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Abstract

The objectives of this study were to evaluate the antimicrobial effects of ε-poly-L-lysine mixture (EPM) on cheon-
ggukjang and to determine the optimal mixing ratio in cheonggukjang. Increasing the EPM up to 2% decreased via-
ble cell counts at both 15

o
C and 30

o
C storage. The pH of cheonggukjang without EPM increased slowly over the

storage periods, but cheonggukjang with EPM showed a slight increasing tendency, with the highest pH at 2% EPM.
The sensory scores, such as texture and flavor, were highest in samples containing 2% EPM; however, overall pref-
erence was not significantly different when compared to the control. For the optimum cheonggukjang processing
conditions, 13 experimental points were selected. Soybean and EPM were chosen as independent variables. Viable
cell count, pH, texture, and overall preference were measured. The optimum formulation of cheonggukjang using
the numerical analysis was found to be 98.52% soybean and 1.48% EPM, resulting in a 0.722 desirability value.
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Introduction

Cheonggukjang is a traditional Korean fermented food

made using soybeans as the main ingredient. Compared to

other sauces such as gochujang and doenjang, it has a higher fat

and protein content, and beneficial nutritional and physiological

aspects (Kim et al., 1999). During the fermentation process

used in the production of cheonggukjang, Bacillus subtilis

produces sticky substance, which is composed of a polymer of

the levan form of fructan and polyglutamate derived from

soybean carbohydrates and proteins (Lee et al., 1992). Due to

its thrombolytic, antitumor, and immunopotentiation effects,

as well as antioxidant activity, consumption of cheonggukjang

has gradually increased recently (Lee et al., 1992; Kim et al.,

1999). Because of the diversity of the inoculated microorganisms,

technical difficulties can be encountered during fermentation.

Among these difficulties, film and gas are generated during the

distributional fermentation period, and the acidity of the

mixture is dramatically increased by the continued growth of

lactic acid bacteria (Yoo et al., 1998).

As a way to overcome these problems, many studies

evaluating the addition of functional preservatives are in

progress on these sauces. These preservatives have functional

properties that do not interfere with the unique taste and flavor

of the sauce. In accordance with an improvement in living

standards and consumers interest in health, people tend to

prefer natural rather than synthetic preservatives (Cho et al.,

2005). Lysozyme (Hughuey & Johnson, 1987), lactoferrin

(Orman & Reiter., 1968), chitosan (Oh et al., 1999), polyphenol

(Sakanara et al., 1996), acetic acid (Beuchat & Golden, 1989),

polylysine (Ko & Kim, 2004), and bacteriocin (Jack et al.,

1966) are currently used in the food industry as natural

preservatives. 

ε-Poly-L-lysine is typically produced as a homo-polypeptide

*Corresponding author: Byung-Yong Kim, Department of Food Sci-
ence and Biotechnology, Institute Life Science and Resources, Kyung
Hee University, Yongin, Gyeonggi 449-701, Korea
Tel: +82-31-201-2627; Fax: +82-31-202-0540
E-mail : bykim@khu.ac.kr
Received February 24, 2014; revised May 19, 2014; accepted May 20,
2014



Effect of polylysine on cheonggukjang 277

of approximately 25-30 L-lysine residues (Kahar et al., 2002).

As polylysine is stable against pH changes and heat, and

doesn’t affect the flavor of food, it is currently widely used in

many foods (Shima et al., 1984). The amino groups of

polylysine act as a cationic surfactant in water and have

antimicrobial activity by absorbing to the cell walls of

microorganisms (Kahar et al., 2001). 

In this study, effect of ε-poly-L-lysine mixture (EPM) with

ethanol upon the deterioration of cheonggukjang was

investigated, and the optimal mixing ratio for cheonggukjang

preparations was studied using an optimization process.

Materials and Methods

Materials

Raw soybeans were purchased from Dalseong-Nonghyup

(Daegu, Korea). Bacillus subtilis KCCM-1089P used in the

fermentation of cheonggukjang was obtained from KCCM

(Seoul, Korea). ε-Poly-L-lysine and ethanol were obtained

from Shinseung Hichem (Seoul, Korea). 98.2% ethanol and

0.8% ε-poly-L-lysine (EPM) were mixed to determine the

antibacterial effect upon cheonggukjang.

