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Effect of Combined Use of various Anti-microbial Materials
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Effect of combined use of anti-microbial materials, such as ethanol, mustard and chitosan, on the
quality of low salted kochujang was investigated during fermentation at 20°C for 12 weeks. Viable
cells of yeast increased remarkably during fermentation, but increasing ratio was significantly low in
ethanol-mustard added kochujang. Activity of B-amylase was high in anti-microbial material added
kochujang, whereas o-amylase and protease activities were low in those groups. Water activity
decreased during fermentation with being low in the control kochujang prepared with normal-salt
without anti-microbial materials. Hunter L-, a- and b-values of kochujang increased during
fermentation, and the degree of increase in total color difference (AE) was low in ethanol added
kochujang. Titratable acidity of kochujang was decreased in anti-microbial materials added group at
late aging period, and oxidation-reduction potential was low in the control kochujang. Total sugar and
reducing sugar contents of kochujang were high in ethanol-mustard added kochujang. Ethanol
contents of kochujang increased at late aging period, with high values in ethanol-chitosan added
kochujang. Amino nitrogen content increased during middle of fermentation, and ammonia nitrogen
content of kochujang decreased in ethanol-mustard-chitosan added group during fermentation. After
12 weeks fermentation, sensory results showed that ethanol or ethanol-mustard added kochujang were
the highest in color and flavor with the highest overall acceptability.
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Table 1. Mixing ratio of raw materials for preparation of low salted kochujang (unit: g)
Gll;tilcr;ous Red pepper Wheat koji ~ Soybean Salt Malt Water Ethanol Mustard Chitosan
Con 700 850 300 300 450 20 2380 - - -
E 700 850 300 300 300 20 2180 200 - -
EM 700 850 300 300 300 20 2180 200 50 -
EC 700 850 300 300 300 20 2180 200 - 50
EMC 700 850 300 300 300 20 2180 200 40 40
Con: control, E: ethanol added kochujang, M: mustard added kochujang, C: chitosan added kochujang
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Fig. 1. Changes in viable cell counts of microorganism of low salted kochujang during fermentation at 20°C.

"See footnotes in Table 1.
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Table 2. Changes in amylase activities of low salted kochujang during fermentation at 20°C (unit/g)
Fermentation time (weeks)
Kochujang
0 2 4 6 8 10 12
Con 7.45 7.92 6.83 6.94 13.24 6.10 7.06
E 7.52 6.28 5.97 5.12 12.28 6.97 543
o-amylase EM 7.27 7.02 7.05 5.90 11.89 6.03 5.83
EC 7.66 6.25 6.05 5.44 10.19 5.74 5.79
EMC 7.31 7.08 6.22 5.91 11.23 5.95 5.38
Con 55.69 67.81 90.54 115.90 7835 79.87 60.01
E 58.76 73.74 73.61 127.91 78.46 93.83 72.58
B-amylase EM 56.33 64.88 72.08 144.14 79.98 81.01 88,61
EC 5547 70.68 68.85 142.41 73.62 84.56 78.39
EMC 59.07 60.78 82.41 136.99 75.17 88,50 80.29
YSee footnotes in Table 1.
Table 3. Changes in protease activities of low salted kochujang during fermentation at 20°C (unit/g)
Fermentation time (weeks)
Kochujang
0 2 4 6 8 10 12
Con 0.99 8.04 9.03 232 2.76 4.39 1.83
Acidi E 0.95 6.08 6.90 1.25 1.79 3.98 1.61
cidic EM 122 632 552 1.68 1.52 5.05 1.79
protease
EC 1.13 5.89 6.55 2.69 2.44 3.50 2.41
EMC 0.84 5.58 5.86 1.97 1.68 4.82 2.06
Con 0.81 6.77 4.55 2.87 1.18 5.62 2.98
E 0.69 578 483 244 1.02 3.61 3.49
Neutral EM 0.59 570 475 259 1.32 377 256
protease
EC 0.62 5.15 4.36 3.12 1.48 3.11 2.54
EMC 0.68 6.24 5.00 2.67 1.09 4.56 2.09

