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Physico-chemical Changes of Commercial Ssamjang during Storage

Yong-Kook Kim, Seong-Ju Kim!, Min-Soo Han, Young-Il Chang, and Kyu-Seob Chang"*
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'Deperment of Food Science and Technology, Chungnam National University

Physico-chemical properties of ssamjang prepared by industrial process were investigated. Overall experiments
were planned by central composite design for five independent variables, kochujang mash aging period (X)),
doenjang aging period (X,), doenjang content (X,), sterilization temperature (X,), and storage temperature (X).
Storage period had no consistent effect on moisture content of ssamjang. Doenjang having longer aging period
showed lower moisture content than that having shorter aging period. Titratable acidity and pH of ssamjang
gradually increased and decreased with storage period, respectively, with pH of ssamjang significantly affected
by aging period of doenjang and kochujang mashes, and sterilization and storage temperatures. Amino nitrogen
contents of ssamjang increased during storage and were more affected by sterilization temperature than by aging
period and content of doenjang, and storage temperature. Crude protein content of ssamjang irregularly changed
during storage, and was slightly affected by content of doenjang.
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Table 1. Basic design of level on independent variables

Factor* Units Low Center point High

b © )
X, day 15 20 25
X, day 15 20 25
X, % 55 60 65
X, °C 60 65 70
X °C 10 20 30

*X,: kochujang mash aging period, X,: doenjang aging period, X:
doenjang content, X,: sterilization temperature, X,: storage temperature.
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Table 2. Experimental combinations according to experimental design at response variation

Exp. No. *X, (days) X, (days) X, (%) X, (°C) X, (°C)
1 15(-1) 15(-1) 55(-1) 60(-1) 30( 1)
2 20( 0) 20( 0) 60( 0) 65(0) 30(
3 25(1) 20( 0) 60( 0) 65(0) 20( 0)
4 25( 1) 25(1) 65( 1) 70( 1) 30(1)
5 15(-1) 20(0) 60( 0) 65( 0) 20( 0)
6 25(1) 25( 1) 55(-1) 70( 1) 10(-1)
7 25(1) 15(-1) 65( 1) 60(-1) 30( 1)
8 15(-1) 25(1) 65( 1) 70( 1) 10(-1)
9 25( 1) 15(-1) 55(-1) 70( 1) 30( 1)
10 25(1) 25( 1) 55(-1) 60(-1) 30( 1)
11 15(-1) 25( 1) 55(-1) 70( 1) 30( 1)
12 15(-1) 25( 1) 55(-1) 60(-1) 10(-1)
13 20( 0) 20( 0) 60( 0) 65( 0) 10(-1)
14 20(0) 20(0) 55(-1) 65( 0) 20( 0)
15 15(-1) 25(1H 65( 1) 60(-1) 30( 1)
16 20( 0) 20( 0) 60( 0) 60(-1) 20( 0)
17 15(-1) 15(-1) 65( 1) 60(-1) 10(-1)
18 25(1) 15(-1) 55(-1) 60(-1) 10(-1)
19 20( 0) 25(1) 60( 0) 65(0) 20( 0)
20 25(1) 15(-1) 65( 1) 70( 1) 10(-1)
21 15(-1) 15(-1) 65( 1) 70( 1) 30( 1)
2 25(1) 25(1) 65( 1) 60(-1) 10(-1)
23 20( 0) 20( 0) 65( 1) 65( 0) 20( 0)
24 20( 0) 15(-1) 60( 0) 65(0) 20( 0)
25 15(-1) 15(-1) 55(-1) 70( 1) 10(-1)
26 20( 0) 20(0) 60( 0) 70( 1) 20( 0)
27 20( 0) 20( 0) 60( 0) 65(0) 20( 0)
28 20( 0) 20( 0) 60( 0) 65( 0) 20( 0)
29 20( 0) 20( 0) 60( 0) 65( 0) 20( 0)
30 20( 0) 20( 0) 60( 0) 65( 0) 20( 0)

*X,: kochujang mash aging period, X,: doenjang aging period, X;: doenjang content, X,: sterilization temperature, X,: storage temperature.
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Fig. 1. Manufacturing process of ssamjang.
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Protease activity
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Table 3. Changes in moisture content, pH, total nitrogen, amino nitrogen, NaCl, activities of a-amylase and protease of doenjang and

kochujang mash during aging at 30°C

Materials Aging period Moisture oH ) Total . Amino NaCl og—{\mylag: .Pf'otease.
(days) content (%) nitrogen (%) nitrogen (mg%) (%) activity (unit/g) activity (unit/g)

