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Abstract To improve the shelf life of low-salt Kochujang, Korean

hot pepper paste, antimicrobial materials were added at different

times before and after aging. The kochujang was then packaged

and stored at 30oC for 15 weeks, and changes in microbiological

and physiochemical properties were evaluated. Hunter a- and b-

values decreased considerably during storage. The total color

difference (∆E) was greater in the ethanol-chitosan (EC) treatment

than in the control and after pasteurization (A-P) treatment. Gas

was produced until the seventh week of storage. The control and

the A-P treatments produced more gas than the other treatments,

and these had the largest number of yeasts and aerobic bacteria.

The pH of the EC treatment was higher than that of the other

treatments, and the A-P treatment had the highest level of

titratable acidity. During storage, the oxidation-reduction potential

was lower in the EC and ethanol-mustard-chitosan (EMC)

treatments. The reducing sugar content decreased remarkably in

the control and A-P treatments, with high production of ethanol.

There was a significant change in the content of amino-type

nitrogen in the control and A-P treatments, and the content of

ammonia-type nitrogen was lowest in the EMC treatment. In the

sensory test of kochujang, the ethanol-mustard (EM) and ethanol

(E) treatments were significantly higher than the EC, control, and

A-P treatments (p <0.05). EM or E alone was effective in

extending the shelf life of kochujang when added before aging.

Keywords addition time · anti-microbial materials · kochujang · 

storage

Introduction

Kochujang, Korean hot pepper paste is a traditional fermented

food in Korea with a sweet and palatable taste created by starch

and protein hydrolysis that works well in spicy and salty tastes.

Due to the recent westernization of lifestyles and the growing

trend toward a small, nuclear family, the use of improved factory-

made kochujang rather than traditional kochujang has been

increasing. To commercialize kochujang, the most appropriate

fermentation period needs to be determined (Kwan et al., 1996).

Standardization of the manufacturing process and development of

indexes for quality evaluation are also necessary.

Packaging conditions (Lee et al., 1997) and storage temperatures

(Kim and Lee, 1994) greatly influence the product’s shelf life.

Major factors that negatively affect its merchantability include the

production of gas (Lee et al., 1996; Kim et al., 2000a) and

browning (Kim et al., 2000c). Studies to improve the shelf life of

kochujang have used various methods, such as sterilization with

heat treatment (Kim et al., 2000b), γ-ray radiation (Kim et al.,

1998), and the addition of wasabi and mustard (Shin et al., 2000).

Alcohol (Lee and Kim, 1985), garlic, chitosan, and mustard (Yun

et al., 1999) can modulate the growth of microbes. Adding these

antimicrobials to kochujang can control microbe growth during

storage and aging of the product. It also means that low-salt

kochujang with an improved shelf life can be produced. For

example, Kim (2001) replaced a part of ordinary salt with

antimicrobial alcohol, mustard, or chitosan during the manufacturing

process. In the present study, various antimicrobial materials were

added into low-salt kochujang at the preparation and at eight

weeks of its aging, and assessed the effect of the addition of the

antimicrobial materials on the shelf life of the kochujang by

comparing its microbial and physiochemical properties.

Materials and Methods

Materials. Glutinous rice, soybeans, red pepper powder, and malt

used to produce kochujang were purchased from a local market, and
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flour koji (Tobagisoonchang. Co., Korea) was used. Additional

ingredients used were fine sea salt (NaCl 88%, Obok foods Co.,

Korea), anhydrous ethanol (99.8%, Merck, Germany), mustard

powder (100%, Ottogi Co., Korea), and chitosan powder

(deacetylation level of more than 82.2%, 10cp, Biotech Co., Korea).

Kochujang preparation and storage. Low-salt kochujang (6%

salt) was made by gelatinizing a mixture of glutinous rice powder,

malt, and water. Kochujang with a 9% salt concentration was used

as the control. Ethanol (E treatment) (4%), a mixture of ethanol

and mustard (EM treatment) (1%), a mixture of ethanol and

chitosan (EC treatment) (1%), and a mixture of ethanol, mustard,

and chitosan (EMC treatment) (0.8%) were added to the control in

place of ordinary salt. The rest of the ingredients are described in

Table 1. The kochujang was placed in a plastic container and aged

for eight weeks at 20oC. The antimicrobial materials (ethanol,

mustard, and chitosan) were added to kochujang with a 6% salt

concentration before (B) aging or after (A) aging for eight weeks.

