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Abstract

The present study was aimed to determine the optimal
fermentation conditions for the koji production and to
evaluate the influences of temperature, pH, and brine
concentration on the enzyme activity and stability of
protease and amylase. The experiments were conducted
by inoculating the different ratios of soybean to wheat
with the spores of Aspergillus oryzae. The ratios of
soybean to wheat were 2:1 and 1:1 in Chinese-type
(BA1) and Japanese-type (BAZ2), respectively. The
optimum time of koji-making for both BA1 and BA2
was found at 60 h fermentation. No remarkable
difference of enzymatic characteristic was observed
between BA1 and BA2, with the exception that BAl
exhibited the higher activities of both protease and
amylase than those in BA2. The protease released from

A. oryzae was most active and stable in the pH range
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7.0-7.7 (neutral protease). The optimum temperature for
protease activity was 52-55°C, and the enzyme was
stable at around 40°C. Oppositely, the acidic region, pH
5, was preferred to amylase activity and stability. The
amylase, which was most active at 60°C and stable at
around 48°C, was more tolerant to heat and salt as

compared to the protease.

Keywords: Soybean sauce; Koji fermentation;

Protease; Amylase

1. Introduction

Soy sauce, used as a traditional Oriental all-purpose
condiment or seasoning with a salty taste and sharp
flavor, is a fermented soybean food made by main raw

materials including soybean, wheat and salt [1].
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Generally, soy sauce can be categorized as Chinese or
Japanese-type. The main difference between these two
types is that Japanese-type uses soybean and wheat at a
ratio of 1:1, whereas less wheat content used in
Chinese-type [1-4]. The first stage of soy sauce process
is koji-making, which is fermented under ~30°C with
Aspergillus oryzae or A. sojae. The resultant culture
mold (koji) is then mixed in an approximate 16-22%
brine solution, and the obtained mash (moromi) is
traditionally fermented for 4-12 months [3-5]. Finally,
the refining stage includes pressing, sterilization, and

packaging.

Owing to the lengthy fermentation period, unique
characteristic flavor of soy sauce is artfully developed.
Although the enzymatic hydrolysis is well known as
dictating the quality of final product of soy sauce [5, 6,
7, 8], the characteristics of proteases and amylases,
prepared using soybean and wheat fermented by A.
oryzae in brine, have not been thoroughly explored.
Specially, the protease and amylase characteristic
derived from koji were evaluated under the changes of
temperature and brine solution content [7]. As a result,
the proteolytic and amylolytic activities of soy sauce
koji were adversely affected by brine solution.
Furthermore, the amylase was more stable to heat (45-
55°C) as compared to the protease. These results as well
as the suggestion of 45°C would be useful for the
preparation of protein hydrolysates and biologically
active peptides. Nevertheless, apart from temperature
and brine solution, pH, one of the most important

factors, has not yet been studied.

In the result of our previous publication, we succeed in
developing the reduced-salt soy sauce product, in which
the moromi mash was fermented under the low-salt
environment of 10%, at 40°C for only 5 days [9]. The
resultant soy sauce or enzymatic hydrolysis mash

consisted of the high nutritional values of total nitrogen
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(> 1.4%) and amino nitrogen (> 0.56%) which met the
requirement of first-class soy sauce of Taiwan [10]. As
such, further study is much needed to understand the
progress of enzymatic hydrolysis during the
fermentation period as well as the characteristics of

protease and amylase.

The objectives of the present study were to optimize the
process parameters of koji production and to investigate
the characteristics of enzymatic hydrolysis of koji
protease and amylase, carried out from soybean and
wheat fermented by A. oryzae using response surface
methodology (RSM). In addition, koji prepared using
the different ratios between soybean and wheat, 2:1-
Chinese-type and 1:1-Japanese-type, were also studied.
The results of this study would be useful for advancing
the characteristics of protease and amylase and the
biochemical progress during the koji making and the
moromi fermentation, as well as receiving more
attention with respect to the guidelines for developing
preferable fermented products from koji soybean

resources.

