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The major obstacle in the popularization of Chungkookjang is the short shelf-life of 2~3 months
and some problems concerning storage including the growth of molds even in the products even
within shelf-life. To solve these problems we conducted a research to improve its storage by using
the vacuumed packaging and sanitary method through seed culture, innoculation and sterilization.
For the optimization of storage time, temperature and sterilization temperature, we measured via-
ble cell numbers of bacteria and fungi, amount of gas outbreak and contents of amino type nitro-
gen and monitored these experimental results by response surface methodology of SAS program,
so- that we could observe the quality changes of Chungkookjang during shelf-life. Especially fungi,
which are the biggest troublemaker in Chungkookjang shelf-life, couldn't be detected from the gen-
erally and vacuum-packed samples; also, viable cell numbers were highly influenced by sterilization
temperature and in vacuum-packed samples. In the case of vacuum-packed samples, amount of gas
outbreak was highly influenced by sterilization temperature of its storage conditions and it was
higher in generally packed samples as compared to vacuum-packed samples even at any storage
conditions. The changes of pH in generally and vacuum-packed samples were highly influenced by
the storage temperature. As the temperatures of storage and sterilization were higher and the stor-
age time was longer, so the amount of gas outbreak was accordingly lower. These results showed
that amino type nitrogen contents in generally and vacuum-packed samples were systematically
influenced by the temperature, storage time and sterilization temperature. Also the result showed
that the change of amino type nitrogen contents during storage was less in vacuum-packed samples
than in general ones. Based on the above results, we can produce Chungkookjang products with
extended shelf-life of as far as 6 months without any quality change using sanitary manufacturing
method, vacuumed packaging condition, sterilization in 70°C for 60 minutes and storage under
10°C during shelf-life. According to this research, we have the possibility to greatly increase the
goods value of Chungkookjang by developing the manufacture processing and packaging.
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Table 1. Levels of experimental conditions for sterilized and A7A Y= %—é;(ﬂ‘_}—g—)ﬁﬂi,‘—’ X, X, X;= & A = A
storage conditions of vacuumed or non-vacuumed Chungkookjan, - — = _ - L
packuging SROONINE @, B BAAFCIY. HRRA) 97 mYA9) oS

Experimental Level
X condition 2 -1 0 1 2
X,  Sterilized temp. (°C) 50 60 70 80 90
X, Storage temp. (°C) 5 15 25 35 45
X,  Storage time (days) 20 40 60 80 100

Table 2. Experimental conditions on central composite for response
surface methodology (RSM)

*Experimental Sterilized Storage Storage time
number temperature (°C) temperature (°C) (days)
1 1(80) 1(35) 1(80)
2 1(80) 1(35) -1(40)
3 1(80) -1(15) 1(80)
4 1(80) -1(15) -1(40)
5 -1(60) 1(35) 1(80)
6 -1(60) 1(35) -1(40)
7 -1(60) -1(15) -1(40)
8 0(70) 0(25) 0(60)
9 2(90) 0(25) 0(60)
10 -2(50) 0(25) 0(60)
11 0(70) 2(45) 0(60)
12 0(70) -2(15) 0(60)
13 0(70) 0(25) 2(100)
14 0(70) 0(25) -2(20)

*The number of experimental conditions by central composite design.
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Y, =14768 — 474 306731X, + 19.335096X,+ 1170240224, +

