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In order to examine the changes of commercial value during storage conditions and shelf-life of
Chungkookjang, response surface methodology of SAS program was applied to monitor orgenolep-
tic properties and color changes to determine optimum storage conditions. Lightness (L) value of
vacuum-packed Chungkookjang showed under the 1% significance probability with high influence
in all conditions such as sterilized temperature, storage time and storage temperature. Redness (a)
value of vacuum-packed Chungkookjang was increased during highly sterilized and storage temper-
atures, and was individually influenced. One of the generally packed sample also showed that sig-
nificance value was influenced under 10%, during high storage temperature. Yellowness (b) value
of vacuum-packed Chungkookjang showed the significance probability under 1% during storage
time and temperature, and under 5% during sterilized temperature. Also, stational point showed
saddle type in both packaging samples. In case of vacuum-packed Chungkookjang, compatibility of
odor was influenced by sterilized temperature under 10% significance probability. But generally
packed samples have an effect on storage time under 1% significance probability effect on storage
time, and sterilized temperature under 5%. In case of vacuum-packed Chungkookjang, compatibil-
ity of taste was highly concerned with storage time under 1% significance probability, whereas gen-
erally packed samples were concerned with storage temperature under 5% significance probability.
Overall palatability of vacuum-packed samples showed maximum value of 5.15 on sterilized tem-
perature (61.92°C), storage temperature (6.79°C) and storage time (56.48 days) during storage.
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Table 1. Levels of experimental conditions for sterilized and
storage conditions of vacuumed or non-vacuumed Chungkookjang
packaging

» Level
X, Exp. 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

Table2. Experimental conditions on central composite for
response surface analysis(RSM)
Sterilized Storage Storage
Exp. No* temp (°C) temp (%C) time (diys)
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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Table 3. Experimental data on Hunter‘s colors values under vacuumed or non-vaccumed packaging of Chungkookjang at different
conditions based on central composite design for response surface methodology

Hunter’s color value

1;:\?(?.' L a b
*Vac. **Non-vac. Vac. Non-vac. Vac. Non-vac.
1 48.97 46.22 6.67 6.32 15.32 17.11
2 58.78 5577 6.04 6.48 18.88 18.12
3 53.12 56.38 7.56 6.26 19.68 19.33
4 54.96 59.25 7.02 6.69 19.36 20.78
5 42.63 41.33 7.34 7.16 17.31 16.23
6 49.05 4791 7.60 8.72 21.78 21.29
7 57.34 57.63 6.51 6.44 23.32 22.76
8 48.86 49.93 7.12 7.06 17.81 17.58
9 59.89 58.85 6.96 6.54 19.16 18.11
10 56.76 54.59 6.08 6.17 25.55 22.49
11 42.61 46.36 7.59 7.38 16.59 15.87
12 51.63 52.19 6.99 6.60 18.90 18.67
13 43.85 45.26 6.67 6.82 16.34 16.61
14 56.17 50.10 7.66 7.58 22.11 19.77
*Vacuumed, **Non-vacuumed.

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
I T e e o ST
O 006X DOOOSX K 0004 N, Doonodxz 085 00557
U ot 000K BODISION DN OOnazRzsx O3 00650
e ST e a0 ommeonne s e
e OB 00K Q0K 00 Do 0T 00004
Nor-vac. Yy, = 80.768029 — 1.273298X, + 0.042385X, — 0.438832X, + 0.006800X >~ 0.9028 0.0189

0.001485X,X, - 0.000775X,>+ 0.004708X X, + 0.000195X, X, + 0.000381X,’

*Vacuumed, **Non-vacuumed, X,: Sterilized temperature (°C), X,: Storage temperature (°C), X: Storage time (days).
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Y, =201.506178 — 3.764192X, — 1.343587X, ~ 0.004764X, +
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0.006607X,X, + 0.000719X,2
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Yy, = 147.680641 — 2.547096X, — 0.796418X,+ 0.126941 X, +
0.016975X 2+ 0.011777X,X, — 0.001638X,+ 0.000499X, X, —
0.004139%,X; — 0.001406X.2
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Fig. 1. Four-dimensional response surface for Hunter's L value of
vacuum packaged Chungkookjang at different conditions.
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Fig. 2. Four-dimensional response surface for Hunter's L value of
non-vacuum packaged Chungkookjang at different conditions.