2. Materials and Methods

2.1 Raw materials and chemicals

Soybean was purchased in Taiwan and wheat was
imported from Canada. The koji mold (Aspergillus
oryzae) was supplied from Chuan Feng Microbe Co.,
Taichung City, Taiwan. All of the chemicals used in the

analysis were of analytical grade.

2.2 Koji fermentation

In the koji-making stage, raw soybean was washed and
then soaked in water for 24 h at 4°C and subsequently
steamed at 121°C for 25 min. While wheat was roasted
under 140°C for 45 min. Wheat was then cooled and
cracked into smaller particles which contained 4 to 6
pieces. Steamed soybeans and roasted wheat were

mixed at the different ratios, namely BA1 (Chinese-
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type): 2:1 (w/w) and BA2 (Japanese-type): 1:1 (w/w).
The mixtures were then inoculated with 0.1% (w/w) of
A. oryzae (approximately 10® spores g?), and
subsequently dispersed onto the perforated stainless
steel trays (68 x 44 x 3 cm). Each tray was loaded with
the mixture to a ~3 cm thickness and incubated at 30 +
3°C. During the fermentation time, the koji was hand
mixed for 5 min once every 12 h. The preparation of
koji was carried out for 96 h to determine the optimal

time for protease and amylase activities.

2.3 Physicochemical and microbial properties of koji
during the koji making and determination of the
optimal time for protease and amylase activities

At various time intervals of 12 h during the Kkoji
fermentation period, about 300 g of koji was collected
after being well mixed for 5 min, then placed in sterile
sampling bags, and stored at -20°C for further analysis.

For each analysis, three replicates tests were performed.

Determination of microbial changes: The viable cell
numbers of total bacteria and mold in samples were
enumerated. Total of 5 g of each type of koji sample
was added into 45 ml of sterile physiological salt
The 10-fold-

concentrated cells were then serially diluted (10°to 10°)

solution and vortexed for 1 min.
in the same diluent, and 100 ul of properly diluted
samples were spread onto plate count agar and potato
dextrose agar (BD Difco, Franklin Lakes, NJ, USA) for
the enumerations of total bacteria and mold,
respectively. The colonies formed (25-250), counted
after 2 days of incubation at 30°C, were calculated as

log CFU per g koji solid [5, 11].

Enzyme extraction: Exactly 20 g of koji was mixed with
200 ml of deionized water and blended for 45s and then
extracted at 30°C for 1 h with agitation at 150 rpm using
sharking The then
centrifugated at 10,000 g, 4°C for 10 min and the

incubator. homogenate was
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supernatant was collected as crude enzyme extract [5,
11].

Protease activity assay: Casein (2%, w/v) dissolved in
0.05 M buffer at desirable pH (sodium phosphate buffer
for pH 7.0). A mixture of 5 ml of casein solution and 1
ml of diluted enzyme extract was incubated at 40°C for
10 min. The enzyme stability was also determined by
incubating at 40°C for 1 h. The reaction was ended by
using 5 ml of 0.11 M trichloroacetic acid (TCA). Then,
the filtrated supernatant (1 ml) was added to 5 ml of 0.5
M sodium carbonate and 1 ml of Folin—Ciocalteu’s
phenol reagent (1:3 diluted in water) and the mixture
was kept for 30 min. The absorbance was read against a
blank at 660 nm. One unit of protease activity (U) was
defined as the amount of enzyme that yields the color
equivalent to 1 uM of tyrosine per gram of koji solid per

minute under assay conditions [6, 12, 13].

