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Studies on the Extension of the Shelf-life of Kochujang during Storage
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Abstract

To extend the shelf-life of Kochujang, the effects of anti—browning agents and their optimum con—
centrations were evaluated using organic acids as synergists. Among the physicochemical analyses,
amino nitrogen content exhibited the highest correlation with sensory score. Ascorbic acid and citric
acid were selected among the anti-browning agents(ascorbic acid, potassium sorbate, calcium chloride)
and organic acids(citric acid, lactic acid, oxalic acid) tested on the basis of the highest amino nitrogen
content during storage at 55°C. The appropriate concentration of ascorbic acid was 0.03% based on
amino nitrogen content during storage at 55°C. Combination of 0.06% citric acid with 0.03% ascorbic
acid showed the highest amino nitrogen content during storage at 55°C. From the results, the 0.03%
ascorbic acid and 0.06% citric acid were selected as additives for extending the shelf-life. Control(no
additive) and additives(0.03% ascorbic acid and 0.06% citric acid) were tested for physicochemical and
sensory analyses during storage at 45°C and 55°C. Amino nitrogen content was also highly correlated
with sensory score. The marginal amounts of amino nitrogen for control and additives were 1749mg
9% and 173.2mg%, respectively. Degradation rate of amino nitrogen was a first order reaction. Compared
to control, the predicted shelf-life for adding additives increased 69% and 56% at 45°C and 55°C, re—

spectively.

Key words: Kochujang, shelf-life, anti-browning agents

B
Bl 7PE =
%Eidﬂﬂﬂﬁ¢%ii% < 7hl 447 %
2tel A g kg Felr) &%) FA e 9]
Az, A8, 9859 6l elg, d2y, g2,
*Hﬂﬂ“ﬂh%4%ﬂﬂﬁtw}M% 57
Aol -3l ® ¥ Fo F5717, AR, A
M*EJZﬂﬂ@ﬂzéﬂAvéﬂwﬁz
m 3}, olstebAql W3l QUAFRA= obe| el A4,
Yol &4, pH, A 4tE, fatelal, F 4 &
ol ZuhiA, <$§H¥“ﬂﬂ£—ﬂab+%
A9 233o] Hr) A7A| 9 m52 Z9) A

“nﬁ

oR

mﬂmﬁﬂ
(B 4y ok |2 o ot o

"
To whom all correspondence should be addressed

34(1) 2 v AEHSHQ), A LA 5A43)L A7t
BorA , SAjo] SR m3abe) FAM st 1
D9 #1942 75717 Ao g AFES 28 ¥
ﬂ”%qma“%24ﬁﬂi+%&1%%ﬂ*m
7 6% Z7hE Arele] 34 2R 2R MSGH
”ii@ﬂHUEZMWJlé%ﬂuwwiiﬂw
Maillard¥h-5-0] devir] 4—]% Z27& M ALE 3
28 (56)8t T 9=, 54 o] Maillardit
of 93 Ao 2= g o] B2 Ao AlR
tlz B ad}5). Al £4) 2 A F6)E 2524 XA
Z 949 714 2 AL oba Qo] el vk
GA T, obelice) Aae] Zhast Amel F7] mEA
Algt W3l E oyl 7o v]Fo] Bo}l Maillardst
2o Ay Rusyct 23A4L Luld drt

Mobw



596 ZA¥A - o]7]4

A FASA Wt dojbd anjAES] Fojge] A
3317] Wl FAWEE H4sste o) F83)
o} matA 2 dTelM e e ZaHdl 245
AAAE olgetA o A Wz AAsx, &2
A& 083 F-57171] Al dafiA dofry
2} gt

e A U

HEME L My

E A4 o] &7 Ag3e A Aol A
a2 A (N3 2t 2 A ZA LA
A< ascorbic acid, calcium chloride, potassium sorbate
53 synergistgl #7]4FS- 2 citric acid, oxalic acid, lac-
tic acid & AE3H £, ol L TR E &
FAQ FAYEALS Jeh s EAERS A9
37} ok b slA 2 f7]4F AA AL 500gw3
Z feldd xAste] 55°CollM, 234 #5717t
AR YL 45°Ce} 55°Coll A Zh2} 197k AAsl 2
o, 57 ALE 98 -18°Coll A HEFE A A}, o]

