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Quality Changes of Mustard Leaf (Dolsangat) Kimchi During
Low Temperature Storage

Haeng-Ran Kim*, Kang-Jin Cho', Jin-Sook Kim, and In-Seon Lee
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"National Institute of Agricultural Biotechnology, RDA

Abstract Quality changes in mustard leaf kimchi were investigated during storage for 60 days at 5°C. As the storage
period changed from 0 to 60 days, the pH and reducing sugar content of mustard leaf kimchi decreased, while the total
acidity and hunter’s color increased. The vitamin C content in mustard leaf kimchi decreased gradually from 10 to 30 days
and then markedly increased after 40 days. The total dietary fiber content and antioxidative activity were significantly
higher in fresh mustard leaf kimchi than in fermented kimchi. The major volatile components of mustard leaf and mustard
leaf kimchi were determined to be allyl isothiocyanate, 3-buteny! isothiocyanate and phenylethyl isothiocyanate. The
contents of allyl isothiocyanate and phenylethyl isothiocyanate, the two major functional components, in mustard leaf
kimchi were determined to be 43.72 and 36.17 ng/g dry weight basis, respectively.
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Table 1. Ingredient ratio of condiments for mustard leaf kimchi

Ingredient Weight (g)
Salted mustard leaf (Dolsangar) 100.00
Powdered red pepper 9.43
Fermented anchovy juice 7.25
Garlic 2.04
Ginger 3.67
Glutinous rice paste” 13.90
Green onion 4.95
Sugar 2.00
Sesame 1.19

"Glutinous rice : water =1 : 10.

AR ohde] wgHlEe Table 13 720 AAEZL 3l a7}
FE 10019 M= A L sto] ARE-SIRITE BE oFd(Table )& 22
T Aol skl 2dAE A F PEAE AFE packel] 200
g¥ AEstel e on] sl 60Uzt AgsA AR
AHE-SHATE

OlBfEIN Sy £A
iR 771 FE, S, 2HFE AOAC WHE)0R
EAIGUL FEEES 105°CoIA A dzsle] 24389, 3
2 600°C 3|3} =(Box Furnace, Lindberg/Blue, Asheville, NC,
USA)el A SlgAZ]l g FAE Egste] el
o FIIEEE, DHEAE AEE FARE T xS R g A

(Hitachi, Z-6100, Tokyo, Japan)Z =43}tk

NEE

-

H, M=, 8¢9 pHE= "BINE 52 F6) 275 20mLE
w83t A7 % pH meterM 540, Comning Inc. Corning, NY,
USAYZ &43I9th Ahve Al82 10mL sl 108] 843 &
01N NaOH AAHO =2 pH 830] & wj7}x] A sle] zlater
(%) 0.2 ilkaldl), S sl Algo) Z4A1d(lead acetate)
E3HgAE Thste] hE §710 52 I FAA AAS
ERRIER(Na,CO)S el 24P A7%E & ojalS Somogyi
HHO)CE 2353

Am; M vRfst AJEE Color spectrophotometer(Color-eye
3100, Macbeth, New Windsor, NY, USAYE o835} L(H%), a
FHAE), bENE)E 24619T). FRATo 2= WKL =487,
a'=-0.58, b'=159& AH&-stsirh

JlsA T ME 2A

HgEl C gk view COJ e 2 4-dinitrophenyl hydrazine
(DNP) Hl&Rgol] ofsfl Zd a1 rh(8).

Aol g g 4ol Prosky 5(10)2) BHEo® =43)
St NEE 71{ F 25mesh®] A= A7 T2 500mL 2
Lzk HelFAel] @3 0.05 M2 phosphate buffer(pH 6.0) 50 mLe}
o-amylase &9 0.1 mLg Ho] &= 2ol oF 15587k whg A7)
o A2 mx]o} Atk o] & 0275N NaOH 10mLe 3
7ksted pH 752 & o}& protease(50 mg/mL) 0.1 mLE ¥
60°Ce] B2zl A 30—r7¥ HEEAIZL & 285 A 0325 M
HCIZ pH 404682 93 o amyloglu0051dase 03 mLg 3
7Fete] 60°Ce] F2pzolA] 3087 WhEAITL - 497 be] 95%

[c AR peE
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Table 2. Operating conditions of GC and GC/MS analysis for
volatile components

GC condition
GC HP 5890 Series 11
Column HPS5 (Cross-linked 5% methyl silicone:
ID = 0.2 mm, length =25 m)
Carrier Gas He (20 mL/min)