Amylase activity assay: The a-amylase activity of koji
was determined based on the 3,5-dinitrosalicylic acid
(DNS) method [14] with little modification. Soluble
starch (3%, wi/v) was dissolved in 0.05 M buffer at
proper pH (sodium citrate buffer for pH 5.0). A mixture
of 1 ml of 3% soluble starch solution and 1 ml of diluted
enzyme extract was kept at 40°C for 10 min. The
enzyme stability was also determined by incubating at
40°C for 1 h. Thereafter, 1 ml of DNS reagent,
contained 1% DNS, 2% NaOH and 30% sodium
potassium tartrate in distilled water, was added. The
mixture was then boiled at 100°C for 15 min. The
heated sample was immediately cooled to room
temperature, and mixed with 9 ml of distilled water. The
absorbance was measured using a spectrophotometer at
540 nm. A standard cure was made using a 0.4% wi/v
glucose solution. One unit of amylase activity (U) was
defined as the amount of enzyme needed to release 1
UM of glucose per gram of koji solid per minute under

assay conditions.
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Determinations of pH and moisture content: Five gram
of koji was blended with 50 ml of deionized water for
45s and the pH were measured directly with a PB-10 pH
The
moisture content of koji was measured according to
AOAC (2000) [15].

meter (Sartorius, Gottingen, Germany) [5].

2.4 Effects of pH, temperature and salt content on
the activities and stabilities of koji protease and
amylase using RSM

The influences of independent variables on response
factors was performed using a face-centered central
composite design. The independent variables applied in
experimental design were pH (5, 7 and 9), temperature
(40, 50 and 60°C) and salt content (0, 8 and 16% wi/v),
corresponding to coded levels -1, 0 and 1, respectively.
Response factors were protease activity (U/g koji solid)
and amylase activity (U/g koji solid), as well as their
enzyme stabilities (Table 1). The effect of pH on the
enzyme activity and stability was evaluated using
different buffers. In particular, pH 5.0, 7.0, and 9.0 were
adjusted by using sodium citrate, sodium phosphate, and
sodium carbonate buffer, respectively. Whereas, when
salt content (brine solution) was considered as a
variable, different salt contents were added in the
substrate solutions (casein solution for protease and
soluble starch for amylase activity). The different
temperatures of enzyme reactions were controlled by a
sharking incubator (£ 0.1°C).

The following second order quadratic equation was used
to describe the correlation between the responses and
the independent variables (using coded levels).

Quality response functions:

Y = Bo+ Xy + BoXo + B3 X3 + P12 X1 X, +

B13X1X3 + B3 XoXs + fraXT + o XF + B33X§ 1)

where Y was response variable. Namely, P1-10, P1-60,
Al1-10 and A1-60 were the protease activities with 10
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and 60 min reactions and the amylase activities with 10
and 60 min reactions in BAL, respectively; P2-10, P2-
60, A2-10 and A2-60 were the protease activities with
10 and 60 min reactions and the amylase activities with
10 and 60 min reactions in BA2, respectively. Xi, X2
and Xs represented the independent variables for pH,
temperature (°C) and salt content (% w/v), respectively.
Bo was the intercept; Bis and PB11-33 were the linear and
quadratic regression coefficients, respectively; P12, P13
and P23 were the interactive regression coefficients.
Analysis of variance (ANOVA) was used to evaluate
The

adequacy of model was evaluated by the determination

model adequacy and statistical significance.
coefficient (R? and model p-value. 3-D response
surface plots were performed by using Design-Expert
software 10.0.1 (Stat-Ease, Minneapolis, MN, USA) for
understanding the interactive influences of the
independent variables on the responses. A commercial
optimization software, AMPL (The Scientific Press, San
Francisco, CA, USA), was used to search the optimum
pH (Xi), temperature (Xz), and salt content (Xs3) to
maximize the activities and stabilities of protease and
amylase, particularly P1-10, P1-60, A1-10, A1-60, P2-

10, P2-60, A2-10 and A2-60.

2.5 Statistical analysis

All tests were conducted in triplicate. The data were
analyzed by analysis of variance (ANOVA), and
significant differences in mean values among data were
determined at p< 0.05 by Duncan’s multiple-ranges test
using SPSS 20 (SPSS Inc., Chicago, IL).

3. Results and Discussion

3.1 Physicochemical and microbial properties of koji
during the koji making and the determination of the
optimal fermentation time for protease and amylase
activities

Figure 1 presents the changes in the moisture content

and microbial count in koji during koji-making. At the
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beginning of koji making-0 h, the moisture content of
BA1 was 49.12%, which was higher as compared to
BA2, 46.34%. Then, the moisture contents decreased
sharply over time throughout the koji fermentation in
both samples, in which the higher figures were also
observed in BA1. The results were in accordance with
the studies of Chancharoonpong, Hsieh, & Sheu [16,
17]. The higher moisture content in BA1 could be
explained based on the higher amount of soybean used

in koji making.

