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Analysis of Microflora and Volatile Flavor Components in Traditional
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Abstract

Changes in microflora and volatile flavor components in traditional gochujang with five different salt concentrations
during the 10 month fermentation time were analyzed. The viable cell numbers of aerobic and halophile bacteria
from all samples were determined to be in the range of 6-7 log CFU/g, which showed no significant change. A
predominant species among aerobic and halophilic bacteria was identified as Bacillus subtilis, whereas a variety of
species were identified in gochujang with salt concentrations of 3 and 6%. The analysis of volatile flavor compo-
nents in gochujang during fermentation was conducted by SPME method. Esters and alcohols were identified as
main aroma groups. Ethyl acetate among the ester group and ethanol among the alcohol group were found to be
the major volatile flavor components in all types of gochujang. 3-Methyl-1-butyl acetate among the ester group and
acetic acid among the acid group were detected much more in gochujang with salt concentrations of 3 and 6% as
the fermentation stage continued. Meanwhile, 3-hydroxy-2-butanone among the ketone group was highly detected in

gochujang with salt concentrations of 10 and 15%.
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=2 AEo] AEE oF 5-10% 7HA YERd T B e ut
T JOom(Kim et al, 2006), AZHELE Ao A 73

2} 1579 HB 4.15-12.0%7H4]

[e]

AR7} o) 5

s A Al oshd,
ZITH(Cho et al., 1981).

Fol HrtE= v, ARE Bol AHETSE 299 A
AT £ golA Hedl, vt SRlo] BHFoR
A AA oF 13%e ARl 93 ol gt}
(Lim & Song, 2010). 2J@e] Fa3 4w YEFS o
F AFSH = 7278 EAE o ¢ 7] wE
AARZ7]1FH(WHO I = YEFS 49 Al AxZS
2,000 mgl. 2 A gtstal k. ofof Hlg], =7 1A 1Y
B JEF AFTFS A AT 2530 Bxe &
ulskth(Lee et al., 2007). YEFS 39 AFHASHA =W 2
detoluh A S, dads 99 Fol e F ]
wjZol(Na et al,, 1997), Aol it 18-S 2EF7] fl3l
AMe ot HEAQLS fAHAE dEE HUS YFe
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1

atman filter paper
No. 24, HOmm)E AHAA o]2d-g AAT F oAl &
pH meter(model PH210, HANNA Instruments, Woonsocket,
R, USA)E S 313t

Axd sAEe IFE AR EAEkE MAE AT

ZA4s7] fstd A3 FA et 10, 10°, 10°, 107, 10°
o] 32 el 500 LS nutrient agar(Difco Becton Dickinson,
Cowley, Oxford, UK)RjR]ol] =23le] 30°Col|A] 2 A7+ vl
Fe T FHE JFE At 2948 Aldrel A4
< S8 AR A" AlES 10) 10° 10°, 107, 10°9] 341
500 uLE HM agar(KCl 2.0 g, MgSO,7H,0 1.0g, CaCl,-7H,0
036 g, NaBr 0.23 g, NaHCO, 0.06 g, FeCl, 0.06 g, peptone
5.0g, yeast extract 10.0g, dextrose 1g, agar 24.0g, NaCl
100 g, distilled water 1.0L) HJX]oll =3}l 30°Col A
407 ST F FAE AL ASede) &R 25
=245 Yl 10, 10°, 10°, 107, 10°¢] 324 500 L=
yeast mold agar(Difco Becton Dickinson, Cowley, Oxford,
UK)®ll 20 ug/mL chloramphenicol(Sigma-Aldrich, St. Louis,
MO, USAYS #71et uj Aol mikato] 25°Co A 4 U7H wlj <

<
_I‘Gé

ot
oX,
X
o

Al

R -1

A=Y IFX de T microfloral| DiE 24

A W A WHAE F3(Yang et al,, 1993; Lee et al., 1996)
< Slall s vl wiFatdth 57148 Al 2 594
M2 749 trypticase soy agar(Difco Becton Dickinson,
Cowley, Oxford, UK)ll 30°ColA 24A17F wlif, G729 7
S YM B 25°CellA] 4 DZF vl FE S wjFEh A
40 mgs o]-&atod AWALS FEEUTE A RS A 77
agilent technologies 6890 gas chromatography(Agilent
Technologies model 6890N, Agilent, Palo Alto, CA, USA)E
AL-8-3F 3L, separation column< HP-1 column(cross-linked
methyl siloxane, 30m longx0.320mm id., 0.25um film
thickness, Agilent, Palo Alto, CA, USA)S AF&-313ith ¥
LA e] vl 93| peake] §7, retention time, peak<]
Wa, WA H&L T3} Sherlock MIS Software
(Sherlock MIS ver. 6.2, Microbial ID, Inc. (MIDI),
Newark, DE, USA)Z E4% profile H|2E F3] 5H%
A =S Rl

w9 EF 2 headspace SPME(Solid
Phase Micro Extraction) H'H S A3tk 7] A &<
FE22 fd AE 23 3ol SHT SmLE 20mLe
headspace glass vialell ¥o] & & 40°C2] water bathol]A]
30% Bt viale WIFGENR 5o F3Uth SPME 1cm
= vial ko= FA3t 308 < SPME fiber(50/30 um
DVB / Carboxen/PDMS, Agilent, Palo Alto, CA, USA)ell
F7148S A7 F, SPME 3.5emE 102 5+ GC-
MS(Gas Chromatography-Mass Spectrometer) injector®l] %
I BHAA FEES £A 8T Column CPWax-
52CB column(fused silica capillary, 50 m longx0.32 pm
thickness, Agilent, Palo Alto, CA, USA)2 A}&3}%13,
oven temp setting> 40°CollA] 5 & 52 FA|5FI L 5°C/
min®] £E2 200°C7HA 2 E -, 200°ColA 2087
A 8FA . Carrier gase heliumS AF&3 2™, 1.0 mL/
mine] £E2 SHFUTE Injector &%+ 200°C, detector
<X &= 250°C, ionization voltage= 70 eV, mass range=
33-350m/ze] o2 WPt o] wj AHg-3F GC-MS=
GC(Agilent 7890A GC, Agilent, Palo Alto, CA, USA)®l
detector] MSD(Agilent 5975C, Agilent, Palo Alto, CA,
USA)7F 213 AZA % mass spectrometerE AH8-3} ST

