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Abstracl

Microhial counts, enzyme activities and taste components of traditional kochujangs prepared with,
the powders from 4 different varieties of red pepper, were investigated during 9 days fermeniation
for the industrial production of traditional kechujang. The viable cell counts of anaerobic bacteria
in kochujangs did not change remarkably during [ermentation, however, aerobic bacterial counts showed
a rapid increase up to 90 days of aging. The yeasts in all kochiufane samples increased until 60 days of
aging and then decreased. After 90 days of aging, the count of aerohic bacteria in Kumtop kochuyjang
was higher than those of others. The activitics of liguefying amylase decreased during the aging, b,
those of saccharogenic amylase increased at 60 days of aging. The activities of neutral protease were
higher than those of acidic protease, and increased during the middle and last pericd of aging. The
major free sugars of kochujang werc maltose and glucose, and their conients were higher in Honghw-
ang kochujang. The major organic acids of kocfuiang were succinic, formic and citric acid, followed
by lactic acid. Succinic acid content in kochujang decreased during fermentation, whereas formic and
citirc acids were increased. The major free amino acids were serine, proline, glutamic acid, aspartic
acid and alanine. Kwrnfop kochujang contained the highest amount of total free amino acids. Among the
nucleotides and related components in kochujang, cylidine—5-monophosphate was the most abundant
component at the begining of aging period, while hypoxanthine increased remarkably during fermeniation.
Hampang kochujang was higher in the content of nucleotides than others. Capsaicin contents ol kochujang
decreased during aging and those of Jangter kochujang was higher than that of others. Sensory evaluation
showed that Jangter kochujang was significantly better than Kumtop kochujang in overall accepiabilily,
bul there were no appreciable differences in color and flavor.

Key words: kocfujang, cultivars of red pepper, microflora, enzyme, taste components

A B
TFE ek, Pl v ek, el So) 28-S
ol 558 FrlE 95 E LEAF D 7)
delut Azl wie} AgalE= A, AR 54
Z71e] vp23(12) ste| 87), A el A 2pe] s} idr}
(34). ofell A&t AF= Al 4] m3are] vl Fa) &
24 (66), AN Ak WF) B ArYsT

*To whom ail correspondence should be addressed

. = 0O
A F4-2] o

el A FAA = (14) TF:E FE

alch mgh 23

=

o



<] W3} (19« 4

B oA A B

42

ol 43 w2 E Jeld AN n5Ahe] B4,
21300 o]o]A] #g-mhe] B2 480 w3E A st
AEA 3o e wAA e wda G
Wl E5le] AL A Zala 4] o] u] et
A, s ae] HEE nlE HERsigc

T3 FE A, 6 253 FE2E (55
of| A Rofrbl ALy o Fa) ZhARE ¢
oﬂ/ﬂ HEA o2 A2 A0

(@A) A

P

DN
Y
3
-4
=
o
L
e
>,
oo
o
=k,
_\"L

757 1g& Ad Auladpr 103 o) 54
1 274 A2 Typticase soy agar(23), 4 8

714 Ald-2 APT agar(24)8 AR&-3to] Hgoougt &=
159 agarE o] 2535l4 77, 17 = Rose bengal agar
(25)A & A]— g.alo] Hal sk 0 2 28T A 1 ~3Y
b vkl & Alestg ok

o

J_4

5% bgd FRH4 R 845 100ml A4S
Mol 2217 A=t ¥ ‘Nhatman No.22 o=}
Ligr RS iﬁﬁ:—ﬂ L }0% Hq2 0“1} X JJr b

=
HEE 2 %iﬁ“ 1 iy
= l

&= 54
A glucose"ﬂ‘(uM)‘:’f- s BB =R
son-#IREE(28) ] $3he pH 3.0, 7.2(R 24 44, &
Al protease) 2 785t AT & 255 Leellq A4
FHe tyrosineH(M) 2 BHE=E ERECH

Capsaicin

T A (2000 FE3to] 5g2] 4| 28 methanol
= ol&-sle] 3027t A5 F iR =2 50ml

FRELNEES S

>4,
ozz

2e w

jﬁu’

