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Abstract

Kimchi power made by kimchi fermentation and freeze-drying was added to Western
foods of sauce, soup, pizza, cracker and bread. Flavor qualities of the processed
fusionfoods were evaluated by analyzing volatile compounds and sensory evaluation.

The optimum condition of kimchi fermented for the best flavor quality of freeze-drying
was the ranges of pH4.0~pH4.7 and acidity 05~0.8. The number of volatile compounds
identified from extracts of the freeze-dried kimchi powder was 24, which contained 7
alcohols, 5 esters, 5 acids, 3 sulfur-containing compounds, 2 aldehydes, 1
oxygen-containning and 1 other. Among the identified compounds, the most abundant
compound was eugenol(39.40%), followed as the order of dodecanoic acid(4.9196), acetic
acid(1.70%), methyl 2-propenyl disulfide(1.52%), hexanal(151%6) and 2-pentylfuran(1.18%).
These compounds affected the flavor quality of kimchi powder.

I. A

AAE AZAY o)ARE Aded $evel nfe] AFTAANFLEA, 27|de FE
FAa2E ¢ FHE ggn Fol w3y 2% & dIFd FIdF 5ol AHEHT] A6
on, #Ae o] nFIFEE ¥ FHE 16009 X 137t AHE o)F ook
(o], 1995).

AAE A2F0 A wiSy F 2 39 opAfed 4F FdS Ahetqd ARG £4A
 AFolta & & YA T, 1995). AAE 272 Y o AFL A9 B 7
ow ARt A4g dosA Hed o FAHA ofuliitG Fito] AAH AL Y
Az Y AFE g2 55T 2 YA @HCho et al, 1995, Kang et al,, 1983;
Lee et al, 1997; 2 5, 1979). o|%A o7 ALE B ARsA A4 ¥ FA=
52 F1% ¥y wod #4843 AHE 23 £203 #3F FdF FAS HJEo] =0
Eo] 232 o BAsedH, AXE 54 Fo A5 oBEAN FHR T F ELE

o] Zgste] o 7hA g AEo] wE|A L tad] osto AL "]‘“]9} o) F3k sto] #

FFU



o]¢d EEF e HAYHCha et al., 1988; Kawada et al, 1986; Lee et al., 1997;
Lee et al., 1984; Park et al., 1991; Park et al, 1996; Song et al., 1996). 53| A,

5, 2E S Rz Solglt v, B5HE JRol Ha9 FALoE AHA T
sn ZA% Ui AAE BE] Wdoh(Park et al, 19915 Kim et al., 2000).

%li]\—‘:‘ A 2 Addz 927 23 #, oby, 3FHE, A2 59 FAs 6dEE
2 Zgude] wel otk %3t 2 AJtiCho et al, 1988; Cho et al, 1996;
Gmdman et al., 1996; Han, 1995; Lee et al., 1997 ; Stacy et al., 1993; %, & 1997;
u} 1990; ¥ =, 1994; -, 1995; A &, 1986). N gHA ENE B EREAYE oFo]
B3 Agol A7) §Fo] AX o] AFS ol WIEA dol F¥sn AL FeHd WA,
drAue sj2o] &7) e BA) AFHL Eo|7] H8 2FFH FEFL] e IR
7}2e AbgFo] Bol ®1 u]E o] EAo|tiHwang, et al, 1998; Han al, 1995). %
Ae oo wet AAF, ZA5IH, FA0NF, ZAF To2 EFY F den, 1809 F9
AN de oz A JAHF, 5 1996).

B¢ AAE 399 Aal] 25 =) A H]E} , $7129 FF0 F4% 9L 39,
237 Bolde Afdoy 4F ax, HEF °ﬂ oaiN 2Pust FAHL 49
o g E xdst Fon, TUANN) el 2 Fgas} kst Exp NP F IR
71544 AU UtiWoo et al, 1988; Lee et al, 1996; Kim et al, 2000; Yu et al,
1990; Song et al., 1997; lee et al., 1993; Park et al, 1995; Kim et al, 1995; Cho et
al., 1993; Lee, et al, 1996). 283 @ulg} A v, 2@k, 28719 ¢ Tl &7}
e o] FHoz ZHE 3 YItHChoi et al, 1997; So et al, 1995; Yu et al, 1990;
Yu et al,, 1995; Kim et al., 2001:; Kim et al., 2001; Song et al., 1998; Song et al,
1997).

Hooe 4 A JFEH Al "Hi-r— 71%4 %Z—ﬂa F7sle e AA7L 73
sta gtk o2 =9 wlole WMAVIHN ‘& AE FAT = EBd= ﬁ]’°]£’- AXE A
Holm gled, old AA 9 e 7'5401]"1 %%@ AR FaARAE A ool()

£ e, dd Bol ¥E F AAE sANAA A= 7u g st e, AA
o] BEF WAES ojdte UL A @A gle AT & AEsrl= FoH(Han
et al., 2000; Koo et al., 1999). X RA&A vl=3 *M %, 1%7HF F& adE
A7tste FdA T E4 BaFdes YAE AATGe2A WF, £8 F 209745 &
o] AP 1 U= FAHoltHHong et al., 1988; Jung et al., 1997; Whang et al., 1999).
T3 Q4n FAES vRY S5 3 e AW AN A = YAHT led, @
Z2F Q1abe 2 okt #7 6702 B AN H FdE viFE A AAY %
o] o]9-8x FFo] ZEF FAEZ AAER JTHKim et al, 1991; Choi et al.,, 1997; Lee
et al, 1998; Lee et al., 1999; Choi et al,, 1997). L 9]°1]E T2 9% DHAZY A,
AE40A, 718 FA, GRS B3 A FA0 FE FAFE TAY HA &F
2, =gguA 1z S5 UYPHCho et al, 1997; Kim et al, 1997, Lee et al,
2001; Lee et al., 1998; Choi et al., 1997; Choi et al., 1997; Park et al., 2002).

