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Changes in Microorganisms and Enzyme Activities of Low-salted
Kochujang added with Horseradish Powder during Fermentation
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To reduce salt content in Korean traditional kochujang, horseradish powder (1.2%, w/w) was added to kochujang
with 4-10% salt, and its microbial characteristics, enzyme activities, and gas formation in kochujang were
evaluated during fermentation for 120 days at 25°C. All treatments of kochujang had no effects on total viable
bacterial numbers, which kept constant level, during fermentation (7.32-8.76 log CFU/g). Yeast numbers did not
change under all treatments up to 90 days of fermentation, then decreased thereafter. o-Amylase and -amylase,
and neutral- and acid-protease activities of kochujang added with horseradish powder were higher than those of
control group. B-Amylase activity of kochujang increased in proportion to salt concentration. Total accumulative
volume of gas produced during fermentation of kochujang without horseradish powder was 5,892 mL/pack, then
decreased to 121-347 mL/pack with low-salted kochujang (salt 4%, 6%) added with horseradish powder. Major
gas produced was CO, (74-80%). Results indicate salt contents of kochujang could be lowered up to 6% by
addition of horseradish powder without gas formation and quality alteration.
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Table 1. The mixing ratio of raw ingredients for the preparation
of kochujang

. Treatments (%, w/w)
Raw materials

Control Horseradish
Glutinous rice 22.2 222
Red pepper powder 23.1 23.1
Meju powder 6.2 6.2
Malt digested syrup 385 37.3-43.3
Salt 10.0 4,6,8,10
Horseradish powder 0 1.2
Total 100 100
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Fig. 1. Changes in bacterial number of kochujang added with
horseradish during fermentation at 25°C.

O: control (Salt 10%), A\: salt 4% + horseradish powder 1.2%, [
salt 6% + horseradish powder 1.2%, <: salt 8% + horseradish

powder 1.2%, X: salt 10% + horseradish powder 1.2%. Error bars
represent standard deviation (n = 3).
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Fig. 2. Changes in yeast number of kochujang added with
horseradish during fermentation at 25°C.

See Fig. 1 for symbols. Error bars represent standard deviation
(n=3).
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Fig. 3. Changes in o-amylase activity of kochujang added with
horseradish during fermentation at 25°C,

See Fig. 1 for symbols. Error bars represent standard deviation
(n=3). “Basis on dry weight.
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Fig. 4. Changes in B-amylase activity of kochujang added with
horseradish during fermentation at 25°C.

See Fig. 1 for symbols. Error bars represent standard deviation
(n=3). *Basis on dry weight.
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Fig. 5. Changes in neutral-protease activity of kochujang added
with horseradish during fermentation at 25°C.

See Fig. 1 for symbols. Error bars represent standard deviation
(n=3). *Basis on dry weight.
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Fig. 6. Changes in acid-protease activity of kochujang added
with horseradish during fermentation at 25°C.

See Fig. 1 for symbols. Error bars represent standard deviation
(n=3). “Basis on dry weight.

7000

~ 6000

O+

5000
4000
3000
2000

Gas volume {mL/pac

1000

0
0 30 60 90 120
Fermentation time (day)

Fig. 7. Total accumulative volume of produced gas in kochujang
added with horseradish during fermentation at 25°C.

See Fig. 1 for symbols. Error bars represent standard deviation
(n=3).
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Fig. 8. Gas composition of kochujang pack added with
horseradish during fermentation at 25°C.

O: €O, (salt 10%), A: CO, (salt 4% + horseradish powder 1.2%),
L: CO, (salt 6% + horseradish powder 1.2%), @: O, (salt 10%), A:
O, (salt 4% + horseradish powder 1.2%), H: O, (salt 6%+
horseradish powder 1.2%). Error bars represent standard deviation
(n=23).
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