1051

2] hexaneel] §-#8}e] F7Zel 7)ol £ 50ml 80%
methanol ® 33 239 c}. 3% methanol3f &
AR o] 384 2 F ki A g Bg)
o] 27|32 £3} NaCl &4 1650ml& 7]-31' F dichloro—
mcthane S0mlE 38 SEstddd). 2529 A Fo
NazS04F 713 o749 F 10ml7t= 55312 GCE

o]-8-3)e] Aekatedct B4223-8 BP-1 capillary col-
umng o) £38le] FoF-+ 320°CR sk, AETV=
350°C, 2EEE 280°Cell 4] 18 -7 F #7 25°CH)
&A1 71w 300°CelA 28 #7EA FID A7) &
Abgate] Al T, o) 54 riaE ArpAE AN
ateict.

selgn /714

HH3)el E51e] AA=7E F HPLCE ©f 83
o} 3 7be] Akl o). Sl A 4SS HPLCE
Dionex 400 series.®. colunn-2 Carbopac PA-1(4 % 250
mm), &7 0.13N NaOH, 4 0.8ml/mun, detec-
torE Pulsed amperometric detector® A-E-3l4 2,
714+e] 7A-$¢ HPLC= Waters, column-2 Aminex HPX-
87H, 2o+ 0.06M HzSQs, fr&-= 0.8ml/min, detec—
tore UV detector( Tosoh, 210nm)E AR-2-8hed o).

oot

7] “E(3019] vkl Fule] FH(13)9) 2Fe] A A=
& & ot7| Al A1E¥ A7) (Beckman 630008 4148}
o t}-&3} zke] A ekalel o} Column-2 Na-high per-
formance column— o] £-8}e 71 &-rll = Na-A, Na-B,
Na-D-E, f<-2 14ml/hr, detector= variable wave-
length detector(440~570nm) & AH&sled o}

o] S(31)8) Wl oll 5] HR(13)8) 7ol A A
g} % IIPLC{Waters) 2 & 85l g 2, o]0l column-£-
u-Bondapak Cis, -2-7 = 0.065M KH2PQ,, 2% CH:CN,
0.025M tetra buty] ammonium hydroxideE, #4-2
0.1ml/min, detectore UV detsctor(254nm) & ~H8-8}
).

07F G413 mF Aol Hhetel 203¢) panel &

%, 4, FUAL LR 5 o] gBER
1104, 350 7 59, 7P e A 1 e
o

HAghe] & AA-L SAS package(32) 2 B A=)



1052

Table 1. Changes in capsaicin conlents of traditional kochujangs during fermeniation

Agsh- AFG - A

elula] - g

- eLad
Rl

a

{(Umt mg%)

Fermentation. time{davs)

Koclujang 0 30 80 90
KT 171 114 056 0.1
JT 2.31 151 0.83 052
HW 203 131 0.64 012
HK 1.97 122 0.60 035

KT: Usmg red pepper of Kumifop cultrvar,

JT: Using red pepper of Jangter cullivar

HW: Using red pepper of Harmuang cultivar, HK: Using red pepper of Honghkwang cullivar

Duncan’s multiple range testel] 275 EA4) A std ok
A1 2 Dt

Capsaicin

a3 B4 4] dl-gul A E4l capsaicing] Z33
%A - 3= Tahle 13 7o) w32 1.71-2.31me%
ol 4 A 5 g Ahasle] 90 A =0.31-052
mg% o 2 w327 ¢ vEle] 178~225% 5o 2 7}
2Elgct, ¥ Y e 2w 757 d) 4] 7)}7F capsa-
cin §#Eke] Eokw, 35 m3el A Jgkeh 21(3)2
A A AL a4 90d A 77 capsaicin?]| 574 5
Fastg i sted B Ao fAlgk A g9l o) A
=} 7352 100¢ 7 =4 A7) 2 2718} 209
A= 45l 7 Aspergillus sp.. Rhizopus sp., Peni-
cillium sp. ‘5 W1 AE2] Fazrg-el 2zl s 7l
Bl Bysls i) Hre Aol alalch

] el

Table 2. Changes in viable cell counl in tradilional ko-
chujangs during fermentation
(Umt * log number CFU/g)

y  Fermentation lme{days)

Microbe  Kochujang'

0 30 60 40
KT 681 640 715 828

Aerobic JT 715 634 651 751
bacteria ow 706 614 668 776
HK 672 691 695 779
KT 697 684 645 638
Anaerohic JT 643 710 640 598
bacteria HW 663 681 641 643
HK 655 673 632 625
KT 356 360 527 405
Yeast JT 308 3688 564 421
HW 318 380 536 410
HK 320 386 456 487

