A2l 7tz x| o) A ascorbic acid FHeko] oo g =
Zbatae) B Aoy A8 59 AAT A 9
& 4~8-43 Q] ascorbic acid7} 4% = 22 tha: Fhastgich
7} B 7)o+ #H o] ¥4l E] 4] ascorbic acid®] 713
2 2t gsle] aeigt 7 gl Jepdola A= 9ok

22 E(phenolic compounds)< &
gulol] BAR ¥ oy} AkEA I A
2 2aF 3 gloh S E %

O
Eﬂf%r%°“%ﬂﬁi“€§

‘1-‘::.;::10
R

/5]
G AE 3t FL s 44
& el gdh(22,23). & ‘f‘aoﬂﬂ M&, 7 %—:L =
A, AEE A4 "Arld =g ARz & H
gteke Table 59} Fo] 72}k 49+0.025, 59+0.002, 70

Fermentation time  Absorbance at  Total phenolics

(day) 750 nm (mg/g)
RML only 1.187+0.025"%2 49
0 day RML kimchi  1.348+0.002" 59
6 day RML kimchi  1.646%0.015° 70

YMean+SD of the triplications.
BV alues with different superscripts were significantly differ—
ent by Duncan’s multiple range test (p<0.05).

0.015 mg% o, A T RhE 7312 9] ko) &9k
a2 g AFY AR Hels 64 A #1129 phenol¥ %
o] B EA ettt (p<0.05). o] Wiy}l A=A
v A &5 7}°ét'¥i°ﬂ 23 sh4kztEAde] g1+ phenol?
ethyl %4 2 vinyl =47} QA E7) of Folelx A4
ZrRoh(24).

2| 17| model system0i|A] g4ty

TBA-reactive substances(TBARS)+= 2-thiobabituric
acid7} A[ub4ke] AF3F A A &4l malonaledhyde®} ¥h-5-3}
o] B2 TBAMAE JAse AL o] 43t o=
wtA A w2 w3 afste] A AN S odF gle] e
AH2-E] 71 91 tH25,26). ©) TBAZHE &8 749) £579 713
g5 717, A7F FEE FElse] slds 3] 98] model
systems 233}ts] 2, o] w] & 17| Rk E-2 AbEto
&k 7k 7 2| 9] o Al 58 A2 Axl= Table 63 2l
7194 375 o] &3}o] A8 model systemoll A %A
A7)l =23 4770 2 (4 day-green leaf mustard
kimchi)®] 34rstaste Axizke] shabsla el w3t
Ze ‘%“’é% o] &8te] & T 22 FA A HEAA

A 47}1-71;],] s}x}-;].ﬂ

4
2

7] G ar8hs T fARE S 2ol o v

a1ﬂ¢ﬁ£ﬂﬁniiqb

3 G4sho] E9to]

%ﬂiﬂa&ﬂﬂiq%Gﬁé%ﬁﬂﬁ%ﬂﬂﬂﬂ

lx:

A e o)< 4
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Table 6. TBA values in refrigerated beef model systems with cooked ground meat and mustard leaf kimchi at 4°C

for 4 weeks

TBA values (mg malondehyde/kg)

Model systerns“

0 week 1 week 2 weeks 3 weeks 4 weeks
I 1.68+0.003” 6.07x0.001 7.6510.001 10.67£0.002 11.7+0.009
i} 1.47%£0.002 2.48+0.007 2.99%0.002 4.80+0.001 5.04+0.025
m 1.47£0.001 2.49%+0.012 2.89+0.002 4.580.001 4.98+0.003
v 1.47+0.001 2.25+0.002 2.36%+0.016 3.30%:0.001 4.4210.001
\' 1.40£0.015 1.91£0.002 1.98%0.015 3.02£0.004 4.12£0.012
VI 0.74%0.003 1.20%0.001 1.60%0.001 2.45%0.001 3.25£0.002
Vi 1.00£0.002 1.52%0.015 1.77£0.002 2.62%0.006 3.7670.003
VI 0.74%0.002 1.03+0.002 1.11+0.023 2.32%0.001 2.49+0.001

USee Table 1.
Mean3SD of the triplications

Samples of each system were weighed into glass petri dish, mixed and heated in a microwave oven 1 min.

