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ABSTRACT 

Koji is a term that describes the process of molds growing and producing enzymes that hydrolyze complex 
components in cooked materials into simpler compounds. In this study, the optimal conditions for the 
production of enzymes (amylase and protease) of koji incubation were determined by using the response surface 
methodology with the central composite design 22 + star. The experiments were conducted with two factors, 
including molds addition (X1) (0.02 ÷ 0.04%) and koji-making time (X2) (24 ÷ 36 hours), as well as incubation 
temperature (X3) (27 ÷ 33°C) and pH of koji (X4) (5.5 ÷ 6.5). The study results showed that the mycelium of 
Aspergillus oryzae developed a fairly thick layer on the medium at 0.030 ÷ 0.044% of molds addition and 30 
÷ 36 hours with pH 5.89 ÷ 6.12 and temperature 29.76 ÷ 30.24°C. The optimal conditions (molds addition, 
time, pH, and temperature) were 0.03%, 30 hours, pH 6.0, and 30°C, respectively. In these optimal parameters, 
amylase and protease activities were 61.35 and 12.27 U/g dry matter, respectively.

1. INTRODUCTION
Soy sauce is an essential traditional condiment with a history of 
more than 3,000 years in China [1]. Soy sauce not only gives a 
delicious flavor but also improves digestion [2]. In addition, soy 
sauce also has a special nutritional value, including proteins and 
carbohydrates, as well as being fat-free and containing a rich 
amount of riboflavin (vitamin B12) and other minerals (sodium, 
calcium, phosphorus, iron, selenium, and zinc). Every year, people 
produce millions of tons of soy sauce to supply the consumer 
market in the world. Traditionally, soy sauce is processed by 
fermentation and koji-making is the first step in the production of 
the fermentation sauce process. Koji is one of the key ingredients 
that were considered as starter varieties for the production of 
some traditional fermented foods. Aspergillus oryzae is the 
main fermentation agent in the production of soy sauce by 
microbiological methods [3]. During koji incubation, A. oryzae 
produces many enzymes, such as amylase, protease, invertase, 

maltose and etc. These enzymes break down starch and proteins 
into sugars and amino acids, respectively, which give the sauce a 
sweet taste [4]. Furthermore, A. oryzae has a specific genotype and 
is considered a safe organism for food production because it does 
not produce aflatoxin [5]. Aspergillus oryzae that has strains of 
the filamentous fungus and develops very quickly, forms a bunch 
of fibers and each strand is called mycelium [6]. Molds can only 
grow under fully aerobic conditions and the growth of A. oryzae is 
influenced by many factors, such as time, humidity, temperature 
and etc. [7]. Besides, the content of A. oryzae added to the koji 
is an important factor to study. If the percentage of molds is 
low, molds will not grow in enough numbers to overwhelm the 
bioburden. In addition, the growth of molds is inhibited by the 
harsh conditions of the environment that lead to the survival of 
microbial cells which were reduced significantly. Therefore, they 
have no longer beneficial effects to improve the quality of the 
product. If the percentage of molds is high, the product cost will 
increase and the quality will change in an unfavorable direction. 
Furthermore, the koji-making time is to obtain high quality and 
quantity of enzymes production [8]. 
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Pleurotus spp. are highly nutritious foods. The protein content 
comes only after meat and fish, including water-soluble and 
essential amino acids, such as lysine and tryptophan. The 
composition of the main nutrients of oyster mushrooms includes 
carbohydrates and proteins that are the main ingredients, 
accounting for 70%–90% of dry weight. Oyster mushrooms are 
also rich in minerals (K and P) and important vitamins (B1, B2, 
C, etc.) [9]. Fat is very low and ranges from 1% to 2% [10]. In 
the past, the main ingredient used in the production of sauces was 
soybean. With the aim of enhancing the use of oyster mushrooms 
and creating a sauce that is nutritious, sensory valued, and safe 
for human health, oyster mushrooms are selected as raw materials 
for the manufacture of sauce. The research determined the effects 
and mutual interaction of factors (mold addition, incubation time, 
temperature, and pH) by using the central composite design (CCD) 
and response surface methodology (RSM) on enzymes production 
of oyster mushrooms koji.

2. MATERIALS AND METHODS

2.1. Materials
Wheat flours were roasted at 90°C for 15 minutes. Aspergillus 
oryzae molds powder (109 cfu/g) was provided by The Institute of 
Biotechnology Research and Development of Can Tho University 
(Vietnam), originating from the American Type Culture Collection. 
Pleurotus spp. mushrooms, after harvesting at the Experimental 
Area of An Giang University (Vietnam), were washed with clean 
water, chopped (0.5 × 1 cm), steamed at 90°C for 9–10 minutes, 
and cooled to 30°C. Each 50 g of mushrooms was mixed with 5 
g of roasted wheat flour. The pH of oyster mushrooms koji was 
adjusted by citric acid.