50°C 4 min
50-110°C (4°C/min)
110-180°C (10°C/min)

Temp. program

GC/MS condition
GC/MS
Column

Varian saturn 3
DB-5 (30 m x 0.25 mm ID)

Temp. program  The same as that of GC

ethanolS E2 P W28k TR crucibleol] o3
ol o qobr] THA] ethanole ol H#AA -Eral‘é& & daste
2AE 2355tk T2 =33 & gy geke Kjeldahl Hk
HE®)0R FAFRT, 3| 525°CelA 5417
AE S 2o df(total dictary fiber

)
a1 7o 2] oAz e Aoy
*‘4’ = 74] ]y\—l >y T o0 =4

Hol g PO Lehhgic.

R-P-A-B
M

o) F(%) = x100
R: AEd tigt B4 & & 74
p: oA ghak A: 8]E $9F B: Blank
M: A EFA (mg)

5% ethanol® 3|7 5~
1,000 ppme} FEZ lardol] H7}
= AskRwriihe S st FA e
HIE Al(Antioxidant Index)& HAISFATE

iﬂ:}‘% T4 L ERSEE g 52 Az w

} 10 goll WHH-F 552 (phenyl 1sothlocyanate PITC)
%‘%‘T‘ 400 mLE HAvlele] 27 2RFEAAR 22519
Kol

FR5E9L A methylene chloride® F&3 T &9
Aas)d w719 dh rtag B&8 o Iy §es
GCeF GOMSE 24 8igth 3w 318E =499 93 GO

oF GCMS B4 2712 Table 29} Zth

RE AYe 38 gk 2Ase] Z3E SASISTAT(12)E ©f
skl EAY #BAEAL AR WA AFele] f%+= Duncan's
multiple range test®ll ¢J8] T BlWE SFATH

SR M=ol olsEE £y

SR XH o} olglelz BALL Table 37 7T} 98 =
Ake] RS 93 89%E Awzre] R 8939%(13)0] H]
3 =rom, §4 1.33%, F46+ 0.61%, 282 242k &
2 ZkzF 75.80 mg%ﬂ- 3.13 mg%2] S UehASic). 130 1E
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Table 3. Chemical properties of the raw materials used for making mustard leaf kimchi (Dolsangat kimchi)

Raw materials Moisture (%) Ash (%) Crude fiber (%) Ca (mg%) Fe (mg%)
Mustard leaf 93.89 133 0.61 75.80 3.13
Powdered red pepper 15.46 53 19.71 41.30 7.60
Fermented anchovy juice 66.27 22.85 - 34.90 2.79
Garlic 71.63 1.09 0.67 6.05 1.53
Ginger 82.28 1.18 0.91 13.17 297
Green onion 91.92 0.73 1.95 60.90 1.99

