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Characterization of Volatile Compounds in Low-Temperature and Long-Term Fermented Baechu Kimchit

Ji Yun Kim', Eun Young Park?, Young-Suk Kim'*
IDepartment of Food Science and Technology, Ewha Womans University, °LG Electronics Digital Appliance Company Research Laboratory

Abstract

Volatile compounds in low-temperature and long-term fermented Baechu kimchi were extracted by high vacuum sublimation
{(HVS), and then analyzed by gas chromatography/mass spectrometry(GC-MS). A total of 62 compounds, including 7 sulfur-
containing compounds, 8 terpenes, 5 esters, 8 acids, 15 alcohols, 2 nitriles, 2 ketones, 11 aliphatic hydrocarbons and 4
miscellaneous compounds, were found in low-temperature and long-term fermented Baechu kimchi. Among them, acetic acid
and butanoic acid were quantitatively dominant. Aroma-active compounds were also determined by gas
chromatography/olfactometry(GC-O) using aroma extract dilution analysistAEDA). A total of 16 aroma-active compounds were
detected by GC-O. Butanoic acid was the most potent aroma-active compound with the highest FD factor({L.ogsFD) followed by
linalool, acetic acid, Z-vinyl-4H-1,3-dithin and 3-methyl-1-butanol. The major aroma-active compounds, such as acetic acid and
butanoic acid, were related to sour and rancid odor notes.

Key Words : low-temperature and long-term fermented Baechu kimchi, volatile compounds, aroma-active compounds

LAl &2 At (Jo 199D, (Han 5 1990), A9 7]sAdo] dist A+
' - (Park 5 1995) 5 %2 A-77F 2= of gt
dA s RS FURE S i%, %m, a}, o, Aol GAE 2 AN 2 Axstel Aol 715l

Hrstol g e} 4497) o] HO) A

© et 159 HE AlFo|th 47%011% HR7} 74 ol A Arts We <4348 €4 992 }48011% A2 Xd% %
XﬂﬁM ZeH] |9 Eb} Qs IS oo AR A7V FESEHA g AR, &4 R, B AR o

S8 ofgt e|Ho2x Ao ofst WAlo] 1R of 7|9 vlZke] 7157} chofstAl A H itk AR I PRE A
FEEt S7bE I ME} T, Hole HASES gkt Toke dvjRbEo] AAUTHA 7oA B opyet 7 x| gA)
HEo] YAAES] thFsrh Al=xa et M= 45;@ o7 52 AAE AEsletil Qe Aotk Yoo

Hae] 553 gt 92 oy 72 AR 28 fefstAL S 2001). | ALt 22 A7IAA Ao Bk At o)
Ha 9 4T S AAET X9 st g gigh Az g2 U vy B B4 W3KYoo 5 2001), €lAF 9 A
21 ) 3PabA gruj g Bofl Bat A7 (Yoon & Rhee 1977), 748 54 H3KHChung 5 2005) 59l #ste o|FojF oL} &8 7
of o3t X9 pH, W54 54 9 Iy W2 H@ Ko 219] A S Aol wet At ol ¥ ubt ol
& Baik 2002), AE T} vtg LE 2 x| 7bo] wj&7i 2|2 EA o, whebA 2 Ao = AlEEE 52 WA Y] e A
E4ol njAl= Y% (Kang § 2003), ") 3122 H7kek 4 + W AR AL ekt kit

94 o]ﬂﬂx«] Ar o t]-hx% E é E’iﬁ}(Hwang 2005 ojAk

B 05|4ES WA AAR iRy Aol ERsie) Be AT

(Cho % 2005) 5°] ol20iA 2. 7let Al it it A= 9 g

25 AN 22 Sl BEHRyy = 1984), (Ku

1988), 1A wao] HFS vlH= Qa0 A3 AL(Rhie & [

Chun 1982), (Park 1992), 71X %43} 2AE o] B st 2 Ago] AHE AlRE TAECH H&(-1217) 4D 47

* This research was supported by grants from LG Electronics Digital Appliance Company Research Laboratory.
* Corresponding author : Young-Suk Kim, Department of Food Science and Technology, Ewha Womans University, 11-1 Dachyun-dong, Seodaemoon-gu, Seoul
120-750, Korea Tel: 82-2-3277-3091 Fax : 82-2-3277-4213 E-mail : yskim10@ewha.ac.kr



