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Abstract

Taste components of traditional kochujang prepared with various raw materials, were investigated during 90 days
of fermentation. The major free sugars, maltose and glucose, were higher in malt added kochujang than others.
The major organic acids of kochujang were succinic and citric acids, followed by formic acid. The contents of
succinic acid in the kochujang decreased during fermentation, whereas that of citric acid increased. Purple sweet
potato kochujang was highest in total free amino acids. The major free amino acids were glutamic acid, serine
and aspartic acid. They remarkably increased during fermentation. Among the nucleotides and their related com-
ponents in kochujang, cytidine-5-monophosphate was the most abundant component at the beginning of aging
period, while hypoxanthine increased remarkably during fermentation. Kochujang preparcd with purple sweet po-
tato Chinese matrimony vine contained higher amounts of organic acids and nucleotides than the others.
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Table 1. Changes in free sugar contents of traditional
kochujang during fermentation (Unit: %)

Fermentation time (days)

Kochujang"”  Sugar
sang & 0 30 60 90
Glucose 0.39 0.96 0.51 0.99

Fructose 0.47 0.39 0.46 0.24

G Sucrose ND ND ND ND
Maltose 1.44 2.55 2.75 1.62

Total 2.30 3.90 3.72 2.85

Glucose 1.24 2.25 1.72 1.77
Fructose 0.53 0.47 0.47 0.16
M Sucrose ND ND ND ND
Maltose 4.19 1.35 1.29 2.33

Total 5.96 4.07 348 4.26

Glucose 0.44 0.83 0.49 0.16
Fructose 0.49 0.39 0.40 0.26
S Sucrose ND ND ND ND
Maltose 1.18 2.46 1.86 1.52

Total 2.11 3.68 2.75 1.94

Glucose .70 192 1.01 0.38
Fructose 0.83 (.70 .41 0.35
C Sucrose ND ND ND ND
Maltose 2.41 2.41 1.73 1.44

Total 394 4.03 3.15 2.17
Glucose 0.68 0.87 1.66 0.41
Fructose 0.72 0.59 0.79 0.33

P Sucrose ND ND ND ND
Maltose 0.78 0.79 1.25 0.85

Total 2.95 228 3.70 1.59

"G: garlic added kochujang., M: malt added kochujang. S:
soy sauce added kochujang, C: Chinese matrimony vine add-
ed kochujang, P: purple sweet potato added kochujang.

Dionex 400 series (Dionex, U.S.A)Z, column-2- Car-
bopac PA-1 (4x250 mm), £v}+= 0.15 N NaOH, %
< 0.8 mL/min, detector:= pulsed amperometric de-
tectorg A}-8-3led 11, §7]4ke] A9 HPLC:= Waters
(US. A) column-8- Aminex HPX-87H, €= 0.05 M
H.SOs, 52 0.6 mL/min., detector= UV (210 nm)

detector (Tosoh, JapanyZ A}8-3}gic).

Felotols

71 502 vhiol F3fe] M B 9L 7ho] M A2l B
opu] Ak A}E¥-417](Beckman 6300, US.A)E A&
Sel che e zAew ek Colmnd
Na-high perfermance column-g ©]-€-3}931 37, &vj &= Na-
A, Na-B, Na-DE. $<4-2 14 mL/hr, detector= vari-
able wavelength detector (440~570 nm)S A}£-3}8]ch,

SR EE

o] 5ol whyof Fabo] AR} ko] WAHE|F
¥ HPLC (Waters, US.A)E ksl o], o]uj
columng p-Bondapak C., 47} 0.065M KH.PO.,
2% CH;CN, 0.025 M tetra butyl ammonium hydroxide

=2 O A O

5, 5 1.0mL/min, detector= UVdetector (254
nm)E Ahg-shalct.
g pE
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2l greke) Wishs Table 29} 2ich. 4 3 &
maltose2} glucose”} thE-Fo]e) 71 fructoset= A
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Aol A Asko]xjut A EE]Ydd sucroses= 7 E 5
2L ookt &4 F2] W3} fructose2} maltosel= 4
A Z71HcE 60~90U el hashi= Aol ot
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Bolck =3F maltosedak-S AW "] B-amylase 3HX
b A 309 Bol 60 7ol Egkul Aabepis ol x|
312] oghi=dl ol+= S+Ad 60U ol T4 At &
Srl AR e Solsled AAdx I?WJ g ol ol %
ahod7] wEel Aog bR S Ik