£ 55°ColA hatA 71437) etk A7k dEt) 91

.00, 450} 55°Coll A 8l §5A4 AL 10°C 27
o] v ZE B A ch

pH, SHYAE o ofoicel I £

pH, AA 4% 9 ofv| ] A4 E AR(9NA 7&
& wiel Fd3tch

EHAMT HA

237re] Ax = M 2A (Chroma meter CR-200b,
Minolta) & £33 8}¢] Hunter scaledll 23] L", a*, b~
valueZ ebie}, o] o ARS-3 REM AR L 8", b3t
< 72z} 967, -0.2, 240191}

b

BEAAE 7 AR 25 A, %, F, 2% 2
Fo =8 9 $5 2AQgel o) AN YR A=
Fo 2P e QL oA WHE T AE
97 & A uste] AP on, ofw) A4 BEHME
£4 5@ wwst A A 5@} o] T Ag
A gom9d oz 3T ol =g K W3 s
o w2 Fololl e A8 EA7} 97 e A 2258
o2 sglon Wy} st Folel FA HE 2

e
or

AL

cold -7 o AL

& 2 AR weh 4gelA 1922 e =S s

AReE 2 A7) wret FAe B
t ofvlxe] A, pH, AT 2 &
$7te] 24 Aol R} A ALA & shed FRA
7} Ee dAE 134 B4 ABH RO A3k &
ARSI AR B5A Bl o] QAR 4R
A7} ge e Waz T

DRl 2 oA HF X REVIF o BID

AFA 275 0.5% 32U 3HA) Q] ascorbic acid,
calcium chloride, potassium sorbate 5-& Z+7+ 37}
slo] w3AF Al g9} 55+05°Cell A 143F 344 o]
el AHsE 24t A EkA E 0.01%, 0.03
%, 0.07%, 0.1% ¢ FEH 2 EF3) 55105°CellA]
197 394 opvlx-el) A4 HSE SA Yo} 243
A2 AR gl fr)4ke] AsaaE Bo) 98 2
ZA+ A 7.0l 0.5% Fr714F] citric acid, oxalic acid, lac~
tic acid 5% 2+7 #7138k 55105°CellA 147} 3¢
A 2AHEE 239} AA " dFA5 A9 5=
$714H8 0.02%, 0.04%, 0.06%, 0.08%, 0.1% =9 &
W2 BH3) 55105°CAA 127 344 AW E &
A} o] 7P A Ql Sz gA)e fr14ke] F
58 A€ F w3 e 3rlste] 79} 45°C 2 55°C
oAA 197F FA 2 F #54 FHrLE & F AL
= 4 77kl o} f57be )4t &S ke =T
o} H7LEE v

SAXE

2 A3 2447 SAS package(10)E o] &3}
o] EA 2382w Duncan’s multiple range testell
o EAsH iz, f24d HE-L a=0.059A4 A&k
t}. %3} Stepwise multiple regression analysis& ©]
43t $E7)7HE A Skl

Ao o

DAY ARl LY AR MF

srzMaiNle] M1 W MY 55 2

2Ege] AU AEYES FH] Aste] B
WAHERA 7)3.2) Akt obvl e} A, pH, A
A% W B R0 A ARAS L B AR L



25 A QA A a7

TR A AR ARDA & ARk obel ke d] A4
E AA s fE77 A FHUEL LR Absith
ol & AR (9)9} Aokl m3A =729} 05% a4 5
A4l ascorbic acid, calcium chloride, potassium sor-
bate 5-& 7+ A7gE A2 & 55+ 05°CollA] 147
olv] e A5 &A% A, ascorbic acid(125.3
mg%)>potassium sorbate(119.7mg%)>calcium chlo~
ride(114.1mg%)>control(111.3mg%) <=2 2 o} - &j
A4 ek 2o & & 4 35 3(Table 1), oFvl el A4
7} 217 z}o] 71 9) 2l e (p<0.0001). —L2} A, ascorbic
acidg 234 WellA 549 3 AsA 2 A4 s)

st

Table 2¢f) v}epbdl ule} o] A2 A o]
= ascorbic acidE 0.01%, 0.03%, 0.05%, 0.07%, 0.1%
59 FEHEE 253 55205°CollA 197 394 A ¥
3+ A3}, ascorbic acid 0.03%(133.8mg%)>ascorbic

597

acid 0.1%6(128.2mg%) >ascorbic acid 0.07%(125.3mg%)
>ascorbic acid 0.01%6(122.5mg%)>control(111.3mg%)
o7 olu ] A4 FF Ao)E & F UK 2H, of
w8 A A7) 24" o)zt 2191719l (p<0.0001), as-
corbic acid 0.03%5 ZH A axpzael F=2 A
A shsdct.