00 BEBREIEESR Vol.21, No.3(2006)

A HEHAE 20054 386l FYste AHEEGh 2E8uE
methylene chloride(Fisher Scientific, USA)E AME-3l5H 1
WREEEHEA AMEH geranyl acetone Slgma(Aldrlch

Chemical Co,, USA) H|&-& AM-31% T,
2. AE i
D 52 vi37%]9 pH 9 At= &%
5

3449 pH % AH=S S48 52 w529t
HA=ES A 2 Ao AHZISER okt () oA,
Korea)z &3t & 0|5 Wi onjsta] Za|Y L2 Fs}
of B8k pHyE A2ollAl pH meter(Corning pH meter
220; electrode, Corning G-P combo w/RJ, Switzerland) 2
ZA8kch Al S84 100 gofl UA=FE 10 g& ¥ 0.1
N NaOH= pH 8.37}%] AA st} 42 A& thaAlof uket
ZAko 2 BhAkEI YT

FAHE = 0.1 N NaOH &H[ZHmL) XNXFx A2 F7(g)

X 100/1000
(F : lactic acid = 90.08, N : 0.1)

2) 1AF53(High Vacuum Sublimation)2 o83t 3)4kA
e F=2

250 mL9 4tZEZgtAz0] A|& 100 g, methylene
chloride 150 mL, 500 ppm(w/v)¥] geranyl acetone(H}5 &
£54) 0.1 mL& ¥ rubber septum(24mm, Sigma
Chemical Co., USA)2.Z ¥EF & 40T, 400 rpm oA
stirrer® 3087F WRISISATh £H]H A|RE aspirators A
sto] AF3lo| A filter paper(ADVANTEC No.2 110 mm,
Toyo Roshi Kaisha, Japan)2 o8t 3 Na,SO,= &9
FES AASEY, aEo] AA" Age 2AFHEZ(ULVAC
KIKO Inc., Japan)& AH&3F0] 1075 torrg G oiA] 3HHAd A2

L 2Zst9) g AaE AlES addition funneldl] ¥-&
1075 torre] AAFAME A 200 rpm, 40CE TrX]Q T E
gtado) ARE g4 gojman ] eSS 3719
N Ao Gt funnelsoll ZRAF T ol¢} 7*% L}Xé:% 90

(o] ml —{0‘1

T

st 229 282 FATMAE o183ty HE 0.1 mL7t
lﬁok?‘ﬂ.
3) GC-MSE ]88 52 =AYy 3Ly 429 54 4
Mg

2&% w2 | U= syringeZ F3te] HP
5890 gas chromatography/HP 5872A mass selective
detector(Hewlett Packard Co., USA)E Arg-ste] (Table 1
o] 270 stof A} EAs1ATt

Z A3 g 714 TS 8iAl mass spectral
data$} retention index (RI) value® ©o]&3}%ct. Mass
spectral datat on-computer library(Wiley2751, 1995)
(Hewlett—Packed Co., USA)®} manual interpretationg ©|

<Table 1> Conditions of GC-MS analysis

DB-5ms(Length 30 m X LD. 0.25 mm X

Column Film thickness 0.25 m)
Carrier gas Helium(flow rate 0.8mL/min)
Injector temp. 200°C
Detector temp. 250°C
Oven temp. 40°C(1 min) to 200°C(5 min), 4°C/min
Injection volume 1L
Split ratio 50:1

Mass spectra fonization energy 70 eV
Mass scan range 50 - 550
Scanning rate 1.4 scan/sec

§3to] Bl EA s¢ich 2 2RHE9| RIE n—paraffins (Cg—
Cop) EEEAL HFF AHE et T3 Rie
Kovats retention time index(Girard 19965 Z&A|3cH &
< =AY Ay FNHAEY AFE YE 225
geranyl acetone(500 ppm, w/v in methylene chloride)9]
peak area®| W&t 7} 313HE2 peak area® A4S T}
Z} 313H2-9] peak area
W 82239 peak area