e RS 1546%, B|EL 539%, AT 19.71%, TES 30
4130 mg%, 1812 FE& 760 mg%E WERAATE Park S(14)9)
A Aol defel glsk A-pelAls uErfRE o X 25
Azol His] HlwH =& 2R FR205%) 2eold A
soldf FHE SA7IE Yool Hrki slgiEE B T 2 20}
X olE RikgElE AZE veEh9oh z
s
SMZRel NEXE B SEE SAMWs| Sy
pH, A%, 43 S071HE 5CoM 6027 s A .
pH, 2H= 2 2l E5ke) HElE 243 A= Table 49 7 510
ThopHE A% 5093} 602 77 pH 5203 pH 51002 A% E
AlEe] B pHpH 530)ETh ZAsiont fejFel #jejg sl
¢l eksktt, At = Alzgdd AEF 042%2 SojXo g ﬂﬂ
v RS, AFbe] AAAESE Be b el o , . . . . ,
L l% S04H] 0.95%= Foldom 157} ] ﬂﬂfﬁ—] 0 10 20 30 40 50 §0
itk & &k pH: o} Alnio] Wale Axle] W LAl A FEA /\]» Fermentation time (days)
. E]X]E‘!} HATE 5718 A A7 H el B Fig. 1. Changes in Hunter’s color values of mustard leaf kimchi
o] WA o= Alulah pHgke] Ae] UXehA ¢br] wlie during storage for 60 days at 5°C. <>: L value (lightness), l: a
ZAzje) Alvke- Vele FHRA ARREE AT AlsEojx value (redness), A& b value (vellowness).
CH15). Ax12] o] 7hd 22 #4719 AhmE 0.6-0.8%0) 1
1%Z 233t YR Aol Fo] Aaat(6). Wk B *El
At EAZRIR 9] glo] 71 22 A 77k AR 1 5C He AR 717ke] A7t Aasi Wl Y wmE Y, FH2A
7EOR 20404 ARE AAEY A% 60A7A = A§-o] vt AZo 2 Warbe e & 5 AUATh
=8 o) Azts oY), Sl dEe] 25 Axgd A7
283%E AR vhg =A ARG, A7 717ke] ZoH EAZRIRIS| J|sY #H HEEY
TE FUT TR F9AoZ WolA WA g 60UA] 1.34% HlEH C $8: A9 60U 9t S4AS] HlER cof Ws)
= el U Brtesinh 1A 3ok & - AR Ee) = Fig. 29} 2o} g A5 v CEHEE 3590 mg%ee|SLe
5, UMY, AFEE gelM PGS W Ao 4R W AR 10UARE Fhaelr] AlZbsted 30974R] RISgE s
S ATK17). Pack S(6)° 23hH LA7F S5l wEl Rk SAREETY A 40dA] H g VEe 2§ Fhashs
o] BS YRR AXEY A A wio] gl gk Aok WAtk A% 60d A F WIER C THES 263 mg%®
¢ ZAstA Almrt Spethy Rsisled), B drolMe 27%9] A4S Btk A G s Al dilskg s Fols
R o) A7 7| 7ke] Aojdps gy dEke kAl = EEEA00) A 7 /Po%l IL}F' Hale] AHeke oF7le] Aol7t
e STksted Mlse AeE VeI QAT dutE o AP Has] AR ohh fhasith) S
A Aol ot el 7563% HRl = ohA] Aslo] Ak
Amw: SAZRE 5°CoA 6047 AAEHA s 24 A7l Bl ¢ go] vholr|e Zlog A Ul
o Zi= Fig 19 2ok S Ae] des Jehlle Lk Z AZ g HE ¢ e 15 5ol A5 sl
2059004 23.729] MH=E A 607 7)7ke] AdErE A oFell 7101, Hr7lell= Aede] Eal=dA vEwl co] 71
,]o] Aol Wwolx|= Aoz Hrwdc) AMTEE Ve ag) 2 Zgale] o gekol Zylelm, Bt AR|d] EAlehs nAEE
2 848914 12369 WE A 717ke] AfelHA felAo®m o] el MEel (2 §HASle] HEr)e] dheakel WE 270
:58 agke VeI, A= UEhE bits TR R vl Srrenkal Hare] Ith22). £ AfelAx ol9f wlsgl
2099914 28.17¢] MHZ A7 7ke] dojdpE Z2rtslsinh A 73S VRl L, ehol alme] Asto s A A% 20409 0]
o] LErt A Aol Fvtol wet W”%—OW Fallxe] 7 HA7 2 e s 2R B o7 oA F2RE AL
x| atfrel Ao wats fakehth(18). Ku 519 &shd =] o] A4 4020el Hom mol o] A7)z} Hazm eyl cof
i o) 7P EiEA] ol A= AlZIZAL A7 E Y]
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Fig. 2. Changes in vitamin C content of mustard leaf kimchi
during storage for 60 days at 5°C.

Aol df §F: Hold e sl wet 784 Holdw
(water soluble dietary fiber)2} &84 2] o] f(water insoluble
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= AzFD AB7}F 0.06%E A% 30
shefo] =& 7o = HrE Y 1:}, He
AFZD AE7E 6.56%E 7P =2 a2 UERISIE, A7 7
7re] Zabala (A 302 0.35%, A 602 036%) 2 Eoz

ZHC B 4% AAA F Holdh BEL 6602%Z ¢

13} 609} ZHA L) 2
1 _11 o]}\% (o35 2 U}ﬂ’ﬂ'ﬂi

r 10 e
0l
gOl' lfmo

Table 4. Changes in pH, total acidity, and reducing sugar content
of mustard leaf kimchi during storage for 60 days at 5°C

Fermentation Total acidity  Reducing sugar
time (days) pH (%) (%)
0 o
0 5.30* 0.42¢ 2.83°
10 5.30® 0.43" 2.71°
20 5.30% 0.80° 2.72°
30 5.50¢ 0.69° [.99¢
40 530" 0.88° 1.63¢
50 5.20° 0.95¢ 1.33¢
60 5.10° 0.04° 1.34°

Means of three replications. The different superscripts in a column are
significantly different at p < 0.05.