S71Ae| M8 W MEss 43

Table 30 Yehdl whe} o] w33 thzFol 2=
© 2 05% 714kl citric acid, oxalic acid, lactic acid
& zbzh Frbebe] 55°C+05°CollA 1871 394 ofwi
reff AawEE 243 A3 citric acid(122.5mg%)
>lactic acid(119.7mg%)>oxalic acid(114.1mg%)>con-
trol(111.3mg%) 4> 2.2 ofu) el A4 zpolr} §-214
o] 4 tH(p<0.0001). L& A, citric acidE 2 A A =
AlA akedch.

Table 49 VeRd v}o} zho] b shA| 2 A4 %

Table 1. Changes in amino nitrogen content of Kochujang during storage at 55+0.5°C by adding 0.5% ascorbic acid,
calcium chloride and potassium sorbate

Storage days Control Ascorbic acid Calcium chloride Potassium sorbate
0 209.9£0.1° 209.9+0.1° 209.9+0.1° 209.9+0.1°
3 201.4+0.4° 201.4%0.4° 201.4+0.2° 201.4%0.1°
6 187.310.3° 187.310.2° 187.3+0.1° 187.310.1°
9 1732+0.2° 181.7+0.2° 1789+0.2° 178.9+0.1°

12 162 £0.2 167.6+0.1% 164.8+0.2" 164.8+0.1"
15 150.7£0.2 159.1£0.2 150.7+0.3" 1535+0.1%
18 1422+0.2° 150701 142.2£0.2° 145.1£0.1™
21 133.8+0.3° 1422+0.3" 136.6+0.2° 139.4%0.1°
24 1225+0.4" 136.6+0.2° 1282+0.1" 131 =02
27 116904 131.0+0.3° 119701 1225+0.2°
30 111.3+0.3 125.3£0.3" 1141402 119702

Mean£S.D., Means with the same superscript are not significantly different at 5% level using Duncan’s multiple range

test

Table 2. Changes in amino nitrogen content of Kochujang during storage at 5510.5°C by adding various concentrations
of ascorbic acid

Storage

Ascorbic acid

Ascorbic acid

Ascorbic acid Ascorbic acid Ascorbic acid

days ~ control (0.01%) (0.03%) (0.07%) (0.196) (05%)
0 209.9+0.1* 209.9%0.1° 209.9+0.1° 209.9%0.1° 209.9+0.1° 209.9+0.1°
3 201.4+0.4° 198.6+0.1° 201.4102° 201.4+0.2° 201.4+0.2° 201.4+0.1°
6 187.3£0.3° 1845+0.1° 190.1£0.1¢ 190.1+0.1¢ 190.1+0.1¢ 187.3£01°
9 173.2+£0.2 1789%0.1" 187.3£0.3° 181.7£0.2% 1845+0.2° 181.7+0.2%
12 162 02" 1676+0.2% 176.1£0.1° 1732102 1732+02 167.6+0.1%
15 150.7£0.2° 156.3£0.3° 167.610.2° 164.8+0.1" 162 +02™ 159.1£0.1"
18 142202 1479+0.1" 162 £03™ 156.3+0.2° 1535%0.1° 150.7£0.2°
21 133.8+0.3% 1366+0.2" 156.3+0.2° 1451+0.1° 147.9+0.1° 1422402
24 1225+0.4° 133.8+0.1" 147902 136.6+0.1" 139.4+0.1" 136.6%0.1"
27 116.9+0.4° 125.3+0.1° 139.4+0.1" 1282+0.3" 1338+0.1% 131 +02
30 111.3£0.3° 1225+01% 133.8+0.1% 1253+0.2° 128.2+0.2 125.3£0.2°

