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Abstract

The effects of muesil extract addition on the palatability and quality of keclistfung, a traditional Korean condi-
ment, were investigated in terms of the microbial characteristics, enzyme activities, and taste components during
100 days of fermentation. Viable cell counts of bacteria and yeast in muaesif extract-added kochujung (rmuesil
Foclutjang) were increased in proportion to added maesif extract from 1 to 5% during fermentation, up to 50
and 20 days, respectively and maintained 5.0—14.5X 10° CFU/g. Activities of d-amylase, fl-amylase, and protease
were also increased in proportion to added muresif extract up to 20, 20, and 60 days, respectively and were higher
than those of control during the aging process. The major organic acids in muesd Kochijang were citric and
malic acid. Composition and content of free sugar were not changed remarkably in general by the addition of
smuresil extract except maltose. The major free sugars of muesil kochujong were in the order of glucose>su-
crose>>maltose, and glucose content decreased significantly as the raio of maesif extract increased, while maltose

content increased significantly (p<0.05).
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INTRODUCTION

Kochujang, a fermented hot pepper-soybean paste, is
a popular traditional condiment in Korea and used for
a long time along with soybean paste and soy sauce to
provide hot, sweet, and savory tastes in foods. The vari-
ous tastes of kochujang originate from raw materials,
free sugars and free amino acids produced by micro-
organism and enzyme hydrolysis of raw materials during
fermentation. In addition, alcohols and organic acids pro-
duced by veasts and Lactobacilius enhance flavor and
tastes of kochujang (1-4). Kochujang can be classified
into two types. One is the traditional kochujang using
meju and the other is commercial kochujang using koji
or bacterial enzymes. Generally, meju kochujong is made
of glutinous rice, meju, red pepper powder, and others,
which is fermented by enzymatic reactions of bacteria
and yeasts and requires a long fermentation and aging
period. This process often generates an off-flavor and
unacceptable taste because of various bacteria and fungi.
In kofi kochjang, koji which is glutinous rice inoculated
with Aspergilius oryzae, is used instead of meju and fer-
mented for one to three months.

A growing interest has been drawn to kochujang, due
to its effects on weight and blood-pressure reductions
and high poly- ¥ -glutamate content. It also contains more
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vitamin B;, B,, C, and folic acid than deerjang (soybean
paste) or garjang (soy sauce) (3). The quality of kochu-
Jang usually depends on the microorganisms which con-
trol the aging process, ratio of raw materials, and fer-
mentation time. Recent studies are mainly focused on
intervening the aging process by adding chitosan (1),
sake cake (5), natural preservatives (6), alcohol (7). In
addition, to improve the functionality of kochujemg, vari-
ous attempts were made by adding kiwifruit (8), Lycium
chinernse fruit (9), sea tangle chitosan (10), and apple
and persimmon (11).

Prunus mume i1s a species of Asian plum in the family
of Rasaceae. The tree originates from China, but it has
also been grown in Korea, Taiwan, and Japan since an-
cient times (12). The tree is cultivated for its fruit and
flowers and the fruit has been commonly used in pre-
served fruits, wine, herbs, juice, and jam processing. In
traditional Chinese medicine, the smoked fruits are used
for medicinal purpose. They are generally black in color
and are believed to be effective against parasite, as well
as in stopping ulcers and promoting a strong digestive
system and heart (13-15). Prurnus mume extracts showed
remarkable antimicrobial effects against the wide spec-
trum of putrefactive and food spoilage microorganisms
and also an anticancer activity (16-18).
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The purpose of this study was to examine the quality
changes of maesil kochujeng during 100 days of fermen-
tation in terms of microbiological and enzyme activities
and taste components. The results would provide a val-
uable information for the production of functional
kochujang.

MATERIALS AND METHODS

Materials

Kochujang premixture was obtained from Poomn
Foods Co., Ltd., which was prepared by blending wheat
powder (2295), wheat grain (20%%), salt (10.5%%), and pu-
rified water (47.5%90). Wheat flour was first steamed with
pressure after spraying the warm water and blended with
ground wheat grain (inoculated with 0.05% spore sus-
pension of Aspergillus oryzae starter and incubated at
35~40°C for 48~52 hr) in uniform sizes and salt, then
stored in a fermentation tank for 1 month. Adaesi! extract
was purchased from Saehan Maesil Farm (Miryvang,
Gyeongnam, Korea) and corn syrup (100% com starch,
TS Co., Ltd., Incheon, Korea), red pepper powder, mixed
condiments (contained 38% red pepper powder, 15%
salt, 7% garlic, and 4% onion), and spirits (Haitai
Company, Seoul, Korea) were also obtained from
Poorun Foods Co., Ltd. The soluble solid content and
pH of maesil extract were 68.3°Brix and pH 2.8, re-
spectively.