2.2. Experimental Design
In order to obtain the best conditions for enzyme production 
(amylase and protease) from koji-making, a sequence of factorial 
designs was used. Using the STATGRAPHIC Centurion software 
(version 16.1) to optimize koji-making parameters by the RSM 
with the CCD 22 + star.

The first experiment was conducted with two factors, including 
molds addition (X1) (0.02 ÷ 0.04%) and koji-making time (X2) 
(24 ÷ 36 hours). The numbers of treatments were 13, including 5 
replications of the central points. Each factor was surveyed with 
five levels, coded from −α to +α (with α = ± 1.4142). The level of 
encrypted variables and experimental layout is shown in Table 1.

In the second experiment, RSM and CCD were also used to 
investigate the effects of two factors, including incubation 

temperature (X3) (27 ÷ 33°C) and pH of koji medium (X4) (5.5 ÷ 
6.5). Each factor was coded from −α to +α (with α = ± 1.4142). 
The design was 13 treatments, including 5 replications of the 
central points. The level of encrypted variables is shown in 
Table 2.

2.3. Analysis Methods

2.3.1. Determination of α-amylase activity 
The α-amylase activity (U/g dry matter) was measured by an 
amylase unit expressed by the amount of enzymes that were 
capable of catalyzing the hydrolysis of 1 g of starch for 1 hour at 
30°C and pH = 4.7 ÷ 4.8 [11]. The optical density of the solution 
was measured on a colorimeter with a liquid layer length of 1 
cm and wavelength λ = 676 nm. The optical density difference 
between the control solution and the test solution is proportional to 
the amount of starch that has been exposed to α-amylase.

2.3.2. Determination of protease activity 
This method was based on casein hydrolysis by enzymes in 
a research preparation solution [12]. Amino acids formed in 
hydrolysis reaction were measured by the Folin reagent. The unit 
of protease activity was the amount of an enzyme that converts 
an amount of sodium caseinate to a nonprecipitated form by 
tricloroacetic acid equivalent to 1 µmol of tyrosine at 30°C for 
1 minute.

2.3.3. Determination of moisture 
The moisture content was measured according to the standard 
method, as described by [13]. The sample was dried at 105°C 
to constant weight. The moisture W (%) was calculated using 
Equation (1):
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where m1 is the initial mass of sample (g) and m2 is the final mass 
of sample (g).

2.4. Data Analysis Methods
Data were collected and processed by STAGRAPHICS Centurion 
16.1 software for the analysis of variance and least significant 
difference test to conclude the difference between the averages 
of experiments at 5% confidence (p = 0.05) and Microsoft Excel 
software for calculating and graphing.

Table 1: Variable coding and survey levels of mold addition and  
koji-making time.

Variables Codes
Levels

−α −1 0 +1 +α

Molds addition (%) X1 0.016 0.02 0.03 0.04 0.044
Koji-making time 

(hours) X2 21.5 24 30 36 38.5

Table 2: Variable coding and survey levels of incubation temperature 
and pH of koji.

Variables Codes
Levels

−α −1 0 +1 +α

pH of koji X3 5.2 5.5 6.0 6.5 6.7
Incubation 
temperature 

(°C)
X4 25.8 27 30 33 34.2
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The appropriateness of the predicted model was assessed through 
the correlation coefficient R2. The equation optimizes the response 
surface of general form experiments according to Equation (2):

k k k k
2

o i i ii i i j i j
i 1 i 1 i 1 j 1

X X X XY b b b b

� (2)
where Y is object function, βo is constant, βi is the linear coefficient, 
βii is the square coefficient, βij is the interaction coefficient, and Xi 
and Xj are survey variables.

3. RESULTS AND DISCUSSION

3.1. The Effects of Mold Addition and Koji-Making Time on 
Amylase and Protease Activities
The effects of molds and koji-making time on the presence of 
mycelium are shown in Figures 1 and 2. The results showed 

that the mycelium of 0.016% and 0.02% of A. oryzae developed 
less than mold with 0.03 ÷ 0.044% after 30 hours of incubation  
(Fig. 1). 

Moreover, when the time of mold culture was during the period 
of less than 24 hours, there was no presence of mycelium. At 24 
hours of koji-making, the mycelium began to grow scattered. 
The white mycelium covered a fairly thick layer on the medium 
at 30 and 36 hours of incubation. At 38.5 hours of the process, 
mycelium gradually turned to a yellow areca flower and appeared 
to have spores (Fig. 2).