Each 150 g of kochujang was placed inside PET/CPP packaging

film (19 µm/80 µm, inside size; 90×120 mm) and sealed. For

pasteurization treatments, the thickness of the packaging was 1

cm. The packets were placed in a 60oC water bath and sterilized

for 15 min after the central part of the kochujang reached 60oC.

The temperature was checked with a TES 1300 thermometer

(TES Electrical Electronic Co., Taiwan). The kochujang samples

were then stored for 15 weeks at 30oC.

Microbial assay. To count the number of viable bacteria, 1 g of

kochujang was decimally diluted using a sterilized saline solution.

Then, aerobic and anaerobic bacteria were cultured using the

spread plate method. The aerobic and anaerobic bacteria were

stratified using tryptic soy agar (Thomas et al., 1981) and APT

agar (Difco Laboratories, 1984), respectively. Rose bengal agar

(Martin, 1950) was used as a medium for yeast, and the spread

plate method was used for culturing. The yeast were cultured for

one to three days at 30oC and then counted.

Gas formation. Gas formed during storage was collected with an

injector through a silicon septum attached on the packaging. The

volumes of gas were added to maintain the total amount of gas

(Kim et al., 1998).

Color and oxidation-reduction potential (ORP). The color was

measured with a CR-200 chromameter (Minolta, Japan) and

expressed in terms of lightness (L), redness (a), and yellowness

(b). The total color difference (∆E) was calculated using the

following formula according to the Hunter scale: ∆E =[(L0−L1)
2

+(a0−a1)
2+(b0−b1)

2]1/2.

The ORP was measured using an ORP-meter (Orion525A+,

Beverly, USA) after a two-fold dilution.

Chemical analysis. The pH, titratable acidity, reducing sugar,

ethanol, amino-type nitrogen, and ammonia-type nitrogen of the

kochujang were measured using established methods of miso

analysis (Institute of Miso Technologists, 1968).

Sensory evaluation. After storage for 15 weeks, a panel

composed of 20 panelists evaluated the taste, flavor, color, and

overall acceptability of the kochujang samples. The samples were

evaluated using a 7-point scale, with the highest and lowest points

were 7 and 1, respectively. The scores were analyzed with an

analysis of variance using SPSS/PC package 12.0 (SPSS Inc.,

USA), and the significance of each mean property was determined

(p <0.05) with Duncan’s multiple range tests.

Results and Discussion

Color. The changes in color during the storage of kochujang after

the addition of the different antimicrobial materials are shown in

Table 2. With the storage time, the a-value (redness) and b-value

(yellowness) decreased, and the L-value, representing lightness,

also declined, except the control. The L-, a-, and b-values of the

control and the after pasteurization (A-P) treatments were higher

than those of the other treatments after the addition of the

antimicrobial materials. In particular, the B-EMC treatment

(ethanol, mustard, and chitosan were added before aging) had the

lowest values.

The total color difference (∆E) gradually increased during

storage (Table 3). Compared with the only E treatment, the EC,

EM, and EMC treatments showed a more significant change in

∆E. The control and the A-P treatment showed less change.

Table 1 Mixing ratio of raw materials for preparation of low salted kochujang  (Unit: g)

Glutinous 
rice

Red pepper Wheat koji Soybean Salt Malt Water Ethanol Mustard Chitosan

Con 700 850 300 300 450 20 2380 - - -

B-E 700 850 300 300 300 20 2180 200 - -

B-EM 700 850 300 300 300 20 2180 200 50 -

B-EC 700 850 300 300 300 20 2180 200 - 50

B-EMC 700 850 300 300 300 20 2180 200 40 40

A-P 700 850 300 300 300 20 2180 - - -

A-E 700 850 300 300 300 20 2180 200 - -

A-EM 700 850 300 300 300 20 2180 200 50 -

A-EC 700 850 300 300 300 20 2180 200 - 50

A-EMC 700 850 300 300 300 20 2180 200 40 40

A: added after 8 weeks fermentation, B: added before fermentation. 
E: ethanol added kochujang, M: mustard added kochujang, C: chitosan added kochujang, P: pasteurized kochujang.
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Kochujang contains a considerable amount of sugar and amino

acids. Therefore, the Maillard reaction products such as hydroxy

methyl furfural and its oxidized polymer trigger discoloration

(Kim and Lee, 1994). In addition, as the temperature rises, the

reduction in L- and a-values increases (Lee et al., 1997). Shin et

al. (1994) reported that the discoloration was proportional to the

storage temperature. However, in the present study, the A-P

treatment was heat treated for just 15 min. Therefore, browning by

enzymes was relatively restrained, and the ∆E was smaller

compared with that of the other treatments where antimicrobial

materials were added. This result is similar to that report by Kim

et al. (2000c) who found that the ∆E was high in the non-heat

treatment sample. 