29| =l

GC-MSel| oJ3] AAE FArgFa} Exfo| ol upet A
2 Efo®w Felgo] vehd 3714879 peak= mass
spectrum  library(NIST052)2} GC/MSDel| 4] &<1% retention
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2 Yepf 3t

IFE =Y 7|2 St pHe| Hst

A5 HE AxE AW 213G 4 717 E pHe
BE AroA 4 717ko] AEFE pHE A dAdol
Aot A T, 3%S}F 6% 2549 pH7F BN & FOo= 3
&3k3itt. pH7E 77 o}ﬂl Fashe @2 6% 9= ILF
R Q7 o @ 3% 9% IFAA US F45

Al VEFSTHFig. 1).

G F S 28 AF9 pH7} pH 4.5 JEZ H] =3

FAE Btk 28y Ao 11gdrE o mebA
pH W3} o] DLELE‘r 9= AHH 4 2 ME7HA
3%} 6% H= &2 pH7t F438HA 7H4ste] pH 4
o3tz ‘50135121 10%, 15%, 20% 9% a334o 2 ¥
3} flo] pH 4.5 XéE‘S A o}iit} =4 3 /MEHE 570
AR = 3%9} 6% A= IF7golA FESHA pH7F A
ske AEgS Holw pH 3577}x] AR AL, 10%, 15%,
20% FG% IS 2 W3l glo] pH 4.5 AEES FA8
AUtk 2= HE ge A9t =4 107099 pH A4
S BHH 3% AFFe A 10 0Ll pH 1.25 743t
ow 6% AFA A= H 1.03 485, 10% L5
oA = pH 027, 15% AFgo|X = pH 0.12, 20% 2LF%
N pH 0.11 74 A=t 7.8-9.9%%] HF AL
AS 90U7t 54X HS w pHel et A fivka B
¥ AF7F o W(Cho et al., 1981), A2 2F2e] %
4 717y & pH WstE Yepd ApollA] &g AMEEFe] 4

< IFL pH7F 5435 Hastar E]_J—% vhE Sk

=

[e

—{'oN o) @

(Kim et al, 1993). o= & A NA 10%, 15%, 20% G
o] IFA2 pHe & Wt gldlen, 420t B2 3%
9} 6%2] IFFol A= pHZt T4 3H Z.}iaf}ﬂ—t— A8 4
5
45
f —— 3%
I 4 = 5%
=%
=1 0%
35 Y == 15%
—— 20%

0 1 2 3 4 5 6 7 8 9 10

Fermentation period (month)

Fig. 1. The pH value of gochujang during fermentation.
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Fig. 2. Analysis of the viable cell number of microorganism in
gochujang during fermentation. (A) Normal Bacteria, (B)
Halophile Bacteria, (c¢) Yeast.
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wol M7h dE vz Aol Azt =o nigE A
T A A= f71aEe] AAE ] SA40] AvE pHE
AS7E A dojubA] e Zlo2 Held.

.

s} v g fAT Pk
pastglon 27] pH 2AE

& 27173 At 594 A, &
o] &7 71Zke we AE Fig 20 Yehidth =
Ag AFe 24 4 ML7A = RE dxoA] 2 ¥3 ¢
et ey =
AAA 3%} 6% Aol AFFL HAH

sk,

7-7.5 log CFU/g®] 22 YER}IL
57140l
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<4 10 €l 7P A= 9 3% IFEE 6.20 log
CFU/g7HA 43ttt 6% 9% 1542 54 57190
6.40 log CFU/g7kA] ZH&atdtizE <54 10 7 Lell= o<
H|5=3k 647 log CFU/g= UFERSETE REAC, 10, 15, 20% 2
Lo IFFL Ao 5L A% fXEAY 91 E 2
3 73] dukd g AEFE =

59%, 6.8%, 8.5% FEo] 1FF BT A Z7|HE HA4
40 Y7HA A<l & sk glo] 6log CFU/g $1Ee]
& FA38k2L Ed(Lim & Song, 2010), 2 Ao &
olit} &t o & £ 7log CFUg F=E YER}
7= YA A4 27)d & Wt glths A9 599
t}.

38 Alste] At W3}t Fole 37148 At A
Th A 3ML7AE RE FRoA 2 W} Qlo]
7-75log CFU/g®] &< FASHAT 28 3% 6%
AFEE A 4ANEHE AFrTt AR Ay
A Frste] 3% T3S &4 479l 6.95log CFU/g, 543
5704ell= 6.57log CFU/g, <74 10 7Hell= 6.17 log CFU/
g7HA Ao, 6% AFE-ES 54 4719l 6.87log
CFU/g, %4 570€9l 633 log CFU/g, <4 10 /L&
6.27 log CFU/g7A] 7343k T). whdol, 10, 15, 20% 9=
IEAE A 10 WL7HA 7-75 log CFU/gel 5 F-A]
Ele=

AR B9 A% EE 929 AEdA F 4310g
CFU/g® H=d A5 UERAAAIRE S24d0] i A
Fx HE Aol ¥t e tEA YET 3%
6% LFFE A 1 MLDolE 6log CFU/g AEE Ad<r
7} Z7bstAT 3% 9% AFAS SA4 2L A4
370l 22 5log CFU/g 4 log CFU/ge] X2 G %7}
B QA 2 o]Fol= Rt FRIER] Ukt 6% I=