Yy, =—-5.574527 + 0.298288X, + 0.411630X, - 0.091093X,—
0.001762X,- 0.004996X, X, — 0.000175X,2+ 0.001075X, X, -
0.000338X, X+ 0.000087500X
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Y, =99.928510 — 1.900183X, +0.102774X, - 0.0285923X, +

0.011323X,2+ 0.000151X,X,— 0.000163X,2+ 0.002732X,X, -
0.003256X,X, + 0.000884X,2

Table 5. Regression analysis for regression model of Hunter's color values in sterilization and storage conditions under vacuumed or

non-vacuumed packaging of Chungkookjang

F-ratio
Experiment
conditions L a b
"Vac. *Non-vac. Vac. Non-vac. Vac. Non-vac.
Sterilized temp. (°C) 16.95™ 2.14 6.65" 2.99 26,91 483"
Storage temp. (°C) 11.60™ 3.00 6.05" 423" 6.08"" 2.36
Storage time (days) 15.90™" 1.94 1.72 1.75 17.55" 446"

*Significance at 10% level, **Significance at 5% level, ***Significance at 1% level, 'Vacuumed, *Non-vacuumed.
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Fig. 3. Four-dimensional response surface for Hunter's a value of

vacuum packaged Chungkookjang at different conditions.
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Fig. 4. Four-dimensional response surface for Hunter's a value of
non-vacuum packaged Chungkookjang at different conditions.
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Y, =3.834215 +0.044712X, + 0.037308X, + 0.009968X, —
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Table 6. Predicted levels of optimum conditions for sterilization and storage conditions under vacummed or non-vacuumed

packaging of Chungkookjang by the ridge analysis

Sterilized Storage Time Estimated
Responses temp (°C) temp (°C) (weeks) response Morphology
Vi, 64.40 41.09 80.95 37.51 (Min) Saddle
L 88.22 29.40 46.04 63.17 Max)
" 6529 39.04 86.88 39.38 (Min)
Non-vac. Saddl
on-vac 89.63 24.09 52.60 60.94 (Max) acdle
54,80 14.13 7325 4.83 (Min)
Vac. Saddl
. a 58.80 40.61 4891 822 (Max) acdie
55.68 12.20 7117 5.10 (Min)
Non-vac. Saddl
on-vac 59.84 38.66 39.00 8.64 (Max) addle
Ve 72.09 40.51 84.91 13.95 (Min) Saddic
. 52,07 23.94 42,40 26.54 (Max)
N 69.36 41.01 83.94 1531 (Min) Saddl
on-vac. 5421 24.40 36.01 24.52 (Max) addle

*Vacuumed, **Non-vacuumed.
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Fig. 5. Four-dimensional response surface for Hunter's b value of
vacuum packaged Chungkookjang at different conditions.
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Table 7. Experimental data on organoleptic properties under vacuumed or mnon-vaccumed packaging of Chungkookjang at different
conditions based on central composite design for response surface methodology