Gas formation. Table 4 shows the gas formation. Gas formation

is the main cause of quality deterioration during the storage of

Table 2 Changes in color values of low salted kochujang during storage at 30oC

Hunter color 
value

Kochujang
Storage time (weeks)

0 3 6 9 12 15

L 

Con 30.74±0.48 31.42±0.77ab 31.33±0.97a 31.19±0.51 a 31.28±0.33 a 31.05±0.54a

B-E 30.38±0.61 29.56±0.43de 29.09±0.51cd 29.04±0.51bc 28.32±0.31d 28.90±0.69b

B-EM 30.08±0.42 29.70±0.29de 29.02±0.71cd 28.82±0.68cd 28.86±0.70cd 28.36±0.71b 

B-EC 31.21±0.18 29.81±0.66de 28.57±0.89d 28.24±0.23de 28.10±0.60d 28.17±0.30bc

B-EMC 29.81±0.13 29.12±0.52e 28.06±0.49d 27.77±0.62e 27.87±0.76d 27.27±0.39c

A-P 31.97±1.07 32.33±0.46a 31.45±0.40a 31.54±0.49a 30.78±0.24a 30.40±0.31a

A-E 31.54±0.95 30.83±0.58bc 29.95±0.69bc 29.93±0.50b 29.64±0.76b 28.96±0.40b

A-EM 31.55±1.28 30.63±0.52bc 30.72±0.61ab 29.58±0.43bc 29.53±0.50bc 28.75±0.59b

A-EC 30.59±0.70 29.63±0.75de 29.58±0.61cd 28.74±0.90de 28.69±0.33cd 28.06±0.55bc

A-EMC 30.56±1.20 30.41±0.90cd 29.05±0.70cd 29.00±0.45cd 28.62±0.43cd 28.87±0.58b

a

Con 20.86±0.73bc 20.45±0.42 a 20.44±0.36a 20.00±0.31a 19.24±0.40a 17.38±0.27b

B-E 20.65±0.80cd 19.34±0.50bc 18.08±0.62c 17.32±0.20c 17.15±0.21b 16.97±0.41b

B-EM 20.68±0.55cd 19.62±0.28bc 17.74±0.49c 17.76±0.43c 16.64±0.41bc 16.93±0.21b

B-EC 19.69±0.53de 18.34±0.55d 16.34±0.56d 15.65±0.54d 15.27±0.38d 15.05±0.20d

B-EMC 19.60±0.75e 18.22±0.65d 16.37±0.35d 15.74±0.38d 15.29±0.56d 15.02±0.38 d

A-P 21.78±0.55ab 20.72±0.36a 20.11±0.43a 20.21±0.50a 18.56±0.43a 18.48±0.42a

A-E 22.04±0.53a 20.05±0.33ab 19.08±0.73b 19.00±0.50b 18.03±1.02b 17.60±0.27b

A-EM 21.56±0.30ab 20.64±0.50a 18.58±0.46bc 17.90±0.12c 17.24±0.23b 17.26±0.61b

A-EC 20.53±0.41de 18.83±0.30cd 16.76±0.41d 16.05±0.52d 15.85±0.46cd 15.90±0.55c

A-EMC 21.04±0. 40bc 19.40±0.31bc 17.84±0.31c 17.80±0.44c 16.33±0.22bc 16.07±0.40c