Three kilograms of soybeans were put in water at 20
o
C for

12 h, steamed for 30 min, and cooled at 40
o
C. 20 mL of B.

subtilis and 400 mL of water were blended with the soybeans to

produce the culture solution. This solution was cultured at 42
o
C

for 24 h and cheonggukjang was subsequently manufactured

(Kim et al., 2008). Various amounts of EPM (0-2% by weight of

cheonggukjang) were commingled with prepared cheonggukjang.

Measurement of pH and color

Ten gram of crushed sample in 90 mL of water was filtered

through filter paper (Whatman No.5). pH was measured using

an Orion 710 A+ pH meter (Thermo Fisher Scientific,

Beverly, MA, USA). The color of the samples was measured

using a Colorimeter (JC-801, Color Techno System. Co. Ltd,

Tokyo, Japan) and L (lightness) was determined.

Measurement of the antimicrobial activity of EPM

and viable cell counts

Antimicrobial activity was measured using Escherichia coli

KCTC-1039 or Bacillus cereus KCTC-1021. 50 μL of 0-2%

EPM was spread on an LB agar plate. A 7 mL layer of top agar

(0.8%) containing 100 μL each of E. coli or B. cereus in

culture medium was then added to the plate and the plate was

incubated at 37
o
C until a clear zone appeared.

In order to measure viable cells, 10 g of the sample in 90 mL

of water was homogenized using an ACE homogenizer (Ultra-

Turrax T25, Janke and Kunkel, Brussels, Belgium) set at

15,000 rpm. 1 mL of the homogenized sample was spread on

potato dextrose agar (Difco, Detroit, MI, USA) and colony

number was measured after 48 h at 30
o
C.

Sensory analysis

Sensory analysis was carried out by 10 expert panelists.

Each panelist evaluated 10 g of boiled sample to which 1 g of

salt had been added. A nine-point hedonic scale of 1 (disliked

extremely) to 9 (liked extremely) was used by the panelists to

evaluate taste, texture, flavor and overall preference.

Experimental design for determining the optimal

mixing ratio

The experimental mixture design and statistical analysis

were performed using Design Expert software version 7 (Stat-

Easy Co., Minneapolis, MN, USA). A D-optimal design

consisting of 13 experimental runs, including five replicates at

the center point, was chosen to evaluate the combined effect of

two independent variables; Cheonggukjang (X
1
) and EPM

(X
2
). Based on preliminary experiments, the ranges of the two

samples were 0.98 ≤ X
1
≤1 and 0 ≤ X

2
≤ 0.02, respectively.

The response values utilized were viable cells, pH, texture, and

overall preference. The effect and regression coefficients of

individual linear, interactive, and cubic terms were determined.

Results were considered to be statistically significant if they

had a probability (p) of 0.05. The numerical optimization was

performed using the canonical model basis with a set response

goal area and desirability was predicted. 

Statistical analysis

All data analysis was performed using SPSS (Statistical

Package for the Social Sciences v20.0, Chicago, IL, USA).

The level of significance among samples was tested with

analysis of variance (ANOVA) and Duncan's multiple range

tests performed at the p<0.05 level.

Results and Discussion

pH of Cheonggukjang

pH of cheonggukjang mixed with EPM stored at two

temperatures, 15 and 30
o
C, was measured over a 192 h period,

as shown in Fig. 1. The pH of cheonggukjang with 2% EPM

increased from 6.33 to 6.59 and from 6.31 to 7.19 when stored

for 192 h at 15 and 30
o
C, respectively. The pH of the control

without EPM was the lowest after 192 h, having decreased

from 6.38 to 6.00 and from 6.34 to 5.55 after storage at 15 and

30
o
C, respectively. In general, pH levels were maintained or
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slightly increased in samples containing between 0.5 and 1.5%

EPM, whereas the control samples showed an increase in pH

during the initial 48 h period followed by a continuous

decrease in pH over the remainder of the 192 h period. This

increase in pH during the initial 48 h storage period might be

due to the production of ammonia gas during initial fermenta-

tion while the subsequent gradual decrease in pH of

cheonggukjang may be due to an increase in acidity resulting

from the growth of lactic acid bacteria (Suh et al., 1982; Sung

et al., 1984). In general, the pH of the cheonggukjang with

EPM showed a trend of increasing or maintained pH during

storage at either 15 or 30
o
C. 

