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Abstract

Traditional Kochujang was prepared adding horseradish or mustard powder to repress the gas formation
which used to cause swelling problem during distribution. The koji for Kochujang was prepared by the strains
which had high amylase and protease activities with superior flavor. The gas production from Kochujang
during fermentation at 25°C was ceased after stopping yeast growth completely by bactericidal components
from 0.6~1.2%(w/w) of horseradish or mustard addition. Total viable bacterial count was not affected by
adding horseradish or mustard. The amino type nitrogen content in Kochujang, which was one of the most
important parameters in quality of Kochujang, increased continually during fermentation. The Kochujang
fermented by P-2 isolate and added with mustard was significantly higher in amino type nitrogen content
than other treatments after 120 days' fermentation. a-Amylase activity was very low while B-amylase activity
was high in Kochujang fermented by adding horseradish and mustard powder. The protease(acid and neutral)
activities gradually increased by fermentation with no difference between treatments. The color and flavor
were not different, but overall palatability of the Kochujang evaluated by sensory test showed significantly

high rank in Kochujang fermented by P-2 isolate and with horseradish.
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Table 1. Ingredient ratio of Kochujang preparation
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Kochujang (%ewiw)

Raw materials CPl P2 HPI HP2 MPI MP2
Red pepper powder 23 23 23 23 23 23
Koji powder by P-1 strain 8 - 8 - 8 -
Koji powder by P-2 strain - 8 - 8 - 8
Malt digested rice syrup 56.5 56.5 56.5 56.5 56.5 56.5
Horseradish powder - - 0.6 1.2 - -
Mustard powder - - - - 0.6 12
Salt 125 125 125 12.5 125 12.5

DCP1: Kochujang with solid koji of P-1, CP2: Kochujang with solid koji of P-2, HP1: Kochujang with solid koji of P-1 and
horseradish powder, HP2: Kochujang with solid koji of P-2 and horseradish powder, MP1: Kochujang with solid koji of P-
1 and mustard powder, MP2: Kochujang with solid koji of P-2 and mustard powder.
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Table 2. Conditions for amino type nitrogen analysis

Reaction Detection (Shimadzu gas
(Sumigraph N-300) chromatography-8A)
Temperature: 45°C %}ggnn:lx;'nx

Time: 310 sec

Carrier gas: He

Flow rate: 300 ml/min
Injection volume: 1 mL

Injection temperature: 120°C
Column temperature: 120°C
Detector temperature: 120°C
Current: 160 mA
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Table 3. Analysis condition of GC and GC/MS for residual allyl isothiocyanate

Instrument GCMS
Model Shimadzu GC-17A Shimadzu GC-17A QP5050
Column CBP-20 capillary column 25 m X 0.22 mm CBP-20 capillary column 25 m X0.22 mm
(0.25 um thickness) (0.25 um thickness)
Detector FID FID
Column temp. 50°C~220°C (10°C/min), 220°C (3 min)  50°C~220°C (2°C/min), 220°C (5 min)
Injector temp. 240°C 120°C
Detector temp. 250°C -
Carrier gas He (flow rate: 0.916 mL/min) He (flow rate: 1.2 ml./min)

Split ratio 1: 60
Ionization volt. -

1: 60
70eV




ofmao|sh Az} M7} A BA 1353

Viable cell count (log CFU/g)

0 30 60 90 120
Fermentation time (day)

Fig. 1. Viable cell count of Kochujang with horseradish or
mustard during fermentation at 25°C.

- [0 - CP1 (Kochujang with solid koji of P-1), - & - CP2
(Kochujang with solid koji of P-2), - O - HP1 (Kochujang
with solid koji of P-1 and 0.6% horse radish powder), - & -
HP2 (Kochujang with solid koji of P-2 and 1.2% horse
radish powder), -*- MP1 (Kochujang with solid koji of P-1
and 0.6% mustard powder), - X - MP2 (Kochujang with solid
koji of P-2 and 1.2% mustard powder).
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Fig. 2. Yeast and mold count of Kochujang with
horseradish or mustard during fermentation at 25°C
(Abbreviations are the same as in Fig, 1),

- O - CP1 (mold count), - & - CP2 (mold count ), - O -
HP1 (mold count), - & - HP2 (mold count), --- MP1 (mold
count), -+ MP2 (mold count), -l - CP1 (yeast count), -
- CP2 (yeast count), - @ - HP1 (yeast count), -4- HP2 (yeast
count), -*- MP1 (yeast count), - X - MP2 (yeast count).