b

Con 16.69±0.33b 17.05±0.43b 17.18±0.16a 17.14±0.04a 16.33±0.20a 14.64±0.30a

B-E 16.09±0.55b 14.82±0.21b 13.61±0.29c 13.57±0.24cd 12.75±0.35d 12.64±0.51c

B-EM 16.10±0.44b 15.32±0.32c 13.42±0.29cd 13.24±0.42d 12.78±0.53d 12.53±0.20c

B-EC 15.98±0.34b 14.39±0.40de 12.31±0.49ef 12.11±0.12e 11.15±0.39e 11.09±0.21e

B-EMC 15.20±0.37c 14.05±0.23e 12.02±0.39f 12.01±0.43e 11.04±0.38e 10.87±0.62e

A-P 18.34±0.31a 18.05±0.42a 17.39±0.54a 16.84±0.49a 15.93±0.20a 15.18±0.50a

A-E 18.00±0.34a 16.64±0.30b 15.12±0.58b 15.17±0.42b 14.18±0.17b 13.51±0.20b

A-EM 17.75±0.40a 17.00±0.15b 14.80±0.30b 13.98±0.28c 13.39±0.34c 13.40±0.21b

A-EC 16.34±0.34b 14.87±0.52cd 12.88±0.34de 12.26±0.23e 11.53±0.21e 11.78±0.43d 

A-EMC 16.73±0.45b 15.41±0.21c 13.58±0.38cd 13.52±0.20cd 12.31±0.20d 11.82±0.29d

1)See footnotes in Table 1.
2)Values are mean ± SD (n =3).
3)Means with the same letter in column are not significantly different by Duncans multiple range test (p <0.05).

Table 3 Changes in total color difference (∆E) of low salted kochujang

during storage at 30oC

Kochujang
Storage time (weeks)

3 6 9 12 15

Con 0.87 1.09 1.77 1.73 4.03

B-E 1.99 3.83 4.30 5.26 5.26

B-EM 1.48 4.20 4.61 5.97 5.86

B-EC 2.51 5.65 6.33 8.74 7.72

B-EMC 1.84 4.66 4.72 6.37 6.64

A-P 1.16 2.51 2.59 4.35 4.83

A-E 2.51 4.37 4.63 5.86 6.82

A-EM 1.50 4.27 5.61 6.48 6.88

A-EC 2.44 5.22 6.34 6.89 7.27

A-EMC 2.11 5.00 5.02 6.74 7.19

1)See footnotes in Table 1.
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kochujang, leading to expansion or rupture of the packaging. After

the first week of storage, the B-EC treatment emitted a significant

amount of gas, but after two weeks, there was no gas generation.

The control started to generate gas after the third week and

reached a peak at 1037.8 mL/150 g at the fifth week. However,

the A-P treatment continuously generated gas between the first

and the seventh weeks of storage. Thus, the 15 min heat treatment

at 60oC does not seem to be sufficient to completely sterilize the

yeast for the prevention of gas formation. On the contrary, gas

formation by the low-salt kochujang was effectively suppressed in

the ethanol or mustard treatments. More than 90% of gas

generated from kochujang was CO2, which resulted from the

fermentation of yeast (Kim et al., 1998), but the amount of gas

formed during storage was not equal to the numbers of yeasts

(Table 5). The generation of CO2 from fermented pastes is mainly

due to the growth of salt-tolerant yeasts, such as Zygosaccharomyces

rouxii, Saccharomyces cerevisiae, Candida versatilis, and C.

etchellsii. The number of yeasts decline after aging, but when

ambient oxygen is intermixed in the process of remixing, filling,

or packaging, the yeasts flourishes again (Kim et al., 2000a). Yun

et al. (1999) reported that the minimum inhibitory concentration

of chitosan was 0.001–0.005% in yeasts and 0.04–0.067% in

bacteria. In contrast, in the present study, the addition of 1%

chitosan and ethanol did not effectively control gas formation by

yeast, whereas ethanol alone did. This finding is similar to that

reported by Park and Kim (2007). Kim and Yang (2004) also

found that the addition of 0.7% chitosan alone promoted the

growth of yeasts during kochujang’s aging process.

Viable cell counts. The changes in numbers of microbes during

the storage of kochujang are shown in Table 5. There were 105–

106 CFU/g of yeasts in the early period of storage, and the

treatments where antimicrobial materials were added after aging

contained more microbes (by 1 log cycle) than those where

antimicrobial materials were added before aging. However, after

the third week, they radically decreased to 103 CFU/g in all

treatments, except for the A-P treatment and the control groups.

At an early stage of storage, the A-P treatment, which was

sterilized at a low temperature after aging, had a smaller number

of yeasts (by 2 log cycles) than the treatments where antimicrobial

materials were added. However, the number increased rapidly

until the third week and was maintained at 8×104 CFU/g, even

during the 15th week. Table 4 shows the number of yeasts vs. the

amount of gas generated. The amount of gas that formed was

almost equal to the changes in the numbers of yeasts in

kochujang, but it was more closely correlated with the types of

yeasts. The amount of yeast-generated gas formation in kochujang

differs according to the strain. According to one study (Lee et al.,

1996), yeasts are usually destroyed after about 10 min of sterilization

at 70oC. Another study (Shin et al., 2000) reported that yeasts

were not detected in kochujang containing 0.6–1.2% of mustard

after 90 days. Park and Kim (2007) reported that the numbers of

yeasts in kochujang treatments remained the same (104 CFU/g)