Kochujang preparation

Kochujang was prepared using the commercially man-
ufacturing practice by Poorun Foods Co., Ltd. Aged ko-
chuyjeng premixture and 30% corn syrup were pas-
teurized at 70°C while blending 8% mixed condiments,
8.6% red pepper powder, 3% spirits, and different
amount of maesil extract (0, 1, 2, and 5%). The mixtures
(designated as 1% MK, 2% MK, and 3% MK, re-
spectively) were then cooled down to 40~45°C, placed
in a pot, and aged for 100 days at room temperature
(23 ~24°C) during the periods of August through
November of 2005 prior to measurements.

Viable cell counts

Viable cell counts were measured using the modified
methods of Oh et al. (19). One gram of maesil kochujong
was serially diluted tenfold with 0.1% peptone water,
and was dispersed on solidified tryptic soy broth agar
(Merck KGaA, Darmstadt, Germany) for bacteria and
yeast malt extract agar (Becton, Dikinson Company,
Sparks, MD, USA) for yeast, respectively. Bacteria were
incubated at 30°C for 2~3 days, and yeast at 25°C for
5~-6 days, and the colony was counted.

Enzyme activities

The extract of meaesil kochujong (5 g each) was pre-
pared by shaking in 100 mL distilled water for 4 hr at
room temperature and filtered using a Whatman No. 2
filter. The filtrate was used to measure amylase and pro-
tease activities (20). For u-amylase activity measure-
ment, 1 mL of filtrate was added to a mixture of 2 mL
of 1% soluble starch and 1 mL of 0.02 M phosphoric
acid buffer (pH 6.9), and heated at 40°C for 30 min.
Ten mL of 1 M acetic acid was then added to stop the
reaction, after which 10 mL of 3.33 10" N iodine sol-
ution was added. The activity of the reaction mixture
was measured at 660 nm using a UV-spectrophotometer
(UV-1201, Shimadzu Ce, Ltd., Kyoto, Japan) and ex-
pressed as per mL filtrate

f-Amylase activity was determined by the dini-
trosalicylic acid method. A mixture of 1 mL of 1% solu-
ble starch and 1 mL of acetate buffer (pH 4.8) was added
to 1 mL of filtrate and heated at 30°C for 10 min. After
addition of 3 mL of dinitrosalicylic acid reagent, the ab-
sorbance was measured at 660 nm using a UV-spec-
trophotometer (UV-1201, Shimadzu Co, Ltd., Kyoto,
Japan). One unit of #-amylase activity was expressed
as the liberation of 1 mg maltose per mL filtrate (21).

One ml of 1% casein dissolved in 0.1 M lactic acid
butter (pH 3.0) and 1 mL of distilled water was blended
in a test tube and heated at 30°C for 30 min The reaction
was stopped by adding 3 mL of 0.4 M trichloroacetic
acid, and filtered. To 2 mL of reaction mixture, 5 mL
of 0.55 M Na;C0Os; and 3 mL of thrice diluted Folin
reagent were added. The protease activity was measured
at 660 nm by a UV-spectrophotometer (UV-1201,
Shimadzu Co, Ltd., Kyoto, Japan), and one unit of the
activity was expressed as the liberation of 1 ilg tyrosine
per g maesil kochujang (22).

Organic acids

Ten grams of the sample was diluted with 90 mL dis-
tilled water. The mixture was agitated for 30 min at 25°C
and filtered twice using a Whatman No. 2 filter and 0.45-
iim membrane filter. The filtrate was passed through
Sep-pak Cis cartridge, and the eluates were analysed us-
ing an HPLC (Lab Alliance HPL.C System, Science Park
Road, PA, USA). The C;; analytical column was used
and the column temperature was 25°C. The mobile phase
used was 0.05 M KH;PO, at 0.7 mL/min. UV-VIS de-
tector was used at 215 nm.

