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Discrimination of Kochujang by Physicochemical and Sensory Characteristics
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Abstract

The kinds of kochujang were discriminated by using their organic acid compositions, GC peak areas
of volatile concentrates and flavor intensity determined by sensory evaluation. Tested kochujang were
51 kinds of traditional kochujang and 10 kinds of industry-produced kochujang in the market. The
traditional kochujang included 20 kinds of Sunchang kochujang prepared with glutinous rice, 11 kinds
of Boeun kochujang prepared with barley and 20 kinds of Sachun kochujang prepared with wheat.
Boeun kochujang was distinguished from other kinds of traditional and industry-produced kochujang
by using canonical discriminant analysis for the compositions of organic acids. Among organic acids,
lactic acid was the most contributing variable for the discrimination of various kochujang. Traditional
and industry-produced kochujang could be classified into 4 groups by using discriminant analysis for
GC peak areas. The peak number 2, 4, 8 and 11 were found to be highly contributing variables
for the discrimination of kochujang by using stepwise discriminant analysis. Industry-produced kochu-
jang was discriminated from traditional kochujang by using canonical discriminant analysis for the
intensity of 8 kinds of flavor property. The taste ‘umami’ was found to be the most contributing

variable for the discrimination of kochujang.
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Table 1. Instrumental conditions for rapid gas chroma-
tography

Shimadzu GC 8A

Chemically bonded fused silica
capillary column(CBP20-W12-100)
Injector temperature  240C

Detector temperature 240C

Oven temperature 60-2007C (10T /min)

Carrier gas Ny (8 m//min)

Detector FID

Instrument
Column
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Table 2. Questionnaire for the sensory evaluation of
kochujang

EVALUATION OF KOCHUJANG ]

INSTRUCTION

Please thoroughly taste a small bit of kochujang. Rate J

each sample for the intensity of flavor using the cate- ‘
|

gory scale below:

1 Weak very much

2 Weak quite a bit

3 Weak slightly

4 Neither weak nor strong

5 Strong slightly

6. Strong quite a bit

7 Strong very much
Sensory Sample code
property ( ) ( ) ( ) ) |
Sweet ( ) ( )| 3 ( )
Sour ( ) ( ) ( ) ( )i \
Salty C 2 HC ey
Bitter C HYC Yo oy é
Pungent C > HC Yo H o
Umami ( ) ( ) ( ) ( ) 1
Alcoholic ( ) ( ) | ) ) |
Musty ( ) ( ) ( ) ) }

Name of tester Date

A F7] 42 acetic acid, propionic acid, butyric acid
% 3-methy] butanoic acidglom, wl§uAl F7l4lo 2
<+ lactic acid, oxalic acid, succinic acid, itaconic acid,
malic acid, malonic acid, pyroglutamic acid’} 7%
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Table 3. Raw canonical coefficients of canonical discri-
minant analysis for the organic acids composition of
kochujang

Organic acids CAN1 CAN2 CAN3
Acetic ~0.0431 0.0028 0.0320
Propionic 0.0551 —0.0278 ~0.0485
Butanoic ~0.0051 —0.0014 0.0028
Lactic 0.0212 0.0010 0.0075
Oxalic —0.0032 —0.0055 0.0085
Succinic —0.0219 0.0716 0.0091

Table 4. Standardized canonical coefficients of canoni-
cal discriminant analysis for the organic acids composi-
tions of kochujang

Organic acids CAN1 CAN2 CAN3
Acetic —04231 0.0275 0.3139
Propionic 0.5681 ~0.2869 —0.5007
Butanoic —0.0899 —0.0247 0.0495
Lactic 2.0165 0.0990 0.7094
Oxalic —0.3245 —0.5599 0.8672
Succinic —0.3875 1.2687 0.1616

Table 5. Class means on canonical variables of canoni-
cal discriminant analysis for the organic acids composi-
tions of kochujang

Kochujang CAN1 CAN2 CAN3
Boeun 49785 —0.0883 0.0851
Sachun —0.8120 1.4092 0.1598
Sunchang —0.8063 —06436 —0.7182
Industry-produced —1.1893 —1.2246 1.1388
CANZ
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Fig. 1. Plot of the first two canonical variates (CAN1
vs CAN2) for the organic acids compositions of kochu-
jang (‘A’=Sunchang, ‘B’=Boeun, ‘C’=Sachun, ‘D’=
Industry-produced). 2 objects had missing values. 10
objects are hidden
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Fig. 2. Typical gas chromatogram of volatile concentra-
tes from traditional and industry-produced kochujang
for multivariate analysis

Table 6. Raw canonical coefficients of canonical discri-
minant analysis for GC peak areas of volatile concent-
rates from kochujang

Peak no. CAN1 CANZ CAN3
2 0.0000008 0. 000001 2 0.0000028
3 —0.0000012 —0.00000165 0.0000042
4 —0.0000097 0.0000113 - 0.0000132
5 0.0000069 0.000001:2 - 0.0000028
8 0.0000044 0.0000009  —0.0000013
11 —0.0000062 0.0000117 - 0.0000005