e, B AFME AAE o) 8dd o sz AFLZ 713 F A Wy
Adse 4 e e 2dstm, AR ALl AR A7) F& B 3
& AAE 524 A2 F ZAELE A 22, FZ, AR, ZHA F9 =8 AL
et B3t o AR 2 Edo] JEe nAE 29e 248, A AnE BT



1 5EUA AELE LA A% 9T deeT N BB AW ) 4R
FEAAE AN AAE o) 8% ZAAES FAF B9 AARE AFLA AU,

o. As 2y

1. 49 A8

1.1, A8 34F

AAe dae SuFe Hx o 8% 959 AFES HYLow Fusiglen, £A9
g43< 98 FIA §94E Agsisich HUtd e AduiFo A 100g"9 FAE 7]
Fo02 IE/ME 3g, vhE 2g, ¥ 1.5g A% 0.5 FAvtsidled, AFErizs AA
9cmol Fo}7} 8cml AEH 9 petd7]E AHE3HoUTt

1.2. ALY A =8 AFY AR

1.21. FXEZ A7t 229 A=

HAEQLFEZAE, §7), ANLFEIAE, &F), FAEL2(QFAE, &), 48%
A}, §=), AFIAY(EE 99%, NLFY, &), IFEFTET, FD), ﬁié(ﬂﬂl"w
T ), A l,2HolA A2(Nabisco Foods Inc., 33), AX}H(Morehouse Mustard Food,
USA), £3(£E 100%, LEAE, &), Lal7lx(23 84, &%), dAltHAYAZ, &
), LA AR, ), MEHAES-F, FF), 2F T 4% 793} 3 == 4
Lol BRAUA Froux)E BEL o ALESYT A1, F1E, A% T 4Y 3Y
Aol 7R3 AE3EATH '

1.2.2. AT AJ} 529 A&

vl 50g, #l&E(French Co. USA) 200g, 217l 7+ R 150g, &3 200g, Qi€
50g, 4F 10g, ¥#A5Y(French Co., USA) 2734, FAAFF 50cc, LU7=(FLs
M10g, ¥IZwjolx 10g, AR(FFAD 30g, & 50g, F5 10g, A =7+ (French Co.,
USA) 5g 53 ofdlle 39U AFelA Fuiste Algdgda BASFE BY e AAEY
o] ojd L AA IR A3

1.2.3. AT A7 9=

Ao e wE(dough)® AE, &29 AE, EFY AEE 3FEOE Uno A7t 3
JbEEd, WRMMAE), AgGEIAD), 2FFHLER), AYQFEY), EvE HZE
(French Co., USA), SrA2(FAAE), d7lx, AANAHAME FUste] BASAA A}
£33t dAe 89 2200009 #Hyez @E g 10T s4AA A= 0.670.8% A
To g3l AL AlgEan. =3 o, vk, dnY], 4, {Y 59 okAle 3Y AR
A F]lste) Ao AL&EAAT

1.24. AARZL A5t 39A
AGAED, AFAFEF), FRQEANE, £ 100%), LAF(HEAR), HE (M LS
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), BALEALD)TY £F, 9, 1212E 4% TUsle] ¥ E= AedM LBz
A4 R REL o A8AdT. I, 4E Se 48 B AFAH FUs e
S}t |

2. 49 Wy

2.1. A7 AA9 A=

322 & 5o Jl2 Wgo g 458 § o Park 59 AxMYA ot o 8%9 &
250 @olA AL(ek 25T)oA 1242 AR A oo FAA Sd0 28 Az 1AL
g3t g4 By dg9 4239 FEE ¥ 1.8%%%, AR ¥lFE AVE 4x4
cmAEZ Ao} Fde] u&L AYuF 100 gol tisty 2%kt F 3 g vk 2 g & 1.5
g, A% 05 g2 Fvletint. olgA wE AXY 4F FET & 3%7 FAHES UL
o, AxE A4l 9 cmol Eo|7} 8 cm? 9539 petd7]ol 300 g8 Hopx 10T
A &AsEA EAE NEZ AN, o] 7)Fd uE dAFY AAE B T2 B=F
710 Qo] $8& AAsn £I3 o AANETHI 2YAEFSE V=S AEE AHSIA
t}.

2.2. 343X EE9 A=

A A 7|7ez BN PYAE A8} -70CE 2943 FEFAAZE F 44
Z%2(PVPFD-10A, Korea)& AME3te] 24X B¢ 52 AxQUc 2702 & 4A
Z AE9 H7} el wet 4710 FA Zdol e Aol AAY d¥E T Az 4
oA MA7E 3o HISIESE st

A 22E AFseE FHL Fig. 18 2o § Jav), 2A, ¢4 F1F, vs, A%
5 ¥3n 2 S50, 2EY WEHE Hol BE R(oux)E A QA tF, FAE H
Bl Ho} sty Yoz AANE ETFF 228 A=A A5 TF vEL
B 200 g3} 27FE 200 g& e 2o UYRF £ ¥ AMgstx, A AR7IL
o] 23A4%E AF9 pH 4.074.7, A% 0.570.8% Alo]g AAE Algdtgor, ANETL
FA89 20%7F HES Al AH 576%, FE 3750 L Fax, T3 287k,
e, vlE, vEE 3%, B, &F 59 FEAES I §F 45750%8 HUbelY &
29 T2 32 AXd " 52 -
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- Gravy makmg ’

- Roasting kimchi with.
butter =

Brown roux making

Adjustment of taste
. and color

Mixing and light
: heating

Adjustment of
concentranon and saIty

Fig. 1. Schematic diagram of a procedure for making kimchi steak sauce.