0097l RArks ATATANE pH A3kt Aeloleh

3L AL 9o H(Ahn, 1986), B7] FHIE H7HgE 5
& AA E2 pHell ofel] /o] Ades AR Ut e

gtha. JEPHJTHKIm & Lee, 2009). 2 A% 3%
b 6% A=) FGNA pHIF ABkE wAHSA ool
AHA e pHA ol ARV A%a}7] olH e Aow
AT 10%2 15% A= 23 54 171
T 7K AR 25 oF Slog CFU/g AES] A4S Ho
FAoH, 15% H% 25339 <4 3709 Aol aR7F +
YR FE FS Astre F /A dr] ARA B
T &4 101€ AR 8] 257 EE = 9=rt
7 e 20% 25 OE dxeks t2A $4 170
AEE AFF7E oF 3log CFU/ZA gasil o, 44
4MEEE aRIF B EA EAUTH 105% I L5

%0 90 A7 AR G} FE2] FUHvhE AT At
AOoM(Kim & Lee, 2009), 272 FFE 23t 10% o

T aFFe] AfolE &4 12 F7HA] s 2RV
Aok 227 AtkKim et al., 2003). A 7] IF
&3k pH7E BISeh EQUE wIske] 20% H= A
Aol AVHA R 7F FE 53R 2%eH, o]+ pH KT}
T E2 959 ¥R gV AEEA] K Ao AL
¥
OFE A2 9 microfloral| HS 2A

/o] YA dE IF A5 $-F Wl
P B S5t sid wilolA dej& 5FH st
o] AT 3% ALFFoNA SN A "He A
ol Peanibacillus macerans?7t -3t ANL, 54 171

4, 4 2 /MNLE7A = Bacillus licheniformis, <73 3 714
o= B. licheniformis®t T8 B. amyloliquefaciens”} &
o] e EIT} w0 3|2 AN 4 470, &
4 509, %4 10 ML= B. subtilis7} 3% FE=2]
< A 6% 9= AFFAME Ha AT 4
1 NE7AA] B, subtilis7t A= 3A5L, <578 271 oll= B.
pumilus, <73 371 dol =HA B. licheniformis7t $-743}7]
AlZrete] 4 5 7R 7EA] = ATh 2E v 4 3714
7HIA = o FRbo] 9451 wiHe|, <] 47019, 5 /ML
= B. licheniformis ©1919l B. subtilis’} ®-2|=$loH, 71z}
B. megaterium®} B. atrophaeus 5 TFYeH Fo| 2 H AT
%A 10 WE27HA] B atrophaeus®t $74 B. subtilise B2 4
Fo =z BIHUY 10% B% ZFFL B licheniformis2}
B. subtilis '+ E%o] A 4717 F< AZeIUH =4
1 NE7MRA = B. licheniformis$t B. subtilis & & 25 4
SOIRAR, 44 2MEoll= B. licheniformis, <73 3 714
o= B. subtilis7k 217} $3E0I10AL, 57 4704, 5704
o= oAl F 7R #F7F 3 B EAH, 4 10 1€
o= B. subtilis®t RHESE YGEFHETE T8 15% H%
IFEFLE 10% 9= LF43 7o) B licheniformisSt B.
subtilis7t <3717 W $-3E o= e1= Yt 22t =
7] %78 3 MY7MA= B. subtilist & ¥ EE | EHAS

, S48 ANEREE 10% 9% 27 $9T 4T
S BTk E3 20% A% IFFE 10%, 15% = IF
A3} 2R 2 F2 B, licheniformisS} B. subtilis7t 4573
717 F $AToIA. 54 3/WL7MAE B subtilis <} B,
licheniformis7t A2 HFE o] FAL, 4 5L
S A9 skar

>

Virgibacillus pantothenticus7t %388 ©]&
10%, 15% 9% 2547 <4 713 2 %

F7t LI BE FuoA & HlFoR AR
licheniformis$} B. subtilis= 2157% #8 ol T4
T Aew AREY duvt We 3% 9%
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ZYZ} P macerans, B. amyloliquefaciens7t o] 2] F AL,
6% A% 23 T3 54 2/01LDol= B pumilus, <73
4708z 4 s/ de gds #57F A
10%, 15%, 20% A= L5 7174 Aol Ault=ol
A v]S=gk AeS Holsdl, 2 B licheniformis -2 B.
subtilis7} = 5737170 &3t 78 Bol B =T

T Al 3% A= 2FEe 'E AFole 2714
AleolA B1E A= Th2A B. subtilis7t -85S ©1F
aoglew, &4 1/Hdele B osubiilis ©19]ol% B
atrophaeus, B. licheniformis, P macerans 52| th¥et 457}
TS olFL At 4 2/1EHE 3/ML7A= A
B. subnlis7} 7V @ol EHdoH, %4 471Ldd= B.
subtilis ©1] %= V. pantothenticus?’t 7 -85S o]FH
3, A SNETEA] BE HFo R ERIEIIT 54 1071
Qoll= B. subtilis$t A B. amyloliquefaciens, B. pumilus,
P larvae 5 TF¥S Eol RIS 6% 9% AFFS
G A 5ol= B atrophaeus’t $-HEFS ol F AR, 54
1 NEF¥E B subtilis, B. pumilus, P. larvae7} &7 £
HRom, 4 2/MLE5E SA 10 71L712] =3 B.
subtilis7y 6% A= J1Fg] T 10% F= 2L
FAo GF |= B. subtilis, <73 17/M¥E= P
macerans7t $-2F|U k. &4 27/ML = B subtilisS}
B. licheniformis7t A 2 ¥l&<S AAst9oH, <44 370
4HEE 4 101E7E 6% 9% I35 npziriA|
2 B subtilis7t $8FC1AT. 15% A% IFFL 10% &
T a3 iR R @ Z ol B subtilis7t $-3E©)
A3, =4 1L 10% AFFI el P
macerans7} B F-i- AR SEAL AAAI WL, o] 9o & B,
atrophaeus, B. pumilus, Oceanobacillus % 5 TH3lA &
A=A 28 4 2 MEHE S 10717 = <
459 A2 AYSIAL 6%, 10% 9% 23T 7o)
B. subtilis7t $-3E1ATh 20% W= XFFE Ha AT
ol B. atrophaeus®t B. pumilus7t $-HAZo|AAT, &4
1 NEEE = A B subtilis7t 20% A= 3573 g
2 H|FS AR AT B. subtilisSt A 54 2
= B. licheniformis, 18|13 %73 5 /WYEll= B. atrophaeus
7F Bol wEEATh 3714 Al riR AR, SHA Al
2] WS B subtilis7t BE =AM P & HIFoE
g 28y 3714 MM = B. licheniformisk 3
Al 337 A A Bol e v, 9/ Aol A
= vy AA = Ak vEOl Peanibacillus 5°) &
2 oA HFCR eRIFT 273 3% HE IF
A s 4NERE s 450 9L sk v,
6%, 10%, 15%, 20% 9= 1542 &4 2 /L5 E T2
B. subtilis7} -HE 2 SRIE AT