Zrol AN E T8 A A 4°Coll A AR 454 5
X2 w b4 @A ste] TBARS AAME BstE o
control ol A 100%, E4 R 2 5 g A7 A 43.1%,
AZYWA 7 5 g B 426%, FF AZE &7 2]
5 g A7FEA] 352%, 647 WEAZ A=A 5 g
A7hael A 27.9%7F A=) ArlabE e Wotks o
EAAE5g H7S Q2 10 g A7FEE of 3Fats)

ol ZaiAl vhehgow ol 24 A 43
w9 3T BAY 4 2l FAEE 44
A A%E & gle gl y Az

=2

/KE;-”/(
sgozm

2.5
8 HOo

’é\ 2 SHexane
= £)Methanol
[~
S
v
=
S st
k)
<
©
&
L
S
g
E 05

o Y

Control 0.05 0.1 0.5 1

Concentration of extracts (%)

Fig. 1. Changes in peroxide contents of linoleic acid in
the presence of various solvent extracts of 0 day -
fermented-mustard leaf kimchi on aqueous linoeic

acid system at 38°C after 4 days.

HO : water extratcs, Hexane : hexane extract, Me-
thanol : methanol extract of red mustard kimchi.
Values with different letters were significantly dif-
ferent by Duncan’s multiple range test (p<0.05).

g, BAF 2 4] 018 golglth A7k A9 4 & 2 dt
F& 59| 343l 332 v 2&r] 9984 aqueous lino-

leic acid systemel] ¢J2] 7}A] &
0.05%, 0.19, 0.5%, 1%, 15% A 7}A 7] 33

FZEEST FEEE

38°Cell 4] AA

7]7} A% A A7) AT Fig. 1, 29 2kl 2280
o] 5t FE2E] ArbeEel uet st st =
BRon 5550 eSS 5 45 55 A
7t FETL FI1ESE YA E A B3 A Fo Ao

2 Z7sle] AYRTHE 2oS w2 64 A A A A

9] &g FEEE 15% %
% Sl on oA 2 o
obch. WAt =& o) AE-

474 9] sl 7

£ FEES

¢ AEEst s

Z4el o] sty ot o2l AP v4 nal o3
e erng o F7hH9 AYe] 8 AR A}

25

Peroxide level (Abs. at 500 nm)

Control 0.05

0.1 0.5

B H,0
S Hexane
3 Methanol

} 1.5

Concentration of extracts (%)

Fig. 2. Changes in peroxide contents of linoleic acid with
the addition of fractioned solvent extracts of 6
day ~fermented-mustard leaf kimchi on aqueous
linoeic acid system at 38°C after 4 days.

H:O : water extratcs, Hexane : hexane extract, Me-
thanol | methanol extract of red mustard kimchi.

Values with different letters were significantly dif-
ferent by Duncan’s multiple range test (p<0.05).
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A 6 71 A9 pH7} 4591 E3Asich $AN

of wpelA A= F7FElE L S E-2 A A FAa
o5 ol HAkFS A §]EH7<]°1] Eaatsdch =& a-
scorbic acid &= W E 7} ANFHHA s v

A 6dA Al thi Fo1etsch F AEdEe QA s
A ek A oA A Vet Azt 7l
o whe}l & HETEL FUtsh ARAAE rhd 4
7)1 249} model system& ZA| 3193 TBA7}% =8l
A& A 2 A3 371 7R 9] ofe)
AbstAdeo] A el o] AR v Bt
AbshAd o] - 3}93 o Ert 28" s34
ghakslAl o] Ssigicl. TAZAEAZ ARA ,
WEE, W4 M7pA] Sul 2 FE3)e] A S AP
2hg of wjgkg —7?—%%—4 A g o] 713
Wk =3 g3
AbglAge] =gkl

L

T
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