ERavt F710 F B ARE vepidA o
Ao vyl PEEHGT GE 120494 1.2x10°
CFU/geld AEH BN Fuayolet AR $gdo] &
2 94 B3} el #EN. oo} 2 2
= DR WS ZABIGE W BE 27)F
B dE 77 gt B A e dslde A
o 947 AAD9 g7 ARST MAF] FRide
A4S Mook TEF FFelx 30d o) Fl vieht

5000 |

4000

3000

T 40
2000 |

Gas volume(ml/pack)

Ratio (%) of CO: and O:

12

0
0 7 10 13 16 20 27 3 60 90 120

Fermentation time(day)

Fig. 3. Total gas volume and ratio of O, and CO, gas in
Kochujang packs with horseradish or mustard during
fermentation at 25°C.

- & - CP1 (Kochujang with solid koji of P-1, COy), - A -
CP2 (Kochujang with solid koji of P-2, CO,), - [J -
CPl(Kochujang with solid koji of P-1, O,), - O - CP2
(Kochujang with solid koji of P-2, O,) -Wl- CP1 (Kochujang
with solid koji of P-1, gas volume), -€ - CP2 (Kochujang
with solid koji of P-2, gas volume), - @ - HP1 (Kochujang
with solid koji of P-1 and 0.6% horseradish powder, gas
volume), -& - HP2 (Kochujang with solid koji of P-2 and
1.2% horseradish powder, gas volume), -*- MP1 (Kochujang
with solid koji of P-1 and 0.6% mustard powder, gas
volume), - X - MP2 (Kochujang with solid koji of P-2 and
1.2% mustard powder, gas volume).
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Fig. 4. Amino type nitrogen content of Kochujang with
horseradish or mustard during fermentation at 25°C
(Abbreviations are the same as in Fig. 1).
-0d-cCpPt,-C-CP2, - O - HPL, - A - HP2, -*- MP1,
- X - MP2.
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Fig. 5. Allyl isothiocyanate content of Kochujang with
horseradish or mustard during fermentation at 25°C
(Abbreviations are the same as in Fig. 1).
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Fig. 6. o-Amylase and P-amylase activity of Kochujang
with horseradish or mustard during fermentation at 25°C
(Abbreviations are the same as in Fig. 1).

-[OJ- CP1 (B-amylase), - & - CP2 (B-amylase), - O - HPI
(B-amylase), - & - HP2 (B-amylas), --- MP1 (B-amylase),
-+- MP2 (B-amylase), -l - CP1 (o-amylase), -4 - CP2 (o
amylase), - @ - HP1 (o-amylase), -A - HP2 (c-amylase), -
*. MP1 (o-amylase), - X - MP2 (o-amylase).
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Fig. 7. Acid-protease and neutral-protease activity of
Kochujang with horseradish or mustard during
fermentation at 25°C (Abbreviations are the same as in
Fig. 1).

- [0 - CPI (neutral-protease), - < - CP2 (neutral-protease),
- O - HP1 (neutral- protease), - 2 - HP2 (neutral-protease),
--- MP1 (neutral-protease), -+- MP2 (neutral-protease), -l -
CP1 (acid-protease), -4 - CP2 (acid-protease), - @ - HP1
(acid-protease), -4 - HP2 (acid-protease), -*- MP1 (acid-
protease), - X - MP2 (acid-protease).
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Fig. 8. pH and acidity of Kochujang with horseradish or
mustard during fermentation at 25°C (Abbreviations are
the same as in Fig. 1).

- [0 - CP1 (acidity), - < - CP2 (acidity), - O - HP1 (acidity),
- A - HP2 (acidity), — MPI (acidity), -+ MP2 (acidity),
-M- CP! (pH), -¢- CP2 (pH), - @ - HPI (pH), -A - HP2
(pH), -*- MP! (pH), - X - MP2 (pH).

Table 4. Sensory evaluation of Kochujang prepared by
different koji and with horseradish or mustard

Kochujang”  Odor Color Taste  Palatability
CPl 2.8% 29 220 2.4°
Ccp2 39 3.5 3.3 3.4
HP1 3 3.0¢ 3.6 34%
HP2 3.4 3.5" 3.3° 3.3
MP1 3.2% 3.0 2.8% 3.1®
MP2 3.1 3.2 2.8% 3.0®

DAbbreviations are the same as in Table 1.
YSame superscript in same column are not significantly
different by Duncan's multiple comparison at P<0.05.
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