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Abstract

In this study, the shelf-life of Kochujang during storage was predicted through physicochemical
and sensory analyses. Amino nitrogen, lightness, characteristics of surface color, pH and number of
viable cell counts in Kochujang decreased during storage, while ammonia nitrogen, titratable acidity
and viscosity increased. Among the physicochemical analyses, amino nitrogen content exhibited the
highest correlation with sensory score. The marginal amounts of amino nitrogen was 170.6mg%.
Degradation rate of amino nitrogen was a first order reaction. Qio—value and the activation energy
of Kochujang during storage were 1.80 and 8.6kcal/mol, respectively. The shelf-life predicted of
Kochujang at each storage temperature was calculated. The shelf-life predicted was 467 days at

10°C, 261 days at 20°C and 133 days at 35°C.
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where, C; measurements at time t
Co; measurements at time to
k; rate constant
t; reaction time(day ™)
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where, K; reaction rate constant
Ko; Arrhenius frequency factor
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Ea; activation energy(cal/mol°’K)

R; gas constant(1.986cal/mol’K)

T; absolute reaction temperature(°K)

= Qu-value A ez Ale] o] #A A
& Aol A F& 4§ )3, shelf-life®] FA QL th3 4]
(B)NA & 7& 4 gl Qu-values 2= o]
B2 shelf-life2 38 & ebich

B 10 - Ea

log Q0= 52 0aR - T(T +10) @
_ Bs(T+10°C)

Qo= (T )

where, Qio; Qio—value
8s(T+10°C); shelf-life at T+10(°K)
R; gas constant(1.986¢cal/mol’K)
8s(T°C); shelf-life at T(°K)
T; absolute reaction temperature(°’K)
Ea; activation energy(cal/mol°’K)
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Table 1. Changes in pH, acidity, amino nitrogen and color and color difference values of Kochujang during storagel)

Measurements Amino Color & color difference values?
Temp. Storage pH Acidity nitrogen 5 - >
°C) days L a b AE?
0 510+1001° 71+01  2099+00° 320+02° 182%01*° 180+0.1° 69.0+0.1"
30 503+£002° 7501  207.3+03° 319+0.1* 180*02* 17.8%00° 69.0+02"
10 60 4964002 8310.0° 2042+02° 314102° 173%03% 17.0+00° 692+0.1°
90 498+000® 85+01° 201.7+03° 3L1x0.1° 172+02%% 165£02° 69.3%02°
120 4934002 89*01° 1991+03° 30.8+02% 170102 154+02° 69.3+0.1°
180 490+00I' 95+02° 1938103 30102 168%t03* 143+0.1° 69.8%0.17
0 5101001 7101  2099+00° 320+02*° 182+0.1° 18001 69.0%01"
30 502001 80%x01" 2062+02° 315+01° 175+02° 174%+01° 69.2%0.1%
20 60 495+001% 87+02° 1991+03° 306+02° 169+02°¢ 163+02° 69701
90 495T001% 88+01° 1949%03" 300%t01° 168t01* 151+01" 70.0*02°
120 4922001" 06+00° 193501 294+01" 165+03° 1421025 703027
180 4871002 101x01° 181.1+03° 288+02% 158+03° 139+02" 707%01°
0 5104001 7.1+01  2099+00° 32002 182+01* 180%x01° 69.0+01"
30 50040019  89%+01° 2022+03° 310+02° 168+04* 17102° 694*0.1°
% 60 4940017  92+01° 1896403 205+02 158+01° 1522027 703%02’
90 49010020  97%01° 1794+04 277+02° 133%03° 139%02" 712%02°
120 485+002 103*02° 1766+03™ 250+t02 11.0x03 13.0x03 733102
180 - - - - - - -

DN=3, Mean*S.D., Means with the same letter are not significantly different at 5% level using Duncan’s multiple

range test

DN=3, Mean+S.D., Where letters a~i within a column differ, means differ significantly

3)Lightness, YRedness, PYellowness, 9Total color difference
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Fig. 1. Changes in viable cell count of Kochujang during
storage.
@-@; 10°C. O-00; 20°C. a-4; 30°C

78
e
[=)
s}
g =
=}
o]
g
p=
S}
« 68
=2
=
:g
63
1] ko) 60 290 120 150 180

Storage time(Days)

Fig. 2. Changes in ammonia nitrogen of Kochuyjang during
storage.
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Fig. 3. Changes in crude protein of Kochujang during
storage.
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Fig. 4. Changes in moisture content of Kochujang during
storage.
@®-®; 10°C, O[3 20°C, a-»; 30°C

ColdF R o AR

140

Viscosity(m - Pa)