R HFS HH, BE A 4717 B¢ o
et #Eol EIEAT. TP AR 3% Hx ALFAl

ko3
ek

d=

Me Jam A5 bFs Fol EEHIAT BEE 4Te
W55 Candida 42192 M, C famata, C. parapsilosis, C.
valida, C. zeylanoides?t A=At} o] L= Cryprococcus
terreus7t B2 E AT A4 17120 AYAX C validas}
SHA| C. diversa, Kluyveromyces lodderii7t Q1= 0™,
<A 2 Mo+ K marvianus, <373 3 WL N= C. valida
7b 8F oAUk T 6% A% AFFLE 3%
A3 o] @F A Fo| C vdlida7}t $HF0IN M, &4
1 /NN = Saccharomyces cerevisiaeZ} 717 Bol 2]
o} 3%S 6% A= ALFEE 247 4 4709, < 270e
8 pH #4aet 3 #F7F L2 EA ST 10% 9%
IFFANE 6% FE AFEH Lol @5 AT C
valida?} $-78%0192H, &4 17193 $4 271Ldle S
cerevisiaeZ7} 71 ol EIHIT 4 37/1€d+= C
JfamataZt $-2F01F o, 4 4 MLoll= THA S cerevisiae
7} Wol E2=EATh &4 5MLoll= S cerevisiae ©19]ol =
C. famata, Cryp. albidus, K. lodderii, Rhodotorula rubra 5 T}
&t Fo] EE UG A 10 7/1€ol= THA S cerevisiae®)
Zo] B FAT 15% % IFHL 3%, 6%, 10% A= I
FA v AR B H$lE C valida©] Bol 2=
3, o] &l C fragariorum®] o] EFAh A0 Ay
WA A 1Yol C famata®) AWAFHIL, 4 27
o= C famata, C. polymorpha, C. utilis, C. zeylanoides,
R rubra 5 TFEFE Fo] ERIEHAT <4 37Hdl= &%
7F EEE A esk=t pHO| Zhaol ofaf &R e
b A F o)A ek Kim et al(1993)2] A+ Azs}
ow, B AF Ay A pHoll o aRe] B &
T AR e ZO R AIRHETT KA 47MEol=
HAEo M ASo] 7ls3t S cerevisiae?’t THA] -4
e leom, <4 sLol+= C versatilis, <73
Yo% C halophila7t F-HFCIATh. S/d0] HWA
HzoA ASo] Brbset A= AR E3le
2 HAT 20% 9% IFFAME g desd vt
7R Z2 GF FZodEe C valida®] AW AETAL,
1 70go] FAA K lodderiio] 7V Bo| E=AH, <4
3/MLol= S, cerevisiae?t FCI1U M AT =&
20% FE ZFFAAE 54 27190 BE AT =4
1Y, 40 25 Ad A 4 37/HLAARE #5377}
AL 54 $717F HHA 22 dre o) are
Aol ol YA = AR Al ETh BE dEolA &
Candida £33+ S cerevisiaeZ7t 1372 wgod 7%
A #Aofsts Zo R AdHEn. BE drA
o C valida7t $3&°10th 3% A% IFFolX =
717} &< Candida <°] T2 H&ol| AAE sIAL,
ol Cryp. Terreus®} K. lodderii®]l -1t} 5 71A]
= F S S cerevisiageZ’t $HEFOZ FRIER] &9
ot 6% S% AFFAAME C valida®t S. cerevisiae?t &
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A z2719 aF bRl #osiien, ojds BRIt
T EA BTk 10% LFEE 4 Z719= C valida$}
S. cerevisiae7t $H8F 02 RN, FAJo] AUHEA C
valida2t A Cryp. albidus, K. lodderii, R. rubra 5 T}
3 Fo] FAHAUY 15% F= LFANE C validas}t S.
cerevisiae ©121 R. rubra7} &73 271 €l Iz
20% 9% AFFAME thE A=} nR AR C valida
9} S cerevisiae’t FHECE BIEA A, K lodderii®] <
A 1700l $HFoRE ERIFATE ARE BE AR
S 717k &2t Tkt Fo] ERIFH AT

AT} CIZ TfehA DR SILY & (N2

il e e R L R e R e K R

>~
b
Ol
ok
;8‘
v
N
N
M
1
o
o
oo
ot
oL
L
rlo
0% o
N
~
ML
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A ST A AAPEES 7IA oS FE
G AERER B8] S5 gas chromatography(GC)E ©]-&
3kAth GCeF 2 #3214 (mass spectrometry, MS)S 53l 5
AE Aol Azl 15374 Hrdl et 4 7R
&) 233Ee] Wshrt o] 9| dolu=AlE Akt

