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Abstract

The aim of this study was to investigate the change of volatile aroma compounds in kimchi during fermentation,
before and after drying process. Also, the encapsulation effect of cyclodextrin on volatiles during the drying process
was examined. GC-MS was used for detection and identification of volatile compounds. During kimchi fermentation,
in the early stage, dimethyl sulfide, carbon disulfide were detected as major compounds and after 7 days several
sulfur compounds, dimethyl disulfide, methyl 2-propenyl disulfide, allyl methyl sulfide, and di-2-propenyl disulfide
bacame the major volatiles. After vacuum-drying, the kimchi powder lost 11 compounds but still retained 13 vola-
tiles of which major compounds were dimethyl sulfide, acetaldehyde and methanethiol. In order to keep volatiles in
kimchi powder along with the drying process, 0.25-1.0% cyclodextrin was added in kimchi and dried-kimchi was
prepared by using vacuum dryer. Cyclodextrin acted as an encapsulation agent for aroma compounds and it resulted
in less loss of volatiles during drying process. Addition of cyclodextrin will permit industry-scale production of
dried-kimchi powder with less loss of aroma compounds.
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Table 1. Time course of volatile concentrations during kimchi fermentation

2nd day 3rd day 4th day 6th day 7th day
RT  Volatile compounds Peak Peak  Peak  Peak  Peak  Peak  Peak  Peak Peak Peak
area area(%) area area(%) area area(%) area area(%) area  area(%)
1.44  Methanethiol - - - - - - 2.63 2.89 0.66 1.27
1.46  Ethanol 12.09 8587 1596 3776 29.57 2471 3083  34.00 11.00 21.18
1.58 Dimethyl sulfide 4.30 3.06 - - - - 1.41 1.59 0.88 1.70
1.632 Carbon disulfide 0.81 5.74 1.04 2.45 0.66 0.55 0.47 0.55 0.49 0.86
1.66 1-Propanol 0.19 1.36 0.31 0.74 - - 0.45 0.47 0.35 0.67
1.85 Acetic acid 0.56 3.97 0.95 224 4.58 3.83 3.53 3.97 6.58 12.66
235 Cyclohex-1,4,5-triol-3-one - - - - 0.44 0.37 0.11 0.18 0.36 0.70
245  Allyl methyl sulfide - - - - 8.98 7.50 6.34 6.99 2.87 5.53
3.05 Dimethyl disulfide - - 1522  36.00 4052 33.87 2770 30.65 12.50 24.06
8.56 Methyl-2-propenyl disulfide - - 6.97 1649 2526 21.12 13.15 14.57 11.00 21.16
9.56  Methyl-propy! disulfide - - 0.03 0.07 0.26 0.22 0.04 0.09 0.06 0.12
10.13 Methyl-trans-propenyl-disulfide - - - - 1.17 0.99 0.04 0.09 0.30 0.59
11.70 Dimethy! trisulfide - - 0.45 1.07 1.48 1.24 1.03 1.11 0.82 1.60
15.32 Di-2-propenyl disulfide - - 1.20 2.83 5.72 478 2.14 2.36 3.35 6.44
15.66 2-Propenyl propyl disulfide - - 0.04 0.10 0.26 0.22 0.03 0.05 0.14 0.27
15.98 Dipropyl disulfide - - 0.03 0.07 0.07 0.06 0.03 0.06 0.07 0.15
16.63 Methyl-2-propeny! trisulfide - - 0.06 0.15 0.06 0.54 0.36 0.37 0.52 1.02

(Unit: peak areax10°)
* -: non-detected.
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Table 2. Comparison of volatile compounds in kimchi and
dried-kimchi