after one year of aging, but they did not generate gas. In the

present study, unlike the yeasts, the numbers of aerobic and

anaerobic bacteria did not show rapid changes, but they slightly

decreased during the storage of kochujang. The number of aerobic

bacteria increased again in the control and the A-P treatment from

about the 15th week. The differences in the number of bacteria

between the treatments where the antimicrobial materials were

added before and after aging were insignificant, aside from the

early stage of storage. The EMC treatment had fewer bacteria than

all the other treatments except the E treatment, which contained a

similar number of bacteria. The number of bacteria in the

kochujang with heat treated for 5–15 min at 50–70oC was not

significantly different (p <0.05) from that of the control (Kim et

al., 2000b). In the present study, although the kochujang was

sealed and stored under anaerobic conditions, the number of

anaerobic bacteria was fewer (one tenth of aerobic bacteria) than

that of aerobic bacteria.

pH and titratable acidity. As shown in Fig. 1, the pH of the

kochujang gradually declined from 4.90–5.63 in the early stages

of storage to 4.75–5.23 after the 12th week and slightly increased

during the 15th week. During storage, the control and the A-P

treatments had a low pH, whereas the EC and EMC treatments

had a high pH, regardless of its addition time.

The titratable acidity increased from the sixth through the 12th

Table 4 Changes in gas production of low salted kochujang during storage at 30oC  (Unit: mL/150 g)

Kochujang
Storage time (weeks)

1 2 3 4 5 6 7 15

Con - - 258.9 638.7 1037.8 292.7 76.1 -

B-E - - - - - - - -

B-EM - - - - - - - -

B-EC 846.5 198.6 - - - - - -

B-EMC - - - - - - - -

A-P 312.8 802.0 310.6 81.8 88.8 193.4 202.8 -

A-E - - - - - - - -

A-EM - - - - - - - -

A-EC - - - - - - - -

A-EMC - - - - - - - -

1)See footnotes in Table 1.



J Appl Biol Chem (2014) 57(4), 287−294  291

weeks of storage and then decreased. After the 15th week, the

titratable acidity was 11.9–14.2 mL/10 g, showing a similar trend

to changes in pH. The level of titratable acidity was highest in the

treatment that was sterilized after aging, and there was no

distinctive difference among the other treatments. This result is

consistent with that reported for a commercial kochujang (Shin et

al., 1994; Lee et al., 1997) where the pH declined and titratable

acidity increased during storage. Any rapid decrease in acidity

during storage may lead to the proliferation of harmful bacteria.

This should be avoided to improve the shelf life of kochujang

(Kim et al., 2002). In the present study, the increase in pH and the

slight decrease in titratable acidity during the late period of storage

were due to an increase in amino-type nitrogen, which has a

buffering capacity (Fig. 3), and a reduction in acidity due to ester

formation following the reaction of organic acids with ethanol

(Fig. 2).

Oxidation-reduction potential. The ORP, which is closely related

to the growth of microbes, declined rapidly in the early stages of

storage (as illustrated in Table 6) from −167.2 to −221.3 mV in the

third week, but then gradually increased. The ORP of the A-P

treatment sterilized at a low temperature and the A-E, A-EM, A-

EC, and A-EMC treatments declined until the 12th week and then

increased. Comparison between the experimental treatments

showed that the EM, EC, and EMC treatments had a lower ORP

than the E only treatment. In general, when the ORP falls below

−200 mV, the environment is favorable to the proliferation of

anaerobic bacteria rather than aerobic bacteria (James, 2000). In

the early stages of storage, the treatments in which the antimicrobial

materials were added after aging had a lower ORP than those in

which they were added before aging. Therefore, the addition of

the antimicrobial materials after aging prevented the proliferation

of aerobic bacteria. However, the effect of the antimicrobial

materials on the ORP decreased as storage time increased.

Reducing sugar and ethanol. The reducing sugar content (Fig.