Mean=*S.D., Means with the same superscript are not significantly different at 5% level using Duncan’s multiple range

test
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Table 3. Changes in amino nitrogen content of Kochujang
acids with concentration of 0.5%

during storage at 55+0.5°C by adding various organic

Storage days Control Citric acid Oxalic acid Lactic acid
0 209.9+0.1° 2099+0.1* 209.9+0.1% 209.9+0.1°
3 201.4+0.4° 201.4%0.1° 1986£0.3° 198.6+0.1°
6 187.3+0.3° 187.3£0.2° 1845+0.1° 1845£0.1°
9 1732%0.2" 1789+0.2° 1789+0.2° 176.1+0.2¢

12 162 +0.2° 170.4£0.3 1676102 1676103
15 150.7£0.2 159.1£0.2' 1535+0.1™ 1535+0.3"
18 1422402 150.7+£0.1° 1451+0.1° 142.2+0.1°
21 133.8+0.3" 147.9£0.1° 139.4+0.2° 139.4+0.2°
24 1225+0.4" 133.8+0.1" 1253+0.1% 131 +02°
27 116.9+0.4° 128.2%0.3" 1197+0.2Y 122.5£0.2°
30 111.3+£0.3° 1225+0.1% 114.1+0.2° 119.7+0.2"

Mean=*S.D., Means with the same superscript are not significantly different at 5% level using Duncan’s multiple range

test

Table 4. Changes in amino nitrogen content of Kochujang
acid and citric acid with various concentrations

during storage at 55+0.5°C by adding 0.03% ascorbic

Storage Control Citric acid Citric acid Citric acid Citric acid Citric acid
days (0.029%) (0.04%) (0.06%) (0.08%) (0.1%)
0 209.9£0.1° 209.9+0.1° 209.9+0.1° 200.9+0.1° 209.9+0.1° 209.9+0.1°
3 201.4+0.4° 201.4+0.4° 201.4%0.4° 201.4£0.4° 201.4+0.4° 201.4+0.4°
6 187.3+£0.3 193 +0.3° 193 +0.3° 195.8+0.3° 190.1£0.3° 193 +0.3°
9 1732102 187.310.21 190.1£0.2° 190.1£0.2° 187.3+0.2" 187.3+0.2°
12 162 +0.2" 1789+0.2" 181.7+0.28 181.7£0.28 176.1£0.2 1789+0.2"
15 150.7£0.2° 170.4+0.2* 1732402 173.2+0.2 170.4+0.2¢ 1704+0.2*
18 142.2+0.2° 162 +0.2° 167.6+0.2" 1732+0.2 164.8+0.2" 167.6+0.2"
21 133.8+0.3 159.1£0.3° 162 +0.3" 167.6+0.3 162 +0.3° 159.1£0.3°
24 1225+0.4° 1535+0.4° 156.3+0.4° 162 +0.4° 1535+0.4¢ 1507104
27 116.9+0.4* 145104 1479+0.4° 156.3+0.4° 1451+0.4" 147.9+0.4°
30 111.3+0.3 1394£0.3" 142.240.3" 150.7£0.3° 1366+0.3" 139.4+0.3"

Mean*S.D., Means with the same superscript are not significantly different at 5% level using Duncan’s multiple range

test
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Table 5. Changes in amino nitrogen, pH, acidity, color and overall acceptability during storage for control”

Amino nitrogen pH Acidity L? a¥ b? Overall”
45°C  55°C 45°C 55°C 45°C 55°C 45°C  55°C  45°C 55°C 45°C 55°C 45°C 55°C

Storage days

0 2099 2099 51 b1 71 71 320 32 182 182 180 180 90 90
3 - 2014 - 498 - 7.3 - 314 - 16.3 - 15.2 - -
6 2042 1873 492 491 76 83 318 305 177 15 164 122 80 69
9 1986 1732 490 48 79 89 314 278 162 137 150 121 67 52
12 1901 162 488 472 81 95 316 286 178 134 123 128 59 41
15 1817 1507 485 465 82 10 293 274 127 125 107 105 55 19
18 1704 1422 485 469 85 108 296 261 128 94 112 92 32 12
21 162 1338 478 45 88 112 269 249 9.7 65 78 6 - -
24 1535 1225 462 44 92 116 262 25 83 5 70 54 - -
27 1451 1169 455 436 95 126 247 235 6.5 26 61 31 - -
30 1422 1113 451 43 101 131 243 215 6.1 2 60 19 1 1