RT Volatile compounds Kimchi Dried-kimchi
1.40 Acetaldehyde - 341
1.44 Methanethiol 0.66 1.87
1.46 Ethanol 11.00 -
1.58 Dimethyl sulfide 0.88 6.24
1.62 Carbon disulfide 0.45 -
1.63 Monoethyl carbonotrithioate - 0.10
1.66 1-Propanol 0.35 -
1.67 n-Butanal - 0.88
1.85 Acetic acid 6.58 431
2.11 3-Methyl-butanal - 1.30
2.18 2-Methyl-butanal - 0.76
2.35 Cyclohex-1,4,5-triol-3-one 0.36 -
245 Allyl methyl sulfide 2.87 -
3.05 Dimethyl disulfide 12.51 0.06
3.82 1,3-Butanediol - 0.10
8.56 Methyl-2propeny! disulfide 11.00 0.01
9.56 Methyl-propy! disulfide 0.06 -
10.13  Methyl-trans-propenyl-disulfide ~ 0.31 -
11.70  Dimethyl trisulfide 0.83 0.00
15.32  Di-2-propenyl disulfide 3.35 -
15.33  Diallyl disulfide - 0.04
15.66  2-Propenyl propyl disulfide 0.14 -
1598  Dipropyl disulfide 0.08 -
16.63  Methyl-2-propenyl trisulfide 0.53 -

(Unit: peak areax10°)
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Table 3. Volatile compounds of dried-kimchi including various concentrations of cyclodextrin

RT  Volatile compounds Dried-Kimchi

Dried-kimchi + Dried-kimchi + Dried-kimchi +

(no CD) 0.25% CD 0.5% CD 1.0% CD

1.40  Aetaldehyde 2.59 2.11 3.01 4.00
1.44  Methanethiol 1.31 0.73 1.36 1.77
1.58  Dimethyl sulfide 5.68 6.40 9.64 10.56
1.63  Monoethyl carbonotrithioate 0.24 0.35 0.18 0.08
1.67  n-Butanal 0.93 0.66 0.95 1.11
1.85  Acetic acid 0.77 2.13 3.90 4.92
2.11  3-Methyl-butanal 1.28 0.74 0.98 1.09
2.18  2-Methyl-butanal 0.84 0.61 0.85 1.00
2.35  Cyclohex-1,4,5-triol-3-one - 0.03 0.01 -
3.05 Dimethyl disulfide 0.16 0.06 0.14 0.59
3.82  1,3-Butanediol 0.47 0.06 0.03 0.04
8.56  Methyl-2-propenyl disulfide - 0.01 0.17 0.48
11.70  Dimethyl trisulfide 0.01 0.01 0.03 0.06
15.32  Diallyl disulfide 0.01 0.02 0.02 0.04

(Unit: peak areax10°)



194 GHE - 71N - R - PR -

o] 7bsdte] HHF o m AFTHEAA A AHEete 2}t
7ZA27](vacuum drying)E ©]-8-3t¢] cyclodextrin®] 7} &
HE ZARIALE B AP A3 1% B-cyclodextrin®] 3 7k=
ZF3AA A9 7S 2R3 oF 3u]e] ]
B ZAEES eI =, ¥ cyclodextrin®] &3+ F
AAZZAR A3l E Y3 AxE Yepd Zo= 3
crjo] 2 AL 9 T AxF Ao HHAoR A g
5

2
244 P77 8l AxREAS Brhalo Azl
B, 72 d2EU% AF 59 BYR/L Bel AgEnt

(Mok & Lee, 2005). & Aol HAxHZAZ A&
cyclodextrin® HIEHB)F L2 g #7|7) 7R A Y
W 2717 670Q1 Eakay@ ol 8711 Avky)dell vl 4
hH o gol =7t ok ollA of 2%) AFH7HER A
873 Ao ® Ag-ah, wlErgRto] ALg-o] s 7tE o] Q)
om FjHow dutel W] Hls| 74 o] AH g el
k. Cyclodextrin 2F7Fg3 A% $o 54 3=
FHEAZ QN e BHE 7N F Ae=d B A7
NA FRIE A o] A} AxTFFAFAME 7%
o] 23] HH o2 I ARGl giE Zo® o ddr)

o (o]
S =

2 ATE AAAREES Axse 38

I Ax A5l Yehves F714 82 WskE A
3}, B-cyclodextrin®] H7IE 213 7| E EHEAE
ASsLAF GC-MSE ol &3t E4EAS A8