B A e N i
tose= 77 Ak} Ap W ar kvl Az} 31572be) A E’;‘ib:}
7}]3&4} _,7_2,5101-9] 74 00” tﬂ- ::_m_o_ 9()?_ 24 H _?_ glu-
cose7} 4.4~52%% 7}AF 9L fructosets 2.6~3.4%3
2 tfgolsl e maltose?} rhamnose?} gk Zal)
3‘}.0:“;}.‘1 Ei__—,_y_—;;}_o:]on:} zJ E.“’_O_ cl—_::r._;:g_ glucmc?}
15.74~17.05% % H-3-& A shd 54 170l
fructose 7} 6.19~12.50% % <3 748| Z7}5}57 maltose 2}
sucrosey= 1709 454] Foll 71 &4 =] o¥otrl v B 15}
o] 2 A= Ho|7p Astadr) wpeba] HEA %
A2 kA 3b= whel glucoamylase?} glucose isom-
erase®] o] vkt 7o) ohulz} A g E|gich

7|t

ZAape] #7149 83) she) g TS 4714
o) %4 % Wshe
acid, succinic acid, lactic acid, formic acid, acetic acid

7} #4591 57, succinic acid®} citric acid= v}gk 3k8-

Table 33} #Fo] oxalic acid, citric



Table 2. Changes in organic acid contents of traditio-
nal kochujang during fermentation (Unit: mg%)

Table 3. Changes in free amino acid components of
traditonal kochujang during fermentation (Unit: mg%)

1 ) Fermentaton time (days) . Amino Fermentation time (days)
Kochujang” Organic acid Kochujang" .
0 30 60 90 acid 0 30 60 90
Oxalic acid 108.8 1284 11.1 6.2 Asp 42.9 46.9 50.7 57.0
Citric acid 376.2 189.0 501.5 3788 Thr 17.2 17.5 17.5 18.2
Succinic acid 4752 481.1 2113 83.8 Ser 74.0 99.8 73.5 69.1
G Lactic acid ND ND 77.5 11.2 Glu 88.4 98.0 111.7 122.4
Formic acid 100.0 1239 3609 158.1 Pro 60.5 57.9 69.9 70.7
Acetic acid ND ND ND 28 Gly 88.2 7.8 9.1 9.7
Total 10602 9224 11623 640.9 Ala 342 339 364 360
Cys ND ND ND ND
Oxalic acid 159.8 1484 159 101 G Val 14.0 12.4 16.8 18.2
Citric acid 3254 1894 4927 394.1 Met 37 14 81 46
Succinic acid 979.2 638.9 2222 142.0 Ile 10.7 93 12.6 13.0
M Lactic acid ND ND 1433 15.0 Leu 202 16.6 236 24.4
Formic acid 955 1065 3809 2333 Phe 303 21.0 30.0 28.8
Acetic acid ND ND ND 6.6 His 82 3.1 11.1 189
Total 1559.9 1083.2 1255.0 659.1 Lys 63.4 30.2 285 413
Oxalic acid 1575 1425 126 9.2 Total — 555.9 4558 4995 5233
Citric acid 437.6 181.3 406.9 380.1 ASP 490 52.9 702 78.9
Succinic acid 1073.2 186.4 130.9 67.3 Thr 17.1 18.4 121 12.6
S Lactic acid ND ND 76.8 38.8 Ser 74.2 103.9 79.8 76.0
Formic acid ND 995  309.0 269.1 Glu 86.6 95.5 1114 120.4
Acetic acid ND 121.7 ND 4.2 Pro 66.0 65.4 77.4 773
Total 16683 731.4 936.2 768.7 Gly 9.0 9.6 11.7 11.9
Al 35.1 37.3 40.9 39.
Oxalic acid 1037 1619 157 126 : 8
. . - Cys ND ND 1.8 1.8
Citric acid 3912 3055 5263 4219 M -
. . - Val 16.7 17.7 25.8 22.8
Succinic acid 8729 430.,7 2058 1700
Met 39 3.4 4.7 37
C Lactic acid ND ND 13.8 708 -
" _ lle 12.7 13.3 15.1 14.5
Formic acid 3545 381.0 1055.1 8474 " A
Accticacid 222 3649 ND  ND Leu 245242276 252
- Phe 32.1 24.9 32.4 313
Total 1744.5 16440 1816.7 1522.7 His 4.4 14.8 17.6 16.5
Oxalic acid 4629 4271 403 255 Lys 413 596 507 451
Citric acid 2045 2175 5524 4715 Total 4726 5409 5792 5778
Succinic acid  1188.9 5743 5245 275.0 - -
p  Lactic acid ND ND ND 900 Asp ASE TR 636 698
Formic acid 2025 2197 2684 1153.1 Thr 34 89102112
Acetic acid 3423 3204 ND  ND Ser 727 1028 728 704
Glu 77.5 84.2 94.7 1093
Total 2401.1 1759.0 1385.6 2015.1 Pro 589 577 64.6 67.8
"Sec footnotes on Table 1. Glv 11.3 10.0 12.6 12.8
Ala 55.2 49.8 57.6 56.5
Flgd oy t}8-© 7 formic acide]gic}t. =3t succinic S Cys 1.7 ND ND 2.1
- Val 22.6 20,9 30.8 26.8
. ? = AR A 7 e
acid?} oxalic acidi= = 43} citric acid Met i 13 S0 11
¢} formic acidy= F7sh= A goloir S4d% a5 lle 188 171 199 206
& citric acid®} formic acid?} Fule] 7o} %}04 &= Leu 325 292 344 353
A2 AzrElalch. ube lactic acidis Tzeb 4] Phe 360 289 323 337
His 10.9 15.4 43 13.2
Ool 1 74 Z x5 olol o L]_ 0,,900]7;] P e
il 171 wake. 0“ e mE Lys 364 309 399 312
%]9d 37 acetic acide vhEo|L} o17]E A7 wFEAbo)
Total 5004 5149 542.7 563.8