HEE t=2A st Az AYd 213G 4944
£ 3 F719ES GCY GC-MSZE #4135}
43 A= Table 1-501 UER AT A4 o2 Az
EE geEst 2349 544 HgA alcoholF7t 12 F,
aldehyde 7} 5 &, esterf7} 26 %, ketoneF 7} 6 %, furanF
7} 3%, pyrazineF 7} 1, acid® 7} 3%, sulfur-containing
compound 7t 1%, alkane¥7} 5, alkenef7} 5%, 7IE}
3% 5 & 7059 I el FREUTE AlFHQL
SHoz RS o, ester®e SR/ 7P B, I U
o] alcoholF, ketoneTF, aldehyde® 2| <=A1 2 YEFSETE
FFAe] Fa3% ¢4 E F sl alcohol IFES
A3 E B3l AxEHE FFY IF FEZHAAN T4
st R0 2 B E A tHChoi et al., 1997a; Choi et al,
1997b; Lee & Choi, 1998). Alcohol 3}3t&E2] A7 HE =5
NMe BE dx] aF4A ethanolo] 7HY w2 HA
H &S YRl AT 379 243 o] U=t 7]1os)
£ ethanol> E R UAMIER, & FalstHA] A=
£ ¥7]EZol|t}. Ethanol &4 3713 4 71 FHuj
AEFE YN ATE 3%, 6%, 20% A= IFFAA=
10-20% BE2 =2 FFoZ YEPHEAT 10%S 15%
HE IFFONAM 20-30% FEE AFHOR A HEH
Atk ol= 10%2F 15%4 L&) Hodte =7t 7
Bol St AL Frlof] YIS FE HOE AR
Ft}. 2-Methyl-1-propanol3} 3-methyl-1-butanol 3+ 3
o] 243k gl 7o E S AEo|t) 2-Methyl-1-

Table 1. Volatile compounds identified from gochujang (salt
conc. 3%) (unit: peak area %)

Fermentation period (mon)
No. Compounds name 0 1 2 3 4 5 10

Alcohols
3 ethanol
10 2-methyl-1-propanol

13.7316.12 14.08 17.68 14.66 0.85 2.60
1.19 1.04 0.73 051 -1) - -

21 3-methyl-1-butanol ~ 7.78 8.09 6.02 - 2.80 3.76 1.64
22 1-pentanol 8.04 839 - 406 285 - 1.69
36 1-hexanol 0.53 - - 090 0.51 0.51 0.36
Aldehydes

48 benzaldehyde - - - 0.11 0.22 047 0.19
Esters

2 ethyl acetate 38.2336.6623.08 32.76 21.03 8.25 24.57
3-methyl-1-butyl

1 acetate

3.70 15.8024.22 7.13 16.42 9.23 11.54

0.76 2.17 2.35 1.98 0.73 0.43 2.35
0.41 0.50 0.44 0.36 0.58 0.65 0.72

19 ethyl hexanoate
40 ethyl octanoate

65 2-phenylethyl acetate 5.72 0.54 0.56 - 029 - 0.64
Ketones

29 3-hydroxy-2-butanone 0.40 - - - - - -
Furans

9  vinyl furan - - - - - - 0.17
23 2-pentyl furan - - - 115 1.14 - 140
43 furfural - - - - - - 0.05
Pyrazines

44 tetramethyl pyrazine 0.63 0.79 0.83 0.60 0.78 2.23 0.58
Acids

41 acetic acid 0.86 4.87 6.37 4.80 11.4819.4515.83
58 3-methylbutanoic acid - - - 129 1.02 1.95 1.04

Sulfur-containing

compounds

45 diallyl disulphide 0.64 1.63 1.68 1.67 1.74 - 1.76
Others

6 toluene 045 071 - 2.07 0.96 0.79 2.52
12 p-xylene - - - 0.52 0.74 0.32 0.70

26 styrene 2.65 231 0.67 0.69 0.96 1.13 1.62
1) - : not detected

propanol 3%, 6%, 20% A= LA 0-1%<] vv|g
FEo 2 AEHE W, 10%, 15% P Il E ok
o 2 12% A= FEo 2 HAEHUeH, 4 3714,
470€el Hi FFE YERATE B3 3-methyl-1-butanol'=
10%, 15% 9% IZFHL 54 T719 3704, 471€
Ha 7 10% BEe] WHN SR JEREA T, 3%,
6%, 20% A= AFAX = Aol AN FiHoR
A ol AEHAUT I A5 T vl
o3l I E SR B IH 1-pentanol¥} 1-hexanol® AZ
= ATHWolf, 1975). 1-Pentanol> & Z7|d& =& A4
FS Ho|A glou o]F 4 47/MYFH el A3
ol 2y 3% 9% 2FEF2 54 10719 o
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Table 2. Volatile compounds identified from gochujang (salt
conc. 6%) (unit: peak area %)

Table 3. Volatile compounds identified from gochujang (salt
conc. 10%) (unit: peak area %)

Fermentation period (mon)

No. Compounds name 0 1 2 3 4 5 10

Alcohols

3 ethanol 11.83 11.16 6.46 6.25 8.59 4.15 2.98
10 2-methyl-1-propanol 1.11 0.62 - 0.19 - - -
21 3-methyl-1-butanol - 297 0.56 0.58 - 0.95 0.62
22 1-pentanol 566 - - 059 059 - -
36 1-hexanol 036 043 047 0.39 0.24 030 0.28
Aldehydes

48 benzaldehyde - - - - 0.16 0.58 0.27
Esters

2 ethyl acetate 47.96 24.41 14.09 19.46 23.29 9.94 24.80
3-methyl-1-butyl
acetate

19 ethyl hexanoate - 119 -
40 ethyl octanoate 025 - -
2-phenylethyl
acetate

11 1.45 26.34 22.78 25.25 23.00 12.89 17.30

1.46 127 0.68 0.95
021 0.36 0.45 0.35

65 547 - - - - - 033

Ketones
3-hydroxy-2-

butanone 032 - ) ) ) ) )

Furans
9 vinyl furan - - - - - - 011
23 2-pentyl furan 0.30 1.17 145 039 1.21 1.23
43 furfural - - - - 049 152 2.14
Pyrazines