Relative peak area =

4) GC-Olfactometry(GC-0)F ©|-83 B2 wj:429 7]
A A B (Aroma—Active Compounds)?] 4]

£ =749 H‘*H F7124dE(aroma-active
compounds)& ¥ $EE 3|44 (aroma extract dilution
analysis, AEDA)E A8t GC-O= sniffing testE A A5}
of BAEG 3 FEE JAEAH(AEDA)E S5 AHESE
YT SR HF 223 YA viR s, 7 34
E& AR 3] YA g= g4ujertx] GC-0F #3835k
SO Rt o4 Fo] A g FAuig A IMujE
flavor dilution(FD) factor® WEFAtHGrosch 1993). o=
FD factor’} &2 312 1 A5 FrjEA 2514 9
FE oix= LA PRI E LR AAsE Holt, BE
w7 x] 9] A 1B ES B4 st 2 ATl
A 1:39 g Aufjart AHEE QI Sniffing testE H3HS
flame ionization detector(FID)¢} sniffing port7t 9&2H
Varian 3900 gas chromatography(Varian Inc., USA)7} A}
259tk GC-0E ¢3to] AMeH HHL injectoret A2 &
FID$} sniffing port Akolell A2 Y-splitteret AA=EE
ggon GCo #4H ZF 3 FrIdEE°] Y-splittero]
A FID® sniffing port2 1:1 EAFEZ deactivated
capillary columng ¥Z3H%ct 71ek GC-04] 7|7184 =4
& GC-MSeF EUsHiH.
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YA AETE golrlE= AL E 7HA] f7)4bo] wHE o] o3
A717] wjitoltt, 3 pHYF AMEZIORZ ofAAE pH 4,29
0.6%% 7]%(Lee & 1991h) 2.2 & o o] 22 wj3712]2] pH
OF AP gre ZkzF pH 3,71, 1.38% o2& k&3t 7122 Kol
o dukg o2 ZAX9] pHE 3.5013t2 = 7H4ska] kg o]
< AAY A F 9 B eE 24E 5o ujiEe
2hgof ofste] Wiy ol 4H AYET oL F8 A4 &
714k1 lactic acid, citric acid, malic acid, succinic acid 5
o] OFALO 2 A] #fj2| =7} 2}7] W Eo|thKim 1998).

2. 52 HiFHX|Q Fgy M2
=< MEAR Ay JRES TAFSIHEVY)S A
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Hu
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sfo} &6t GC-MS stof dojxl Ayk= (Table 3)
o gk 5& wEAA e 709 sulfur-containing
compounds, 871¢] terpenes, 57§12 esters, 8702 acids, 15
He] alcohols, 27H¢] nitriles, 2709 ketones, 117§9]
aliphatic hydrocarbons, 47§12} miscellaneous compounds
S T 627HA9] LA 7| JES] TAEHU

e AAolle theFst s Ro] ZAste] 74 gkl &
83 98-E 3l=d], Hawer(1994) % Hawer S-(1988)2 <4
U HAZRE 40%9 FEA HEL SHslgen o] 24
A dxe] Fa3 U AR methyl allyl sulfide,
dimethyl disulfide, diallyl disulfide, methyl allyl

trisulfide 52 sulfur—containing compounds® ethanol,

2

acetic acid, camphene, I-phellandrene, @-zingiberene &
ojgti BIEk u lvt, ThE 7R Algro] 748 Mot ohfa}
LAY WG R AASHA Frtste] WAE et w4 =
HKo & Baik 2002).

Cha 5(1998a)2 TaAFQ UA| 9| 37| 4E8g EAsto] 744
3 71482 dimethyl trisulfide, diallyl disulfide
isomers, diallyl trisulfide, methyl allyl disulfide 5]
sulfur-containing compounds®] A4t 1 9o c}oFst
aldehydes, ketones 5% A9 7|0 23 J3tS o
oYl B3kt oju] EnE ule} 7ho) sulfur-containing
compounds< L] 7t EAE e HRER £2 7
Ao R AHH vhs, %t 5t 59 Allium species2E-
g AAHEHCha 5 1998b). o] ofuj3of A dimethyl
disulfide®}t dimethyl trisulfide”} cysteine sulfoxide lyase
of o3 e oAl ATt To] YA ME ojist b uhg