24. AAEL AVl £29) A=

AAFZE OFoz 7HFE7] A8 (F)GFFAA ¢E AAE AHEsle] Table 19
gFoz PXFEE 23U
PAFxo Az 4L Fig. 29 3L AA A3 HAoh A WA FAHL AR5
& ARd7] A3l HAAE ARTA 1490] 433 pH 4.074.7, ’&E 0.570.8% Alo]
AANE FAA=RIY Y3 FEE AAT § L2 g9Ed )
T oA gRFoAE LrFEE 170T9 QLE(RHQLE) &oA 24 B¢ AAS] Ho}
g d the 1000ge NFste vlE 140g& E§sto F 4oF o e Ao U

o [d

RN

A A HRe A3l 4%, whs, I 59 obAls FRel gk ARE Feoldo]
Hol 4% F 522 AAsn 45 Ech

WA e $AdE PAE ARE gtels, d¥E A 248 F H179 o
A, 293 B4, A} P 2L ARE THL



Analytical procedure Sauteing of Removing moisture of

of kimchi ingredients flour and butter meat and vegetable

! | |

D Kimchi fermentation |[>Baking flour for 2J|>Sauteing the mixture
for 15 days : pH 4.|hrs at 170T in oven

07 4.7, acidity 057
0.8%

of beef, onion, garlic

D Sieving the flour and DCooling  down  after

DFreeze—drying of| mixing butter

the fermented kimchr

removing moisture

Kimchr powder Baked flour Meat mixture

} ! !

Mixing

Fig. 2. Manufacture process of kimchi soup.

25. AXNEYL FH7t gai29] Az
vk 50g, H2=E 200g, 4 17] 3+ A 150g, %3} 200g, A E 50g, &F 10g, LA+
A 2739, B(&F) 50cc, L7 10g, HIZHlo]x 10g, A% 30g, ¥4 508, FF
5% 3/ oA @nle] HEE ot v Koot

10g, AZ=7H5 4t A& FHlety vhed F
H171E FHE F oIS ¥ol YUk Fold 17]g opfo] EnlE H2EE Yu FAS

o old ¥m Fate] wpF Pk oluf PR wigt W& 242z 10%, 20% R 30%2
3talct.



Doug}i mixing -

“Fermentation .

!

 Moulding v

l: Sauce making

Topping

!

~Oven baking

Fig. 3. Flow diagram of making pizza.

2.6. AAEZT A7t 29AY Ax

6719 2 Ho] LrEE FYsA 500g8 mE A HAwa, AALLL AHY %
ojt} A@ate] wrRe] YEE gy, 92, WY, B9, AAEFL do} BF THsam YA
710} Yol 57627 &2 gt 2ga wES 200g8 AWrld ¥ol 3mmAEY F
A2 g Bk B 3cmY LEY AFEL o]gsto ZYUol Aojuin, QItRE A
wy geldx ¢A & o 1707 180T v Yo 387 =254 A ¥ A
AW AT

3. TA F74 S 3 HLA &Y FE

B gFos A o) AR 33 A dvyezm de] AMSEE Likens-Nickerson 3l
(simultaneous steam distillation and solvent extraction apparatus, SDE, Kontes Co.,
USAYE A3t tHFig. 4).

A& 200g7 FHF 200mLE EFst ANE8& F2 F23(L,000mL) ¥x
heating mantle°1]*1 130C® stdsigict agn guig §2 E8323(100mL)ol< ethyl
ether® 50mL ¥x ¢ 50T &E& AT AT F2& A& ¥ ethyl ether7}
E 232 Zg2ag BEdle FFPEFS AVtete $EE AAT F ALVMEE BojY
o] & AAWY 1uL7HA ¥%31%lth o]F gas chromatographyd] F9)3te] w413}3dch
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v ; BRI S S T
¥ E : /“ De\trag( cm, ngfar ;
5, o ‘
. o Tubing
. Condensor . ! o Ta
1ca Water lrf_ e
BOnom ( = stef‘
Condensar ‘—N fea W Ol
) . focbey U
U-Tube - \ |
. Stop Cock ‘ - ! ' ; :
e ? ' ' 3-Neck
poume o FL | LR
or Pear - : & o
Haatad e
S Flask z {sxlater Bath

e ess / ol Bath
c-80°C (1208 C - 130°C)
P : —— Heater

Fig. 4. Diagram of simultaneous steam distillation and solvent extraction system.

3.2. SPME® ] g LA A& 5

z82 & 22 W23 2pE3isle] SPME(solid phase micro extraction, 100im coating
thickness, Supelco, USA) ¥ o2 3w 4w £ FFsinh 10g9] A8E 484
of Ya wwtzl FAlo| AAItAE FYs AL AR £dE R e A
29 B E /&3 77] A8A 3 TRz FRAARE AU olvf Agd 2
2729 $42 30m/minflAL 25E 60THLH, FAAHL 080Ut F&d AL
¥ SPMEY] fiber(57300-U, Supelco, USA)E PDMS(polydimethylsiloxane)& A+-83t3ict
(Fig. 5). &&3d SPME¢] fiber= gas chromatography?] A& FYT-9 fibers =EA|H
gata FAlo Fuy AEe A HFig. 6).

3.3. GC-FID/MSDl| 9% a4 H& T3

GC 2 E(HP-5890 plus, Hewlett packard, USA)9) 2% = X 30TdA 5
7 v EE g% 3C/ming $£E2 375t 200CAA 5% 2xANE 3
Ao}, Columng HP-Innowax(30 m x0.25 mm, LD. x0.25 ym)2] polar column® A}&3}
pig=

il
kis

z27]&
=

o
=
38t
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Thermometer .

