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Quality Characteristics of Kimchi Prepared with Chinese Radish and
Its Quality Change by Freeze-Drying

Young-Tae Ko* and Ju-Youn Lee
Department of Foods and Nutrition, Duksung Women's University

Kimchi was prepared with 5, 10 or 20%(w/v) Chinese radish and ripened at 20°C for 3 days. Acid production
and growth of lactic acid bacteria, sensory properties, and several volatile odor components in kimchi were
examined. The effects of freeze-drying on the quality of kimchi were also studied. The pH of the control (kimchi
prepared without Chinese radish) was 4.31 and gradually decreased as the amount of Chinese radish increased.
The acidity of the control was 0.673% and gradually increased as the amount of Chinese radish increased.
Viable counts of lactic acid bacteria in the samples did not differ significantly from the control. The pH of
freeze-dried/rehydrated kimchi slightly decreased as the amount of Chinese radish increased while its acidity
gradually increased. The viable count of lactic acid bacteria of freeze-dried/rehydrated kimchi did not differ
significantly as the amount of Chinese radish increased. Overall acceptability and taste of kimchi and freeze-
dried/rehydrated kimchi generally improved by the addition of 10% or 20% Chinese radish. Six volatile odor
components including ethanol and five sulfur-containing components (SCC) were identified from unripened
kimchi, and the level of two SCCs increased as the amount of Chinese radish increased. Eight volatile odor
components, ethanol and seven SCCs, were identified from ripened kimchi and the level of five SCCs increased
as the amount of Chinese radish increased. Diallyl sulfide and methyl trisulfide were newly detected from the
ripened samples, but not from the unripened kimchi. Freeze-drying substantially reduced all of the volatile odor
components from kimchi. Five volatile odor components including ethanol and four SCCs were identified from

the freeze-dried/dehydrated samples.
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AFo] BEoAHRE Y] FHE
Ak S0, IR0 olsh Zo] TR FRe AAE
H5H2) 243 BelHA B4o) M2 HERY b %
A3, B3] Aol 98 LEARE Aot g Aol

o e Axe] FARYG PAE EE BIE PES B
Pate) BE A7 AL FAAZY ABY SHE M=

& Aot}

2 Ayoe AR, 53] WiFHX 71EHoE AR
He FAR 6, 257, vk, A%, &, AZel9dd
Dk o) ehe TEAGL oA AR|9 g2 Boh FLFA
3= F-(Chinese radish’E H7lste] ZAXE WE3, ¥ H7)}
AXNE TAAZIINY. £ A7 EFL 74 HrtsErt
Zzt g AXE Axstd AXe FHEA &, 29
AG AR, e 2 LA HANES 2AR8LAL, of
&8 FAZAZIL F 7MY F2 vAe 4L 24

s Aot
Mz o 4y

=

%, B ISIIREHAE, AFsRh, AOrS), o
EORE), ARAEAD), 2aEYY, adYE), 2
DA ERNLY 100%, 21F 23%, W32 Fr E-Mart A&
ABTARAAM T, FLAAANAE B g&8d
E+¥ l-pentanol(>99%, Aldrich Chemical Co., USA), etha-
nol(99.8%, Merck Co., Germany), allyl mercaptan(>80%,
Aldrich Chemical Co., USA), methyl allyl sulfide(98%,
Aldrich Chemical Co., USA), dimethyl disulfide(>98%,
Fluka Chemie, Switzerland), diallyl sulfide(Sigma Chemical
Co., USA), methyl propyl disulfide(90%, Aldrich Chemi-
cal Co., USA), methyl trisulfide(>98%, Acros Organics,
USA) ¥ diallyl disulfide(>80%, Fluka Chemie, Switzerland)
E AMESTh GCAIEC o] Fdste e A
2)3}] sodium sulfate, anhydrous(5%, Yakuri Pure Chemi-
cals, Japan)Z AME-319t},