Regarding the changes of microorganism counts of
different koji, the similar trends and no marked
differences in total viable and mold counts were noted
between two types of koji, BA1 and BA2. The period
from 0 to 24 h could be considered as lag and log
phases, while the remaining time were stationary
phases. It was observed that the numbers of total viable
counts were similar to those of mold in both samples,
indicating that only few of bacteria contaminated in koji
making as well as the most of survival cells were mold,

particularly A. oryzae [16].

The changes of protease and amylase activities during
96 h koji fermentation are shown in Figure 2a and 2b.
The protease and amylase activities were about 0 U/g
koji solid (U) at the initial fermentation of 12 h, then the
protease activities dramatically increased and reached a
peak of ~4200 U at 60 h and significantly decreased
thereafter in both BA1 and BA2. While the amylase
activities remarkably rose until the period between 48
and 72 h, then tend to plateau to the subsequent
fermentation. Furthermore, with the exception of
protease at 60 h, the higher protease and amylase
activities were observed in BA1 during the fermentation
time, which might be due to the ratio of substrates used
in BA1 was more favored to A. oryzae producing

protease and amylase. Although the figures for the
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growth curves of mold showed no marked difference
between BA1 and BA2 (Figure 1b, 1c).

The initial pH values of BA1 and BA2 were 6.53 and
6.54, respectively, decreased until 24 h, and then
moderately went up thereafter (Figure 2c). Additionally,
BA1 showed the higher pH values than those of BA2
over time throughout the fermentation with the
exception of beginning fermentation of 12 h. The
enhancement of pH after 24 h of cultivation period were
because of the productions of various enzymes from A.
oryzae [5, 11, 16], which could be seen from the results
of enzyme activities after 24 h (Figure 2a, 2b).
Consequently, the higher protease and amylase
activities resulted in increasing pH values in BAL as

compared to BA2.

Based on these results, the optimal balance of protease
and amylase activities was obtained at 60 h koji
fermentation for both BA1l and BA2. Therefore, we
selected the koji fermented at 60 h for the subsequent

experiments.

3.2 Effects of pH, temperature and salt content on
the activities and stabilities of koji protease using
RSM

Table 1 shows the experimental data using the three-
factor face-centered central composite design. The
experiment results were fitted to a second-order
polynomial model as describe in Egn. (1). The resulting
model parameters are presented in Table 2. According
to particularly low p-values associated with F test for all
models indicated that the models were highly
significant. For all responses, the adequacy of fit of the
models were strongly confirmed by the high R? values

(0.85-0.98).

Table 2 displays that only linear term of salt content

exhibited significant influence on P1-10 and P2-10,
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which was negative effect in both cases, meaning that
protease activities in BA1l and BA2 decreased with
increased salt content. Furthermore, only the quadric
term of pH exhibited negative effect on P1-10 and P2-
10, which means that protease activities increased with
pH’s increase, reached maximum at pH around 7.0-7.7
and then started to decrease as continuous increase of
pH (Figure 3a, 3c). Whereas all the interaction terms
were not statistically significant for protease activities
measured with 10 min reaction. The similar properties
were observed between P1-10 and P2-10, however, P1-
10 had the higher values than P2-10. These results were
consistent with what were observed during the koji

fermentation (Figure 2a).