<Table 2> Values of pH and acidity in low-temperature and long-
term fermented Baechu kimchi

pH Acidity

Low-temperature and long-term

1.38£0.02%
fermented Baechu kimchi 8L

3.71+0.10%

) Mean of three replicates + standard deviation

4 718} A4} 29 9ES- diproportionation £o] A2 A3 &
819 thFst sulfur—containing compounds& A2 4=
e L& oJAZY, Cha 5(19980)2] AA7|7to] w2 uj=
AA e BT 2 Al B2 wiFR]9 FUA ) ARES
Blae] ®H, wiEZ 2o A% sulfur-containing compounds
o) TR} ko] gotoy B2 wiai Ao B4 E 3
&5 % sulfur-containing compounds® dipropyl

disulfide, di-2-propyl trisulfide 5 6F&F2 Athxoz &
h Aden FFE AR vjFoldeh, ole A9 therst
g 4EE 5 sulfur-containing compounds©] B]i & 7}
g EA4E FU 1 ks S40] "M A& g o
¢ AR o AZHCheigh 2004a), E3F £ ALoA] £3
%)+ camphene, sabinene, a—zingiberene 5 terpenes?] 2
FoF TEE wi= Aol Hlsl HA ehgd, o)ddt AEsL
sulfur-containing compounds®] |8 Hx|7}7} Abepa oz
o Fol, AA|Q FujEA ol & TS T2 £ Ao o
ARk e 2 oA wany Fof A e
acids(acetic acid, butanoic acid)= 38Fo] =4 Ul on
esters® phenylethyl acetate, 3-methyl-1-butanol,
benzenethanol 59 alcohols™ 21 90| 4&o|7|= stx]qt o}
< AEEol vl vl 2 FYEE eIt B2 upx
HA7} A= HA A7)= 2 AHEQ) acetic acid®F butanoic
acid®] 44H4E H4HEH EMPEZ(Embdem Meyerhof
Parnas pathway)?t HMPZ Z(Hexose monophosphate
pathway)E &8 FAH=HH, T A2 2% 271 thaApEQ)
pyruvic acidE AZtHCheigh 2004b), o= TCAZZE 74
o AstEle Aot €717 diato) ) FAkS AAEe &
ofe] 712 AR &2 Hojglrh £3), EMPZE9] pyruvic acid:
ZE 714 A diAtel Fojsls Aog delA 9t tEe
e E¥4 ¥A butandiol W&, butanoic acid ¥,
aceton butanol ¥, propionic acid &, acetic acid ¥r&
5°] 9t} Butanoic acid Tao| o8l WAEE MRS =
butanoic acid, acetic acid, Hy, COy 5°It}, acetic acid A
AJuHE-& pyruvic acidZHE acetyl CoA7} THEox|n o] A
< acetylphosphate?} Sl ADPE ¢lAlslsle] zEHoz
ATP} 37 acetic acid7} A4 HTHCheigh 2004b),

ot AR E At Ba - SAAY PR AFSEE A2
=4 27 5ol whet chafer EAS ehiinh mhaba B 49
AN otz B2 Px|of EAl digt 1S 2 2s g
g AH e Y ArAatet A wimdts AL s} gl
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<Table 3> Volatile compounds in low-temperature and long-term fermented Baechu kimchi isolated by high vacuum sublimation (HVS)