Free sugars

One gram of the sample was diluted with 10 mL dis-
tilled water. The mixture was agitated for 10 min and
then centrifuged at 10,000 x g for 10 min. The super-
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natant was filtered twice using a Whatman No. 2 filter
and 0.454)m membrane filter. The filtrate was passed
through Sep-pak Cyz cartridge, and the eluates were ana-
lyzed using an HPLC (WPP 1506, Waters, Milford, MA,
USA). The column used was i1-Bondpak NH; (300 mm
> 3.9 mm), the eluent was the mixture of acetonitrile
and water (85:15) at 1.5 mL/min. Differential refrac-
tometer RI detector was used.

RESULTS AND DISCUSSION

Changes in microbial populations

Changes in populations of bacteria and yeasts in mee-
sil kochujang during fermentation are shown in Table
1. Bacterial counts of all treatments increased slightly
up to 60 days in control, up to 80 days in meesi kochu-
Jjang, then decreased slightly and maintained a level of
81~12.5x10° CFU/g. This difference in reaching the
maximum viable cell count of bacteria in samples was
also shown by Kim et al. (20) with irradiated traditional
kochujang, Choo and Shin (23) with pumpkin-added
kochujemg, and Ahn et al. (24) with mushrooms. Viable
cell counts of bacteria in maesii kochujang were in-
creased with increasing maesil extract from 1 to 5% dur-
ing fermentation, showing the highest viable cell count
of bacteria, 14.5x10° CFU/g in 5% MK. Bacterial
counts are still in the range of 10°~10" CFU/g and the
similar results were reported with sea tangle chitosan
(107 and pumpkin (23) red ginseng (25). In contrast,
Choo and Shin (23) reported that the addition of
pumpkin did not influence bacterial counts at the end
of fermentation. Shin et al. (25) also reported that viable
cell count of bacteria in kochujang was not affected by
the addition of red ginseng and Ahn et al. (24) reported
similar results with mushrooms.

The yeast population increased slightly from 6.0~
8.0 10° CFU/g at the initial fermentation stage to 7.0~
9.0 10° CFU/g after 20 days of fermentation, then de-
creased to 5.0~6.9 % 10° CFU/g after 100 days of fer-
mentation. The decrease in veast count was due to reduc-
tion in pH (26). Kim et al. (9) and Shin et al. (27)
showed the similar degree of yeast count of 10° CFU/g,
however, Choo and Shin (23) showed 10° CEU/g of via-
ble cell count of yeast. Viable cell counts of yeast in
maesil kochujang were also increased with increasing
maesif extract from 1 to 5% during fermentation, show-
ing the highest viable cell count of yeast, 9.0 x 10" CFU/g
in 5% MK

Changes in enzvine activities

Kochujong has sweet taste from a starch hydrolyzate
and savory taste from the soybean protein hydrolyzate
and nucleic acids (10). Activities of saccharifying amy-
lase was very active up to 20 days of fermentation. This
corresponded to the increase of reducing sugar at that
time. Rapid decrease of total sugar and reducing sugar
indicated that these sugars after 60 days of fermentation
might be utilized for alcohol fermentation by yeast or
metabolism of microorganism. In general, pattem of de-
crease in total sugar was very correlated with formation
of ethyl alcohol. Activities of vi-amylase in maesi! kochu-
Jong were higher than those of control and were in-
creased in proportion to added maesil extract from 1 to
5% during fermentation (Fig. 1). Similar results were
shown by Oh et al. (28) who reported that ri-amylase
activity in horseradish powder-added kochujang was
higher than that of control group and also by Park and
Oh (29) who reported that vi-amylase activity in tradi-
tional kochuyjong increased slightly up to 40 days of meju
fermentation and then stabilized. In contrast, Choo and

Table 1. Changes in viable cell counts of microorgranism of maesii kochujang during fermentation {unit: CFU/g)
Microbe Fermentation Eochujang

(days) Control 1% MK’ 2% MK 50 MK

0 6.0+0.43° 70+0.78" 7.5+0.81° §.5+031°

20 6.0+051° 7.0+0.69" 7.5+0.64° 8.5+093"

Bacteria (x10°) 40 8.0+0.21% 9.0+0.21° 10.0 +0.26° 11.5+0.48°

acleria 60 10.0+034° 11.0 +0.33" 12.0+0.19® 12.5+0.88"

80 8.5+021° 12.5+0.24° 14.0+0.24% 145+0.72°

100 81+0.61° 123+018 12.5 +£0.43° 12.4+0.63%

0 6.0+038 6.5 +0.41% 7.5+0.28° 8.0+0.81°

20 7.0+0.94% 75+4021° 8.0+0.36° 9.0+021%

Yeast (<109 40 6.4£021° 7.0+0.88” 7.5 i0.66: 8.5+041°

60 5.810.46 6.5+0.75° 7.0 £0.23 7.8+058

80 534028 6.2+0.69" 6.7 +0.93" 734103

100 5.04+031° 594058 6.3+1.017 6.9+0.87

UMK: Maesii koch ujang.