Table 7. Standardized canonical coefficients of canoni-
cal discriminant analysis for GC peak areas of volatile
concentrates from kochujang

Peak no. CAN1 CAN2 CAN3
2 0.2129 0.3324 0 7628

3 —0.1028 —{.1360) 0.3424

4 —0.4406 0.5421 —0.6015

5 0.4572 0.0765 —0.1837

8 1.0427 0.2049 —0.3047

11 —0.4019 0.7539 —0.0325
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Table 8. Class means on canonical variables of canoni-
cal discriminant analysis for GC peak areas of volatile
concentrates from kochujang

Kochujang CAN1 CAN2 CAN3
Sunchang 0.8881 —0.2981 —0.3347
Boeun 0.4962 1.2479 0.4001
Sachun —04726  —0.3834 0.5807
Industry-produced —1.2337 02582 —0.7294
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Fig. 3. Plot of CAN2 vs CANI in canonical analysis
for GC peak areas of volatile concentrates from kochu-
jang (‘A’=Sunchang, ‘B’=Boeun, ‘C’=Sachun, ‘D’=
Industry-produced). 22 objects are hidden
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Table 9. Number of observations and percent classified
into ‘type’ of kochujang in discriminant analysis for GC
peak areas of volatile concentrates from kochujang

Table 12. Raw canonical coefficients of canonical dis-
criminant analysis for the intensity of sensory property
for kochujang

Industry-

Type Boeun Sachun Sunchang produced Total

Boeun 8 0 0 0 8
100.00 0.00 0.00 0.00 100.00

Sachun 0 15 2 1 18
0.00 83.33 11.11 5.56 100.00

Sunchang 0 0 17 2 19
0.00 0.00 89.47 10.53 100.00

Industry 0 1 1 8 10
-produced 0.00 10.00 10.00 80.00 100.00

Total 8 16 20 11 55
14.55 29.09 36.36 20.00  100.00

Table 10. Error count estimates for ‘type’ of kochujang
in discriminant analysis for GC peak of volatile concen-
trates from kochujang

Industry-

Type Boeun  Sachun Sunchang pro duce d Total
Error 00000 0.1667  0.1053 0.2000 0. 1180
Priors  0.2500  0.2500 0.2500 0.2500

Table 11. Stepwise discriminant analysis for GC peak
of volatile concentrates from kochujang

Step Variable Number Partial F  Prob>F
Entered Removed In R2 StatlSth

1 X8 1 0.3090 7.602 O 0003

2 X11 2 0.1974 4.100 0.0112

3 X4 3 0.2006 4.097 00113

4 X2 4 0.1291 2372 0.0820
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Sensory property CAN1 CAN2 CAN3
Sweet —0.4136 0.4039 2.0960
Salty 0.8065 ;1120 1.0529
Sour —0.5461 —0.5099 —2.1292
Bitter 0.5480 2.7178 3.2062
Pungent 0.3093 1.6027 —1.1635
Umami 4.4866 1.0641 —0.8492
Alcoholic 0.3201 1.7766 1.7514
Musty 0.3037 - 1.4394 ~0.6618

Table 13. Standardized canonical coefficients of ca-
nonical discriminant analysis for the intensity of senso-
ry property for kochujang

Flavor property CAN1 CAN2 CAN3
Sweet —0.6076 0. 5934 3.0793
Salty 0.4633 0.0643 0.6048
Sour —0.3182 —0.2971 —1.2406
Bitter 0.5474 2.7145 3.2023
Pungent 0.1697 0.8791 —0.6382
Umami 4.3272 1.0263 —0.8190
Alcoholic 0.1141 0.6331 0.6242
Musty 0.2611 —1.2375 —0.5690

Table 14. Class means on canonical variables of ca-
nonical discriminant analysis for the intensity of senso-
ry property for kochujang

Kochwjang CAN1 CAN2 CAN3
Sunchang 0.0218 —1.6536 0.5596
Boeun —2.7303 2.6590 0.4848
Sachun ~1.4660 -03780  —0.7630
Industry-produced 5.9791 1.1382 —0.1266
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Fig. 4. Plot of CAN2 vs CAN1 in canonical analysis
for the intensity of sensory property for kochujang (‘A’
=Sunchang, ‘B’=Boeun, ‘C’=Sachun, ‘D’=Industry-
produced). 4 objects are hidden



566 ghsral Eobebs] A A 269 Al 53 (1994)

11), A% H4E Fol4 X4E A3 X8, X11, X2+

S 218 BERALIA 24 3 A4 AT
CAN1, CAN2 CAN3d|A] ¥B3l7l 2 WFERM £
A3 ARE £°] ik welx gr)dge g GC

peak Fol| 4 peak 2, 4, 8, 112 =4 ‘i-l FAAF 3
FAbel e =S L Hyety

slo|ztzol| 25t Y

HPA 9 TR nFkA 619 oz
DA AE ol4ste] Alg ni3ge HEIEEA
o 23 AsE QoFshd Table 12, 13, 14 ¥ Fig