No. (1511’1;1) RE Possible Compounds pl:ia:z:b FDI?aggt or ID  |No. (:1;) RP Possible Compounds 5;1?;3 FDI?aggtor ID°
S-containing compounds 33 173 1122 benzeneethanol 212 MS/RI
1 73 806 1-methylthio) ethanol 2.19 MS/RL |36 193 1172 4-ethylphenol 1.16 MS/RI
2 102 920 methional 9 odo |37 195 1178 bomeol 0.04 MS/RI
3 125 1000 methionol 045 MS/RL |38 215 1229 geraniol 0.02 MS/RI
4 164 1097 (E)-propenyl propyl disulfide  0.04 MS/RT |39 216 1232 4-vinylphenol 0.24 MS/RI
5 169 1111 dipropyl disulfide 0.03 3 MSRVodor| 40 246 1313  4-vinyl-2-methoxy-phenol 0.15 MS/RI
6 243 1305 di-2-propyl tisulfide 0.36 MS/RI 41 260 1354 eugenol 0.17 MS/RI
7 210 1217 2-vinyl-4H-1,3-dithiin 0.17 27 MSARVodor| 42 268 1376 1-undecanol 0.21 MS/RI
Terpenes 43 312 1509 24bis(1,1-dimethylethyD)-phenol ~ 1.63 MS/RI
8 107 952 camphene 0.47 MS/RI Ketones
9 138 1032 sabinene 0.76 MS/RL |44 320 1535 1-phenyl-ethanone 0.20 MS/RI
10 301 1475 ~selinene 0.03 MS/RI c cre 5,07 7atetrahydro-4,4,7a- < .
11 302 1479 ylurcumene 0.06 MS/RI 320 155 m2(4H)-benz};fumnone 005 M
12306 1491 a-famesene 0.04 MS/RI Nitriles
13 308 1497 a-zingiberene 0.11 MSRL |46 177 1130 4 3-epithiovaleronitrile 0.64 MS/RI
14 310 1504 o-famesene 0.35 MSRI |47 221 1247  benzenepropanenitrile 277 MS/RI
15 318 1526 f-sesquiphellandrene 0.54 MS/RI ‘Aliphatic hydrocarbons
Acids 48 123 99 1-decene 0.87 MS/RI
16 35 <700 acetic acid 8.03 27 MS/RVodor! 49 129 1009 (E)4-octene 0.07 MS/RI
17 97 925 butanoic acid 1297 81  MS/RVodor|sp 202 1193 1-dodecene 219 MS/RI
18 102 941 iso-valeric acid 0.33 MS/RL |51 204 1200 dodecane 024 MS/RI
19 105 947 2-methylbutanoic acid 0.38 MS/RI |52 209 1213 (Z)-3-dodecene 005 MS/RI
20 258 1350  benzenepropanoic acid 0.08 MS/RI |53 265 1388 (E)-5-tetradecene 0.14 MS/RI
21 329 1564 dodecanoic acid 0.08 MS/RL (34 274 1394 1-tetradecene 2.80 MS/RI
22 387 1758 tetradecanoic acid 0.02 MS/RI 35 276 1400 tetradecane 0.06 MS/RI
23 447 >1800 hexadecanoic acid 0.10 MS/RL |56 281 1415 (E)-3-tetradecene 0.11 MS/RI
Esters 57 331 1570 3-hexadecene Trg MS/RI
24 189 1164 benzyl acetate 007 3 MSRUodor| 58 339 1594 1-hexadecene 1.36 MS/RI
25 203 1172 ethyl ester octanoic acid 0.07 MS/RI Miscellaneous compounds
260 226 1260 phenylethyl acetate 7.01 1 MSRUodor|s9 113 968 1,2-dimethy}-cycloctane 0.02 MS/RI
27 209 1468  phenethylisothiocyanate 1.24 MSRL |60 187 1158  (Z)-5-methyl-5-undecene 0.06 MS
28 459 >1800 ethyl ester hexanoic acid 0.05 MSRT {61 264 1365 10-methylnonadecane 0.11 MS/RI
Alcohols con  1-methyl-1-(1-methylethyl)2-
20 48 762 3-methyl-1-butanol 1.29 MS/RI 62 37 158 nonylcyclopropane 004 MS
30 56 802 2-penten-1-ol 033 MS/RI Unknowns
31 57 804 3-methyl-2-buten-1-ol 0.23 MS/RI |63 645 807 unknown 3 odor
32 141 1040 1 8-cineole 073 3 MSRUodor{64 109 938 unknown 3 odor
33 144 1047 benzyl alcohol(benzenemethanol) — 0.54 MS/RT |65 209 1096 unknown 3 odor
34 167 1104 linatool 0.17 81 MSRUVodor| 66 241 1185 unknown 9 odor

2 Retention indices were determined using Cg-Cy) as external references.

b Relative peak area (peak area of compound / peak area of internal standard)