xj 90al Hel olek e ot P Abel A4
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Table 3. continued

o Amino Fermentation time (days)
Kochujang"
acid 0 30 60 90
Asp 50.9 67.5 70.5 75.7
Thr 13.9 9.1 8.5 9.7
Ser 90.0 132.7 94.2 91.9
Glu 80.8 91.7 98.2 109.4
Pro 825 833 89.5 935
Gly 8.6 7.9 10.0 11.2
Ala 45.0 42.8 47.0 48.7
Cys ND ND ND ND
C Val 13.8 113 153 15.8
Mat 1.7 1.7 2.9 2.9
Il 1t.1 10.7 12.6 14.1
Leu 206 19.6 223 26.2
Phe 30.2 25.0 342 343
His 10.7 12.2 12.9 18.1
Lys 38.3 31.5 55.8 46.6
Total 4984 5470 574.0 598.1
Asp 564 688 654 907
Thr 236 154 25.0 16.7
Ser 1949 2799 203.8 197.3
Glu 80.2 916 98.6 108.9
Pro 55.9 57.5 64.3 67.6
Gly 109 105 1.7 121
Ala 48.9 508 523 48.9
Cys ND ND ND ND
P Vul 182 188 209 208
Met 2.9 1.7 4.8 2.7
Tl 12.5 13.5 14.7 13.9
Leu 213 20.0 25.2 22.1
Phe 30.1 28.7 31.1 295
His 6.9 13.9 7.6 19.1
Lys 31.4 28.9 394 354
Toll 5941 6990 6648 6857
"See footnotes on Table 1.
ob #rh madel A wrEzst 30 Hele A%
of AT 7he] shol7h Aakiek. olelq Ak W
A5 2|8t AJR-7ke] zlo]el # o] wl A FAkof| €]
& HolFol Hyrdow Aagh o] ohils} AR
o snfz} i P B g A 5