SPME holder

Sample \ /— SPME fiber

Water AN q//_ Magnetic bar

= =

L s

Stirrer

Fig. 5. Diagram of solid phase microextraction(SPME) system.

Injection port

SPME
or
syringe

_r
Capillary wax ~— | ~~

column

\ Gas chromatography oven /

Fig. 6. Diagram of gas chromatography with flame ionization detector and mass
selective detector.

Gas chromatography(GC)oll FU€ % 3¢ HE2 Flame ionization detector(GC-FID)
9} mass selective detector(MSD)el| <}3] Ea-5As%2 GC LE(HP-5890 plus,
Hewlett packard, USA)¥ MSD(HP-5972, Hewlett packard, USA)¢ & =72
column22 HP-Innowax(30 m X 0.25 mm X 0.25 pm), %713l He 71201
mL/min)EA4] split ratiox 50 : 1°]%ith

FQT Lx = 210C°]9 solvent delay time 3mino)Qth. Mass range: 33~ 300
a.m.u., ionization voltagex 70 eV, electron multiplier voltage® 1800Vo]%it}. Mass



spectrum libraryx NBS75K.L(Wiley)$ltc}.

A& FUA ¥h1L simultaneous steam distillation and solvent extraction(SDE)oll 2] % A|
8 5% AL syringeE o] &3] FYUH o, solid phase microextraction(SPME)¢] 2
& FAAolE FAT FAT olF ZIHAE W FujolA R BT oF FUAR
fiberg& AAG o]F EHI3UTh

3.4. GC/O°l A& ALY 4¥9 3

Gas chromatography and olfactometry(GCO, SGE International 093500, Australia)& 9]
£3td Uy ¥ EAS A9t GC-FIDE S8 YA AES Eed
chromatogram$ F3E 3} sniffing portE 3 FUsHE HA9 chromatogram’s2)
peakEs ¥lA-EA3ct. Y4AE AFoE 34 3AMslE aroma extract dilution
analysis(AEDA)H 22 WA7F AEHA &8 9Yzx 48 A% FP30. agdxn
flavor dilution factore] WA= YehiUn F4u)E LogsFD(ol¥ FDE FJ1THE B A
st

Likens-Nickerson FA& o] &3] &3 U4 7] AL 5FAE FAF] 1WLE F
ANA AZD sniffing portE Fateo] 5749 2 FHY wdge] AFL AAsA 32A
FINHES EAAT N8 U ) HES 3 3P 3P soz dAgez 4
(Flavor dilution, FD)3t9 zZ+ ©@A9] %A HEE GClolfactometry(GCO)E o2 £A3]
o JAZE A &g w7tx]) DS i AAEo, WA profile® AuHQ FHAA )
BE& T8 HFig. 7).

Make up Air Supply Nose cone

~-tight syrl
Gas-tight syringe Transfer Alr SUDp'yﬂ

Humidifier

Hot air vent

Injector Water .J - FID

GG Heated Air
Inlet Hole

i

Column

Fig. 7, Diagram of gas chromatography and olfactometry.



4. ANED JA7 =2 AFY @53 5497

4.1. 289 AA

A FAANdifferent test) 3 ¥ 2PolMe 4zt AAY(triangle test)S AHE3H ST
AN 22 Y4 (randomized sample design)ol gaiA do9 MEE w2 o5, ARE #
g g 259 AR FA% e dAE Fol TEo s dAE Bkt o] @A
9 B AANES B35 BEsFoz A At ez Yt HYE FAstn, @&
Aoz A5HQY AT} L HYES A¥sle FUoR AL Hz HA 5
TolME @2t 1097 42 108 Adstd AAE s, 44 FAYEE T
Hde FdL $Pct. A FAAL 2A Aol YoAXE IA FZ= FAHL A
S A8t ,

4.2. 713 2@ AZE FHA

71Z% 2 M3% ZAAlacceptance/preference test)?] HHL
ysg Algslan. #2 AR S £ (ranking test)o]® ¢4 (randomized sample
design)o.2 YA A g9 Fuyl 7jzxos £ ARH Be A 48 AN A
WA 7|5 AL BAgon, 7155 A wE ANFY FoF Aolg #F
stk

AEye gAE AR A

4.3. AFH BA £44

A2A A} BA(quality descriptive analysis)e 37}A] Wi oz Alg3ate] Al
22 X AT (unstructure test) P2 Yz = AFL 9HW(hedonic 9
score scaling)dg ARt HYE JEE D HAEE FAlN £9% ALE 2U=
AHe3tg o, l(flavor) H&, SHtaste) 83 9)(appearance)®] A7HA] FEE& UE
sol BT olF AR SRl we $AY Az BAKAAt @ Auo] A
gulo}l oo W@ AEF o3 adle] A e FRIME AUE HET oF YES
ufz|ote] HAFaHS

4.4, B4 A

]
At} $93= Duncan's multiple comparisong AHE&t2o7 olE dolgd] a b 9
7158 AJ28todA grouping 3t S-S vehiied, 9 £E 95%FEH FHA
22

m. 23 % 13

1. A 353 54

AARRe A7 zAAES ATV g8 HA AAS JALET IS B
249 &4 B3 F M Agolga weds $45EE =F%A §2 AFANS A
o] $HEE pHe} F4bo] MTY FRHolm FFF FUNTF7E Anol = 3