“INeans with different letters in the same row are significantly different according to Duncan's multiple range test (p<C0.05).
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Fig. 1. Changes in v-amylase activity of maesi! kochujang dur-
ing fermentation.

Fig. 2. Changes in H-amylase activity of maesil kochujang dur-
ing fermentation (same legend as in Fig. 1).

Shin (23) reported that activities of amylase were not
affected by the addition of pumpkin and Kim (30) re-
ported that amylase activities increased at the late stage
of fermentation in garlic and onion-added kochujang.

#-Amylase activities of maesil kochujeng increased
rapidly up to 20 days of fermentation and slightly de-
creased until 40 days of fermentation and slowly re-
gained their activities at the end of fermentation (Fig.
2). Activities of #-amylase in maesil kochujang were al-
$0 higher than those of control and were increased in
proportion to added maesi! extract from 1 to 5% during
fermentation. Oh et al. also reported with horseradish
powder (28) and mustard powder (19) that kochujang
added with respective condiments had high enzyme ac-

Fig. 3. Changes in protease adivity of maesil kochujang during
fermentation (same legend as in Fig. 1).

tivity than control. However, Kim (30) reported that -
amylase activities of kochujang added with alcohol,
mustard powder, or chitosan increased up to mid fermen-
tation, but at slightly lower level than those of the control
group.

Protease activity gradually increased during fermenta-
tion up to 60 days of fermentation with highest activities
at 60 days fermentation in all treatments and rather rap-
idly decreased at the end of fermentation (Fig. 3). Kim
et al. (31) also reported similar findings. Throughout the
fermentation period, protease activities of maesil kochur
Jjang were higher that those of control group. These re-
sults were similar to that of previous findings of Kim
(30) who reported that neutral protease activity of kochu-
Jeamng increased up to mid fermentation and decreased
thereafter. Oh et al. (19) also reported that activities of
neutral and acidic proteases in kechujang added with
mustard powder were slightly higher than those of the
control group during fermentation.

Changes in organic acids

Organic acids in kechujang are mainly produced by
microorganisms during fermentations and some are li-
berated from raw materials. The content and composition
of organic acids are also another important factors in
the quality of kochujang. Maesil extract had 0.47 mg%
of citric acid, 0.43 mg% of malic acid, 0.25 mg% of
oxalic acid, and 0.06 mg% of fumaric acid (32,33).
Organic acids in maesil kochujeng appeared in the order
of tartaric acid>>succinic acid>-citric acid>lactic acid at
the early stage of fermentation. After 100 days of fer-
mentation, the order had been changed to citric acid>
malic acid>tartaric acid>»succinic acid (Table 2). Kim



Quality Changes in Muaesil Kochiijang during Fermentation 35

Table 2. Changes in organic acids of maesil kochujang during fermentation (unit: %o)
Organic acid Days Control 1% MK" 206 MK 506 MK
0 18.40+0.51° 16.04+0.49" 17.66 +£0.63" 15.68+021°
Succinic acid 60 3.66+0.21% 1.83 4043 1.58+0.1% 1.924036
100 3.50+0.23" 1.69 +0.40° 1.31+024° 1.70+031%
0 14.90+0.12° 13.4210.11; 14.68i0.08§b 14.30+030"
Citric acid 60 19.95 +0.23 19.67£0.16 19.53+021 18.26+032°
100 18.09+06" 18.56+0.11° 18.31+023% 17.87+0.56
0 17.17 £033° 21.50+0.58" 18.78i0.23; 23.01+045"
Tartaric acid 60 5.15+0.39° 5.20 i0.42; 5.45 i0.32b 5.65 i0.32;
100 3.50+0.62° 3.31+0.25 3.424039 3.45+0.49
0 6.77 +0.26" 6.54 036 7.03+0.62" 7.68+033"
Lactic acid 60 3
100
0
Malic acid 60 13.09+0.42° 13.50+091° 14.47 i0.29: 15.52+0.26
100 12.21 +0.5%° 12.10+061° 13.13+033 14.20+0.86"
Total (day 100) 37.30 35.66 36.15 37.22

Ygee footnotes in Table 1. “Not detected.