3.436250X,2+ 0.498237X X, + 0.032500X,2— 1.254840X, X, -
0.812340X,X, + 0.018750X,2

Table 3. Experimental data on amino-type nitrogen contents, pH, gas outbreak and sugar contents under vacuumed or non-vacuumed

packaging of Chungkookjang

aExp. N Viable cell (1X10° CFU/g) Gas outbreak (cc) rH NH,-N content (mg%)
PO *Vac. “Non-vac. Vac. Non-vac. Vac. Non-vac. Vac. Non-vac.
1 550 647 35 46 6.2 6.0 285 252
2 380 485 5 12 6.0 5.8 105 120
3 469 559 5 10 6.6 6.5 128 137
4 228 325 0 0 6.5 6.5 191 158
5 1,230 1,405 52 180 6.2 5.9 324 357
6 635 784 40 125 6.2 6.1 341 255
7 375 416 25 40 6.5 6.4 198 155
8 450 525 0 0 6.3 6.1 364 380
9 149 235 0 0 6.5 6.4 157 197
10 3,500 4,750 80 120 6.2 6.1 250 205
11 730 985 60 88 6.1 59 132 124
12 196 287 0 0 6.6 6.5 126 106
13 680 766 10 20 6.2 6.0 106 101
14 280 326 0 0 6.7 6.6 126 115

“Expetimental number, *Vacuumed sample and “Non-vacuumed sample.
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Table 4. Polynomial equations calculated by RSM program for sterilization and storage conditions under vacuumed or non-vacuumed

packaging of Chungkookjang

Response Second order Polynomials R? Significance
e Yyo= 14768 - 474306731, + 19.335096°X, + 1170240224°X, + 3.436250X,> + 08308 00812
Viable ’ 0.498237X X, + 0.032500X,”~ 1.254840X,X, — 0.812340X,X, + 0.018750X,2 ' '
cell Yywe=21137 - 678.402885X, + 13.141827X, + 164.293429X, + 4.918750X 2+
= NVC . 1 N 2 - 3 . 1
"Non-vac. 0.792340X, X, + 0.277500X22 - 1.727372X1X3 - 1.243622X2X3 + 0.013125X32 08110 0.1069
Yoy = 700.724359 — 16.146154X, — 2.455769X, — 2.392628X, + 0.100000X,>—
Gas Vac. 0.025064X X, + 0.075000X,”+ 0.020801X, X, + 0.029551X,X, + 0.003125X,> 09524 00025
outbreak Nonvae,  Yaoy=729.041667 — 19.137500X, + 10.675000X,~ 3.672914X, + 0.150000X, >~ 09122 00143
©0253333X1X2 +0.110000X22 + 0.019167X,X, + 0.07541 7X,X, + 0.006250X .2 : :
Y, =8.094551 — 0.014808X, + 0.026587X, — 10.052965X, + 0.000125X,* ~
Vac. P ! 2 3 R 0.8576  0.0523
" 0.000920X X, + 0.000125X, + 0.000436X X, + 0.000311X,X, + 0.000093750X,
p
’ Y= 9.495913 ~ 0.049231X, + 0.036971X, — 0.068942X; + 0.000375X,* —
Non-vac. 0.001221X X, + 0.000250X,” + 0.000577X, X, + 0.000327X,X, + 0.000125X, 0.9397 00050
Vac Yo =-2293.196314 + 55.927885X, + 49.870673X, + 4.323237X, — 0.401250X,* - 08815 0.0323
NEL-N ' 0.414006X X, ~ 0.587500X,” + 0.134455X X, + 0.191955X,X, ~ 0.155000X,* ( : :
content Yyae=-3135.419872 + 68.994231X, + 50.258624X, + 15.428526X, — 0.447500%, > -
_ NAC . . 1 - 2 - 3 M 1
NOVAC 0 340487X X, — 0.662500X,” + 0.017340X,X, + 0.1 71090X,X, — 0.170000X 2 08957 0.0229

“Vacuumed sample, *Non-vacuumed sample, cX, Sterilized temperature (°C), “X,, Storage temperature (°C) and X,, Storage time (days).
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Fig. 1. Four-dimensional response surface for viable cell number of
vacuum packaged Chungkookjang at different conditions.
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1.243622X,X, +0.013125X,?
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Fig. 2. Four-dimensional response surface for viable cell number of
non-vacuum packaged Chungkookjang at different conditions.
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0.029551X,X, + 0.003125X 2
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Fig. 3. Four-dimensional response surface for gas outbreak volume
of vacuum packaged Chungkookjang at different conditions.
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Fig. 4. Four-dimensional response surface for gas outbreak volume
of non-vacuum packaged Chungkookjang at different conditions.
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38.36°C, A717F 65.88400A 7hadk A #o] 71 Bkt
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02 10% oA FoAdol AAHUL, YutEFS R3Ol
0.9397= 1% ©llA fo/ge] AF=HATE. pH Fe] wH3lel
gk 42 WS Fig 5 2 Fig 63 Zth