44 tetramethyl pyrazine 0.49 0.49 0.49 0.35 0.58 1.96 0.59
Acids

41 acetic acid

1.10 9.08 16.55 13.87 20.82 25.91 20.11
3-methylbutanoic

58 acid 0.58 - - 0.69 0.89 1.44 0.87
Sulfur-containing

compounds

45 diallyl disulphide 048 1.07 1.18 1.15 1.11 - 149
Others

6 toluene - 0.64 098 2.05 0.82 1.00 421
12 p-xylene - - 033 021 0.53 023 0.60
26 styrene 062 1.04 - 0.58 1.02 097 1.70
Al 1.69%2] E o R o] A& =AU 1-Hexanol
& Q38 ARt BETF B TR AEHAUY 3%,
6% HE ALFFANAE 1% olste] oz HEH v
10%, 15% 9= 23l M S40] ALpaA 1% ol gel
FES BHAL, 20% FE IFFINE 2% AER HEE

ATt

AldehydeT= thHE9] AlRAA 4 2710 HEEH
A gsker <4 3/hdRE AEE7] AlAeled, A
S8 F oE AES s dHH R A2 FolUrh
Aldehyde® % benzaldehyde:= crush bitter almond &S
w2l QlFHeR Hutd A F2 e E 5 3
on, wFot AFdA AEHE T2 F7] AEolthKim

N

Fermentation period (mon)
No. Compounds name 0 1 2 3 4 5 10
Alcohols
3 ethanol 13.8720.67 11.2222.71 26.71 15.65 1.98
10 2-methyl-1-propanol 1.13 1.88 1.02 1.77 1.54 0.51 -
21 3-methyl-1-butanol - - 523 752 779 495 4.18
743 6.38 - - 780 - -

22 1-pentanol

36 1-hexanol - 0.64 040 1.01 0.69 0.13 0.74
Aldehydes

48 Dbenzaldehyde - - - 015034 - 053
Esters

2 ethyl acetate 37.44 3.82 32.6033.3125.1333.53 19.44

3-methyl-1-butyl

11 .16 - 1.15 1.32 3.38 0.69 19.74
acetate

19 ethyl hexanoate - - 0.74 240 2.65 1.13 4.63

40 ethyl octanoate - - - 0.50 1.00 0.49 0.75

65 2-phenylethyl acetate 7.68 - - - - - 022

Ketones

29 3-hydroxy-2-butanone 0.43 0.50 3.61 - - 011 -

Furans

9  vinyl furan - - - - - - 027

23 2-pentyl furan 040 1.11 - - 0.81 034 1.78

43 furfural 0.67 - - 021 054 - -

Pyrazines

44 tetramethyl pyrazine 0.64 0.69 0.62 0.69 1.20 0.62 1.75
Acids

41 acetic acid 3.28 1.86 1.02 0.84 1.58 1.30 6.01
58 3-methylbutanoicacid 1.36 - 045 0.68 0.75 0.50 1.43
Sulfur-containing

compounds

45  diallyl disulphide 0.79 1.14 0.56 191 1.70 0.44 2.07
Others

6 toluene - 049 - 272 143 021 4.14
12 p-xylene - - - 046 073 - 0.69
26 styrene 090 1.27 1.21 1.43 1.62 0.84 2.63

et al., 1992; Kim et al., 1997). T} =9 AFHNH=
=4 Y o] FHE HAEEHO] 0.5% °olste] FELE U
Bt whol, 20% 9% AFFAE H4 1
1% ol’de] FFo 2 HAEEo 4 5749 FHa 4
2.52%2 JUH oz e o] ERI=HAUTH

LS W= esterFe= w4 E 70 52 R T F
26 7HAE 71 B2 o] ERI= T} EsterF+= alcohol
wHo} 3ol alr] wiol| aFge] FuldA 7Pt &
83 93-S o= Aom duEA v dFE AFF F
7173 oM E ethanolt T F238 I FTIHECRE
2E 2 JTHKim & Oh, 1993; Choi et al., 1997b). Ester
A} Rl T8 7] A2 ethyl acetate
Aol IFFolA T ATl 20-40%S §uts)
2 ¥R AEHAY. 53] 3%, 6%, 10% H=

k2 ofn

il

Hor du

N
-
ot
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Table 4. Volatile compounds identified from gochujang (salt
conc. 15%) (unit: peak area %)
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Table 5. Volatile compounds identified from gochujang (salt
conc. 20%) (unit: peak area %)

Fermentation period (mon)
No. Compounds name 0 1 2 3 4 5 10

Fermentation period (mon)
No. Compounds name 0 1 2 3 4 5 10

Alcohols

3 ethanol 17.51 10.08 12.46 28.05 28.24 10.33 8.03
10 2-methyl-1-propanol 0.88 - 0.82 2.60 2.56 0.52 0.04
21 3-methyl-1-butanol 9.61 5.77 4.05 12.7710.93 4.18 7.05
22 1-pentanol - 668 - - 1227 - 0.20
36 1-hexanol 0.42 2.55 027 1.61 135 0.13 1.24

Aldehydes
48 benzaldehyde - - - 020 036 - 0.12
Esters

2 ethyl acetate 23.8710.1637.33 8.39 5.33 29.03 8.32

3-methyl-1-butyl

Alcohols

3 ethanol 13.06 9.60 9.33 19.6113.3714.45 3.57
10 2-methyl-1-propanol ~ 0.71 - 0.74 - - 098 -
21 3-methyl-1-butanol 491 2.80 4.77 3.09 2.78 3.36 4.90
22 1-pentanol 471 - - - 274 - -
36 1-hexanol 0.18 2.61 2.26 1.10 1.89 1.60 2.66
Aldehydes