Effect on the growth inhibition of microorganisms 

The antimicrobial activity of EPM was tested by evaluating

the growth of E. coli and B. cereus. Potato dextrose agar plate

was used for incubation of those strains. Growth of E. coli was

restricted at 0.4 mg/L EPM, whereas 0.2 mg/L was the

minimum concentration for the restriction on growth of B.

cereus, demonstrating that higher level of EPM was needed for

growth restriction of E. coli than of B. cereus. The viable cell

counts in cheonggukjang with 0-2% added EPM stored at two

temperatures (15 and 30
o
C) are shown in Fig. 2. Higher EPM

concentrations resulted in greater microbial growth inhibition.

The most significant reduction in viable cell count was seen

with 2% EPM, with a reduction from 6.6×10
5
 CFU/mL to

8.95×10
3
 CFU/mL at 15

o
C (Fig. 2A) and 6.6×10

5
 CFU/mL to

4.6×10
4
 CFU/mL at 30

o
C (Fig. 2B). Addition of 1.5-2% EPM

at 15
o
C resulted in viable cell counts below 10

5
 CFU/mL.

These concentrations of EPM showed relatively higher

bacterial growth inhibition than lower EPM concentrations

(below 1.5%) at both storage temperatures. When 1.0-1.5%

EPM and fermented vinegar mixtures were added to yakbab,

yeast growth was most effectively inhibited (Kim, 2004). Park

(2000) also reported that polylysine mixtures inhibited

microbial growth and that fermentation occurred slowly in

Fig. 1. Changes in pH of cheonggukjang with different EPM
concentrations during storage at 15

o

C (A) and at 30
o

C (B).
Fig. 2. Viable cell count in cheonggukjang with different EPM
concentrations during storage at 15

o

C (A) and at 30
o

C (B).
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kimchi. More viable cells remained at higher EPM concentra-

tions following 30
o
C storage than following 15

o
C storage due to

the optimal growth temperature of viable cells (20-40
o
C).

Measurement of colors (L value)

The color changes in terms of L values (lightness) of the

cheonggukjangs at 15 and 30
o
C are shown in Table 1. L values

in samples without EPM decreased from 53.41 to 49.23 at

15
o
C and also decreased from 57.33 to 47.69 at 30

o
C.

Furthermore, L values in samples with 2% EPM decreased

from 55.40 to 49.69 at 15
o
C and from 56.23 to 47.69 at 30

o
C,

indicating that cheonggukjang turned dark during the

fermentation time with or without EPM. This is similar to the

report of Choi et al. (1998) in that as fermentation time

increased, lightness of cheonggukjang decreased (i.e.: turned

dark). When the EPM content was increased, L values were

not changed substantially except in the 72 h storage time point

at 30
o
C. With respect to the effect of temperature, L values at

30
o
C (49.23-52.24 at 192 h) were generally lowered (darker)

than at 15
o
C (47.69-50.75 at 192 h).

Sensory analysis

The mean sensory scores for taste, texture, flavor, and

overall preference of cheonggukjang with different EPM

concentrations (0-2%) fermented at 30
o
C for 24 h are shown in

Table 2. The control samples without EPM received the lowest

flavor (2.4) and texture scores (3.4), while increasing EPM

levels received increasing flavor and texture scores. 2% EPM

received the highest scores (3.5 and 5.3). Consequently, the

specific flavor and texture of cheonggukjang was improved by

the addition of EPM. Taste was not found to be significantly

different among EPM concentrations. A similar finding was

reported by Ko & Kim (2004) in that there was no significant

difference in taste regardless of the polylysine concentration

utilized. But the flavor that was reason for the reluctance of

cheonggukjang was improved by the addition of EPM. Overall

preference was also not significantly different between different

EPM concentrations. 