HXlel M=

HEE A7FE AMSIden, WA g & s
% 4xX4cm AVNE B MFFASL 1:2 BlE2] 20%(w/w)
AFEY A7 DA o|Ag FREE 33 Q7 1087
GrEAIZl RS EFSI Table 13} 2 2ACZ A7
o] A7k 1Hde] HFHET 2% HAAE AZXIIYTH
Fe ASFEA™E 242 & 873 3X3X05em(7I=E, Al
2, FAYy 7R AE F, A T 5%, 10%, 20%(w/
w)2] H&o] HEE A Fde) A F7gE il H
71BIATE £A4E AT AFEE F7I7F B/ &= 1LY
Ea}2E 47| (Nalgene, USA)N ¥ ¥, 3715 7] §l5to
Z FE e, 200CY A2AAILJISICO, Model J-IBO2)°
A 397 A48T

HAAE 250 mL ETF2E Blo]7(Nalgene, USA)e 30 g2

Table 1. Formula of Kimchi (%, w/w)

Chinese cabbage 100
Red pepper powder 2
Ginger 0.5
Salted-fermented anchovy extract 2
Garlic 1
Sugar 1
Salt b

USalt content was adjusted to approximately 2% of final product.

Yo & FAAZIGE. 4413, Model FD-5505P) chamber
o B3 He(25-29°0)0N +F7] 2% -50°C, §+¥ 10
mmTorre] ZZAdA 24A 7 FAAZIIAY. ARV
chamber W59 2%9} AZFA A8 AA|l2EE 20+1°C
olith FAAZE ANE 29 e A=A 30°¢e)
A75E 7hlaL 5°CoAM 24417 BRE RS FFAIA
th. B9 HrtE Ao e “$AAR A9 HlojA R
ARG FFA «“FAAZX Fol vlojA € AZXAA
o ZHg W zjolojtt

HMISF, pH o Mz HH

S, pH 2 Aee g2 239 AAHESHNR), &
A ANEANR) B SAAZAELFT NEEINR)
o FERES Hsld BASQY. datse ANEE 8
S0l 23 108 Yoz 3Asal MRS $HIHA| (Difco
Lab., USA)IA 30°C, 48~17F w3t & colonys™7t 30~300
A HHe Addte] &3, pHE pH meter(istek,
Model 720P)2 &A3tt. At F/H5 10g9] AAFE
5gS ¥ 0.1N NaOHE pH 837hA FHA3I AL 43
£ O Ao w Aoz AT,

2% =0.1N NaOH 2:H]F(mL)X0.9+A15¢] FA(g)

ol-Nt
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SN F BYNEE 5°ClA SAIZE HEE § Fol
o 208 Yol AANA WreFAS, TEAERAE
10 g8 rolFdnt. #edAF WH2 control(F- BT
22 AAOA vE E8F, tAl AR FedE A
7]% multiple comparisons test] F3IHoH O, AHIETES F
3 mE FEAR 1089 A ddeR 7zt 5UT 5
slol Ax vk rlax, o, WA, 237, chewiness,
moistness & FE)E SH 33

i et

FUY HMMEE 24

FH)g A5 F A HAGE2 HP 6890 Series gas chro-
matograph(Hewlett Packard Co., USAYE AMg-st T3t 72
o] BAETh 100mLe] FAZeAI0 A7 25 TFT
25 g, sodium sulfate, anhydrous 25g % 100ppm®] 1-pen-
tanol( ) X FE2)S Y rubber septum(24 mm, Sigma
Chemical Co., USA)S. & X3 F 35Ce] pair stirrer
(Eyela, PS-100, Japan)oll4] 2087+ mwtetich. 247 head-
space gasE Sml gas tight syringe(Hamilton Co., USA)Z
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Table 2. Conditions of gas chromatographic analysis

Column:

HP-5 (5% diphenyl and 95% dimethyl-polysiloxane

Length 30 m X 1.D. 0.32 mm X Film thickness 0.25 pm)

Carrier gas:

Air & Hydrogen flow rate:
Injector temp.: ‘ 120°C
Detector: FID
Detector temp.: 230°C
Oven temp.:
Injection volume:
Split ratio: 50:1
Integration Events:

Nitrogen (flow rate 3.2 mL/min)
350 mL & 35 mL/min

35°C/3 min hold, 3°C/min to 220°C
Headspace gas 1 mL

Slope sensitivity (5), Peak width (0.02), Area reject (0.5), Height reject (0.5)

Table 3. Effects of Chinese radish addition on salt concentration, pH, acidity and viable cells of 3 days-ripened kimchi and freeze-

dried/rehydrated kimchi

Concentration of Chinese radish added to kimchi

Ripened kimchi Freezze-dried/rehydrated kimchi
Reference 5% 10% Reference 5% 10% 20%
Salt conc. (%)? 2.07a 2.00a 1.90b

pHY 431 427 425 4.59 4.52 451 4.50
Acidity (%)Y 0.673210.081 0.676a+0.071 0.709ab+0.078 0.743b+0.052 0.287a+0.047 0.303a+£0.053 0.352b+0.059 0.376b+0.091
Viable cells
(x10°CFUY/  322a+11.1 31.0a%11.6 312a%+12.2 36.8a+£9.7 32A+13 3.0AL12 39A %15 43A£15

mL)®

Pa-b, A: Any two means in a row not followed by the same letter are significantly different at the 5% level.

*“Mean values and standard deviations of 6 or more replications.
Median values of 6 or more replications.

SCFU: Colony forming unit.

®Mean values and standard deviations of 8 or more replications.

I mL #3} Gas chromatograph® £33t} ZE=E4 3}
HR-EAIE Al H3E RIS (g4344]), HP Chem-
Station(Revision A.05.01, 1997)2.2 Abel BFEA| g9} A3
Alae] s AR HAUAS vaste] HRFsi.

EFAET S0mLe] 74, 259 sodium sulfate, anhy-
drous %! l-pentanol, ethanol(®]’ 100 ppm =& <), allyl
mercaptan, methyl allyl sulfide, dimethyl disulfide, diallyl
sulfide, methyl propyl disulfide, methyl trisulfide, diallyl
disulfide(®l’d 20 ppm FEME 7z} et wE T, A
B9t FUY x7oE AT EFAEEHE TS
headspace gasE 1ml FYAIA HojFl Hze] WA A&
o] s HAAEY HAAHS nwste] ALbstal, 7]
EFANE F9Y l-pentancl®] WH 3 AR F2] [-pentanol]
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A AN TR P
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Amount of each component (ppm)= 100 ppm X (Area of
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—Area of l-pentanol in sample)
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Table 4. Effects of Chinese radish addition on sensory properties of ripened kimchi®

Reference 5% 10% 20%
Overall acceptability 5.00° 5.00* 590°+0.31 6.00°+0.26
Taste 5.00° 5.007 5.90°+0.31 6.00°£0.26
Odor 5.00* 5.00? 5.00* 5.00*
Texture 5.00° 5.00* 5.00* 5.00°*
Appearance 5.00* 5.00* 5.00° 5.00°

USensory evaluation test was repeated five times using 10 panelists.

The scores were assigned numerical values 1 to 9 with “no difference between sample and reference” equaling 5, “extremely better than reference”

equaling 9 and “extremely inferior to reference” equaling 1.

““Any two means in a row not followed by the same letter are significantly different at the 5% level.