Table 5 Changes in viable cell counts of microorganism of low salted kochujang during storage at 30oC  (Unit: CFU/g)

Viable cell
counts

Kochujang
Storage time (weeks)

0 3 6 9 12 15

Yeast
(×104)

Con 908.8±68.3a 305.6±58.9a 14.4±3.4a 8.0±3.6a 0.3±0.2b 0.2±0.1b

B-E 27.2±4.0f 0.2±0.1c 0.4±0.1c 0.3±0.1c 0.2±0.1b 0.1±0.1b

B-EM 25.6±1.5f 0.2±0.1c 0.2±0.1c 0.1±0.0c 0.1±0.0b 0.2±0.1b

B-EC 152.0±12.0e 1.2±0.2c 0.6±0.2c 0.4±0.1c 0.4±0.1b 0.3±0.1b

B-EMC 35.0±4.5 f 0.7±0.2c 0.4±0.2c 0.2±0.1c 0.1±0.0b 0.1±0.0 b

A-P 2.6±0.4f 141.1±36.0b 31.6±4.1b 17.6±3.3b 14.4±3.1a 8.0±3.0a

A-E 812.0±80.8b 0.8±0.3c 0.2±0.1c 0.4±0.2c 0.4±0.2b 0.1±0.0b

A-EM 643.2±51.0c 0.5±0.2c 0.3±0.1c 0.5±0.1c 0.4±0.1b 0.5±0.2b

A-EC 837.3±33.5ab 2.3±0.5c 1.1±0.3c 0.7±0.2c 0.4±0.1b 0.8±0.2b

A-EMC 376.6±70.1d 0.8±0.4c 0.4±0.2c 0.5±0.2c 0.4±0.2b 0.3±0.1b

Aerobic 
bacteria
(×106)

Con 12.2±1.9c 250.9±40.2a 13.4±3.1a 9.3±2.1b 7.1±1.8ab 122.2±18.9b

B-E 11.5±2.8c 12.8±2.2b 1.2±0.4c 3.7±0.7cd 3.9±0.8c 12.2±1.1cd

B-EM 14.1±3.9c 13.4±3.1b 1.3±0.5c 3.9±0.5cd 3.4±1.0cd 10.8±2.2cd

B-EC 11.3±1.1c 1.9±0.4b 1.3±0.3c 5.3±0.8c 5.2±1.2bc 12.8±1.3cd

B-EMC 7.6±2.3c 2.6±0.5b 1.6±0.5c 3.2±0.7cd 3.2±0.7cd 9.6±1.7 d

A-P 76.8±10.1a 5.8±1.0b 10.2±2.3b 13.5±3.0a 8.4±2.1a 168.9±11.2a

A-E 51.2±6.1b 5.8±1.2b 1.7±0.5c 3.9±0.9cd 4.2±1.2c 19.2±2.3c

A-EM 76.8±6.4a 2.6±0.9b 1.5±0.5c 3.0±0.9cd 3.3±0.9cd 19.8±1.3c

A-EC 51.2±5.8b 4.5±1.2b 1.3±0.2c 1.6±0.6de 1.5±0.4de 18.6±0.6c

A-EMC 51.2±6.4b 2.6±0.5b 1.9±0.5c 1.1±0.1e 0.5±0.2e 1.7±0.3d

Anaerobic 
bacteria
(×105)

Con 12.8±1.1de 608.0±28.4a 44.8±4.2a 9.4±1.3a 8.3±1.2a 2.9±0.8a

B-E 217.6±21.3a 32.0±5.1bc 12.8±3.1c 2.1±0.6cd 1.1±0.4c 0.3±0.1c

B-EM 19.2±2.1de 19.2±2.9cd 6.4±1.4d 1.0±0.4de 0.8±0.3c 0.6±0.3c

B-EC 190.4±20.2b 12.88±1.3cd 32.0±3.6b 0.5±0.1e 0.8±0.1c 0.3±0.2c

B-EMC 44.8±4.3c 12.8±2.2cd 12.8±1.2c 1.6±0.5cd 1.4±0.4c 0.6±0.1c

A-P 45.6±3.9c 57.6±7.0b 12.8±2.6c 1.6±0.3cd 1.9±0.4c 1.6±0.6b

A-E 25.6±5.0d 8.6±1.2d 6.4±1.2d 2.7±0.7c 3.0±0.9b 0.5±0.2c

A-EM 6.4±2.1e 7.2±0.2d 5.3±1.3d 3.9±0.5b 1.9±0.2c 1.4±0.1b

A-EC 12.8±2.4de 19.2±1.0cd 6.4±0.3d 1.3±0.3d 1.4±0.4c 0.6±0.3c

A-EMC 12.8±2.0de 12.8±2.1cd 6.4±0.7d 1.9±0.7cd 1.8±0.6c 0.6±0.1c

1)See footnotes in Table 1.
2)Values are mean ± SD (n =3).
3)Means with the same letter in column are not significantly different by Duncans multiple range test (p <0.05).
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2), which is a major contributor to kochujang’s sweet taste, was

5.44–8.34% in the early stages of storage. In the treatments in

which the antimicrobial materials were added, the reducing sugar

reached a maximum level at around the sixth week of storage,

then gradually declined. It was 7.23–8.88% after the 15th week.