a }104 X%t?umo
4 el o
ot Ao 73%01
15

]qitﬂ
12

Al %-“"—?: A
‘4017} ekl o
9 succinic acid7} 1050.05~

oi o]oIL}r -y 11_17?5‘01

S5 EFes]A] A 2909 A 53 (1997)

oo A0 A mage] FR §714L oxalic
acid, lactic acid, succinic acido]|gl 17, o] $°& 370¥
%A A7l 71.32F8 pyruvic acid, pyroglutamic acid7}
7}Ab v of-8-2 2 citric acid, succinic acido}g] 2 v
malic acid, lactic acid. glycolic acid= ~8F Fal3}w
DL wel 1EW ol 249] Helh A
sledvty ®owskedch sk Bl Tibe glz9o 3713}
FARe] 3708 24 AJelli= citric acid, malic acid, lac-
tic acid7} 5 &7 4Fo vt 1070 243 417! 3% suc-
cinic acid7} Z7}8}= thAl citric acid7F 71 &5 A] ¢F
skeharn ®orsle] # Alglvbis o2 ofabelglc). wet
A el 714k el sl whel %

2R G4 F felolvlieale] Wshs Table 49}
ek 54 F felofulake Wubden Frjehi
781 6“01:% y‘o:‘ jl_:;’:JLg] 0}41 LEH ;g_ )\7]_ ;;A 45~60
74 }]_‘;L-‘].Ei ol o]b 7L/‘~3}ﬂ 7438 wolwl

=] AL

k4 9ladan, A QT el 2

RMehe= afo] 7} glo] opv| ol A Argkellwx A2k
peptidc%o Farss
A
(<}

| S
A5t 313 adel A
Boh A
AF ek 909 44§ 532.3~685.7 mgh i %
F=7ko] fekAl s1a=AFe]  1368~1649 mg%®, 1086~
2949 mg%", 1360.57~2092.52 mg%"Ye}edwl .1l
Hlslo] e o 4 glaleh nERE feloplii
FA2 A Fke] Afeli= 9l glutamic aicd, ser-
ine, proline, aspartic acid %] clgF {=2050 cys-
teine, methionine, histidines--& Jgkdhfrxlo] glgl e
v 90 47A] ol 3= glutamic acid$} aspartic acid, his-
tidineo| t}-& ofv|ibell vlaiA] whgh 7)Mo} 54
F7lel wol S7kekdet. AlE - Ahelliz A spnt
A7} 3R oA serinedeo] L3 ‘c’;‘}k il cys-
teine> 1753 24k M7} A Adek 4wk HE
Flgdeh o] F9& m3abgol vl rigk SoiglE
felohv] Ak glutamic acid, proline, alanine, as-
partic acid, lysine®] 3] 37, methionine, histidine, glycine,
arginine, tryptophane $o| Hgiv)z ¥ 51ate] B 7zt
of ez Fabshalct. gk opv] hal FollA]
48 ub& = glutamic acide} sFab-E- zEiz lysine,

alanineo] WY v}k 5‘%6} 31 3le] olFe] maA
EHe Bahdal Fadt vk deks uli=d| 7leds)
= Ao Azhs o 7““’°l el A g Akt

A= @] serine, proline, aspartic acid&FeFo]
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Table 4. Changes in nucleotides and their related com- o= CMP7} tf - 28 zpa]sht <A 3 A 7+

2. A
el - - . = v w le“
ponents of traditional kochujang during fennent.a.tlonm 9391, hypoxanthine-& A Z7}a1o] 90e) 44 o)
(Unit: mg%)
2]

= 60.8~77.9 mgh=z MALAHEL ] RS

Fermentation time (days)