48 benzaldehyde - 1.12 1.13 0.78 1.47 2.52 0.86
Esters

2 ethyl acetate 42.3723.7813.59 9.82 5.83 7.4210.30

3-methyl-1-butyl

11 272 - 059 1.07 2.12 026 143 11 1.54 - 2.61 046 1.24 0.55 1.12
acetate acetate
19 ethyl hexanoate - - - 340 540 0.77 5.89 19 ethyl hexanoate 029 - - 489 6.23 1.92 4.89
40 ethyl octanoate 055 - - 0.58 1.06 033 1.06 40 ethyl octanoate 027 - - 0.64 0.89 0.69 0.88
65 2-phenylethyl acetate 14.79 - - - 0.13 0.08 0.10 65 2-phenylethyl acetate 10.78 - - - - - -
Ketones Ketones
3-hydroxy-2- 052 1840 061 - - 032 - 29 3-hydroxy-2-butanone - 14241251 - - 122 0.10
butanone Furans
Furans 9 vinyl furan - - - - - - 054
9 vinyl furan - - - - - - 04 23 2-pentyl furan - 279 257 - 231 228 391
23 2-pentyl furan 0.45 2.57 0.64 1.05 0.82 031 1.98 43 furfural - - - - 280 239 1.55
43 furfural - - - 032049 - 0.10 Pyrazines
Pyrazines 44 tetramethyl pyrazine  0.56 2.46 2.37 2.62 3.14 2.50 3.36
44 tetramethyl pyrazine 0.61 2.57 0.57 1.00 1.76 0.90 0.98 Acids
Acids 41 acetic acid 2.61 1.78 2.07 - 3.33 2.36 2.44
41 acetic acid 4.17 150 1.42 0.69 0.72 1.17 2.21 58 3-methylbutanoic acid - 4.59 1.63 2.28 4.18 3.27 4.15
58 3".:‘fthylb”ta“°‘° - 277 - 126 132 048 2.10 Sulfur-containing
act compounds
Sulfur-containing 45 diallyl disulphide 0.33 3.66 3.14 4.58 4.39 1.60 4.51
compounds Others
:I)Shdlallyl disulphide 0.67 3.50 0.63 2.86 2.12 - 229 6 toluene -~ 177 158 5.61 428 144 578
6t o S 052 940 450 046 s 12 Pviene - 112 112 0.74 213 1.12 188
toluene TR e e TR T 26 styrene 0.34 2,69 2.57 137 1.51 2.12 2.84
12 p-xylene - - - 081 1.06 - 099
26 styrene 091 4.11 1.29 2.11 231 0.75 4.25
butyl acetate= & 7|9E A Fe ALE AsHLh 7
DRSS G871 U 2030% FEE el A ARl othyl hexanoates) 52191 EF] ethyl
m A5 7)o FAAROE IRIFATE 15%SF 20% @ octanoate= FA|E AT BHE AANER HEE A4
T aFALS 24 3795 E 10% ele] *JEHXJ.Q_E 2o Ho]tKChoi et al., 1997a; Choi et al., 1997b) Ao

Atk HES] 3% 6% A% o= Ht
Yol 23k A8 3-methyl-1-butyl acetateﬂ esterfr %
T HAR Z HEE AEHUAS S4 1 LR E Stst
o 54 10 ML7HA] 10-20% F=2o2 LUERST o
10% 9% 2534 %H 10 70l 19%2
L 0-3% % _1]:_/] )\]-EH;GO 7(—12.
ol AZ=AUth ‘E@, 15%9} 20% HE IFEE A &
4717 St HAEHA FAY 2% olEtE HEE o=
Hol, 10%, 15%, 20% %= 5742 gl 3-m

oz
i

)

N e

2~z O
FES B

/HE 3%, 6% 055 FEANN =

ethyl hexanoate”} 10%, 15%, 20% %ﬂg 1%—%}011*1{— &
A 3NEFE 2-5% BEe] FHOoRE F2 v &= gl
H A} FEgk HEZFS] 2-phenylethyl acetate= B A%
ANA FF AFo] B F HAEHAJSH olFo= 0.5%
ojste] W& WAN|EE UEETHYuda, 1976). B 4
o] &% 2-phenylethyl acetate= FE7/t Zold4S =
HANES Yehlle Aol er, 15% = 2F7gellA
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7 =2 14%°] WARES 7T 4 2719 716l
Z}z} 2-phenylethyl acetate$} ethyl hexanoate®] W% H]&o]
=G 10%, 15%, 20% 9= ZFFo] 3%9} 6% I
Ao e E7F 28 A0 2 AlRE

u Ao F7+ hAREES] ketoneFE U2 A
IF F7IEA T IR 2 W2 AAE SR SRl

o &4 27dE HEEA &2 ARl ¢ BJeH, &
A Z7)of vlwd =& WER ketoneF 2| 7R A
HAZ AEH PR e dut 22555 BT
g A 54 FEAA durt ISFE 3714
AZo] THa

sie S ERlisided, ol sl HAdE

o] thAlelH A== ketone =H O] Ho|A= o AR

o} o] Ak v Ee] Fa3 gA Edo|HA] Bgfe

4] 37]1=52 <1 3-hydroxy-2-butanone(Acetoin)°l|

A FaFow #EAtHKim & Ko, 1993; Sun et al,

2012; Ann et al.,, 2013) ©] A2 3%t 6% 9% 5%

ANMe 4 1/HLFE FEEA] FUAR 10% % 32

FAAAE A4 270 3% o3 FEoE HEHAU

o, 15%9 20% A% IFFANME 54 1L 270
Lol 10% o’de] FEo 2 AEH AU

Furan®+ vinyl furan 2 2-pentyl furan, furfural®] B
A g dAnER ERlFeH, S4 2T Ete S4
F710l =2 NEFE ASHAT FAIE 237 7R
o|M= BFF7E Atsle Al A= 2-pentyl furan} furfural
o] B2 H|EE Yehgon, & AFoME 13T 9=
7t #2555 AEE FA7F =UTHKim & Oh, 1993; Choi
et al., 1999).