4sh ek Table 12004 HEWAFS CAN3S ghe

l°r

FEAe] E2FWR Z Aol vehlA ¢ UARE
Fpghe) ate)7} & CAN1, CAN2E F £o02 3t 2
2 g Fbell A 7 nExAe] BH PSS 2AAS

& Fig. 49} o] z2A F Adez #ds & 7
gtk o] AXLEA D THA n3po A BE
£l Wik ‘hjlﬂi«] Aelof] ol A st
FEE 5 glgS WY T 9l=d) 3 CANZE’_V/}-
CAN1e] ¥ ’ﬂ%i P s 2A 2h4-8kan gl o
kel FFghe FEFWEFTE ey A Table
149} o) 9, BEEA Fold AuoabEe] A
FAEE 2HY FFHEAF(Table 133 2H §2
Al &4 CANle4 Aol Hspr} T P98 %
(umami)&- TF%e) 75 tdshzd vk 54l
vls T T} AE] £ Ao g vehded, 29 2097
B A" FAE A3 TAd a3ake] frel ebvlit
f&“%}% 2§ Ax A4 n3Ae glutamic acidd
e HyFAo T fa opuiil Fake 20.3%9) 325
mgo 2 WA FF Ao EA)she glutamic acid ek
of wlste] 7~168] B Aoz AEsigled A
a3 AERRA WE Yol #E ] AR
MSGE #Hrlshe AS$E ™A o} o] opwliaate) g
2ol a4 -1——"?‘7&-‘1‘4 =] g ot o)l m
vl o] 2w A Tk
We2 A F4gk sto] AddE e o] Fotv|iate
dgo] & Aog AEHch

~

o

Rl §714 @ 9714992 GO peak area 3
e 2AANE FAHOR 2A

1
sl 2aEAe PRk TAE 13 FES A4 51

Z3 A8 AN 23 0%z Ay 2F:YL
SAA Y PATFA 20, H2Ade 1159 He
233, Ab A9 W 25 208eideh f7l4bel
g FHEEAE AR dxh B2 a5 oE
259 m3A 44 TEHAL, lactic acid 254
255 ghdsted 79xrt ¥& wagich GC peak

areacl ojg HEdEHHE TP
13AL VNEeE R 5
Aol g3t redsr) &
peak 2 et} 8% A5H

SAAL Aupg ol&sle] AFHHEEAME *J_*lf& ul, F
Ak 1A A 234 rEEe] A f 9\1T:E“
olaf 408k whe] bwrl sb Aol oy WPER
A=)

»} SEREES X!

ol ol e by
HIyE 2, 4, 8 % 113
S sl A B
LR

Ho
e

L 24 AR B S
(1985)

2. Power, J.J. and Keith, E.S.: Stepwise discriminant anal-
ysis of gas chromatographic data as an aid in classify-
ing the flavor quality of foods. J. Food Sci, 33, 207
(1968)

3. Aishima, T. and Nobuhara, A.: Evaluation of soy sauce
flavor by stepwise multiple regression analysis of gas
chromatographic profiles. Agric. Biol. Chem., 40, 2159
(1976)

4. Aishima, T. Nagasawa, M. and Fukushima, D.: Dif-
ferentiation of the aroma quality of soy sauce by sta-
tistical evaluation of gas chromatographic profiles.

J. Food Sci, 44, 1723(1979)

5. Aishima, T.: Discrimination and cluster analysis of soy
sauce GLC profiles. J Food Sci, 47, 1562(1982)

6. RS nFY BEAY F F2AR] W 2 97

el £ e s wE (1986)

Qe ERQ, P, oF, BE: AdA 22

T T esl s gaaEsiea

25, 502(1993)

8. IEILBEEL, BGE LR A AUV IT T 410 &
5 4L ¥ o EEE TRIhRE S FLEEO FIRFRIEE.
HE&H#, 44(9), 465(1972)

9. Sasson, A., Erner, Y. and Monselis, S. P.: GLS of or-
ganic acid in citrus tissues. J Agri. Food Chem., 24,
652(1976)

10. 345, &%,
phys o) &a wlIUA §714 ¥4,
5(1988)

11. Schultz, T.H., Flath, RA., Mon, T.R., Eggling, SB. and
Teranish, R.: Isolation of volatile component from a
model system. J. Agric. Food Chem., 25, 446(1977)

12. A o3 AAg A g AR
ﬂji‘““" 3}z], 25, 494(1993)

13. Yasuhara, A. and Fuwa, K.: Bulletin of the Chemical
Society of Japan, 50, 3029(1977)

14. 2314154 1 KS A 7001354 A o) (1991)

15. 23154 : KS A 7002( 5ol &g F=] 3 Ah) (1992)

16. SAS Institute Inc.: SAS/STAT User’s Guide, Release
6.03 Edition. Cary, NC, SAS Institute Inc., p.173(1988)

17. 77104, A=Al SAS why R BRFEA. Afolridlv],
*]-2-(1990)

18, 7o, egel: A A sk wdabe] ofstehH

EHH]JL &A1 E T8t 3) 7], 26, 12(199'3)

(1994L4 549 30 AF)

1F FHANERS

=1

ul8 3 . Capillary gas chromatogra-
A3t} 1(2),