YAl values are mean, 2)Lightness, 3)Redness, ¥ellowness, 90verall acceptability: The sensory scores were showed in
Table 7

Table 6. Changes in amino nitrogen, pH, acidity, color and overall acceptability during storage for adding 0.03%
ascorbic acid and 0.06% citric acid

Amino nitrogen pH Acidity L? a® b* Overall”
45°C 55°C  45°C 55°C 45°C 55°C  45°C  B5°C  45°C 55°C 45°C 55°C 45°C 55°C

Storage days

0 2009 2099 51 51 7.1 71 320 320 182 182 180 180 90 90
3 - 201.4 - 505 - 72 - 315 - 180 - 172 - -
6 2042 1958 493 502 75 74 316 316 174 170 169 176 82 80
9 1958 1901 494 498 76 75 314 313 169 173 160 158 - -
12 193 1817 487 49 78 78 298 303 145 165 142 140 71 170
15 1873 1732 484 493 &1 78 303 301 148 152 145 143 - -
18 1845 1732 48 490 82 79 291 296 137 147 119 135 59 48
21 1789 1676 48 486 82 82 283 285 131 136 123 102 50 -
24 1704 1620 477 48 83 85 290 277 127 122 101 105 37 17
27 1676 1563 473 464 85 90 277 26 110 98 102 80 - -
30 1648 1507 468 446 90 103 272 232 113 51 100 44 - 1

YAll values are mean, 2>Lightness, 3)Redness, 4)Yellovvness, SOverall acceptability: The sensory scores were showed in
Table 8

Table 7. Changes in sensory scores of Kochuyjang du- Table 8. Changes in sensory scores of Kochujang du-
ring storage for control” ring storage for adding 0.03% ascorbic acid
and 0.06% citric acid
S’ltiorage Storage 2)
emp. days Taste Flavor Color Texture Overall Storage Storage
°C) Temp. days Taste Flavor Color Texture Overal”
0 90 90 90 90 90 0
6 81 84 83 83 8.0 0 9.0 9.0 90 9.0 9.0
9 6.1 67 63 7.0 6.7 6 84 85 83 8.3 82
45 12 5.7 51 58 53 5.9 12 74 75 12 6.3 7.1
15 5.0 49 53 51 55 45 18 59 61 57 5.6 59
18 32 29 30 2.6 32 21 5.0 48 49 49 5.0
30 1 1 1 1 1 24 33 25 37 2.8 37
30 - - - - -
0 9.0 90 90 9.0 9.0 0 a0 90 90 %0 90
S L3 49 93 44 a2 6 19 12 11 715 80
55 12 37 40 36 35 41 270 72 70 70 70
55 18 5.8 60 53 49 4.8
15 2.3 29 19 1.6 19 21 - - - - -
18 16 15 1.2 1.1 1.2 24 29 26 21 19 17
01 11 1 1 30 15 12 13 1 1

UN=9, Mean, PQverall acceptability DN=9 Mean, I0verall acceptability
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Table 9. Correlation between sensory evaluation and
physicochemical analyses during storage for

control

_ Correlation

Mrer?:r:ltrse Regression equation coef(fg{(;ient
Amino nitrogen Y= 0.093488X—11.351580  -0.9052
pH Y=12.038713X —52.868624  -0.8050
Acidity Y=-1546173X +18.72707 -0.7719
L’(lightness) Y= 0.800806X —18.203228  -0.7777
a’(redness) Y= 0.530209X —2.132848 -0.7641
b (vellowness) Y= 0.583060X —2.025918 -0.7872

Y: Sensory evaluation, X: Variables

Table 10. Correlation between sensory evaluation and
physicochemical analyses during storage for
adding 0.03% ascorbic acid and 0.06% citric

acid
Correlation
Measurements Regression equation coefficient
®

Amino nitrogen Y= 0.108234X—13.74977 -0.8987
pH Y=13.632801X—60.593237  -0.7700
Acidity Y=-2.808095X +28.354831  -0.7908
L’ (lightness) Y= 0994763X —23.495432  -0.8260
a’(redness) Y= 0.671732X —3.83427 -0.8201
b'(yellowness) Y= 0620839X—2.604667  ~0.8767

Y: Sensory evaluation, X: Variables
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