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Volatile Flavor Components of Traditional and Commercial Kochujang
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Abstract

The volatile flavor components of traditional and commercial kochujang were collected by simulta-
neous steam distillation-extraction (SDE) method. Essential oils were analyzed by gas chromatography
(GC) and combined gas chromatography-mass spectrometry (GC/MS). Tested kochujang included Sun-
chang kochujang prepared with glutinous rice, Boeun kochujang prepared with barley, Sachun kochujang
prepared with wheat and commercial kochujang. One hundred and twelve volatile flavor components
which included 30 esters, 15 alcohols, 14 aldehydes, 13 acids, 9 ketones, 7 alkenes, 6 phenols, 3
alkanes, 3 pyrazines, 2 benzenes and 2 furans were identified. The major volatile compounds in tradi-
tional and commercial kochujang were 2-methyl propanal and ethanol. which represented 21~36%
and 2~44% of total GC peak area, respectively.
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Table 1. Instrument and working conditions for flavor
analysis by capillary gas chromatography

EES AR 495

Table 2. Instrument and working conditions for the ide-
ntification of flavor compounds by mass spectrometer

Instrument HP 5890(Hewlett-Packard)

Column BP-20(wall coated with polyethylene
glycol), film thickness 0.5 um, 0.33 mm
IDX50 m in length

Oven temp 40 (3 min)—3C /min—2407T (70.33

min)
Injector temp  220C
Detector temp 250C

Carrier gas He(12 psi)
Split ratio 1:100
Detector FID
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raction) &% & Al&sledc}?, & AlgQl 23R 300g0)
ZF5 600mlS 7}sled X8 Dottleol] g, diethyl
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st A Sl E #3417 5 A8 BFE w7k AR
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GC #4¢ AAstded 1 %% 228 Table 14
Zon], Mass Spectrometer®] 2HE %712 Table 29}

Instrument
Setup source

Concept II(Kratos Analytical, UK)

Electron voltage : 70 eV

Resolution : 1000

Mass range : 27~300 m/e

Maximum mass . 1000

Heat temperature of detector . 8000 V

Scan speed : 1 second per decade

Scan using : Digital Analog Calculator

Data collected as : Nominal

Filter : Automatic set to 30 KHz

Mass defect : 0.5 amu

Accept peaks up to . 3.00 times

resolution

Minimum valley depth : 10 mV

Delay to first scan : 1:51 min

Maximum running time : 140:00 min

Maximum scan : 5000

Sun operating system Ver 3.60

Library . Wileynbs(National Bureau of
Standard, Washington, D.C.)

Mass Perfluorokerosene(BDH Limited, UK)

standardization

Setup scan

Data collection

Acquisition
sequence

Data handling
system
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Fig. 1. Gas chromatogram of volatile flavor components
from Sunchang traditional kochujang
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Fig. 2. Gas chromatogram of volatile flavor components
from Boeun traditional kochujang
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Fig. 3. Gas chromatogram of volatile flavor components
from Sachun traditional kochujang
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Fig. 4. Gas chromatogram of volatile flavor components
from commercial kochujang
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Fig. 5. Total ion chromatogram of volatile flavor com-
ponents from Sunchang traditional kochujang
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Table 3. Volatile flavor components in traditional and commercial kochujang

Peak?
No.

33
42
48
51
56
57
72
87
93
106
115
116
117

13
18
22
27
31
43
45
55
60
75
79
83
114

12
17
35
40
46
49

68
78
89
110

16
26
59

Compounds identified®

] ACIDS

Acetic acid

Propanoic acid

Propanoic acid, 2-methyl-
Butanoic acid

Pentanoic acid

Butanoic acid, 3-methyl-
Hexanoic acid

Octanoic acid

Nonanoic acid
9,12-Octadecadienocic actd(Z.Z)-
Tetradecanoic acid
Hexadecanoic acid
9-Hexadecenoic acid

[J ALCOHOLS
Ethanol

2-Butanol
1-Propanol
1-Propanol, 2-methyl-
1-Butanol, 3-methyl-
1-Hexanol
1-Octen-3-ol
Linalool

1-Octanol
2-Furanmethanol
l-a-Terpineol
Benzenemethanol
Benzeneethanol
1-Dodecanol
1.1’-Biphenyl!-2-ol

[J ALDEHYDES

Propanal, 2-methyl-

Butanal, 2-methyl-

Pentanal

2-Butenal

Hexanal

2-Furancarboxaldehyde
Benzaldehyde

2-Butenal, (E)-
2-Furancarboxaldehyde, 5-methyl-
Benzeneacetaldehyde
2,.4-Decadienal (E.E)
Benzeneacetaldehyde,a-ethylidene
5-Methyl-2-phenyl-2-hexenal
9,17-Octadecadienal (Z)-

{J ALKANES

Butane, 1,1-diethoxy-3-methyl-
Tridecane, 2-methyl-
Heptadecane

Relative abundance(%)"

Kinds of kochujang®
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Odor description

pungent sour odor reminiscent of sour milk
diffusive sour, pleasent fruity odor

unpleasent odor

diffusive, acrid-acid, cheesy
acrid-acid, fatty-rancid

sweet-ethereal, mild odorf
alcoholic and slightly stupefying odor
cough-provoking odor, sweety

cough-provoking odor, winey
winey, slightly fatty and fruity odor

faint burnig odor
characteristic lilac odor

rose-honey-like

characteristic pungent odor

odor of volatile oil of almond
character impact compound of cherry

identified in white bread




Table 3. (Continued)
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Relative abundance(%)"