Results of earlier studies found that the neutral and

alkaline proteases mainly contributed to the
characteristic of koji protease, prepared using soybean
and wheat fermented by A. oryzae [2, 6, 8, 13]. Thus,
these finding were therefore confirmed under our
investigation. Opposite results were, nevertheless,
observed in the report of Janser, Castro, & Sato [18],
where they stated that the protease from A. oryzae LBA
01 was more active in the pH range 5.0-5.5. This might
be because the differences of koji fermentation
employed, of particular for instance, the use of different

A. oryzae strain and different koji substrate.

The result of P1-60 was similar to that of P2-60, in
which P1-60 also showed the higher activity. All
influences on the

variables exhibited significant

protease activities, which were linear terms of
temperature and salt content and quadratic term of pH
(Figure 3b, 3d). The protease activities were also more
active in the neutral pH values. This indicated that
protease activity was more stable at low salt content
(<10%) and temperature of 40°C. Hence, results of the
present study were in good agreement with our previous

study, stating that the optimal conditions of enzymatic
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treatment for total and amino nitrogen contents were the
salt content of 10% and the temperature of 40°C [9].

Accordingly, P1-10 and P2-10 showed no significant
effects of temperature applied in the range of 40-60°C
on the protease activities. This might be because the
effect of temperature on the protease activity was not
high enough within very short reaction time of 10 min.
This could be seen from the results of P1-60 and P2-60
as the reaction time was longer (60 min), the
temperature was significant variable, however, its
contributions to protease activities were still much
lower than those of pH and salt content, which were
partly reflected by the regression coefficients of
temperature (linear) were much lower than those of pH
(quadratic) and salt content (linear) (Table 2). Hence, in
the treatment of elevated temperature (40-60°C), the
temperature of 40°C should be considered as an
effective application for high protease activity as well as
economic efficiency. Besides, without salt was
preferable or the range of salt content 5-10% for the
consideration of microbial contamination of enzymatic

hydrolysis.

Salt content and pH played the crucial roles contributing
to the protease activities. Especially, salt content could
significantly explain 66% ((-0.81)?), 58% ((-0.76)?),
61% ((-0.78)?) and 44% ((-0.66)?) total variances of P1-
10, P1-60, P2-10 and P2-60, respectively (Figure 4).
This result confirmed that salt content was one of the
most vital factors in defining the aging period and
qualities of soy sauce [2, 19, 20, 21]. In addition, it
could be seen from run 5 and 6 (Table 1) that the
proteases had abilities to adapt to the salt stress since the
activities significantly increased in the period from 10
(P1-10 and P2-10) to 60 min reactions (P1-60 and P2-
60). Besides, the higher stabilities of proteases at 40°C

also contributed to the increased activities in run 5 and 6
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as the protease activities in run 7 and 8 declined with

the temperature reaction of 60°C.

In the comparation between BA1 and BAZ2, apart from
higher protease activities were observed in BAL, there
was no marked difference of the protease characteristic.
This could be explained by good correlations detected in
Figure 4, namely P1-10 and P2-10 (r = 0.96), P1-60 and
P2-60 (r = 0.98).

3.3 Effects of pH, temperature and salt content on
the activities and stabilities of koji amylase using
RSM

Figure 5 shows similar shapes between A1-10 and A2-
10, and A1-60 and A2-60. In addition, the good
correlations, which had significant coefficients of
correlations r = 0.99 (Figure 4), were also observed
between them. Therefore, the characteristic of amylase
of BA1 was also similar to that of BA2, with the only
difference was the higher figure in BAL.

According to results from Table 2, pH and temperature
showed significant influences on the amylase activities
of A1-10 and A2-10, which was negative effect for pH
but positive influence for temperature. This means the
increased pH and/or decreased temperature would cause
the decrease of amylase activities (Figure 5a, 5¢). As a
result, the amylases were more active at acidic regions
(pH 5.0). Surprisingly, salt content had no effects on the
amylase activities, and interaction terms with another

variable as well (Table 2 and Figure 5a, 5c).

Nevertheless, with 60 min reaction, only linear term of
pH exhibited significant influence on A1-60 and A2-60,
which was negative in both cases, meaning that amylase
activities increased as decreased pH. Salt content and
temperature had no influences on both A1-60 and A2-
60, also their interaction terms with another variable did

not show influential effect. Although temperature had

Journal of Food Science and Nutrition Research

DOI: 10.26502/jfsnr.2642-11000046
no significant influences on the models of A1-60 and
A2-60, the effects of temperature on amylase activities
tend to change from linear terms (A1-10 and A2-10) to
quadratic terms (A1-60 and A2-60) with the optimum
ranges of 45-50°C (Figure 5b, 5d).

