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Analysis of Browning Factors During Fermentation of Kochujang

Moon-Sook Kim, Yong-Seon Ahn and Dong-Hwa Shin
Division of Biotechnology(Food Science & Technology Major), Chonbuk National University

Abstract

To confirm the factors conceming color changes of traditional kochujang, heating, U.V. and N, gas
substitution teatment were conducted on duk(rice cake) kochujang and shikhae(malt digested syrup)
kochujang. The value of L, a and b value by Hunter of each kochujang were gradually decreased during
fermentation and AE increased. The AE value of duk kochujang treated by U.V. was higher than those of
the other treatments and non heated shikhae kochujang showed higher AE value. The main cause of color
change by factor analysis on various factors of duk kochujang and shikhae kochujang were light, and light
and heat respectively. The acetone and water extracted pigments had maximum absorbance at 450-470 nm

and 200-205 nm respectively.
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Table 1. Mixing ratio of raw material for preparation of kochujang

. Duk kochujang Sikhye kochujang
Raw material - - " "
Weight Ratio(%) Weight Ratio(%)
Glutinous rice powder 320 217 80 229
Red pepper powder 36.0 312 110 314
Meju powder 120 104 40 114
Salt 17.8 10.9 60 17.1
Malt powder - - 18 52
Water 322 19.8 42 12.0
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2§ 1A (Tokyo Denshoku Co. Japan, Meodel TC-360)
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Table 2. Treatment of kochujang for browning test on duk
or sikhye kochujang

Heating Treatment
Air?
Dark” Nzg)

No-heating :
Air
9

UV N,
Dark ;ﬂ
Heating 2
Air
uwv. N,

UDark condition.

DUnder air(regular method).

N, substitution after vacuum treatment.
YUV treatment by U.V. lamp(10W).

2, Ly a, b= 271 L, a, b 3, L, a, b2 AT
Az ¥ L, a b3k
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Table 3. Color difference value of duk kochujang by browning factor during fermentation at 25°C
|- : - )
Fermen- (orage Non heating Heating®
tation condition £°S A% L b AE L b AE
time(day) a 2
ai?
dark’ 3,
0 2 22,69 34.0 14.9 216 313 14.0
AR ar
NZ
dark air 223 337 144 0.7 21.8 31.2 14.2 0.6
20 N, 22.1 323 144 1.9 214 30.1 13.6 1.3
uv air 21.0 307 134 40 21.2 302 13.7 1.7
’ N, 21.6 314 139 30 213 30.0 13.7 14
dark air 223 328 14.5 14 219 29.7 14.0 1.6
0 N, 21.0 31.5 13.5 33 21.5 30.0 139 14
uv air 20.6 302 13.1 47 20.6 28.5 13.1 32
) N, 214 306 13.9 38 210 28.5 13.3 3.0
dark air 20.6 319 13.9 31 20.5 284 13.1 34
0 N, 21.2 31.1 137 34 20.5 29.5 13.5 22
Uv air 202 300 129 5.1 19.5 26.2 12.3 58
’ N, 20.7 28.6 13.0 6.1 20.5 26.4 120 54
dark air 20.8 314 13.0 38 18.3 26.3 11.6 6.4
80 N, 20.1 31.0 13.2 4.3 19.7 29.1 12.8 31
Uv air 194 29.5 125 59 17.1 24,0 109 9.1
: N, 18.3 275 11.8 84 17.8 25.1 11.3 7.8
dark air 20.3 294 13.0 5.5 18.0 250 114 7.8
100 N, 19.6 28.5 12.9 6.5 19.2 29.1 12.0 3.7
uv air 19.0 28.5 12.1 72 17.0 22.8 10.3 10.3
: N, 16.8 219 10.9 14.0 18.2 23.8 114 8.7
dark air 204 29.1 12.9 5.7 17.2 242 11.2 89
120 N, 19.0 275 120 8.0 18.2 28.0 12.0 52
uv air 18.0 280 115 83 16.0 20.2 9.6 13.2
. N, 16.4 219 10.2 144 17.3 229 10.7 10.1
“9See foot note of Table 2.
SHeated for 15 minute at 70°C.
®Mean value of triplicate.
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Fig. 1. AE value of duk kochujang upon various treat-
ment during fermentation at 25°C.