Pyrazine 5o|A|= tetramethyl pyrazine®] X 47|17+
e AZEHUT o] F714dE-E benzaldehydest T 7
=74 FFe Aol Hoste dEoE 2 AP 1F
oM = F Aol §A iAo FE HAel Hdost
= AL 2 A E(Kim et al, 1997). $19] benzaldehyde
oF zFo] 1F7Fe] HAE7t HobEFE tetramethyl pyrazine
o] AAM|EE F7teh= 3ol ATh

Acidie FHALE 2ES pHE EF=d 7|dsh=
ot Acidi FollA mA=9] Abshdae] AFER]
acetic acidE 3%} 6% FE ZFHANA A 5 7HE7HA
AAu]go] S8l HiL HAE A9 22t 19.45%, 2591%
2 Vel Wl 10%, 15%, 20% 9% 25l e

\=]

A
= aF
10% olste] HAH&S HAFHA thie] <4477k

1% B2 @A AFHAT 427t 28 AFHdA =
mAEe] Al Astel oel bt art diHos A

=
1:
i=]

jL
[e)
L

dojul= Zo =z Helth Acetic acide 2% oo
3y PR EN, A o SAT o o AL
7 B

A1 4= 2 th(Yoon, 1998; Kim, 2010). &

Al

= ¥orE

S U= SFEIAT 1 o] B AHS 23]
A A

Al 2F7e] RS HH W2 WHYEE acetic

loy
il
o
I

=123 R =1 I d}od

acid’} A&E=+= AL =2 UK Choi et al, 1997a;
Choi et al., 1997b). &L acetic acid’t A E 3% 6%
FE IFE EAo aFA FuRrhs A8 o] Al
gro] A Ao g AtgETh e nAEY] Akst AP E
3-methylbutanoic acid®= &% =0, acetic acid®t= T
A0 Aurt & IFFUFE ¢ B2 TR 4
ZHAh 28y 20% 9% IFFNNE 5% gke] |
AU &2 AEEI 2, acetic acid THE A1 ghol] & 9
S AR = S o= ddEr

ths, 3 SolA W FE e o sHEel dillyl
disulfide= 2& 7|7 WA= & AolE HolA| ¢A]
W A FE7F 25 WA Eo] AR dY =Tt
ES75 W FY e o AL AR ARHT

Alkane&°|A4]  hexamethyl cyclotrisiloxane, decamethyl
cyclopentasiloxane 5 5 F°] W2 <4 37HLHEH @
H| &2 &5} Alkene® =3 3,3'-thiobis-1-propenes}
3,7-dimethyl-1,3,7-octatriene 5 5 52| AJ&o] & WAH]|
2 AZHATH I A2 Fge] 7)ol A
= alkane® 9} alkeneF+= AL WAHH| SR AEHH, IF
ol IR 2 9% FA ¥v AR HItHKim

& Oh, 1993; Choi et al., 1997b).

71} 4ESZ toluene’} p-xylene, styrene®] HEE ST}
oL} benzene@2 7H toluene 43 7171o] whe} M)
A E HERE AEHAL 3% 25N E O 15
Hlgl] S HAHES B, 6%, 10, 20% L3l
7F AEe] HsE LR U, 15% 9%
oA 10% ol’de] HiL HAH| &S YER AT
TolM AEE F 70 71A ] F713E S alcohol
2] ethanol, ester#<] ethyl acetate’} 3-methyl-1-butyl acetate,
ketone 2] 3-hydroxy-2-butanone, acid® <] acetic acid 5©|
SA717F FQF 10-40%7H4] E=2 A RES AAFT o]
% 3-hydroxy-2-butanone’= 3%%} 6% 9= AFHoNAM = F
= FFolnt &7 HEHU oM 1 o] Foll= AEHA &%k
o} E3H acetic acide N LE 3%} 6% F= A5
ARE T o 2 HE o] YRkl aFAge] R Al st
o] A& Ao Z MLt}

B2 o Rl
of

e v e =
e %

o oF
i =

pHS W3l= 10%, 15%, 20% 9= g
717ko] A A] 2F7ke] pHe| 7Ha Ao dojur]= gl
A9k, o] & WskeE T 28y 9= o}
6% L7 FA% pHO| s BAFIUT S714 Al
e S4717F st & HsrF IAAIRY, pHE| A 73
S Bz A 3%t 6% HE ALFFONA BTt H B
o] ZadY. e AXANAM B. licheniformis$t B. subtilis
7F & HlsoZ AT 23y 97 B 3%}



3} Fole} vt SEA AlH = B
M A £4717 B 7P 2 vlFo SRIFEn. 18
U 394 MetollM= B. licheniformis Y2 Peanibacillus 4
o] @& FollA ATt o]QolE 3% HE IFTF
NAe 54 717 %t e #5771 ElE Ak EE’—*‘E
2 fF7E s47170e wet BEA YEbsed], ol p
94 :Lﬁd Astol] oJaf w2 pHAl®= 50| 7kt :E"T
T ST FEEE AR AT 20% oo ¢
Zo A= pHETE 2P o)t JFoz R F2o] o
HE Hoeg BHAYy BE dALddA Candida %3 S.
cerevisiaeZ7t 71 To] #E] = A0H, o] Qo= thekst ‘\EL—’E
o] gRIFATE HAEH LA F7IHEE esterit7F 26 F
2 7P %3, 2 % alcoholRF 7T 12 &, ketone R 7t 6 &
5 & 70%°] A=A ©] T alcoholF9] ethanol, ester
72l ethyl acetate®} 3-methyl-1-butyl acetate, ketone <] 3-
hydroxy-2-butanone, acid2] acetic acid 5°] 10-40% 4=
o] HAHIERE AZHWA Fa3 AROE YeWTh &
2ol tARbEOlHA mFA] aAag FHE He
ethanol> 10%2} 15%0lA JdlH oz &2 v g2 HEE
A3z, gkl 7]od3l= ethyl acetate= 3%, 6%, 10% &
T AFFNA AR EA YEeH, BiE 2w
o] Fa3k 7|4 E<l 3-hydroxy-2-butanonee & =7}
45 w2 9E&E AU vl 7)) F
3t 3-methyl-1-butyl acetate®} AP g o] F 23k 7o E
3} acetic acid:= 3%9]- 6% B AFFANA - =&
TRARE AEZHWEA I3 o]HE We ALE HRlth
AEAOZ dulAQ) _7__%,‘75)}94 v AE F=3 3y g
n|7b GEpR| R A Alzsh] 913 15 HA dee
10%7} 71 A-T Ao 2 AlRHH.

N =

d

ZIAle| 2
B A7E £3 wEn A2 AE ) 22 olaje] of
2ojzl o2 ofe 74 EGUT}
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