¢ Tentative identification was performed as follows: MS/RI, 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 literatures Kondjoyan and Berdague
(1996): Adams(2002); Acree and Arn(1997); MS, mass spectrum was identical with that of Wiley mass spectral database.

d MS: mass spectrum

¢ RI: retention index

fOdor: by sniffing test

& Tr: Trace

U, 2 =RojMl 2o A9 HUA 489 EAE sk 3. E2 uiFUX|Q &7 IEEEE

A4 A AR dpAstet vl EAE ole &2 43 # 3 222 3|ARAHAEDAS o|8ste] B wjagxe)
24 el gEl 712 ARz olgd AT AR AAUR, gy gy gre 2% ATE (Table Hof e
oo g TR E AR UAE 7|7 AgstiA 4 A AEDALE TATZLH(HVS) LR &6t de FZdAS
259 54 WshE 18tk A7t 2 A8 AlRdr, methylene chloride(3:1 dilution by volume)& ©|-8-3} 3t

2 AR slMagltt, oA FAE FE9 Fol A HA|



<Table 4> Aroma-active compounds in low-temperature and long-
term fermented Baechu kimchi

No RT RP Aroma descriptions? Possible D

compounds  factor

3.15 <700 sour acetic acid 27

2 458 724 welsh onion-like(weak)  unknown 3
- whiskey-like, 3-methyl-1-

3 509 748 fermente(i] cheese butarzlol ?

4 645 807 garlic-like(weak) unknown 1

5 7.68 845 rancid, oily, buttery butanoic acid 81

6 1019 920 boiled- potato methional 9
7 1085 938 popcorn-like unknown

8 14.69 1038 menthol, mint 1,8-cineocle 3

9 17.38 1106 floral, sweet linatool 81

10 17.69 1114
11 18.80 1143
12 19.22 1154

garlic-like, onion-like
cooked-dried cuttlefish(weak)
fresh(cucumber-like)

dipropyl disulfide

4 5-epithiovaleonitrile 3

benzyl acetate

13 20.87 1196 fresh unknown 3
14 21.32 1208 spicy 2vinyl4H-13-dithin =~ 27
15 23.40 1265 fresh phenylethyl acetate 1
16 24.14 1285 spicy 4ethyt2methoxy phenol 9

# Retention index determined using n-paraffins Cg-C,4 as
references.

b Aroma description assigned during AEDA.

¢ Logz(flavor dilution factor).

%S W7hA] sniffing testS A4 AgYst= Wb o2 o A
ARl e s A5t 25 16709 7| EAAAAES &
1:]- A&l b‘):,/] EXL 71—?5}- =55t WA} o3t
&3to] Yehgtew FD factor’t w2 37 84 JEER
acetic acid(FD factor 27, F3|3 AIHAY), 3-methyl-1-
butanol(FD factor 9, AlF3H HA), A2LaHA YA7] ),
butanoic acid(FD factor 81, *EW, X2Ea YA HEDZD,
methional(FD factor 9, +& ZHAH¥, 4 HAY), linalool(FD
factor 81, £3%, &% &3, 2-vinyl-4H-1,3~dithin(FD
factor 27, ohs W&HAN) Fol VST 2 W2 S5
o] 5% YUt 4 %& butanocic acide= FD factor’}
812 7P &okoo, AlE3s WA EA4S ZJ’J—O]’C acetic acid
T FD factor’} 272 &A Jepyith E£3F Lot ek =
+ linalool, U YAIE Y& 2-vinyl-4H- 13 dithins T
FD factor7} 2 A%k, ol ¢H9] 3y 714 8-S 24
ato] AeFgto] &4 ‘%Eﬂiﬁ acetic acid®} butanoic acid9]
Anet dAyste] B2 wiEdx]9 a3 shgkgoleta AzEt
& Qi ol T2 ﬁk S5 JAEAHAEDA)Y Eold
butanoic acid, acetic acid, linalool, 2-vinyl-4H-13-
dithin 52 22 371248 52 w5729 549
TR FEFE vA= AR A7

u
Ol _{}
2

rlr ol 32 2

s&otgen, GC-MSE &£4stqltt. & 627149 $
4 AEE AEEded, 749 sulfur-containing
compounds, 870¢ terpenes, 57H¢) esters, 8719 acids, 15
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¥t