-®-, Fermentation under air at dark; -ll-, Fermentation under
N, at dark; -A-, Fermentation under air at U.V; -®-,
Fermentation under N2 at U. V.; -O-, Fermentation under air
at dark after heating(115°C, 15 min); -U-, Fermentation
under N, at dark after heating(70°C, 15 min); - A -, Fermen-
tation under air at U.V. after heating(70°C, 15 min); - < -,
Fermentation under N, at U.V. after heating(70°C, 15 min).
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Table 4. Factor analysis of color change(AE value) of duk kochujang during fermentation at 25°C

Fermentation Browning factor
time(day) AV B? c» A*B B*C A*C A¥B*C
20 0.0001 %+ 0.0001 ** 0.4244 0.0003** 0.0005%* 0.6701 0.0933
40 0.0003%* 0.0001 ** 0.4709 0.4264 0.0045%* 0.1306 0.0038**
60 0.4199 0.0001** 0.8005 0.3893 0.2374 0.0307% 0.8883
80 0.0011** 0.0001 ** 0.1388 0.2861 0.0013 0.0001 ** 0.8983
100 0.1292 0.0001%** 0.2202 0.3358 0.0001 ** 0.0001** 0.0494
120 0.6517 0.0001** 0.4608 0.8716 0.0517 0.0001%* 0.1421

DRelation of heating and nonheating.
DRelation of dark and U.V.

PRelation of air and N,. .
YIndicate significant difference(P<0.01).
9ndicate significant difference(P<0.05).
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Table S. Hunter value of sikhye kochujang by browning factor during fermentation at 25°C
storage Non heating Heating”

% condiion G 2 b AE L a b AE

)
0 a:r 19.79 27.2 12.8 18.1 245 11.6
4)

uv N,

dark air 18.1 250 11.6 30 17.6 238 11.1 1.1

2 ar N2 182 250 115 3.0 17.8 245 113 0.7

uv air 177 253 112 32 172 235 109 1.6

) N2 17.1 23.7 10.7 49 18.2 248 11.6 12

dark air 179 24.8 113 34 19.1 259 123 1.9

40 N, 17.7 24.5 112 37 18.3 253 11.8 0.9

uv air 16.9 240 11.0 46 19.0 26.3 122 22

: N, 16.9 23.0 10.6 5.6 17.8 250 117 0.7

dark air 17.5 25.7 11.0 38 17.0 240 11.0 2.1

60 N, 16.4 236 10.6 54 17.0 242 11.1 26

uv air 16.9 239 109 4.7 16.7 240 10.8 3.1

: N, 16.3 229 10.2 58 16.0 240 11.0 29

dark air 164 24.1 100 53 168 255 109 1.8

%0 N, 153 229 29 6.8 16.1 24.7 10.5 22

UV air 15.0 235 9.6 6.8 163 229 10.5 2.8

’ N, 15.0 227 9.6 72 15.5 232 10.2 32

dark air 16.0 24.1 9.7 5.8 16.0 250 10.7 2.7

100 N, 154 21.0 9.9 8.1 16.1 223 103 34

uv air 15.0 234 9.7 70 15.5 221 9.7 44

' N, 134 16.7 84 13.0 15.8 227 10.1 33

dark air 153 23.0 9.6 6.9 159 222 100 3.6

120 N, 14.7 203 9.0 8.8 15.8 226 9.9 3.6

UV air 144 21.8 8.9 8.7 15.0 21.2 9.5 5.1

: N, 13.1 16.7 7.8 135 143 209 89 59

6See foot note of Table 4.
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Fig. 2. AE value of sikhye kochujang upon various
treatment during fermentation at 25°C.
Legend: See Fig. 1.