ULegends are the same as shown m Table 1
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Table 3. Changes in amylase aclivity of tradilional kechujangs during fermentation (urui/m)
Fermentation lime(days)
Enzyme Ki m::hu]am;"1 !
0 15 30 45 60 75 90
KT 1.68 0.386 048 0.38 .32 0.16 0.20
-amvlase T 1.68 0.36 0.36 0.16 0.16 0408 004
vias HW 140 0.24 0.24 012 016 012 012
HK 184 0.48 048 0.24 0.16 0.21 .16
KT 20.72 21.60 21.34 2754 8315 Ha 92 59.10
B-amylase JT 48,60 46.98 43.74 3240 11714 424G 46.58
aryias HW 3131 25.052 21 06 2264 102.84 46.20 55.08
HEK 4158.38 h1.28 42,12 40.51 11016 105.52 8746
" egends are the same as shown in Tahle 1
Table 4. Changes in prolease actwvity of lraditional kochujangs during {ermentation (umt/g)
T Fermentalion time{days)
Enzyme Kochujang
0 15 30 45 60 75 90
KT 0.88 0.76 (.38 0.68 0.71 0.30 0.13
Acidic T 078 0.63 025 025 0.50 0.25 013
protease ow 0,50 .50 025 0.50 0.50 0.76 025
HE 076 0.76 0,50 025 (.50 0.23 0.13
KT 1.51 3,16 3.28 0.63 0.83 1.38 252
Neulral JT 038 1,76 4,03 138 1.7 1.88 4.43
pratease HW 1.06 2.14 378 0,33 0.50 2,65 354
HE Q.73 113 315 0.50 202 150 3.53

1'Legends are lhe same as shown mn Table 1
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Table 5. Changes in free sugar conlents of traditional
kochuyjangs during fermentalion (Umt : %)

Fermentation time{days)

I R I

1l

Table 6. Changes in organic acid contents of tradilional
kochujangs during fermentation
{Umt : mg%)

.
Hochujang Sugar G 30 60 9 Eochuiana" Organic Fermentallon timeldays)
Glucose 049 051 130 084 R 0 60 %0
Fructose .31 - - - Oxalic 1452 1102 5.4 48
KT Sucrose - - - - Citnig 1820 1718 4016 2861
Maltose 218 170 1768 1.63 Succime 5065 3020 1252 2035
Total 298 221 308 247 KT Lactic - 7824 7492 1043
Glucose 055 069 122 065 Tormic 3065 2072 1824 4507
Fructose 045 018 - - Acetic 1438 1154 ~ 4.1
T Sucrose - - - - Total 1283.0 1689.0 14638 1093.3
Maltose 217 213 219 215 Oxalic 1142 1378 4.4 4.7
Total 317 283 341 284 Citric 1783 1691 3360 2503
Glucose 049 058 0891 051 Succinic 4504 3329 1302 2591
Fructose {46 011 - ~ T Lactic - debZ 8272 147
ow Sucrose - - - - Foarmic 2724 2290 A079  H074
Malttose 203 199 250 271 Acetic 876 1520 - 4.2
Total 298 268 341 322 Tolal 11029 150680 17057 11704
Glucose 048 102 166 1.06 Oxalic 2137 1280 6.0 39
Fruclpse 046 014 - - Citric 2118 1561 2235 2385
HEK Sucrose - - - - Succinmic 4332 1868 1366 1971
Maltose 203 215 219 275 HwW Lactic - 4251 8344 959
Total 268 3°1 38 331 Farmic 2235 2249 1905 3375
1> . Acetic 1782 1203 - 9.3
Legends are the same as shown in Table 1 Total 19604 1912 13900 9080
-amylase 4= 54 60979 FARAT $4 % Cine 2101 w63 w4 men
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- orimic 2805 2757 1148 5000
= ke vl w2 3 Al 2l ele] 148~ Acetic 673 728 - 8.3
1.89% 0] vt 2342 4.05~8. 82/i —E’—Z“ @] %M E Total 11048 14135 14506 1090.
32, FAkEe] A5 plucosedlwFol @A5 wheol Eoie) YLegends are the same as shown in Tabie 1
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Table 7. Changes in free amino acid contents of tradi-