Azoltn Basdon, oF 24 AZE YA/t 1 ALY 4RE A2 FEsE
SER - CERNER LYo

1.1. A AF F9] pHe A= W3

A= v (200009 #wHez wE g incubator(B.O.D JI-110B, Jangin Science
Co., Korea)ol 10CE A@sta) 4717 % 2437 109 15¢ 25% AAE 4% AHAs
o] pHe} A8 =A% A3 Fig. 8% 2tk AA £4 F9 pHe =EF 104& VgL
st} Aoz YEh} ztzt ghatetAl FvbekAY Zadte AFE Heoln Uk 3 F, AF
o] A7tslr] 98 F2A 159 A3 pH 4.074.7, 4= 0570.8% Apolol A Ao ¢
A Ql F o2 dddrh

pHel Wae §7141e] ggolgtm Be At f7142 AAY Ag F FHHANE &
z ANFSo] o5t g #7145 A pHE wHEd dFE F3 ojRA A4
71338 A AMu S Roste pHEte 2 2A9 HHFHE geisttn
g, 2 £(1987)& A9 FFo] we A g 4714k BF ATl 2" 0A
ol 71 2o JFL A= K714 lact ic acid$} succinic acidg} stgich

o)
A

4»

Y8 e

—®— pH
—p— Acidity

pH
Acidity(%)

1-/ 1

T T T T T
0 § 10 15 20 25 30

Fermentation time(day)

Fig. 8. Change of pH and acidity of kimchi during storage at 10T.

=3 7 5(1987)9 BAe EAL eyl A #HEA4 A1, oidEk, U T

233 2% 137MF A7M2AIA 17139 FFel $471% bt FFFE RAFAS
u £(1990)9] 7A WiAEs RESA vAE 9T w2y spEg Akt PA 9
Z

lactic acid$} acetic acid7} F=8AA Z7sAckn atgh olAL A F(1987)9 A
g% Axstg. =3 d S(1994)°) oad AAY fa olv:AbE glutamic acid%
aspartic acid7} AA 9] 22.3%, 12.1%= 714 FH3dvtn Bsgich.

1.2. 323X #23 4% 53

4% A7) 52 22 Fe7 22 AFol AN A FUA AA nhe B
2 WAY + YEAS AF) Asked 2 A% DA ALY 4RE GC-MSDE B



o 942 TICS SAZA}E Table 10 e}

Table 1. Volatile compounds isolated from extracts of freeze—dried kimch?

Compounds? RT® Peak ax;ea”
(X10%)
1-Penten-3-ol 5.8 6.9
1-Octen-3-ol 7.0 8.5
3-Cyclohexene-1-methanol 9.1 2.1
Xanthosine 10.5 0.4
Methyl allyl disulfide : 10.8 1.5
Dimethy! trisulfide 13.6 5.4
Acetic acid 15.8 68.9
3-Furfural 16.3 4.1
2-Nony! hexanoate 18.1 1.2
Dimethyl sulfoxide 19.0 20.4
 [2R]~3-Methyl-1,2-butanediol 19.4 6.6
Butyric acid 20.5 5.2
Benzenacetaldehyde 21.0 3.0
Allyl trisulfide 24.3 0.8
Acetic acid, 2-phenylethyl ester 24.8 1.5
2-Butyl-1-octanol 26.2 0.5
Octanoic acid 29.0 0.6
Hexadecanoic acid, ethyl ester 31.7 1.4
Prophyl octanoate 32.1 1.4
Didodecyl phtalate 34.1 20.1
cis-8-Octadecen-1-ol 35.1 3.1
Docosanoic acid 39.6 2.0
Eicosanol 40.3 1.5
Heneicosanoic acid 40.9 2.1

Y The optimum condition of kimchr fermentation in this study was 15 days at 10TC.

9 Compound was identified by matching our data with the references of Wiley and NIST.
? RT means retention time(min) of gas chromatography(GC) operation.

9 Peak area was the value of GC-mass selective detector for each compound.

A 3P AEES alcoholF 7%, esterfF 5%, acidf 5%, sulfur-containing
compound$ 3%, aldehyde® 2%, oxygen-containing compound¥ 1%, 71e} 1522
E 24%9] U Aol EId5AHAIYD.

Alcchol B 73 e 3k ARo] Helsgsidletdl, 2 £  1-penten-3-ol, 1-octen-3-dl,
3-cyclohexen-1-methanol, [2K]-3-methyl-1,2-butanediol, 2-butyl-1-octanol, cis-9-octadecen-1-ol,
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eicosanol®] 7Z0Ict 01EL FE2 £4 Fo] LIHE WA oz Ao A ol 9
3 AoZ HetKLee et al., 2002). £3] 1-penten-3-olo|t} 1-octen-3-ol 59 3¢ EFJE
& Ao olal gFe] ABuwE AT FoaA daHE A AR deA ATkA
=, 1992).

Ester$+& 2-nonyl hexanoate, 2-phenylethyl acetate, ethyl hexanoate, prophyl
octanoate, didodecyl phtalate®] 5%o] %a 5128 2-phenylethyl acetateqto] ]2
A wriol] o) YAHAR esterFE EF5H 1A B (Chang, 1967), UHA HEEL Cha
£(1998)9 AA $A49 A Aol B AT n|Fo] JlEt AR A% LA
HqEoz Boln, Lee 5(2002)9] % HFA HF9 40 B =EA dx9 A
E g AT Bolk Ef9 HaHAE de g4 d¥olztn @ ‘

AcidfFEe 5%02 3Jgko] B2 acetic acid ©|¥°] butyric acid, octanoic acid,
docosanoic acid, heicosanoic acid7} #&-F3HN2H, acetic acide #AA TEF
wio] o3 3]y HEo g woln(Kim et al, 1980), butyric acid & ZAA d&E 9o
Ef9 AL 2aHE JeEhlE A2 Ro|5(Freidoon, 1989), 71€9 AZAAY FFR
e @A 2@ gk 2 ol99 FEL HAAY {7 ARER AAS 2 FAR
o 7]191% Fa Fu] JEEZ BUHCha et al., 1998).