DSee footnotes in Table 1.
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Table 4. Changes in moisture content and water activities of low salted kochujang during fermentation at 20°C

Fermentation time (weeks)

Kochujan,

yang 0 2 4 6 8 10 12

Con 54.85 54.32 54.59 55.15 5544 55.79 54.82

, E 55.78 55.40 5531 55.73 55.83 56.10 55.09

M‘(’[‘,/Sot)“re EM 5521 54.99 54.84 55.37 55.57 55.65 54.33

EC 5543 54.81 5521 55.38 55.73 56.20 56.00

EMC 55.59 5536 55.22 55.57 55.58 55.93 54.44

Con 0.841 0.843 0.849 0.842 0.832 0.826 0.821

E 0.842 0.843 0.849 0.847 0.843 0.843 0.833

Water activity EM 0.846 0.843 0.844 0.849 0.841 0.835 0.829

EC 0.848 0.847 0.848 0.848 0.842 0.840 0.828

EMC 0.849 0.844 0.845 0.847 0.843 0.842 0.832

""See footnotes in Table 1.
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Fig. 2. Changes in Hunter’s color value and total color difference value (AE) of low salted kochujang during fermentation at 20°C.
See footnotes in Table 1.
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Table 5. Changes in pH and titratable acidity of low salted kochujang during fermentation at 20°C

Fermentation time (weeks)

Kochujang
0 2 4 6 8 10 12
Con 5.01 5.01 4,98 4.93 4.90 4.89 4.87
E 5.10 5.07 5.05 5.02 5.02 5.03 5.01
pH EM 5.59 5.08 5.07 5.02 5.00 5.04 499
EC 5.93 5.90 5.82 5.74 5.53 545 548
EMC 5.80 5.69 5.65 5.60 5.56 5.54 5.49
] Con 11.2 11.3 119 11.9 12.1 12.0 12.0
Tltr?;?tl;le E 119 117 12.1 123 12.5 11.1 112
aciar
(0.1 N'NaOH EM 10.7 12.0 12.7 12.0 115 11.5 117
mi/10 g) EC 10.1 10.5 11.4 11.5 117 122 11.9
EMC 103 10.8 12.2 125 12.5 12.7 12.0
USee footnotes in Table 1.
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Fig. 3. Changes in oxidation-reduction potential of low salted
kochujang during fermentation at 20°C.
YSee footnotes in Table 1.
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Table 6. Changes in total sugar and sodium chloride content of

low salted kochujang during fermentation at 20°C (unit; %)
Fermentation time (weeks)
Kochujang
4 8 12
Con 37.70 36.61 32.90 30.81
E 37.70 38.43 36.71 36.61
STlfgtzi EM 3842 3996 3986 3753
EC 38.36 38.06 3590 3398
EMC 37.58 39.15 37.80 34.44
Con 9.36 9.48 9.59 9.40
E 6.49 6.57 6.55 6.50
NaCl EM 6.31 645 6.69 6.55
EC 6.32 6.40 6.57 6.50
EMC 6.36 6.45 6.45 6.41

YSee footnotes in Table 1.
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Fig. 4. Changes in reducing sugar and ethanol content of low salted kochujang during fermentation at 20°C,

"See footnotes in Table 1.
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Fig. 5. Changes in amino and ammonia nitrogen content of low salted kochujang during fermentation at 20°C.

USee footnotes in Table 1.

Table 7. Sensory evaluation of kochujang fermented for 12 weeks at 20°C

kochujang Taste Color Flavor Overall acceptability
Control 295+ 1.399 3.50+1.107 4.00 + 1.69" 3.35:£1.429
E 435+ 1.53 5.45+0.88” 4.50+1.10% 495+1.507
EM 4.05+1.19% 540+1.399 495 £1.00° 475+1.16®
EC 3.60+1.27% 435+135% 3.75+1.379 4.00+1.38™
EMC 475+ 1.657 425+1.07 4,65 +1.23 4.60+1.14%

See footnotes in Table 1.
FValues are mean + SD

*Means with the same letter in column are not significantly different by Duncan’s multiple range test (p < 0.05)
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