tional kochujongs during fermentation

17 VAT, BB B W

{Unit . mg%)
v Amino Fermentation timeldays)
Kocwgang” "G50 0" 30 e o0
Asp 502 500 568 543
Thr 186 183 193 199
Ser 1120 1521 1168 1098
Glu 730  B06 893 900
Pro 802 792 847 804
Gly 8.1 76 97 110
Ala #7310 4l7 501
Cys - - - -
KT Val 187 170 209 223
Met 44 22 25 39
Tle 197 108 124 113
Leu 237 227 %63 241
Phe 353 265 -1 316
s 4.2 9.0 19 143
Lys 473 3l3 308 418
Total 5320 5423 ©55l3 5655
Asp 471 87 490 457
Thr 60 186 172 168
Ser 824 1549 830 781
Glu £85 732 868 856
Pro 720 875 7i7 636
Gly 6.1 59 82 g.1
Ala 36 263 515 496
Cys - - -
JT Val 1630 121 183 195
Met 4.4 - 14 35
Tle 80 94 104 111
Leu 215 182 185 205
Phe 325 240 291 239
His 105 14.1 131 15.7
Lyvs 441 330 33 443
Tatal 4659 5364 1969 4910
Asp 427 56 484 412
Thr 116 83 162 163
Ser 748 1020 728 Bh9
Glu 707 689 401 196
Pro 634 562 53.4 60.0
Gly G4 48 7.8 80
Ala BO 24 462 452
. Cys - - - -
HW Val 152 108 161 214
Met 2.2 0.8 4.3 55
Tle 7.5 82 22 127
Leu 05 308 188 227
Phe 320 300 248 319
His 38 74 42 78
Lys 36.1 362 41.8 24.7
Total 4322 4604 1069 3927
Asp 574 48,1 2.3 8.6
Thr 195 152 215 234
Ser 1125 1220 1098 1101
Glu 709 780 300 206
Pro 896 785 944 954
Gly 80 71 115 123
Ala 329 361 048 957
Cys - - - -
HE Val 169 174 206 245
Met 54 29 29 41
le 101 96 136 140
Leu 212 /2 224 232
Phe %87 310 228 257
His 10.2 36 135 1.3
lys 419 295 369 287
Total 5261 &07.3 4971 4896

1)Legencls are the same as shown in Table 1
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Table 8. Changes in nucleotides and Lheir related com-
ponents of Lraditional kochuyjangs during ler—
(Unit mg2)

menlation

B

Fermenlation time{days)

Kochujang“ Neucleotide

0 a0 60 90
CMP B04 828 96 60
Hypoxanthine 163 150 567 624
Inosine L3 22 - -
AMP 07 47 09 04
KT UMP 6.0 07 - 2.0
GMP 8.6 1.2 30 25
IMP 38 08 - -
ADP - - - 0.4
Total 871 1074 702 742
CMP h18 676 114 7.1
HMypoxanthine 190 154 567 641
Incsine 14 24 03 -
AMP 04 5.0 0.9 1.1
JT UMP 8.2 05 - 15
MP 24 08 0.9 0.6
IMP 3.0 16 - -
ADP - - - 1.1
Total 835 631 T70.2 755
CMP D49 B95H 73 62
Hypoxanthine 141 147 610 690
Inosine 1.9 31 - -
AMP 06 52 - 28
ow UMP 78 08 - 11
GMP a.0 1.2 1.1 04
IMP 3.2 1.1 - 29
ADP - - - 1.1
Total %05 1156 634 824
CMP 402 642 99 50
Hypoxanthune 273 134 525 418
Inosine 13 15 03 -
ANP 15 30 18 22
HK UMP 6.6 24 - 19
GMP 27 2.6 2.4 79
mp 3.0 14 - 37
ADP - - - 19
Total 821 8BB 669 644
"Legends arc the same as shown in Table 1
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Table 9. Sensory evaluation of iraditional kochujang fermented for 90 days

Kochujang” Taste Calor Flavor Overall acceptabilily
KT 5027 P 6.45° B.34° 515"
IT 6.92° 7.00°0 b5 6627
HW 5.620 6.46° 585 5.97%
HEK 5.77% 6.38" 6.38* 534
L.SD 5% 1.94 1.16 0.88 120

1’Legends are the same as shown in Table 1
"Means with the same letter in columm are not significantly different at p<0.05 level by Duncan’s multiple range test
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