Design point selection for mixture design, modeling

and analysis

Mixture design is an important methodology for

experiments in which the variable factors are the proportions

of the components of a mixture and the response variables

vary as a function of these proportions (Choi et al., 2006). The

range of mixture ratios of cheonggukjang and EPM was 98-

100% and 0-2% (w/w), respectively. The total content of

mixed cheonggukjang (sum of all variables) was 100% (w/w),

without the inclusion of the fixed variables. In order to allocate

the points for the mixture within the feasible design region, a

modified distance design was applied. Thirteen total design

points were set for the experimental designs: three experimental

points, five points for calculating the lack of fit, and five

replication points (Table 3). In order to remove division errors

Table 1. Changes in L values during storage of cheonggukjang with different EPM concentrations at 15 and 30
o

C.

Temp.
Content Storage time (h)

(%) 0 48 72 144 192

15
o
C

0 53.41±0.14
b

52.47±0.14
c

51.60±0.38
a

50.26±0.14
b

49.23±0.47
b

1 55.69±0.31
a

54.53±0.30
a

52.15±0.13
a

52.48±0.30
a

52.24±0.83
a

2 55.40±0.41
a

53.28±0.14
b

52.11±1.23
a

50.84±0.14
b

49.69±0.41
b

30
o
C

0 57.33±0.08
a

55.47±0.48
a

55.36±0.31
a

48.33±0.48
b

47.69±1.02
b

1 56.85±0.22
a

55.03±0.55
a

54.91±0.20
a

52.38±0.55
a

50.75±0.38
a

2 56.23±0.09
a

51.46±0.92
b

50.23±0.73
b

47.86±0.92
b

47.69±1.05
b

Values are mean±standard deviation for n=3
a-c

Mean within each column with no common superscripts are significantly different (p < 0.05)

Table 2. Sensory evaluation of cheonggukjang with different
EPM concentrations.

　

Taste Texture Flavor
Overall 

preference

0% 4.2±0.74
NS

3.4±0.48
a

2.4±0.49
a

5.8±0.6
a

0.25% 4.1±0.83 4.6±0.91
bc

3.2±0.87
bc

5.4±0.8
ab

0.50% 4.2±0.87 3.5±0.67
a

2.7±0.64
ab

5.4±0.49
ab

0.75%    4±1 3.9±0.83
ab

2.4±0.8
a

  6±0.77
a

1%    4±0.77 3.8±0.74
a

2.5±0.67
ab

5.4±0.66
ab

1.50%    4±1.18 4.8±0.74
c

2.7±0.64
ab

4.9±0.94
bc

1.75% 4.1±0.94
    

4±0.63
ab

2.9±0.7
abc

5.6±0.34
ab

2%    4±1.18 5.3±0.78
c

3.5±0.8
c

5.5±0.8
ab

1)
Values are mean±standard deviation for n=10. 

2)
NS=Not significant.

a-c 
Mean within each column with no common superscripts are

significantly different (p < 0.05).
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for the order of the actual experimental designs, all experimental

orders were performed at random. According to a mixture

design, four kinds of responses, including viable cell count,

pH, texture and overall preference, were chosen.

In order to analyze the interaction effect on each

cheonggukjang mixture, modeling was necessary for each

response (Han & Kim, 2003). Analysis of the selected models

and regressions of the polynomial equations are shown in

Table 4. The significance of the selected models was

determined by the F-test. Viable cell count and pH were each

selected to a quadratic and cubic non-linear model, respectively

(0.0025 and 0.0126 probability values). But texture and overall

acceptability selected to linear model meant independent

contribution. Each coefficient determined at the predicted

canonical equation showed the effect of each cheonggukjang

on each response as a numerical value.

Optimization of mixture ratio for manufacturing

cheonggukjang 

The optimum mixture ratio of cheonggukjang with EPM was

determined using the optimization process suggested by

Derringer and Suich (1980). While texture and overall

preference were set to the maximized value, viable cells and pH

were each set to the minimized value and target 6.5 values,

respectively (Table 5). The desirability constraint used the

criterion of degree of optimization. From the numerical

optimization results, the optimum cheonggukjang formulation

was determined to be 98.52% cheonggukjang and 1.48% EPM.

The optimum process resulted 72.2.% desirability and the

predicted response values for this mixture ratio showed that the

viable cell, pH, texture, and overall preference scores were

1.56×10
5
 CFU/mL, 6.5, 4.38 and 5.34, respectively (Table 5).
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