° 30 60 %0 120 150 180
Storage time(Days)
Fig. 5. Changes in viscosity of Kochujang during storage
(up; 12rpm, down; 30rpm).
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Fig. 6. Relationship between moisture content and vis—
cosity of Kochujang during storage.
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Table 2. Changes in sensory scores of Kochujang during storage”

Temp. Storage

©c) Days Taste Flavor Color Texture Overall
0 9.0 £0.00° 9.0 +0.00° 9.0 +0.00° 9.0 *+0.00° 9.0 £0.00°
10 60 853+051% 853£051®  829+0.85° 8241083 865+0.49°
120 7.82+0.64% 818+053*  806+083% 818+0.88" 8.06+0.75°
180 7.88+0.60™ 7.8810.60° 794+0.75% 7.59+0.83° 7.76%0.66°
0 90 +0.00° 9.0 +0.00° 9.0 £0.00° 9.0 +0.00° 9.0 %0.00°
20 60 8.12+0.60" 8.00%0.50 835+061° 800+0.71° 7.8810.49°
120 7470514 7.6510.49° 7.76%0.90° 7.88+£0.78° 7.65%0.70°
180 6.71+1.05° 6.53£0.95° 6.06£0.75° 6.881+0.99° 6.00£0.71¢
0 9.0 +0.00° 9.0 +0.00° 9.0 +0.00° 9.0 +0.00° 9.0 0.00*
- 60 6.71£047° 6.76+£1.03° 7.00£0.79° 6.8810.86° 6.7640.83°
120 582+1.24" 582+1.19 582+1.07° 5.20+1.49° 553+1.01°
180 - - - -

1)MeaniS.D., Each value was a mean sensory score of 17 trained panel; 1=very much different with control, 9=same
with control; The same letters indicate no significant difference at 5% level using Duncan’s multiple range test
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Table 3. Correlation between sensory evaluation and
quality attributes of Kochujang at various

temperatures
Correlation
Measurements Regression equation coefficient
(R)
Amino nitrogen Y= 0.104538X—12.837471 —0.9782
pH Y=11.012687X—46.929358  —0.7088
Acidity Y=-0913550X+15.718128 —0.8063
L’(lightness) Y= 0546487X—8.720449  —0.8553
a'(redness) Y= 0.522275X —0.873399 —0.7671
b"(yellowness) Y= 0593098X —1590350  —0.7948

Y: Sensory evaluation, X: Variables

Hro} AL 188 vhghrl Labuza(29)¢F Lund(30)7} &
ALgE o8] A F7AE9] A4 3ol A& 10~100keal/
mol9] H9E Yepdrls B me} Aukiksl A 9 3
ulg] £l vebn] g et ¢4 vkl el vl Es
A zh 2] &M 5ol 1] X = 10 ~50kcal/mol ¥ ¢ ekar o
22 (30) l&=H], 2 A3 A= 8.6kcal/mol = gt}

HeA F4 st w9 obel e AL F31706
mg%)& A LxEE ggistd FE71%
& T3 A3} 10°Cel A 467, 20°Coll 4] 261, 35°CHl)
4] 1334 14tk Al 5(2)8- 18°Coll A 509U 2 | =3
AdEe 2o B Al e 203U 2 &= g}, o)
g Aol AR £57, 5E, Az, F50l23
714k 58] ]lA} ol g Aol2 Azt

2 <

B Aelxe neae] 2% (10°C, 20°C, 35°C)
AA ozt o B5A W E S5 57 A
Zofl & A2 3t} pHE AR 2 2571 27
FE ghastg o, iy ARAAEE F0) 2] 2
Booh AR F ol W dae AR
o] Z/1EFE 2 AL RYoy, 5 Frld o}
HAE 4 abo] & B 8 F-E A o] F
ZNE,E 4 E R AEHIE AR Y 2%
7} Z71E 5 2715 Bech PR E A7) 7ke]
A2 L, a 2 b-valuert AdtE o] Yo A 2
7] Bt 2= gl Zolrt ik, ofbvwlxe] Aie A
A7 2 2o et 2A4E 2o ARAS (=
-0.9052)7F A Eot %571z AAs= FAEA L
2 At} Qio-value= 1.8001% 32, B4 3 ol %) (Ea)



594

o}7)<d - A¥A

= 86kcal/molo] gic). 2&Ae] #52 FA AL
o9l el A4 gegke] 1706mg%d woln, o] & 13}
YA o L2 =2 fglsle] F-5717HE &3

 REZEY] &L 10°CallA] 4674, 20°Cell A 261

o?_];

10.

11.

12.

13.

14.