V. A 2

o] mEE @@ S35 2 LG 47 DAC A4 22 o]

A 1991 AA 4 F odEY FHjet AR HEh g
AEEDFIA], 6(4): 479-501

Cha YJ, Kim H, Cadwallader KR. 1998. Aroma-active
compounds in kimchi during fermentation. J. Agric.
Food Chem., 46(5): 1944-1953

Cheigh HS. 2004. Fermentation and Food Science. Hyoil
Publishing Co. Seoul. pp 206-240, 385

Cho 1Y, Lee HR, Lee JM. 2005. The quality changes of less salty
kimchi prepared with extract power of fine root of
ginseng and schinzandra chinensis juice. Korean J. Food
Culture, 20(3): 305-314

Chung HJ, Kim HR, Yoo M]J. 2005. Changes in texture and
sensory properties of low-temperature and long-term
fermented Baechu kimchi during the fermentation,
Korean J. Food Culture, 20(4): 426-432

Girard B. 1996. Retention index calculation using kovats
constant model for linear temperature—brogrammed gas
chromatography. J. Chromatogr. A., 721(2): 279-288

Grosch W. 1993. Detection of potent odorants in foods by
aroma extract dilution analysis. Trends Food Sci.
Technol., 4(3): 68-73



324 BEEEILESR Vol21, No.3(2006)

Han HU, Lim CR, Park HK. 1990. Determination of microbial
community as an indicator of kimchi fermentation.
Korean J. Food Sci. Technol., 22(1); 26-32

Hawer WD. 1994. Study of changes in flavor components in
Korean cabbage kimchi during fermentation. pp 175-
190. In: Science of kimchi. Symposium of Korean Soc.
of Food Sci. Technol., Seoul

Hawer WD, Ha JH, Seog HM, Nam YJ, Shin DW. 1988. Changes

in the taste and flavor compounds of kimchi during
fermentation. Korean J. Food Sci. Technol., 20(4): 511-
517

Hwang SY, Park SH, Kang GO, Lee HJ, Bok JH. 2005. The
physico-chemical changes and sensory characteristics of
kimchi added with the mashed red pepper. Korean J.
Food Culture, 20(2): 221-231

Kang JH, Kang SH, Ahn ES, Yoo MJ, Chung HJ. 2004. Effect of
the combination of fermentation temperature and time
on the properties of Baechu kimchi. Korean J. Food
Culture, 19(1): 30-42

Kim MH. 1998. Effect of fatty acid or ester addition on the
kimchi fermentation property. Food Engineering
Progress, 2(3): 192-196

Ko YT, Baik IH. 2002. Changes in pH, sensory properties and
volatile odor components of kimchi by heating. Korean
J. Food Sci. Technol., 34(6): 1123-1126

Ku KH, Kang KO, Kim WJ. 1988. Some quality changes during

fermentation of kimchi. Korean J. Food Sci. Technol.,,

20(4); 476-482

Lee KH, Cho HY, Pyun YR. 1991. Kinetic modeling for the
prediction of shelf-life of kimchi based on total acidity as
a quality index. Korean. J. Food Sci. Technol., 23(3):
306-310

Park KY, Baek KA, Rhee SH, Cheigh HS. 1995. Antimutabenic
effect of kimchi. Food Sci. Biotechnol., 4(3): 141-145

Park OP. 1992, The effect of various seasonings on kimchi
fermentation. Doctors degree thesis. Seoul National
University.

Rhie SG., Chun SK. 1982. The influence of temperature on
fermentation of kimchi. Korean J. Food Nutr., 11(3): 63-
60

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(2):
169-174

Yoo MJ, Kim HR, Chung H]J. 2001. Changes in physicochemical
and microbiological properties in low-temperature and
long-term fermented kimchi during fermentation.
Korean J. Food Culture, 16(5): 431-441

Yoon JS, Rhee HS. 1977. A study on the volatile flavor
components in kimchis. Korean J. Food Sci. Technol.,
9(2): 116-122

(2006 48 4 T4, 2006 5 10 AHE)