*"Means with different letters in the same row are significantly

and Song (8) showed that the major organic acids of
kiwifruit added traditional kochujang were in the order
of malic acid>>citric acid>»succinic acid>>acetic acid
>lactic acid. Shin et al. (34) also reported that organic
acids of traditional kochujang produced in Jeonbuk re-
gion were in the order of succinic acid>-citric acid>>lactic
acid.

The addition of meaesil led to significant increase in
tartaric, lactic, and malic acid content and decrease in
succinic acid (p<{0.05). During the course of fermenta-
tion, the content of succinic acid and tartaric acid were
decreased dramatically regardless of sample preparations.
These results were different from findings of Kim and
Song (8) who showed succinic acid level increased sig-
nificantly during fermentation in kiwifruit-added tradi-
tional kochujang. However, Shin et al. (35) showed suc-
cinic acid content of traditional kochujarg prepared with
various raw materials decreased during fermentation. In

different according to Duncan's multiple range test (p<0.05).

the case of lactic acid, after 60 days of fermentation it
disappeared in all samples. In contrast, the content of
citric acid increased during the fermentation and peaked
after 60 days. On the other hand, malic acid appeared
after 60 days of fermentation, adding maesil significantly
increased the content of malic acid (p<0.05). Jung et
al. (11) also reported that kochujeng prepared with apple
and persimmon showed that the contents of citric acid
and malic acid were higher than that of lactic acid.

Changes in free sugars

Free sugars in kochujeng are derived from amyloytic
enzymes of microorganisms, and their main components
are glucose, fructose, and maltose (5,36). Changes in free
sugar composition of maesil kochujang during fermenta-
tion are presented in Table 3. The contents of glucose
and sucrose increased about 4 times up to 60 days of
fermentation except 5% MK showing about 2 times com-

Table 3. Changes in free sugars of maesil kochujang during fermentation (unit: %o)

Free sugar Days Control 1% MK 2% MK 59 MK

0 3.47+0.23" 3.34+0.12" 323+0.21° 3.00+0.26°

Glucose 60 12.2040.56° 13.91+0.17° 13.02+0.51" 1233 +0.75°

100 3.07+0.30° 3.531+0.26" 332+0.40% 329+40.23°

0 0.94+0.08" 1.00+0.04° 0.88+0.02° 1.02+0.06"

Sucrose 60 3.65+0.23" 4.00+0.36° 3.73+0.46" 2.31+0.61°

100 0.96+0.03° 1.03+0.02° 0.98+0.01" 0.96+0.03°

0 0.03+0.01° 0.13+0.02" 0.11+0.04" 0.45+0.01°

Maltose 60 0.40+0.05™ 0.434+0.05° 0.35+0.02" 0.26+0.03°

100 0.05+0.02° 0.12+0.03% 0.12+0.01° 0.10+0.02"

USee footnotes in Table 1.

“*Means with different letters in the same row are significantly different according to Duncan's multiple range test (p<0.05).
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pared to the starting value. Afterwards those contents
decreases gradually to their original values. Oh and Park
(37) also reported increase in sucrose during the fermen-
tation with traditional kochujang. Decrease in glucose
can be explained by the fact that free sugars consumed
by microorganisms as energy source during fermentation.
Composition and content of free sugar in maesil kochu-
Jang were not changed remarkably in general by the ad-
dition of maesil extract except maltose. Addition of mee-
sil extract significantly increased maltose content espe-
cially in 5% MK (p<0.05). In the case of glucose con-
tent, it changed from 3.47% to 3.00% of 5% MK.
Addition of 1% maesil extract, especially after 60 days
of fermentation led to the highest free sugar content in
glucose and sucrose.

Quality characteristics of kochujang prepared with ap-
ple and persimmon indicated the major free sugar during
fermentation was maltose (11). Kim and Song (8)
showed that the free sugars of kiwifruit-added traditional
kochujang were mainly glucose (4.01 ~6.10%0), fructose
(0.52~0.67%) and maltose (3.43 ~4.35%) after 60 days
of fermentation. Kim (30) also reported that condiments
like garlic and onion added kochujang have glucose
(12.29~15.81%) and fructose (1.25--3.29%). These
differences mainly came from variations in fermentation
periods, conditions and ingredients. Kim and Song (8)
also reported that the contents and composition of free
sugar in traditional kechujang depended upon the raw
materials added.
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