Organoleptic property

IIE\;((?.. Appearance Odor Taste Overall palatability
*Vac. **Non-vac. Vac. Non-vac. Vac. Non-vac. Vac. Non-vac.
1 430 3.80 5.30 420 5.20 4.30 435 4.10
2 5.00 4.50 5.50 4.40 543 4.50 5.00 4.60
3 5.90 5.70 5.40 4.40 5.20 5.20 4.50 435
4 6.00 6.00 5.60 4.50 543 543 5.06 5.06
5 420 3.90 5.50 4.40 5.30 435 4.80 4.10
6 5.00 4.70 5.70 455 543 4.50 5.00 4.60
7 6.00 6.00 5.85 4.65 5.43 5.43 5.06 5.06
8 5.60 5.50 5.60 4.50 543 4.50 5.06 4.80
9 4.80 4.20 5.20 420 5.10 420 4.50 4.08
10 5.20 4.50 5.70 4.50 5.43 4.50 5.06 4.80
11 4.20 3.50 5.30 4.30 5.35 423 5.00 4.05
12 6.00 5.40 5.40 4.40 5.43 543 5.06 5.06
13 5.00 4.50 5.30 4.00 5.20 4.10 4.30 425
14 6.00 5.80 5.50 4.55 5.60 5.00 5.06 5.06
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Table 8. 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
=—0.877404 +0.198173X, + 0.057115X, — 0.001106X, — 0.001500X *~
# C 1 2 3 1
R Vac. 0.000115X X, ~ 0.001250X,2+ 0.000192X X, — 0.000683X,X,~ 0.000062500X, 09677 0.0008
pperance
Y= —4.863398 +0.331592X, + 0.076211X, — 0.029891X, — 0.002405X,*~
*% = NC 1 2 3 t
NOB-vac. - 4 600947, X, - 0.001331X,+0.000433X,X; — 0.000192X,X, — 0.000101X,? 09625 0.0013
Vac Y, =3.834215+0.044712X, + 0.037308X,+ 0.009968X, — 0.000375X,> 0.8374 0.0735
ond : 0.000141X,X,— 0.000625X, *+ 0.000012821X X, + 0.000012821X,X, - 0.000125X.2 : :
rdor
’ Y= 2.956771 +0.046250X, + 0.035312X, — 0.001458X,-0.000375X,+
Non-vac. 0.000354X, X, — 0.000375X,+ 0.000146X,X, + 0.000083333X,X, — 0.000141X.? 0.9260 0.0089
Y, =3.064127 +0.062615X, + 0.001389X, + 0.016763X,— 0.000413X, >+
. Vac. 0.000119X X, ~ 0.000100X,’— 0.000230X,X, — 0.000105X,X, - 0.000018750X.2 0.9407 0.0048
aste
_ Yy =6.186234 +0.045471X, — 0.052269X, - 0.058441X,-0.000375X >~
Non-vac. 0.000789X, X, + 0.000825X,2+ 0.000439X, X, + 0.000539X, X, + 0.000031250X, 08961 00227
Yop=—0.410144 +0.119990X, + 0.005827X, + 0.065034X, — 0.000700X,>+
Vac. I 2 : ; 0.9860 <.0001
Overall 0.000048077X,X, — 0.000075000X,2— 0.000601X,X, - 0.000151X,X; — 0.000238X,
alatability - _ _ 2
p Nomvac. Y yop= 0.938598 + 0.122538X, — 0.029933X, + 0.032970X, - 0.000900X >+ 09586

0.000641X,X, — 0.000613X, — 0.000413X,X, — 0.000150X, X, — 0.000090625X,>

0.0017

*Vacuumed, **Non-vacuumed, X;: Sterilized temperature (°C), X,: Storage temperature (°C), X,: Storage time(days).
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Fig. 7. Four-dimensional response surface for sensory score in
appearances of vacuum packaged Chungkookjang at different
conditions.

Yyop= 0938598 + 0.122538X, — 0.029933X, + 0.032970X, -
0.000900X,+ 0.000641X, X, — 0.000613X,2— 0.000413X X, -
0.000150X,X, — 0.000090625X,2
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Fig. 8. Four-dimensional response surface for appearances in
sensory score of non-vacuum packaged Chungkookjang at different
conditions.
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Fig. 9. Four-dimensional response surface for odors in sensory
score of vacuum packaged Chungkookjang at different conditions.
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Fig. 10. Four-dimensional response surface for odors in sensory

score of non-vacuum packaged Chungkookjang at different
conditions.
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Fig. 11. Four-dimensional response surface for tastes in sensory
score of vacuum packaged Chungkookjang at different conditions.
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Fig. 12. Four-dimensional response surface for tastes in sensory

score of non-vacuum packaged Chungkookjang at different
conditions.