Pt FF 5L sdAgeEs stdNE A
G2 AR Ak Aol FRI o= sl
aiM Ak 24-E JR EAE AU AT
2 ulFe] Hol 919 AYelME dAHTE 27]4)
o= A= zhde] ® F LAV < AL AR
Az fAdgT 474Es. 8 vdAe 153
< A s Ad FAREA A AT
A 809 o F Axprt At WE 10047l AE
Zkel 13& vephsieh. ol ALA 2APL Dol &
7] ZAQARGE o e 243 Aske Ao,

AlS|| DFEEL| 2 201 24

A 2ol dxe, UV, 28|32 37 FAe ot
£ AE 9] 24 891& ¥43 A= Table 65 2
t}. Table 6914 Ewl dxze} W] {5 Wi 2
Weele W 77k 3¢t ANty LE 47 2 <
A2 2Hgsle o) §-94 (P<0.01)0] JAHALH
F719) 26| B 2 QA= 3R] WES} 80
A o] FHE] 129 F24(P<0.01)°] YAHAF. 3L

AAbsorbance(450 -470nm)

0 20 40 60 80 100 120

Fermentation time(day)
~@-NHDA  —B—NHDN  —A—NHUA

el NHUN
et HUA —6—HUN

Fig. 3. Absorbance difference on acetone extracts of duk
kochujang during fermentation at 25°C.
Legend: See Fig. 1.
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Table 6. Factor analysis of color change(AE value) of sikhye kochujang during fermentation at 25°C

Fermentation Browning factor

time(day) AD B? cy AXB BXC AXC AXBXC
20 0.0001 %+ 0.0025** 0.2717 0.2117 0.0590 0.0070** 0.0590
40 0.0001** 0.0012** 0.1675 0.0012** 0.8390 0.0002** 0.1917
60 0.0001** 0.1398 0.1067 0.9695 0.5430 0.1928 0.8484
80 0.0001** 0.0001** 0.0001** 0.6892 0.0347* 0.0347* 0.0755
100 0.0001*+* 0.0008** 0.0007%* 0.0326%% 0.3309 0.0003** 0.0096**
120 0.0001** 0.0001** 0.0001** 0.0304* 0.0087** 0.0001** 0.0881

D9Gee foot note of Table 4.
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Fig. 4. Absorbance difference on acetone extracts of
sikhye kochujang during fermentation at 25°C.
Legend: See Fig. 1.
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Fig. 5. Absorbance difference on water extracts of duk
kochujang during fermentation at 25°C.
Legend: See Fig. 1.

2] opHE F&Eo 3= wWislekS Aabsorbance®
FA3 ulagt A== Fig. 3% Fig. 49 3t} Fig.
3ol By Hadare] 73$ dAe]T Eoke vdA
oA o 2 FR= W) gl HoE Hel v
gH T o 2 s<lo) 3 A8 A 4E
o] ¥Wizlrl 9l Ao FAHAG A Aui
& olHELE F2% F oo FAE WY
(Aabsorbancey2 EA|& 72 Fig. 49 ZEd {313
A3 A9 FARE FFE Rl AH

o n&aol} Mg udate] £484 2 B ¥
38 2Asax 7 3P B s FHE
& 248 A3 200~205 nmellH HIXE Jehlle
vhdata A o] FFIN 23] T FE2E FT F
8 Aa Qo] 42L& & 5 UK HIFHelA
44 A2 e Wseke 3% AS: Fg 59
Zrod o}E 2ZE3 o] ] Hrp= vy

AaAbsorbance(200 - 205nm)

L Il d. 1 i
0 20 40 60 80 100 120

Fermentation time(day)

Fig. 6. Absorbance difference on water extracts of sikhye
kochjang during fermentation at 25°C.
Legend: See Fig. 1.
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