Kochujang” ~ Nucleotide 5 ” pPa— ksic}. w3} inosine, AMP, UMP, GMF, IMP= 42
CMP 15.8 «;37 47 41 BEE e YTl et $apHAel $3E st
5. 3, . . s =
Hypoxanthine 5.1 150 462 64.9 of &4 o Mt dAEA e ot 60375l o
Inosine 0.8 14 ND 71 A EA e Fapo] ZhAshe HEkS vy AlY
o Am ND 04 NDND o apamipolsl olak g B7h SRl
UMP 0.9 24 ND 13 - y _ . .
TMP 2.6 57 ND 2.0 < GMPY} IMPeRe 4k Eallsto] kg rEL 4
Total 259 686 545 794 A EF A Eo] Ul R HalE]r] wiitel arFake]
CMP 577 558 L& 4.0 Bgele Al Eaded o) vyl HE Al
Hypoxanthine 9.2 158 406 608 2 ghaEedel gk Al £09¢] x|l N EAl paz}
Inosine 32 1.9 ND 2 - _ \
AMP 02 04 ND 30 el siabehed wlatellAiz CMP7} 429 mg% = ol -3
M ump 52 40 ND 08 o]l th5-2. & hypoxanthine (6.86 mg%). IMP (5.59
GMP 06 ND 4.6 ND mg%), inosine (4.58 mg%), GMP (3.36 mg%) olglwl
IMP 4.1 1.3 ND ND N
Total 80.2 79.2 46.8 65.8 wushHlazstel w.ol 2 > dRe dE K
ota. Iel} A . . . = -
cmp D2 Wl 15 aa o) hepoxanthined ekl ok o7} elsiizel o
: : - 3 = z]edy A nEX\ HH 237 A0 13
Hypoxanthine 10.3 160 417 677 = 7 15 el W S gel A7k v
Inosine 0.5 45 ND 19 ol wlo} elud7t AR E| Gl
AMP 0.2 0.9 ND 8.2
S ump 11 Ll ND 09 o o
GMP ND 1.3 2.7 22 =
IMP 0.7 1.3 ND ND
Total 320 1142 457 853 HEA aFael 3 A Jug 253}
CMP 61.6 859 25 46 7] $late] shERl 8 E whelgh kg 90U 7t 54 4
Hypoxanthine 15.7 167 422 715 71 A sk Re] W als zalsledct. m3Rke] Selt)
i 32 X 2.f . _ -
e e e 0% e malosesh ghicoserh Bl Rel 9 o171 F A kel
C UMP 73 04 ND 01 A wkekel. 714 succinic acid®} citric acid7} ©} =k
GMP ND ND 35 24 ghawlelsr th&2 2 formic acido]9) 2w, succinic
.
IMP 33 12 ND ND acidy= SAl 2 7k As)e] o} citric acidy= 2718k T,
Total 91.9 121.2 S51.3  88.1 1}9.‘.3737-“1-9} _—]7___,111_ 7-{_]7} Jjﬁ—z—xcl'oﬂ’('] l;a‘-'c})‘:t]" :’1_3]1_,]0]_
CMP 95.3 93.8 1.1 4.3 Z0] ©aololn]i- AL lutamic  aci 0 ;
S - amic acid, s spart
Hypoxanthine 174 167 382 77.9 e ] 7ra_ Folaeale g I, Serme, - aspartic
Inosine 19 1.1 02 39 acid, alanine, lysineo] v}k 3HR-¥lsiir  cysteine,
> AMP 0.8 ND ND 33 methionine, histidine-> 42t h-F-%Eolc}. 4413 S-elo}
gmi ;i :i 1; 2(‘); o) ARS 2718kl 7 glutamic acid, aspartic acid, his-
s . . J. a0,
IMP 43 12 ND ND tidineo] t]‘" o}u]L—A}o-]] H]d"‘ﬁ ‘)\'H'Z" fl’g"o] 3‘7"3]’
Total 1369 1265 463 1212 ofem] Ao H7p mdabel| ] Eokeh slabAd R
"See footnates on Table 1. & Gtz cytidine-5-monophosphate7} o 388 2}7]
sl 90 Z:4d Folli= hypoxanthinco| o8-8 7]
”.—l‘o} glutamic ElCid7]— 7]—7\']— ?3"—2]:0] D}_‘l O}H }o] o], 5}01 7 Z}_ A1 ]7\:1}-9], T17]/{}. 2] /}. "-1 oﬂ,(.] ol U\‘:}\_
b= 8o} B Agsh= Aelr) glodr
ZALe 2
At A
ol £4 AEAEAY
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