3}t 383813 E(sulfur-containing compound)2 methyl allyl sulfide, dimethyl trisulfide,
allyl trisulfide®] 3Zo|Agt, vhsolv} A% 59 o] A FARA LA allyl
A9 sulfideFe vhsolv A79 Fa 33Uy AEelr, AL FFolAT BT F& ¥y
#THCha et al., 1998). AntAQl BAX e vw3IRS o, vjFo] A AT o] FAqstE
thiocyanate(©], 2000) 7 8 Hd=HJor, oj9d F FHIFEL HLF HL o]
BHAHHCha et al., 1988; Hawer et al., 1988; Fujiwara, 1972). 3 F(1994)¢] 2
o) )R] T AT o] F(1990)9) FAuje] WAR BF AFelM YT FH
g QB OZ 4-methyl thio-3-buteny! isocyanate (MTB-ICS)E ¥-A4algor, utd
ICS9) ¥R MolE dimethyl trisulfide 5& 43k 2 wre] A9 ARl
A AF= § 5(1988)4) st AN&RHA=d], F= sulfideA 2] dimethyl disulfide, dimethyl
trisulfide, dipropy! disulfide®} 1-isothiocyanate butane ¥ F843#o] Buyg v} gk

Aldehyde = 229 2 benzenacetaldehyde, 3-fufurale] ## =31t}
benzenacetaldehydet FAF 2] & 384 AEIH(Kim et al, 1980), 3-furfural
2 HF Z2 Roju} RF Fo RAR0] s HdPHoAE= AoE HATKCha et al,
1998). 43} #§E(oxygen-containing compound)?l At 3 E 9 A3 dHQY
dimethyl sulfoxide’} W&@HA L9, 71e} F7F9 xanthosined ILFA BHHE FUY
AEoz BAHCha et al,, 1998).

2 A A Aoz AR FA ARLEL & gFoez Yeon Jou, allyl
A9 sulfideft} aldehyde, 18] alcoholf+] ¥ %2 &F9 EFZE F@HY, 0|F
Qe 53] HEFAY alcoholFY esterft?] 5ol AAA vgt At YA
t}(Cha et al, 1993; Cho et al., 1988; Jain, 1977). ol A F/74 F&4d g3 F
29 UG HEoEE, o|F J1E zEHE FHALAEY IAUHFE AAET AP &
AE dolA ze AejoA] FASHA EE E Ao JldEHo A
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2, AAEL F7} 220 FAPE HY

by AR F2L FH4 JEA HE F24¥A A FF4 FEY simultaneous
steam distillation and solvent extraction(SDE)#} headspace2] ¥Z<Q solid phase
microextraction(SPME)¥] & AMg3tglch. 22n o FAAA 43 BAFE AN 29
Fig. 7¢] gas chromatography and olfactometry(GCO)E AHg3le] FZ13Q AAE AA &
% AP A2%E Fig. 99 JeRlch

e

15% 20%

Fig. 9. Products of kimchi sauce made by adding several percents of kimchi
powder.

2.1. BA 3524 320 9% A3 A& 3

SDE AAE o]&d 4L 52AL capillary BHY #FFQ HP-InnowaxE °| 83t &
N GC-MSDE £4 £ FAsto] Table 20] UYehigich. £A¢ A2 2339 4%
o] 2. EAHYT, By 3LAL FdA aldehydes7t 55322 7P W, alcohols
4% acids7} 4%, ¥ %3P Eo] 3%, ketone 1F, 2 9o 7|El #}{E] 6F F22
Uelth o) 253 E ARE F ¥ & £02 dAs B eugenol FEC] 7 3
otx1, the& dodecanoic acid, 2,4-decadienal, acetic acid, methyl 2-propenyldisulfide,
hexanal, 2-pentylfuran 52} <]tk
ARA 02 aldehydesFolNE 2,4-decadienald] ¥E7F 4 YeEl 1, alcoholsFolA =
eugenoi©l], sulfidefE methyl 2-propenyl disulfided %7} £& Aoz el

agy 2ag AR H&L alcoholfivl 43.88%2 713 Bol AXde o2 YE
t}. B3], 7 FoA eugenol A¥o] 39.40%% JMF ®& AoEZ YeWn. Eugenol&
clovergl: A gdA $A8 ez nusr 1 2 WA FAAME ojFsn
Jolg A2 FE= ez deA AT(H, 200D).



Table 2. Volatile compounds identified from the extracted of kimchi sauce with
SDE"

Peak Compounds RI :rf;k :rzzk FD Od.or.
No. (%) (%) factor description
1  2-Butanol 1032 223 0.13 243(3°) vinous
2  Champene 1040 2.62 0.15  3(3") camphor
3 Dimethyl disulfide 1058 4.04 0.24 27(3% onion
4  Hexanal 1074 2584 151 -V cut grass®
5 p-Xylene 1120 223  0.13  3(3") geranium
6  2-Methyl-1-butanol 1162  6.46  0.38 - whiskey®
7 Cineole 1180 7.85 0.46 - peppermint®
8  2-Pentylfuran 1214 20.27  1.18 81(3%) sweet fruity
9 Methyl-2-prophenyl disulfide 1265 25.98 1.52 81(3" garlic
10  Octanal 1279 8.26 0.48  3(3)) soapy
11 3-Hydroxy-2~butanone 1295 12.90 0.75 - butteryR)
12 Dimethyl trisulfide 1357 11.48 0.67 3(3") garlic
13 Acetic acid 1416 29.16  1.70 27(3%) sour
14 (E,E)-2,4-Heptadienal 1491  7.97 047  3(3") nutty
15  Benzaldehyde 1518 7.69 0.45  3(3Y) almond
16  1-Octanol 1561  4.85 028  3(3) chemical
17 2-Furan methanol 1668 11.87 0.69 81(3") fresh
18  (E,E)-2,4-Decadienal 1809  30.82 1.80 9(38%) fried
19  Eicosane 2000 2.38 0.14 27(3% alkane
20  Octanoic acid 2057  8.06  0.47 - sweety?
21  Eugenol 2122 673.99 39.40 - clover®
22  Decanoic acid 2251 14.53 0.85 - rancid®
23  Dodecanoic acid 2432 83.94 491 - waxy®

Y SPME stands for solid phase microextraction.