Peak® Compounds identified® Kinds of kochujang® Odor description
No. SU BO SA CO
[J ALKENES
32 1-Propene, 3-isocyanato- +
34 1-Butene, 4-isothiocyanato- +
36 1,3-Butadiene 5
61 a-Terpinolene sweet pine odor
62 Naphthalene +
81 Tetradecene
108 Bicyclo 5.2.0'non-1-ene +
[J BENZENES
11 Benzene, methyl-; Toluene sweet grassy odor
20 Benzene, 1,4-dimethyl- + identified in natural cocoa
1 KETONES
19 3-Pentene-2-one, 4-methyl- +
25 3-Heptanone, 5-methyl-
38 Ethanone, 1-(2-furanyl)- + +
50 2-Cyclopentene-1-one, 3,55-trimethyl- +
70 -Damascenone + +
80 B-lonone + + + warm, woody somewhat dry odor with a fruity
undertone
82 Ethanone, 1-(1H-pyrrol-2-yl) +
88 2(3H)-Furanone, dihydro-5-pentyl-
101 2(4H)-Benzofuranone +
] FURAN
2 Furan, 2-methyl- +
24 Furan, 2-pentyl- +
7] PHENOL
73 Phenol, 4-methoxy- +
74 Phenol, 2-methoxy- + phenolic odor
76 Phenol, 2-methyl-; o - Cresol +
77 Phenol, 2,6-bis(1,1-dimethylethyl)-4-m +
86 Phenol, 4-ethyl-2-methoxy- + +
96 Phenol, diethyl- +
[0 ESTERS
3 Acetic acid, ethyl ester 2 1 ++ ++ etherlike odor reminiscent of pineapple with
a bitter sweet, burnig taste
7 Propanoic acid, 2-methyl-, ethyl ester ++
10 Butanoic acid, ethyl ester t
14 Butanoic acid, 3-methyl-, ethyl ester +
15 Butanoic acid, 2-methyl-, ethyl ester -+ +
23 Hexanoic acid, ethyl ester. +
30 Octanoic acid, ethyl ester + +
39 Propanoic acid, 2-hydroxy ethyl ester 5 ++ fruity odor
58 Butanedioic acid, diethyl ester +
63 Benzeneacetic acid, methyl ester +
64 Benzoic acid, 2-hydroxy-, methyl ester + +
65 Benzoic acid, 2-amino-, methyl ester
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Table 3. (Continued)

Relative abundance(%)

Peak? Compounds identified” Kinds of kochujang® Odor description
No. SU BO SA CO
66 Dodecanoic acid, methyl ester +
67 Benzeneacetic acid, ethyl ester +
71 Dodecanoic acid, ethyl ester + +
84 Tetradecanoic acid, methyl ester + + honey and orris-like odor
85 Tetradecanoic acid, ethyl ester + 1 +  orris-like odor(fusel oil of molasses)
90 Pentadecanoic acid, ethyl ester +
91 Hexadecanoic acid, ethyl ester + +
94 Octadecanoic acid, ethyl ester +
97 Pentadecanoic acid, 14-methyl-, methyl + + +
ester
98 Decanoic acid, ethyl ester 3 8 + + fruity odor reminiscent of grape(cognac)
99 Ethyl 9-hexadecenoate + +
102 1,2-Benzenedicarboxylic acid, diethyl +
ester
103 9-Octadecenoic acid, (Z)-, methyl ester 1 3 + +
107 9,12-Octadecadienoic acid, (Z)-, methyl + + + + b+
ester
111 9,12,15-Octadecatrienoic acid, methyl + +
ester
112 11,14,17-Eicosatrienoic acid, + -+
methyl esterf
113 1,2-Benzenedicarboxlic acid, + +
diethyl ester
118 1,2-Benzenedicarboxylic acid, + +
bis(2-ethylhexyl)ester
1 PYRAZINE
29 Pyrazine, trimethyl- + + +
37 Pyrazine, 3,5-diethyl-2-methyl- 1 + identified in coffee aroma
44 Pyrazine, tetramethyl- +
1 MISCELLANEOUS
21 3-Butenenitrile t + identified in coffee aroma
28 Thiazole, 5-methyl- 3 foul odor
41 trans-Ocimene
47 Hydrazine, 1,1-dimethyi- 2 characteristic ammoniacle odor
52 B-Cyclocitral +
53 Ethyl N-allylcarbamate +
95 n-Butylithium +
109 11-Octadecynenitrile +

2Peak number refers to Fig. 1~4.

"Compounds were identified by Wileynbs database system on the basis of similarity>90%, however, 1-Hexanol in Sun-
chang kochujang and 5-methyl Thiazole in commercial kochujang was identified tentatively.

“Relative peak area(%) of a identified compound to total peak area calculated from gas chromatographic analysis using
FID detector.

4SU=Sunchang, BO=Boeun, SA=Sachun, CO= Commercial.

°+denotes small peak whose peak area is<0.1% of total GC peak area.

‘+ + denotes medium peak whose peak area is20.1% and <1.0% of total GC peak area.

Numbers in relative abundance indicate % GC peak area.
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