Moreover, in run 2, 13, 14, 15, 16 and 17 (Table 1),
where the temperatures applied were 40-50°C and
although the treatments of pH 7.0-9.0 were not favored
to the amylases, the amylases activities significantly
increased in the short period between 10 (A1-10 and
A2-10) and 60 min reactions (A1-60 and A2-60). Thus,
the amylases probably had abilities to adapt to the pH
stress. Based on the mechanism of “lock-key theory” for
enzymatic reaction [22], we hypothesized that at the
beginning of 10 min reaction, the inhibitors of high salt
content and neutral-alkaline regions of pH suddenly
changed the shapes of protease’s and amylase’s active
sites, respectively, and made them unusable to the
substrates, resulting in the significant reductions in the
reaction rate. Nevertheless, as the rose time of 60 min,
the bindings of these altered shapes of enzyme’s active
sties and intended substrates were more and more
formed, the rate of reactions were therefore increased
corresponding to the increased enzymes activities of

protease and amylase.

The results showed that pH played the most important
role contributing to the changes of amylase activities
and the amylase was more active at acidic pH region
around 5.0. This was in good agreement with the results
of previous studies that fungal amylases were generally
stable in pH range 2.0-6.0 [12, 23]. Furthermore, fungal
amylase of A. oryzae in present study had the higher
abilities of thermostable and high salt-tolerant than
those of protease. In agreement, Su et al. [7] also found
that the protease was more sensitive to heat as compared

to the amylase.
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3.4 Optimization

A nonlinear programming solver, AMPL, was used to
search the optimum pH, temperature, and salt content to
maximize P1-10, P1-60, A1-10, A1-60, P2-10, P2-60,
A2-10 and A2-60 presented in Table 3. As a result, the
optimal conditions of pH were neutral regions (7.0-7.7)
for protease activities and acidic regions (5.0) for
amylase activities in both of BA1 and BA2. Whereas
without salt or very low salt contents (5.17% for A1-10
and 3.69% for A2-10) were generally optimized.
Besides, the temperatures exceeded 52°C promoting the
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enzymatic hydrolysis within 10 min reaction, P1-10,
Al1-10, P2-10 and A2-10. However, when the thermal
stability was considered, the lower temperatures were
preferable, namely around 40°C for proteases (P1-60
and P2-60) and approximately 48°C for amylases (Al-
60 and A2-60). Protease and amylase activities at these
optimum conditions were also determined to validate
the regression models, and the results showed that the
experimental values agreed well with the values
predicted by the models.
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Figure 1: (a) Changes of moisture content; (b) total viable count; and (c) total mold of different koji at various

periods of koji fermentation.
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Figure 5: The response surface plots of amylase activity influenced by the reaction parameters of pH, temperature
and salt content using coded values. (a, b) Amylase activities of BA1 with 10 (A1-10) and 60 min reactions (A1-60),
respectively; (c, d) Amylase activities of BA2 with 10 (A2-10) and 60 min reactions (A2-60), respectively.
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Salt BA1l ” BA2 _
Run | pH/X: | Temperature/Xz, °C | content/Xs, . L Arr'1-ylas.e activity (Ufg Proteas'e- actfwty . L
% Protease activity (U/g koji solid) | koji solid) (U/g koji solid) Amylase activity (U/g koji solid)