Y- means not detected in olfactometry

® means the odor description from reference of the compound value on Kovat's RI.



Clovere A S8 #Y 9 59 HAWE AANY 948 FNzg24 A EHJL
o, AAL2E At EM T AHo]M eugenold F7)AE-o] v FatA ebutch
Ketone® = 12.12%8 AA|5% 20, aldehyded7} 5.56%2 aA3l= Roz el
acidF= 8.90%F AA3}H 1, sulfur-containing compoundF& 2.43%%th. saucess
eugenolo] 7} gk A JROE FAHILH, A8 AXA LHHAE AEFF FS
By Aoz HolE  acetic acid7t tHEoeE o] 9oen], alcohold: =
p-cymen-8-0l3} eugenol 52 2EA AYF o] acetic acidd AEF F& A&
t F4E ste AoE Hudti(o] 5, 1985). gWtHo g AR 719 2 AFA Fo
BAHoI A= aldehydeF o] T4 3o] v|mE A Jeltbzn ¢lovi(Fereidoon, 1989),
ol AR Eorle 9oyt el FqAEE QA o] T Frus ZEF RS
gats a2 afe 53 Adda B 4 YtHKim et al, 1998; ¥ %, 1991; ¥,
1989). Esteri#7} 5% 22 w3 B o] ALY WE 59 LA A= 9
& Aoz of9 T2 HEES i FHENAE A =% RHRGE AR B £+ 9l
T 429 & At Aoz HlY AAELS A &2 g8 B aany
54 A2 ¥ sulfur-containing compoundf-7F @o] A FHAHKim, 1997).
Furanf#$l 2-pentylfuran™ furan SZA]¢l 2-furan methanol® A9 F2 AE 59 G
3t AR A9 Maillard ¥F3-9] AHEo|AHY Afate] zHFAbste] 9§k F 71R] sH5Ae] o
tHo], 2000). L83 A HEEL tFE A 7Hretention time) ZHF 1480 248 A}
olof A} MAF o9, Cha 5(1998)9] =M= X9 oA FARF HFe Bolzm gl
At o] FEL FE AXNY AR g7 LA JEESo] dF-Fold, Futy 378 olF
oA F2 RASY FAE % HHA JEE HEHAAL.

X 2E013

X 2013

Fig. 10. Product of application of kimchi sauce for various meat foods.



3. AART For £ A AE 94

AA A7 £z Fi4 AEe 2545 f8tq AR 2zd wRAE AU
Hyel 228 Z749 B4 %72 32%(SDE)?} headspace’dql SPMEH & AH8-3te]
3 AL FE8to 2eEl-EA8

3.1. 34 754 &4 98 I &

EA 274 %ZH(Acree, et al, 1993)% F3lo Zd W ¥ TiCltotal ion
chromatogram)= Alcohol® 11%, ester 5%, aldehydeft 4%, terpenef 3%, =% 43t
FE 135, 7|E 3FoE F 27%F0] £&-5FHULT

&xel 7% Ago] wel pyrazineolt} pyrimidine 59 AEolA FZo 12T AL
(nutty flavor)e 2Ast= #$7 glov, aldehydefold oldl@d 1ad Fu|7t FAH7
% $chCha et al, 1988; ©] %, 1996; #, 1994). AA A7t FZo AB$ old Fote
Aoz dAsiolzct X wad S84 ¢l 3-penten-3-olF T2 ¥} F2Y A
4% 3H(fresh flavor)Ql 3,7-dimethyl-7-octen-1-ol3 Z& AR Eo] dAHo] AA9 &
o 27l5ta YOk (Lee et al, 1984; W 5, 1991), BolFoz FA T/ FEY 9%
Fuby JEo EAME acetic acidst B A4 AA9 FEAd el 2EHAAA
gttt 28U vls (garlic flavor)e] 7S, allyl trisulfidewt allyl triheptanoate 3¢
Bol A3 WA Jain, 1977), sulfuri<l allyl trisulfide®] 739 HA AL &F
o] A VeIt 2o HHH HE F Sold F& terpenedFEC] 3FT FHHUEH
7 e e vlud A dehde 43e 2oln dch 53] limonened] AF- AW £
WAAF FYFoME oAA Fo] wFHAAT, FEH T} THHAAE A
alcohol® 53 37 %e 4% 2=8)$ AF(more mild flavor)2 FHEgths B1vt ¢
thLee et al, 1998). o]# & terpenefi<}+ alcoholiF9] L-menthol®} T A YF 3(fresh
flavor or green aroma)e] AFAFoZ FIZoA AL =74L Fung, 2002), HA ¢
g u JE 3 A%(soun) & A Ry o 3L 4E FAoz JdHd
t}.

dob e

O
=

A

ox &

32. 3A 2PA A5H 54

zt #y g ue]Ro] WrtFe control® g BE EstY st o E THEE 2%, 4%,
6%, 8%9 FAAANRLE Hrtsle AP #FE HER F403cm, Zol SemE AH P
o 170CAHTY 252 38 14 IAAE A% T 49 Ao A #53 S4&

AHE A= Fig. 11, Table 33 2o},

Control 2% 1%
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6% 8% 10%

Fig. 11. Products of kimchi crackers made by adding kimchi powder of several
. percents.