35°Cell A 1339 2 vhebyte)

Ho
Tk

HEAFFHITZT  FAAE09%5)

AFl, w7 o) & Fuld AAA AL ut
€ 57 s} 34 F9513]7), 26, 300(1994)
A, 97, A = AN 2533 A F9
Bacillus%3} Saccharomyces%2) &2 9 3. 34k
ALds =584, 13, 167(1990)

XL, AFF AGA G2 A 3] AR
4. g oFA ekstalx]) 16, 27(1987)

w3 w3 p3a gz A AEA L ok E o] 313}
A As A& =53, 11, 331(1982)

A5, A5, A, AFY, A4, A5 A4
2EA] HR7IE olshetd S Wa VIFAE
&3] A}, 26, 403(1994)

. Labuza, T. P.: A theoretical comparison of losses of

in food under fluctuating temperature sequences. J.
Food Sci., 44, 1162(1979)

. Sehwimmer, S., Ingraham, L. L. and Hughues, H. W.:

Temperature tolerance for frozen food processing ef-
fective temperature in thermally fluctualting systems.
Ind Eng. Chem., 27, 1149(1955)

. Pohle, S. D., Gergory, R. L., Weiss, T. J., Van Giessen,

B, Taylor, J. R. and Abern, J. J. : A study of methods
for evaluation of the stability of fats and shortening.
J. Am. Oil Chem. Soc., 41, 795(1963)

Mizrahi, S., Labuza, T. P. and Karel, M. : Computer
aided predictions on extent of browning in dehydrated
cabbage. J. Food Sci., 35, 799(1970)

Hansen, J. P. ' Degradation and hydration kinetics of
soybean protein. J. Agric. Food Chem., 26, 297(1978)
Gosstt, P. W., Rizvi, S. S. H. and Baker, R. C. : Quan-
titative analysis of gelation in egg protein systems.
Food Technol., 5, 67(1984)

Kim, S. M. and Sung, S. K. : Changes in physicochemical
characteristics of meat sausage during storage at tem-
perature. Korean J. Food Sci. Technol., 21, 283 (1989)
AAA, A, USE, FUA, ol S% 2529 55
71’ A o A AF A FANERATY AR 3,
1, 1080(1993)

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

21.

28.

29.

30.

LR R R

A.O0.AC.: Official methods of analysis. 14th ed., Asso-
ciation of official analytical chemists, Washington, D.
C., US.A.(1995)

$E4, 019z, 244, WA SASE o1-4% 54 A
234, AAg Agolrt ], p61(1993)

Kim, Y. J., Choi, H. T, Yy, J. H. and Oh, O. H.: Ma-
illard reaction in an intermediate moisture model food
system. Korean J. Food Sci. Technol., 19, 113(1987)
oAl E, o) B, Wt e A A nFA A4 o ¥1H] & v
AE Y 2 fad #g A7 S5t A, 19, 82
(1976)

23S uipel AT AF 254 FAANF 9l
ol A A4 2 Mg w3 v G & FAE
8}s]=), 13, 319(1981)

Lee, J. M., Jang, J. H.,, Oh, N. S. and Han, M. S.: Bac-
terial distribution of Kochujang. Korean J. Food Sci.
Technol., 28, 260(1996)

Shin, D. B, Park, W. M,, Yi, O. S,, Koo, M. S. and
Chung, K. S.: Effect of storage temperature on physi-
cochemical characteristics in Kochujang(Red pepper
soybean paste). Korean J. Food Sci. Technol., 26,
300(1994)

Park, J. M. and Oh, H. . : Changes in microflora and
enzyme activities of traditional Kochujang meju during
fermentation. Korean J. Food Sci. Technol., 27, 56(1995)
Kim, Y. S., Shin, D. B., Koo, M. S. and Oh, H. L. : Ch-
anges in nitrogen compounds of traditional Kochujang
during fermentation. Korean J. Food Sci. Technol., 26,
389(1994)

Kim, Y. S., Kwon, D. J, Oh, H. I. and Kang, T. S.:
Comparison of physicochemical characteristics of tra—
ditional and commerical Kochujang during fermentation.
Korean J. Food Sci. Technol., 26, 12(1994)
Chhinnan, J. M. S., McWaters, K. H. and Rao, V. N.
M. : Rheological characterization of grain legume pastes
and effect of hydration time and water level on appa-
rent viscosity. J. Food Sci., 50, 1167(1985)

el AL A Y85 293 233 st
A EelA A 7134, 533 %], 21, 387(1988)
AP, 224,958 A, AN 2EsHE A
Aol PIX e Aax|ghe 33, A FA s A, 22,
833(1990)

Kim, D. H. : Food chemistry. Tamgudang, Korea, p.322
(1971)

Labuza, T. P. : Nutrition losses during drying and stora—
ge of dehydrated foods. Crit. Rev. Food Technol., 3,
355(1971)

Lund, D. B.: Design of thermal processes for maxi-
mizing nutrient retention. Food Technol., 31, 71(1977)

(19974 349 129 AS)