On the other hand, the reducing sugar content in the control and

the A-P treatment considerably decreased during storage to 2.39

and 2.54%, respectively, after the 15th week. This was due to the

decomposition of starch during storage and subsequent utilization

by microbes. This finding is consistent with that of Chun et al.

(1992) who found that the reducing sugar content in kochujang

radiated by γ-rays increased during storage after 90 days of aging.

The ethanol content was 0.30 and 0.91% in the control and the

A-P treatment, respectively, in the early stages of storage and then

gradually increased to 2.44 and 2.68%, respectively, after the 15th

week. The ethanol content in the other treatments where ethanol

was added decreased slightly during the early stages of storage,

except for the B-EC treatment, in which the content increased

slightly. The addition of the antimicrobial materials seemed to

suppress the fermentation of ethanol by yeasts during the storage. 

The reducing sugar content of the EC treatment was low during

storage due to the active proliferation of yeasts and high levels of

gas formation. Therefore, as noted in a previous report (Kim and

Kwon, 2001), some of the reducing sugar was likely fermented

into alcohol. 

Nitrogen component. The taste of kochujang is improved by the

decomposition of protein into amino acids during the aging

process. During the storage of kochujang, the amount of amino-

type nitrogen gradually increased from 0.109 to 0.158% in the

early stages of storage, and it reached the highest level from the

ninth to the 15th weeks (Fig. 3). The greatest increase occurred in

the control and A-P treatments. The amino-type nitrogen content

of the treatments in which the antimicrobial materials were added

after aging was increased more compared to those in which they

were added before aging. In addition, the amino-type nitrogen

content in the EC treatment was slightly lower. This result is in

contrast to that of other studies, which reported that the amount of

amino-type nitrogen in factory-made, bottled kochujang (Lee et

al., 1997) and in kochujang radiated with γ-rays (Chun et al.,

1992) decreased gradually. The kochujang in the present study

was aged for eight weeks. As a result, protein decomposition was

underway during storage.

Changes in the ammonia-type nitrogen, which affects the flavor

of kochujang, were most severe around the sixth week and then

tended to decrease. Until the middle stages of storage, the

treatments in which the antimicrobials were added after aging had

higher ammonia-type nitrogen content than those in which they

were added before aging. However, the former had a lower

content during the later stages of storage. This result is due to the

larger number of aerobic bacteria when anti-microbial materials

were added after aging. The ammonia-type nitrogen content of the

Fig. 2 Changes in reducing sugar (A) and ethanol (B) contents of low
salted kochujang during storage at 30oC (See footnotes in Table 1).Fig. 1 Changes in pH (A) and titratable acidity (B) of low salted

kochujang during storage at 30oC (See footnotes in Table 1).
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EMC treatment was relatively lower than that of the control.

According to a previous study, the amount of amino-type nitrogen

and ammonia-type nitrogen in a commercial kochujang aged for

60 days increased slightly during storage (Shin et al., 1994). Other

studies reported that the addition of 4% (v/v) alcohol to kochujang

resulted in a low level of ammonia-type nitrogen and that this

appeared to regulate the growth of harmful bacteria to some extent

(Lee and Kim, 1985).

Sensory evaluation. The results of the sensory evaluation of low-

salt kochujang after storage for 15 weeks are shown in Table 7.

The B-EM treatment and the B-E treatments had a significantly

better taste than the A-P treatment, which was sterilized at low

temperature after aging, and the A-EMC treatment (p <0.05), and

followed by the A-E treatment and the A-EC treatment. With

regard to color, the B-EM had the best color, followed by the B-

E, A-EM, and A-E treatments. The B-EC treatment ranked the

lowest. Regarding flavor, the B-E, B-EM, A-EM, B-EMC, and A-

E treatment had significantly better flavor than the B-EC treatment

(p <0.05). As for overall acceptability, the E-BM, A-EM, and B-

E treatments received significantly better evaluations than the B-

EC, A-EMC, control, and A-P treatments (p <0.05). To sum up,

the E treatment and the EM treatment received a better evaluation

than the control, EC, and A-P treatments. The EC treatment

received a poor evaluation in terms of taste, flavor, and overall

acceptability. Abnormal fermentation was likely the cause of the

poor evaluation, with this treatment having low reducing sugar

content, a color change, and a larger number of yeasts during

storage, regardless of whether they were added before or after

aging. This result is consistent with that of Kim and Yang (2004)