Table S. Changes in dietary fiber contents of mustard leaf and
mustard leaf kimchi during storage for 60 days at 5°C

. Fermentation time (days
Properties (%) Mustard (days)
leaf 0 30 60
Soluble dietary fiber 0.00° 0.06° 0.02° 0.01%
Insoluble dietary fiber ~ 1.50° 6.56° 0.35¢ 0.36°
Total dietary fiber 1.50° 6.62° 037 0.37°

Means of three replications. The different superscripts in a row are
significantly different at p <0.05.
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Fig. 3. Antioxidant index of mustard leaf kimchi during storage
for 60 days at 5°C. ML: mustard leaf, OMLK: 0 day mustard leaf
kimchi, 30MLK: 30 days mustard leaf kimchi, 60MLK: 60 days
mustard leaf kimchi.
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Table 6. Volatile components identified in mustard leaf and mustard leaf kimchi

Peak Number Posssible Compound Molecular weight ~ Methods of identification
1 Allyl isothiocyanate 99 MS/RIY
2 3-Buteny! isothiocyanate 113 MS/RI
3 Pheny! isothiocyanate (Internal standard) 135 MS?
4 Benezenepropanenitrile (C;HN) 131 MS/R}
5 L-Pyrrolidimethione (C,H,NS) 101 MS
6 Phenylethyl isothiocyanate 163 MS/RI
7 Unknown 73
8 Unknown 177
9 1-Phenyl-2(1H)-pyridinone (C, H,NO) 171 MS
10 2,3-Dimethoxy-2-methyl-butane (C,H,,0,) 132 MS
It Unknown
12 Unknown
13 1.4-cyclononadiene (C,H, ) 122 MS
14 2-Propyl-1,3-dioxolane (C;H,,0.) 116 MS
15 1,2-Benzenedicarboxylic acid, dipropy! ester (C,,H,,0,) 250 MS
16 Unknown
17 Unknown

DMS RIL: mass spectrum was identical with that of Wiley mass spectral database (1995) (Hewlett Packard Co., Palo Alto, CA, USA), and retention
index was consistent with that of the litcratures.
“MS: mass spectrum was consistent with that of Wiley mass spectrum database.
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Fig. 4. GC/MS chromatogram of volatile flavor components of mustard leaf and mustard leaf kimchi. A: mustard leaf, B: fresh (after
making) mustard leaf kimchi.
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Table 7. Isothiocyanate contents of mustard leaf and mustard
leaf kimchi

) Ally! isothiocyanate . Phep ylethyl
Properties isothiocyanate
(ug/g, DW)”

Mustard leaf 873.40 148.99
Mustard leaf kimchi” 43.72 36.17
UDW: Dry weight basis.
“Fresh (after making) mustard leaf kimchi.

4 5 A9 isothiocyanates®) 7 A AdEe] Hale= @

gl wet FEisA kA Aoz veheeg
AR Bl A4 e Aelo) AL % okl %)
B e lwsl BokS wl isothiocyanates
= AA9 73]5_1]—7@&} A 717HE A Fure)e] A=
B nelm(26) A8 243 vmane w A4 vl
T asl= Ao

kO
2

EWAAIE CelA 607 AEshEA] HEaEAS AR
A U 2k HA9 pHeE AR 5093 60 Az
AMERTE Zh4sHe A el ow) felA9 2lolE o)
A Eskeh. AP A A7) AojdaE 2o aln
E vehigien A3 20-40400 0.69-088% 558 Vehyo] A
=712 WAE AT T G A7 7)7k] AoldsE f9
Aoz vrolxmA A 60U 134%= Ve s &4
A s, 2An g 0T 43 7)ol doldfE Z7ls)
Ak g7 3% hin C g2 the A izt NEs w
o fedow we 548 Yeplla, A717ke] AaEw

_EL
JZEL

olgste] EAbste] A HPES FAT 23 F Fo) A
& allyl isothiocyanate, 3-butenyl isothiocyanate, phenylethyl
isothiocyanate® &9l HSITh E4M2E71219] allyl isothiocyanatest
phenylethy! isothiocyanate &%+ ZF7; 43.72 ng/e, 36.17 pglg ©]
Atk ool A AR AAY T AsE awe
HIERD CE 7IE0R 2 o 20409 Admon, E4zt el 7]
T EE AR 28 A9 Az A5 AA v ¢, A
old+r, A Fol 7P Fokd AHEL & 4 vk
b B4zl SREESE-e Batek 7R AT AA o)
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