The cycle of A. oryzae growth on bran could be divided into 
periods: the period of growth and germination of the sporangium 
(10 ÷ 11 hours of the first), the period of the rapid development 
of the fibrous system (4 ÷ 18 hours), and the strong enzyme 
generation period (lasting 10 ÷ 20 hours) [14]. The growth of 
molds also showed a contrasting relationship with the moisture 
of the medium [15]. Aspergillus oryzae used water on the surface 

(a)

(d)

(b)

(e)

(c)

(f)
Figure 1: Effect of mold addition on the presence of mycelium (a) initially, (b) at 0.016%, (c) at 0.02%, (d) at 0.03%, (e) at 0.04%, and (f) at 0.044%.
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of the medium to grow and create mycelium, forming spores [16]. 
The result in Figure 3 showed that the moisture content of the 
medium decreased with the increasing incubation time. In the 
early stage of the incubation process (less than 24 hours), the 
molds had not adapted to the medium, so the growth rate was quite 
slow and the moisture content of koji was more than 70%. In the 
period of 24–36 hours, the moisture of koji was 61.85% ÷ 70.39%. 
This result was also consistent with many research studies [17,18] 
where suitable moisture and time for A. oryzae to grow and 
produce enzymes were about 60 ÷ 68% and 30 ÷ 42 hours.

In addition, the ability to produce more or less enzymes of molds 
means the development of mycelium [17]. The response surface 
models showing the effect of the mold addition and koji-making 
time on the activities of amylase and protease were built up (Fig. 4). 
The results showed that, as the addition of molds and incubation 
time increased, the activities of enzyme production increased to 
an optimal value and then decreased gradually. The higher the 
molds addition does not mean the higher the enzyme activities at 

the end of the koji process [19]. Additionally, mycelium formation 
and enzyme activities were closely related. Amylase and protease 
activities increased strongly when the medium began to form 
mycelium (from 24 to 30 hours) and decreased when spores 
appeared. This result is similarly demonstrated in the study of [20]. 

(a)

(d)

(b)

(e)

(c)

(f)
Figure 2: Koji-making time in the presence of mycelium (a) initially, (b) at 21.5 hours, (c) at 24 hours, (d) at 30 hours, (e) at 36 hours, and (f) at 38.5 hours.

Figure 3: Changes in the moisture content of koji according to incubation time.
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This was due to either the asexual cycle or the spore formation 
of A. oryzae that was involved in the production of secondary 
metabolites, such as enzymes or organic acids. Spore formation is 
undesirable because of reducing enzyme activities. The process of 
maximizing enzyme production usually ends when molds begin to 
form spores [17]. In addition, the lack-of-fit values of the models 
that were 0.06 and 0.43 (>0.05), respectively, showed the model’s 
compatibility with the experiment. The optimal amylase activity 
was 61.77 U/g dry matter when 0.03% molds and 30.75 hours 
of incubation time were applied. Protease activity was optimal at 
12.37 U/g dry matter when the percentage of molds was 0.03 and 
it was fermented for 30.41 hours.

Regression equations showing the relationship of the molds 
addition and koji-making time to amylase and protease 
activities were described in Table 3. All equations met the 
conditions with a high coefficient of determination (R2 > 0.84). 
The compatibility between the predictive and experimental 
data of amylase and protease activities was shown in Figure 5 
and there was a high correlation between predictive and 
experimental data (R2 > 0.84).

The results of simultaneous optimization of multiple response 
surfaces showed optimal amylase and protease activities when 

0.03% of mold and 30 hours for incubation time were applied 
(Fig. 6). Amylase and protease activities were 61.62 and 12.52 
U/g dry matter, respectively.

Thus, the parameters selected for the next studies were the addition 
of molds at the rate of 0.03% and the time of koji making was 30 
hours.

3.2. The Effects of Temperature and pH of Koji-Making on 
Enzyme Activities
The response surface models showing the correlation between 
the incubation temperature and pH of the medium to amylase and 
protease activities were built up (Fig. 7). The temperature and pH 
of koji-making affected the quadratic on enzyme activities. When 
the pH of the medium increased from 5.5 to 6.0, the amylase and 
protease activities increased; however, the pH continued to increase 
to 6.5 and the enzyme activities decreased. Likewise, amylase and 
protease activities increased with increasing temperature (up to 
30°C) and a further increasing in the koji-making temperature 
decreased. The results showed that amylase production with 
optimal activity was 61.43 U/g dry matter when it was fermented 
at 30.14°C and pH 6.02. Meanwhile, the optimal protease activity 

(a) (b)
Figure 4: The response surface and contour plots showing the effect of mold addition and koji-making time on (a) Amylase activity and (b) Protease activity.