0 46.1 52 2.0 108 10.3 74 59
5 49.9 5.0 22 232 10.6 99 46
) 10 49.7 4.9 22 235 10.4 109 47
Doenjang 15 499 49 22 230 10.9 88 48
20 50.9 49 23 260 10.6 70 45
25 50.8 4.8 2.3 319 10.7 51 44
0 453 5.4 1.2 75 8.8 435 14
5 48.5 53 1.4 153 8.6 432 102
Kochujang 10 50.7 53 1.2 269 8.6 474 105
mash 15 51.3 s.1 1.2 282 9.0 467 103
20 529 5.1 1.2 301 8.7 450 114
25 523 5.0 1.3 339 447 111

9.3
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Fig. 2. Changes in moisture content of ssamjang during storage
@ <0.05).

*Exp. No. 4 (X;: 25 day, X,: 25 day, X;: 65%, X,: 70°C, X,: 30°C).
Exp. No. 5 (X;: 15 day, X,: 20 day, X;: 60%, X,: 65°C, X,: 20°C).
Exp. No. 7 (X: 25 day, X,: 25 day, X;: 60%, X,: 65°C, X: 30°C).
Exp. No. 15 (X;: 15 day, X,: 25 day, X,: 65%, X,: 60°C, X,: 30°C).
Exp. No. 18 (X;: 25 day, X,: 15 day, X;: 55%, X,: 60°C, X,: 10°C).
X,: kochujang mash aging period, X,: doenjang aging period, X,:
doenjang content, X, sterilization temperature, X: storage
temperature.
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Fig. 3. Changes in moisture content of Ssamjang on Doenjang
aging period during storage (p < 0.1).

*Exp. No. 19 (X;: 20 day, X,: 25 day, X;: 60%, X,: 65°C, X,: 20°C).
Exp. No. 24 (X,: 20 day, X,: 15 day, X,: 60%, X,: 65°C, X;: 20°C).
Center point (X,: 20 day, X,: 20 day, X;: 60%, X,: 65°C, X1 20°C).
X,: kochyjang mash aging period, X,: doenjang aging period, X;;:
doenjang content, X,: sterilization temperature, X,: storage
temperature.
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Fig. 4. Changes in pH of Ssamjang during storage (p < 0.0001).
*Exp. No. | (X;: 15 day, X,: 15 day, X,: 55%, X,: 60°C, X: 30°C).
Exp. No. 9 (X,: 25 day, X,: 15 day, X,: 55%, X,: 70°C, X,: 30°C).
Exp. No. 10 (X: 25 day, X,: 25 day, X,: 55%, X,: 60°C, X,: 30°C).
Exp. No. 29 (X,: 20 day, X,: 20 day, X;: 60%, X: 65°C, X;: 20°C).
X,: kochyjang mash aging period, X,: doenjang aging period, X;:
doenfang content, X,: sterilization temperature, X,: storage
temperature.
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Table 4. Changes in pH of Ssamjang on kochujang mash, doenjang aging period, sterilization, storage temperature during storage, and

paired r-test

pH Paired r-test
Treatments
0* 2 4 6 8 10 12 14 T-value P-value
7 i 25 5.68 5.70 5.68 5.63 5.60 5.59 5.60 5.60
Kochujang mash aging 59917 0.0005
period** (days) 15 5.65 6.04 6.01 591 5.86 5.85 5.89 5.85
i i 25 6.03 6.00 5.97 5.87 5.87 5.87 5.89 5.87
Doenjang aging 37324 0.0073
period (days) 15 5.54 5.87 5.85 5.77 5.76 5.73 5.76 5.72
Sterilization 70 5.72 5.74 5.75 5.67 5.67 5.65 5.66 5.64 52846 00011
temperature**** (°C) 60 5.69 6.01 5.95 5.88 5.84 5.82 5.83 5.78 ’ ’
Storage 30 577 5.82 5.77 5.59 5.53 5.53 5.49 542
temperature***** (°C) 10 5.78 6.08 6.10 6.03 6.03 6.02 6.05 6.04 -3.7755 0.0006

*Storage time (weeks).
**Exp. No. 5 (X: 15 day, X,: 20 day, X;: 60%, X,: 65°C, X;: 20°C).
Exp. No. 3 (X,: 15 day, X,: 20 day, X;: 60%, X,: 65°C, X5: 20°C).

**¥+Exp. No. 19 (X,: 15 day, X, 20 day, X;: 60%, X, 65°C, X;: 20°C).

Exp. No. 24 (X,: 15 day, X, 20 day, X;: 60%, X,: 65°C, X5: 20°C).