who found that kochujang with alcohol added received a better

sensory evaluation than kochujang with either mustard or chitosan

added. In conclusion, the kochujang added with mustard and

ethanol received a better sensory evaluation than the kochujang

added with chitosan and ethanol, and ethanol extended the

product’s shelf life. The time at which the materials were added

had a no significant effect on the sensory evaluation. However, in

the low-salt kochujang, abnormal fermentation occurred during

aging and degraded its quality. Therefore, the addition of the

antimicrobial materials after aging was unacceptable according to

the quality testing. In contrast, the addition of the antimicrobial

materials to high-salt kochujang after aging was acceptable ad

improved the product’s shelf life.

Table 6 Changes in oxidation-reduction potential of low salted kochujang during storage at 30oC (Unit: -mV)

Kochujang
Storage time (weeks)

0 3 6 9 12 15

Con 085.4±4.8f 167.2±4.1f 145.4±4.8g 074.7±3.9e 057.8±3.8f 39.7±1.8f

B-E 069.3±2.0g 169.4±2.9f 154.0±4.0f 079.4±6.4e 065.9± 3.4e 53.6±3.4 e

B-EM 078.7±3.8f 193.4±3.8de 164.4±2.7de 132.1±5.1ab 125.0±5.0d 63.0±5.1d

B-EC 151.4±5.2b 195.2±4.6de 160.9±5.3ef 125.8±5.1ab 123.8±4.7d 82.3±2.1bc

B-EMC 131.0±3.0d 210.9±2.6b 169.8±3.2cd 134.3±5.3a 131.5±6.1d 82.1±4.9bc

A-P 142.3±3.2c 200.5±4.1cd 112.7±2.1i 105.1±4.2d 191.4±4.1c 81.0±5.2bc

A-E 114.8±4.5e 184.3±7.2e 128.5±4.1h 100.6±4.1d 193.1±3.0c 77.4±6.0c

A-EM 146.5±4.7bc 205.5±4.0bc 174.8±5.7bc 122.5±6.2c 204.0±3.9b 88.9±5.9b

A-EC 159.5±3.8a 209.3±5.1b 180.2±5.1ab 124.1±3.8bc 208.0±5.9ab 98.8 ±4.8a

A-EMC 141.5±5.4c 221.3±3.3a 183.5±3.3a 130.5±6.4ab 213.4±6.2a 102.7±4.9a

1)See footnotes in Table 1.
2)Values are mean ± SD (n =3).
3)Means with the same letter in column are not significantly different by Duncans multiple range test (p <0.05).

Fig. 3 Changes in amino- (A) and ammonia- (B) type nitrogen contents

of low salted kochujang during storage at 30oC (See footnotes in Table
1).
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Table 7 Sensory evaluation of kochujang stored 15 weeks at 30oC

Taste Color Flavor Overall acceptability 

Control 3.60±1.72ab) 4.20±1.42cde) 4.20±1.21ab) 3.80±1.32bc)

B-E 4.80±1.21a) 4.80±1.47abc) 4.93±1.62a) 5.20±1.32a)

B-EM 4.73±1.33a) 5.53±1.13a) 4.80±1.42a) 5.33±1.04a)

B-EC 3.67±1.80ab) 2.87±1.12f) 3.13±1.25b) 3.33±0.98bc)

B-EMC 3.67±1.79ab) 4.07±1.79cde) 4.40±1.72a) 4.07±1.49bc)

A-P 3.40±1.59b) 4.40±1.06bcd) 4.27±1.71ab) 3.80±1.01bc)

A-E 3.93±1.49ab) 5.33±1.18ab) 4.33±1.35a) 4.60±0.91ab)

A-EM 4.80±1.61a) 4.73±1.62abc) 4.53±1.46a) 5.27±1.28a)

A-EC 3.93±1.75ab) 3.27±1.33ef) 3.73±1.44ab) 4.27±1.33bc)

A-EMC 3.47±0.99b) 3.53±1.19def) 3.73±1.39ab) 3.67±1.11bc)

1)See footnotes in Table 1.
2)Values are mean ± SD (n =20).
3)Means with the same letter in column are not significantly different by Duncans multiple range test (p <0.05).