HAE Azt 20°0CNA TaAHS W, 7] 29A=
dimethyl sulfide®} carbon disulfide”} A/ E 3L, 74 o]
73739 S  uwl, dimethyl disulfide, methyl 2-propenyl
disulfide, allyl methyl sulfide, and di-2-propenyl disulfide
o FagEo] ¥ PR ABHAL & UHA
28 2HZ AN W, 1) SR AEEA U%T
dimethyl sulfide, acetaldehyde and methanethiolE F% X
ekt 19 Sl ARsd. A23H FIH A4
G714 E4E HAasst At 025-1.0% w=9 p-
cyclodextrin® AZRHZAZ 769 o, I7|dEe x
Fage] o8] Az AX "ol sk I8 T
o] 4 3% /It £ AFZEAE E 0 cyclodextrin
= Az AAED A2 PER ohygl a2 FA z00A

AZRZAZ SHF O E AL 5 Y& Ao =E Helth

Pz - W8 -

Biwer A, Antranikian G Heinzle E. 2002. Enzymatic production
of cyclodextrins. Appl. Microbiol. Biotechnol. 59: 609-617.

Cho YB, Park WP, Jung EJ, Lee MJ, Lee YB. 2002. Analysis of
volatile compounds in kimchi-flavored steak sauce. Korean J.
Food Sci. Technol. 34: 351-455.

Cho YB, Park WP, Hur MS, Lee YB. 2004. Effect of adding free-
dried kimchi powder on flavor and taste of kimchi snacks.
Korean J. Food Sci. Technol. 36: 919-923.

Choi SH. 2001. Volatile aroma components of Korean semi-fer-
mented teas. Korean J. Food Sci. Technol. 33: 529-533.

Jung EJ, Kim JP, Cho JE, Lee JW, Lee YB, Kim WI. 2001.
Effect of extraction solvent on volatile compounds of garlic
oleoresin. J. Korean Soc. Food Sci. Nutr 30: 1033-1037.

Kim JH, Seo HY, No KM. Han BJ, Lee SJ, Seo YS, Kim KS.
2005. Changes of volatile odor components in onion freeze-
drying. J. Korean Soc. Food Sci. Nutr. 34: 230-235.

Korea Alcohol Liquor Industry Association. Alcoholic Beverages
Statistical Data. 2004.

Park ER, Ko CN, Kim SH, Kim KS. 2001. Analysis of volatile
organic components from fresh and decayed onions. J. Korean
Soc. Food Sci. Nutr. 30: 1011-1020.

Ryu JY, Lee HS, Rhee HS. 1984. Changes of organic acids and
volatile flavor compounds in kimchis fermented with different
ingredients. Korean J. Food Sci. Technol. 16: 169-174.

Shin JK, Shin HH. 2006. Sterilization and storage of liquid kimchi
sauce by high voltage pulsed electric fields. Food Engineering
Progress 10: 262-268.

Song JC, Park HJ, Shin WC. 1997. Changes of takju qualities by
addition of cyclodextrin during the brewing and aging. Korean
J. Food Sci. Technol. 29: 895-900.

Song SH, Lee HJ, Chang SJ, Woo GJ. 1993. Microencapsulation
of garlic oil with B-cyclodextrin. Food Sci. Biotechnol. 2: 132-
135.

Szejtli J, Szente L. 2005. Elimination of bitter, disgusting tastes of
drugs and foods by cyclodextrins. Eur. J. Pharm. Biopharm. 61:
115-125.

Woo GJ, Ha SM. 1997. Debittering of citrus products using cyclo-
dextrin polymer and ultrafiltration process. Korean J. Food Sci.
Technol. 29: 302-308.

Yoon JS, Rhee HS. 1977. A study on the volatile flavor compo-
nents in kimchis. Korean J. Food Sci. Technol. 9: 2.