Table 3: Predictive regression equations of the relationship between the molds and koji-making time.
Target functions Predictive regression equations R2 p value (lack-of-fit)

Amylase (U/g dry 
matter)

Y1 = −250.369 + 5,421.900X1 + 14.932X2 – 
74,127.200X1

2 − 29.590X1X2 − 0.228X2
2 0.996 0.060

Protease (U/g dry 
matter)

Y2 = −11.895 + 744.406X1 + 0.825X2 – 
12,402.400X1

2 − 1.647X1X2 − 0.014X2
2 0.847 0.430

Y: target functions; X1: molds (%); X2: koji-making time (hours).
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was 12.37 U/g dry matter when the temperature and pH of koji 
making were 27.76°C and 5.89°C, respectively. 

The temperature of koji-making is a strong influence on the reaction 
rate. The speed of reaction will increase rapidly under the effect 
of temperature. If the optimal threshold is exceeded, it will inhibit 
the incubation [21]. Temperature not only affects the growth of 
microorganisms but also affects their biological activity. The effects 
of incubation temperature on mold growth and enzyme activities 
need to be studied to understand the role of temperature control in 
koji-making. In addition, the initial pH of the koji medium is one of 
the factors that have an important influence on the ability of enzyme 
biosynthesis. The initial pH of the medium affects the metabolism 
of microorganisms, leading to a change in the absorption of food. 
The influence level of pH also depends on the substrate, buffer 
properties, temperature, and so forth [22]. 

Figure 5: Correlation between experimental and theoretical data (from Y1 and Y2) for (a) Amylase activity and (b) Protease activity. 

Figure 6: Overplay plots of enzyme activities according to molds addition and 
koji-making time.

(a) (b)
Figure 7: The response surface and contour plots showing the effect of temperature and pH of koji on (a) Amylase activity and (b) Protease activity.
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In addition, the lack-of-fit values were not statistically significant (p > 
0.05) and correlation coefficients of regression equations showing the 
relationship of temperature and pH to amylase (Y3) and protease (Y4) 

were high (R2 > 0.85) (Table 4), so it confirmed the more significance 
and reliability of the regression models established. The compatibility 
between the predictive and experimental data of amylase and protease 
activities was determined with the high correlation coefficient (R2 > 
0.85) (Fig. 8). Furthermore, the results of optimization of multiple 
response surfaces showed amylase and protease activities reached 
the highest values at 29.94°C and pH 5.97 (Fig. 9). The experimental 
results of incubating at 30°C and pH 6.0 were equivalent to the results 
predicted from the model (Table 5). The previous studies had shown 
that incubating at 30°C and pH 6.0 was the optimal temperature and 
pH for A. oryzae to grow and produce enzymes with high activities on 
solid-state fermentation (SSF) [23–26].

Table 4: Predictive regression equations of the relationship between temperature and pH on enzyme activities.
Target functions Predictive regression equations R2 p value (lack-of-fit)

Amylase (U/g dry matter) Y3 = −4,442.520 + 868.447X1 + 125.380X2 − 74.029X1
2 + 0.767X1X2 

− 2.127X2
2 0.999 0.223

Protease (U/g dry matter) Y4 = −468.975 + 17.953X1 + 72.673X2 − 0.325X1
2 + 0.236X1X2 + 

6.760X2
2 0.854 0.070

Y: target functions; X1: temperature (°C); X2: pH.

(a) (b)
Figure 8: Correlation between experimental and theoretical data (from Y3 and Y4) for (a) amylase activity and (b) protease activity.

Figure 9: Overplay plots of enzyme activities according to temperature and pH 
of koji. 

Table 5: Results of the experiment and optimization model.

Target functions Unit Values of 
experiment

Values of optimal 
model

Amylase U/g dry matter 61.35a ± 
0.33b 61.15

Protease U/g dry matter 12.27 ± 0.80 12.32

aAverage value of three repetitions.
bStandard deviation.
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4. CONCLUSION
In traditional fermentation, SSF is suitable for mold growth and 
enzyme activities are an important indicator of the enzyme-
producing ability of A. oryzae. The optimal conditions were 
found at 0.03% of molds addition, pH 6.0, and incubation at 30°C 
in 30 hours to obtain the highest enzyme activities for oyster 
mushrooms koji.
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