T2z AEFe] pHake] Wl disir #32we}
AAEES £o8 JIe A F AT BFUF AT
7t 7P 2 FFE PIRE SR VERROV AAITRS &
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pH zke] sl gl 3|74
o] ¢FHe] HelE 7k4 FARALS I ZFE
3t 5.95, H3L 6795 B, YWkEGS 712 5.729) 6.78%
Etth Kime SAF9] 49 pHe 68 o ]

Table 5. Regression analysis for regression model of physiochemical properties in sterilization and storage conditions under vacuumed or

non-vacuumed packaging of Chungkookjang

F-Ratio
Experimental condition Viable cell (1 10° CFU/g) Gas outbreak (cc) pH NH,-N content(mg%)
“Vac. *Non-vac. Vac. Non-vac. Vac. Non-vac. Vac. Non-vac.
Sterilized Temp. (°C) 5.957 5.26% 17.94¢ 9.63¢ 1.73 4847 4.90° 4.44°
Storage Temp. (°C) 0.29 0.28 10.76° 6.04% 6.16% 14.83° 7.23¢ 8.99¢
Storage Time (days) 0.95 0.78 1.89 0.88 2.14 6.46% 6.80° 8.47¢

“Vacuumed sample, “Non-vacuumed sample, “Significance at 10% level, “Significance at 5% level and “Significance at 1% level.
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Table 6. Predicted levels of optimum conditions for sterilization and storage conditions under vacuumed or non-vacuumed packaging of

Chungkookjang by the ridge analysis

Sterilized temp Storage temp Time Estimated
Response (C) C) (weeks) response Morphology
N 74.23 33.96 18.83 18.43 (Min) Saddle
S ac. 5121 23.77 73.50 3150.10 (Max)
iable ce e 74.08 2046 49.66 33.23 (Min) Saddle
rovac. 51.15 2339 73.00 4201.74 (Max)
y 70.00 60.00 25.00 1.50 (Min) Saddle
N ac. 53.62 62.46 36.41 83.17 (Max)
as outbre: N 71.48 23.68 59.47 4.52 (Min) Saddle
onevac. 55.41 38.36 65.88 207.77 (Max)
v 7952 41.60 4837 5.95 (Min) Saddle
. ac. 77.98 42.19 8.97 6.79 (Max)
P N 5591 19.77 86.39 5.72 (Min) Saddle
on-vac. 81.15 9.20 49.78 6.78 (Max)
v 64.50 10.25 63.64 46.89 (Min) Maximum
N ac. 6381 30.06 60.24 378.30 (Max)
NH,-N content 65.53 10.05 77.95 64.48 (Min) Maximum
Non-vac. 67.66 27.95 62.69 382.84 (Max)
“Vacuumed and “Non-vacuumed sarple.
63
58
(3
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a
% 52 5 &
3 3 |
(32 &
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10 Tempe;o 80
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Fig. 5. Four-dimensional response surface for pH of vacuum
packaged Chungkookjang at different conditions.
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Y, =—2293.196314 + 55.927885X, +49.870673X, + 4.323237X,—
0.401250X >~ 0.414006X, X, — 0.587500X,+ 0.134455X X, +
0.191955X,X; - 0.155000X,2

Fig. 6. Four-dimensional response surface for pH of non-vacuum
packaged Chungkookjang at different conditions.
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non-vacuum packaged Chungkookjang at different conditions.
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