Table 5. Effects of Chinese radish addition on sensory Table 6. Effects of Chinese radish addition on sensory
properties of freeze-dried kimchi® properties of rehydrated kimchi®
Reference 5% 10% 20% Reference 5% 10% 20%
acg;gﬁiity 5.00° 5.00° 5000 533°£048 acg;g]j‘my 5.00° 5000 5.03%£0.18 5.70°£047
Taste 5.00? 5.00 5.00° 5.33°+0.48 Taste 5.00* 5.00% 5.03*+0.18 5.70°+0.47
Odor 5.007 5.00° 5.00° 5.00° Odor 5.00° 5.00° 5.00* 5.00*
Texture 5.00° 5.00° 5.00° 5.00° Moistness 5.00° 5.00° 497*+0.18 4.33°+0.48
Crispness 5.00° 5.00° 5.00* 5.00* Chewiness 5.00° 5.00* 5.03*+£0.18 5.33°+0.48
Appearence 5.00° 5.00° 5.00° 5.00° Appearence 5.00° 5.00° 5.00° 5.00°
USee footnote in Table 4. USee footnote in Table 4.
45991t HlEla] F 20% HIMEE 45002 thi AsE} VL 20%7HA] SR ml sk MR =ARA kst
AL, A== 0287%04 0.376%% F7HEIden, Aags e, 2 ol 7o vl go] thE dde] AFEHY Bl
S AE Aole] Aol YTk BAARS pH, AE, A el HAEYAY, B 7o) vjg 3 4¥< MIBNCS
7o HHe SAA B A9 mfg- fARE Aol & 7} dAeAE 4Z aldehyde, sulfide 502 Edste] E5
A7z Ao NEGEEAR) T2 S99 AEE ¥ g vl S BT wEolEta AE A,
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Table 7. Effects of Chinese radish addition on volatile odor components in unripened kimchi® (Unit: ppm)
Ethanol AM? MAS? DD? DSY MPD? MT? DDSY
Control 784.59+71.27 1.11+£0.54 0951025 4.60£0.76 - 3.91+0.35 - 9.07£0.61
5% 942,92 1+ 30.67 1.02£0.30 1.00£0.89 13.90£2.95 - 455+1.10 - 10.83£2.63
10% 792.24+153.15 1.13%0.19 1.66+1.07 25.60+5.87 - 4.88+0.87 - 11.77+ 1.54
20% 823.72£130.01 0.90=0.05 1.96+0.94 35.63+£6.49 - 3.77+0.67 - 11.30£0.04

PMeans and standard deviations of 15 or more replications.

PAM: Allyl Mercaptan, YMAS: Methyl Allyl Sulfide, “DD: Dimethyl Disulfide, *DS: Diallyl Sulfide, “MPD: Methyl Propyl Disulfide, "MT:
y p yl Ally y

Methyl Trisulfide, ¥DDS: Diallyl Disulfide, ”- Trace amount.

Table 8. Effects of Chinese radish addition on volatile odor components in ripened kimchi" (Unit: ppm)
Ethanol AM MAS DD DS MPD MT DDS
Control  5668.68 £328.72 1.56+£0.54 3.14+£0.74 5.19+0.26 1.62+£0.28 2.20x0.17 1.84+0.09 7.59+0.76
5% 5417.51£333.05 146%0.35 421+£048 8.99+£0.88 1.94+0.20 2.47+0.36 2.26%0.19 8.81+0.65
10% 567044117743 1.48=£043 5.78£0.85 1354+1.71 2371047 3.31£0.56 2.87+0.42 11.25+1.32
20% 574440146608 1.17X0.16 7.81+1.28 19.65+2.78  3.124+0.38 2871043 2.94£0.26 11.68£0.70
USee footnote in Table 7.
Table 9. Effects of Chinese radish addition on volatile odor components in rehydrated kimchi" (Unit: ppm)
Ethanol AM MAS DD DS MPD MTS DDS
Control 1452+434  0.06+0.01 0.22+0.03 0.32+0.04 - - - 0.77£0.09
5% 18.74+£4.01 0.06+0.01 0.200.04 0.35+£0.06 - - - 0.83+0.11
10% 16.57+£3.26  0.06£0.01 0.21£0.05 0.37£0.05 - - - 093+0.14
20% 18.41£4.45 0.06 0.21£0.05 0.44+0.08 - - - 1.15£0.13

YSee footnote in Table 7.