Table 3. Sensory evaluation of kimchi cracker by ranking test

1)
Samples A B C D E
Characters
Color 2.8%°% 2.4° 1.9° 4,22 3.8%%
" Flavor 3.9° 2.9% 2.2b 2.2b 3.8°
Taste 4.3° 1.8¢ 3.2% 2.8 2.9
Overall
4.2° 1.9° 2.8° 2.9° 3.2
acceptance

D “A” was made by added with 2% kimchi powder. “B” is 4%, “C" is 6%,
“D” is 8% and “E” is 10%.

2 Means with the same alphabets are not significantly different by Duncan's
multiple range test(p<0.05). ‘

Table 3& 22 AE ZZe ao]g AYE Aoz 2% AXET F7kTol p<0.05
A §974 ol BPE 2 89 RASL p<0.001014 WZT ] FF olE BY
t}. £3) 6304 REE A4 a9 79 AYo] AolE AL Bwk ohg FAE L]
A7ld AS Qs EF g 2950 AR BY AVEEY 2% AolE AHsE
A &7 date 459 6% 2ElT 6% 8% % TE WHoR FIRor 4% 6%
= p<0.0504 G237 o] 7 BYon, 6% 8% p<0.001904 A ZolE
ghye], MY 2950 A 2o AJ 29 Aol YASAEA B Pz UES
& 4 A

&9 Al de AEE w9 £4F Ued B Zolg 7|8 YehlA REt
= A7 ol Ao AL Aol EF £49 & g gYsEE & a7
AAE £9W9 At F Y AIEI B 4%, 6%, 8%°] HE AFH HAF £4& 3
sac. AP BA BAYe AE ue3d 54 ¥ags AFHozZ FEs] FPFfaA
Ay Rew EAA MAYL =PFeEN #4442 £ WHoE Hrhyde 35 3
T, AN H¥%, 77 A% S wyo] ArkF F, 1985). ® FFelAE M HERTL &
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el 49 AL Z ENAE AEo o] 6%, 8%RT F& & YEARAT AAH
9 71zEe] g0l A% A Uehdz Qe AL AT F AU ol BEH, F RAE
o A% A ABUE 23} AR ASS HYagEo) o HIdE LR AEHI
Atk 6% A Fo| 73 AA R, 8% AL HMo| Fate 3 MEET Woi
Aoz o= HYadso]l ¢ &9 AztdA F@Md Ho] ozt sivd A& AX
S99 A% F2HYch =8 o] Qo] Y 29E0] od g Ax AT =73 9
28 o7 98 uj$SHhot), B(saltness), TR(sweetness), HE F(butter)o]
YW Wiz HrE.

V.8 ¢

A% N2 524 A2 T FALLL WM 22, FZ, IR, ZPA T 28 AF
o st AANED Fyh AT FARLE FE Y A2 243 BAMNE
o] 833tk

1. 2a5d 43742 X9 43 2aEIL pH 4.074.7°)% %, =L 0.570.8° A
EAAZE AAEDL IRy PUIPRL F 24F0] FIAFAHAJLH, AA ALY HE
Z, 72 G2F, 5% oJ2HEF, 559 A, 359 I JFER, 2T SUIEFR,
129 A83gE 283 71e 139 334 FEo] 253 HAS.

oy

2. AAETS AV 2HolA 228 FA FHFFEYUE o8 2 A AEE
2A% A 23%9 %ol 2I-EAHNUY. 22 $HE AFEE FoIA aldehydes’t 5
Zzoz 744 Wk, alcohols 4%, acids7} 4%, §335E 0| 3%, ketone 1% L 9] 7]
34 E 6202 Uetdth Aldehyde: @F @ AdFoz VeI, acide AR} 34
7b Qen, §3PEe AA} vise et G ez wadd. ¥I-53d
AEE 2 eugenol AEo] 39.40%% V¢ B, ©+3L dodecanoic acid 4.91%, acetic
acid 1.70%, methyl 2-propenyl disulfide 1.52%, hexanal 1.51%, 2-pentylfuran 1.18%
g AAE Ao2 UsEth ol AWA ARl BARY Artead FAo %L T

*

3. AR A7} £ Az A H4FH sA4Y FAARE AA 0%, 10%, 20%, 30%2
AAETL ANF FZ FoA 10% AZMA HlE o) ZFedx, 30% A MACdE Bt
mjgate] Aaton, Ax £ 20%S2 A7 vfolA ot A, d9 JEEV HHFES

4, FARTL Al A A, PALLTE A ARG 228 TE 9 0%, 10%,
20%, 30%% A7ME FolA 20%8 A7HE JAE 2271 F, %, AR 9 FHHA Pl
A Mg B A5E AT =T AAE 209 FE AL 222 WE o) v
A REAe] 2A ERS 20 A AAY BFHY 540l o ¥ AeE Yy
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5. RART Azt FAANNE A BT FU) A AEE Aol A FAE T8k
F742 8 B A3 2% s p<0.0594 2 9 4%FEE p<0.001o)4 fJHA Aol &
Bgon, A3E AAE £49L 5619 gol Botvh 2 A3} 4% > 8% > 6% > 10% >
209 £o2 NIEV} U EF HIEI & 4%, 8%, 6% UiE FFHE T3
a1 RAEE e B A 6% AF Fol, 8%9 A5 AF Rl A dEbgAT, 4%
o Aex A, &, 2o o] & Aol7k QAAA T AAHLL rE=EE M U
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