***kExp No. 16 (X;: 15 day, X,: 20 day, X;: 60%, X;: 65°C, X, 20°C).

Exp. No. 26 (X,;: 15 day, X;: 20 day, X;: 60%, X4: 65°C, X5: 20°C).

#++%*Exp No. 2 (X,: 15 day, X;: 20 day, X;: 60%, X,: 65°C, X;: 20°C).

Exp. No. 13 (X;: 15 day, X,: 20 day, X;: 60%, X4: 65°C, X5: 20°C).
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Fig. 5. Changes in titratable acidity of Ssamjang during storage
(p <0.0001).

*Exp. No. 1 (X;: 15 day, X,: 15 day, X;: 55%, X,: 60°C, X: 30°C).
Exp. No. 9 (X,: 25 day, X,: 15 day, X;: 55%, X,: 70°C, X: 30°0).
Exp. No. 10 (X;: 25 day, X,: 25 day, X,: 55%, X,: 60°C, X;: 30°C).
Exp. No. 29 (X,: 20 day, X,: 20 day, X;: 60%, X,: 65°C, X,: 20°C).
X,: kochujang mash aging period, X,: doenjang aging period, X;:
doenjang content, X,: sterilization temperature, X, storage
temperature.
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Table 5. Changes in titratable acidity of ssamjang on kochujang mash, doenjang aging period, sterilization, storage temperature during

storage, and paired r-test
Titratable acidity (mL) Paired s-test
Treatments
0* 2 4 6 8 10 12 14 T-value P-value
period** (days) 15 s7 50 56 15 68 71 72 72 13722 00001
Doenjang aging 25 5.5 53 5.9 6.4 6.5 6.4 6.7 6.6
period*** (days) 15 68 62 69 74 74 77 77 76 18521 0.0000
Sterilization 70 6.6 6.7 6.1 7.9 7.5 7.8 8.5 7.6
temperature**+* (°C) 60 60 57 62 70 69 72 715 79 ~>1044 00172
Storage 30 6.8 6.7 7.9 9.7 8.9 8.8 9.5 9.8
temperature****+* (°C) 10 60 50 52 60 56 58 58  so 3939 00001
*Storage time (weeks).
**Exp. No. 5 (X: 15 day, X,: 20 day, X,: 60%, X4: 65°C, X5: 20°C).
Exp. No. 3 (X;: 25 day, X,: 20 day, X,: 60%, X,: 65°C, X5: 20°C).
***Exp. No. 19 (X: 20 day, X,: 25 day, X;: 60%, X,: 65°C, X,: 20°C).
Exp. No. 24 (X;: 20 day, X,: 25 day, X;: 60%, X,: 65°C, X,: 20°C).
*#*++Exp. No. 16 (X,: 20 day, X,: 25 day, X,: 60%, X,: 65°C, X: 20°C).
Exp. No. 26 (X,: 20 day, X,: 25 day, X,: 60%, X,: 65°C, X,: 20°C).
*%#x%Exp. No. 2 (X,: 20 day, X,: 25 day, X,: 60%, X,: 65°C, X 20°C).
Exp. No. 13 (X: 20 day, X,: 25 day, X,: 60%, X,: 65°C, X,: 20°C).
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Fig. 6. Changes in crude protein of ssamjang during storage
@<o0.1).

*Exp. No. 6 (X,: 25 day, X,: 25 day, X;: 55%, X,: 70°C, X,: 10°C).
Exp. No. 23 (X;: 20 day, X,: 20 day, X;: 65%, X,: 65°C, X,: 20°C).
Exp. No. 30 (X,: 20 day, X,: 20 day, X,: 60%, X,: 65°C, X,: 20°C).
X,: kochujang mash aging period, X,: doenjang aging period, X;:
doenjang content, X, sterilization temperature, X storage
temperature.
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Fig. 7. Changes in amino nitrogen of Ssamjang during storage
(»<0.01).

*Exp. No. 7 (X,: 25 day, X,: 15 day, X,: 65%, X,: 60°C, X,: 30°C).
Exp. No. 16 (X,: 20 day, X,: 20 day, X,: 60%, X,: 60°C, X,: 20°C).
Exp. No. 28 (X: 20 day, X,: 20 day, X,: 60%, X,: 65°C, X;: 20°C).
X,: kochyjang mash aging period, X,: doenjang aging period, X,:
doenjang content, X,: sterilization temperature, X,: storage
temperature.
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