A HAREE B4 23421, ethanol, allyl mercaptan,
methyl allyl sulfide, dimethyl disulfide, methyl propyl disul-
fide, diallyl disulfide®] 671 “§&-o] &RI=AoH, Fof H7}
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thyl disulfide % methyl propyl disulfide= #43l= AEFS
BIth Table 9= TAARE BAARY] LA WAEE
< A8 AAd], ethanol, allyl mercaptan, methyl allyl
sulfide, dimethyl disulfide % diallyl disulfide®] $J%-o] 4
ZF5L, s/ E(Table 8)9F ¥t BE g WA

ol sAAE st HAGHA skl
2 o

B Ao BHe To APEst 47 e AAE A
Zsl] A9 BABA 2, 2] AR A, BF
R WY WARES FASHL, oked BAAET} T
BN FRe e 9T AR Aol Tol 3
PVt akge] A gel MAE G et ek
SN pHE BFNREE A7 g ARl 7

p

b}

= 4310100 o] HArbeErt F715k| wet pHrt v
& Adtete] 20% AR BSE 421010 AR o)
o WHiE 0.673%N4 0.743%% F71st9orm, Bibdg=
5o Hriz wda ol 99, 5A7ET B9 AR
o] pHE EFAIE7F 459204 H]ste] 20%8 7 EE 4.502
Z U Aselga, AEE 0.287%914 0.376%= Z718H
on, Faktpe AlEAPlY) Rpolrb gt dedAte] Z
FE BH 0% TE 20%2] 372 448 e 54
Alge] AnbAQl 715wt sto] tiRH o R FFFETt F
W WA RS BAANE B, SAER e AF0Y
AN F)e) A ethanolt 5709 TRl SR o,
Fo| A psrt Zvise) wet SRR oY el &
7rakac). 20°ColA 387 S AlBoA = ethanold 770
o] ghgEA Rl ERIEIgen, Fo HrFERvE S5kl
wet SHeSE sl daFo]l FrEITh RisAAl RS Y
WEE diallyl sulfide®} methyl trisulfide”} A 2ol A=A
th BAAZ osled X Fe F AVRY BE Y
A HARe] AASHA A, BEAARE AFdle
ethanol} 47]1¢] E-F83E° HE=HUh

#Alel 2
B Q7E 20038E YRS A TL)

TH] Yoz ool om Hioaiheael Zof A=

Y.

)



ot F=EHEANIA A 35 A A 55 (2003)

Mo
o

1.Jo, 1.S. Studies on Kimchi, p.307. Yurim-munhwasa, Seoul, Korea
(2000)

2.Ko, Y.T., Kang, J.H. and Kim, T.E. Quality of freeze dried kim-
chi. Korean J. Food Sci. Technol. 33: 100-106 (2001)

3.Ko, Y.T.,, Kang, J.H. and Kim, T.E. Novel instant kimchi and its
preparation method. Korean Patent 0390185 (2003)

4.Ko, Y.T. and Kang, J.H. Effects of freeze-drying time on quality
of freezed-dried kimchi. Korean J. Food Sci. Technol. 34: 91-95
(2002)

5.Ko, Y.T. and Kang, J.H. Changes of volatile odor components in
kimchi by freeze-drying. Korean J. Food Sci. Technol. 34: 559-
564 (2002)

6.Ko, YT. and Kang, J.H. Quality of freeze-dried yulmoo-kimchi.
Korean J. Food Sci. Technol. 35: 254-259 (2003)

7.Jo, J.S. Studies on Kimchi, p. 77. Yurim-munhwasa, Seoul, Korea
(2000)

8. Hong, S.I, Park, N.H. and Kim, K.H. Changes of quality of kim-
chi according to packing method, pp. 384-399. In: Science of
Kimchi, Symposium of Korean Society of Food Sci. Technol
(1994)

9. Larmond, E. Laboratory Methods for Sensory Evaluation of food.
Canada Department of Agriculture, Ottawa, Canada (1997)

10. Jandel Co. SigmaStat for Windows. V 1.02, Jandel Co., USA
(1994)

11. Park, K.S. and Kyung, HK. Growth stimulation of lactic acid
bacteria by a radish component. Korean J. Food Sci. Technol. 24:
528-534 (1992)

12.Jo, 1.S. Studies on Kimchi, p. 125 & 280. Yurim-munhwasa,
Seoul, Korea (2000) )

13.Lee, M.R. and Rhee, H.S. A study on the flavor compounds of
Dongchimi. Korean J. Soc. Food Sci. 6: 1-8 (1990)

(2003 74 21d A4 20033 8Y 12¢ AH)