S veplle FRoltth g ghofl tid AgE BAE A
AgTge AR7IZ0] 1% ool Fol&8aan we AA4
o] AN, AFLEE % oA FAFRES TRE AL
2 uERith 2y e AT} 5% oo fe
SEEA #FAHC] AN, A% 10% oY) FolgEs
7R Ao yepsitt gl ek #A Hde Aexds o

Wy BE R og FARY Ax NFEge
FH3gk 5570193, AWEEAL- FHAgE 4.05, ALk 5.860)
(Table 10).

o] FEER1 o] Hrtel figh 43k R A
Fig. 13, 148} 7). 2gxage] A SFE de] Hoie 4t
T2E 70°C, A7) 60U 2A, 30°CoIM s Ao &

& BHE WAL, A EETT BIE0C o)) AR '

B
By
2l



148 s - 245 - o8t - Nguyen Thi Dung - 7432

38
45 X
100
A5
§o, R
N
. 5
e %
d I 0
£ £
= =
52
40
40
3w
g 0 &
&
2% 0 é\- ¢$’
£ 20
o & éﬁ
- e 20 50 &
Cmperature( vy 7 70 o
Qmmmre(t

Fig. 13. Four-dimensional response surface for overall palatibilites

in sensory score of vacuum packaged Chungkookjang at different Fig. 14. Four-dimensional response surface for overall palatabilities
conditions. in sensory score of non-vacuum packaged Chungkookjang at

different conditions.
LW 30°C °)d) AA71Tke] 71 o] o), AnE
A AR 60°CONA AT 10°C W9, 40Y Fro) A ARLE 510°C, A7 61912004 5928 Hugke et
A7 Aol & HEE etk & L% 68.28°C, W2ATH Table 10).

Table 9. Regression analysis for regression model of organoleptic properties in sterilization and storage conditions under vacuumed or non-
vacuumed packaging of Chungkookjang

F-ratio

Organoleptic property

Exp. conditions

Appearance Odor Taste Overall palatability
Vac. *Non-vac. Vac. Non-vac. Vac. Non-vac. Vac. Non-vac.

Sterilized temp (°C) 2,62 3.92% 3.83* 4.75%* 8.35%* 037* 32.34%%* 5.28%%*
Storage temp (°C) 30.64*** 24,56*** 1.54 2.28 0.70 8.24%* 1.94 14.21%**
Storage time (days) 7.36%* 5.80%* 244 11.53%** 13.70%** 2.51 72.56%** 11.67%**

*Significance at 10% level, **Significance at 5% level, ***Significance at 1% level, 'Vacuumed, *Non-vacuumed.

Table 10. Predicted levels of optimum conditions for sterilization and storage conditions under vacuumed or non-vacuumed packaging of
Chungkookjang by the ridge analysis

ili Tim Estimated
Response tsf:tr(:\rrljh(f(ej(; tesr;(gzz%(e?) (weelfs) response Morphology
*Vac, 70.61 43.04 77.22 3.75 (Min) Saddle
Appearance 70.05 ] 5.20 65.60 6.17 (ME.I.X)
S*Non-vac. 71.04 33.88 95.78 4.92 (Min) Saddle
68.28 5.10 61.91 5.92 (Max)
Vac, 82.92 36.05 81.06 5.18 (Min) Maximum
Ordor 56.12 23.98 44.20 5.75 (Ma}x)
Non-vac. 70.58 25.11 99.98 4.06 (Min) Maximum
56.29 23.94 30.96 4.66 (Max)
Vag. 86.07 26.64 83.59 5.02 (Min) Saddle
Taste 72.80 29.60 21.48 5.57 (Ma}x)
Non-vac. 83.87 39.07 53.77 4.05 (Min) Saddle
70.95 7.57 40.48 5.86 (Max)
Vac 82.07 27.01 91.64 4.00 (Min) Maximum
. ’ 61.93 6.79 56.48 5.15 (Max)
Overall palatability 80.95 35.50 86.06 3.80 (Min)
Non-vac. Saddle

6332 8.81 40.67 521 (Max)
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