P1-10 P1-60 Al1-10 A1-60 P2-10 P2-60 A2-10 A2-60
1 -1 (5.0) | -1 (40) -1 (0) 1516.33 978.03 78804.74 | 61805.08 | 1316.78 | 877.31 62006.83 50092.67
2 1(9.0) | -1(40) -1 (0) 3178.96 1278.33 3418.26 5034.72 3044.71 | 1101.09 | 6434.93 7102.61
3 -1 (5.0) | 1(60) -1 (0) 2236.37 857.95 171142.25 | 43002.01 2768.62 | 639.10 118985.47 40082.45
4 1(9.0) | 1(60) -1(0) 3847.69 847.18 15710.80 | 3496.79 2430.81 | 509.60 | 8245.14 2521.23
5 -1 (5.0) | -1 (40) 1(16) 65.06 202.18 70367.27 | 63123.44 | 119.09 192.85 56329.86 49846.41
6 1(9.0) | -1 (40) 1(16) 195.25 281.73 1075.19 | 472.08 111.53 | 233.19 | 2574.71 885.33
7 -1(5.0) | 1 (60) 1(16) 705.21 442.42 158532.12 | 46510.97 | 744.47 | 404.42 | 101879.28 30598.86
8 1(9.0) | 1(60) 1 (16) 157.23 87.58 1916.99 508.13 106.10 28.67 1023.87 407.96
9 -1(5.0) | 0(50) 0(8) 1428.40 678.12 150396.24 | 88206.19 1365.16 | 660.77 119953.03 75548.68
10 1(9.0) | 0(50) 0(8) 1396.82 530.03 3688.24 497.09 913.07 384.61 2858.93 446.82
11 0(7.0) |-1(40) 0(8) 1230.23 969.55 46586.15 | 42039.13 903.24 869.50 34522.88 32212.10
12 0(7.0) | 1(60) 0(8) 2753.80 837.96 78253.67 | 39065.96 2360.54 | 726.65 56731.49 27243.65
13 0(7.0) | 0(50) -1 (0) 5028.09 1350.68 50923.09 | 87876.35 4804.09 | 1273.59 | 44902.76 77760.88
14 0(7.0) | 0(50) 1(16) 643.70 688.01 28156.89 | 30120.01 784.50 549.78 23059.56 23047.67
15 0(7.0) | 0(50) 0(8) 2452 .47 1089.10 27034.21 | 58913.03 2290.34 | 1032.86 | 19800.45 46374.70
16 0(7.0) | 0(50) 0(8) 2389.12 1119.53 27223.14 | 60485.11 2175.71 | 1040.15 | 20148.19 47162.94
17 0(7.0) | 0(50) 0(8) 2412.34 1138.38 27123.19 | 59123.23 2379.25 | 1047.76 | 20102.92 46576.03

P1-10, P1-60, A1-10 and A1-60 were the protease activities with 10 and 60 min reactions and the amylase activities with 10 and 60 min reactions in BAL, respectively; P2-10,

P2-60, A2-10 and A2-60 were the protease activities with 10 and 60 min reactions and the amylase activities with 10 and 60 min reactions in BA2, respectively.

Table 1: The treatment combinations and their responses.
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BA1l BA2
Regression coefficient® | protease activity (U/g koji solid) | Amylase activity (U/g koji solid) | Protease activity (U/g koji solid) | Amylase activity (U/g koji solid)
10 min 60 min 10 min 60 min 10 min 60 min 10 min 60 min
Bo 2399.23* 1042.18* 41127.41* 58807.17* 2207.74* 962.21* 32703.37* 47161.71*
Linear
B1 282.46 -13.38 -60343.31* -29263.89* 29.21 -51.73 -43801.69* -23480.51*
B2 351.45 -63.67* 22530.42* -3989.06 291.52 -96.55* 12499.60* -3928.50
Bs -1404.10* -361.03* -5995.07 -6048.03 -1249.93* -299.18* -5570.78 -7277.36
Cross product
B12 -91.18 -93.18* -20921.00* 4239.21 -337.07 -96.17* -12783.59* 3024.88
B3 -461.47 -70.60* 613.84 -1547.33 -254.51 -53.71* 1462.71 174.91
P23 -98.33 74.66* -1952.93 470.57 -27.25 104.59* -1848.79 -641.66
Quadratic
B11 -972.56* -382.99* 25414.41* -13930.57 -1013.11* -380.98* 19187.97* -9506.82
B2z -393.15 -83.31 10792.08 -17729.66 -520.33 -105.60 3409.18 -17776.69
Bas 450.73 32.27 -12087.84 715.97 642.08 8.01 -8236.85 2899.71
Model p<0.05 p<0.0001 p<0.001 p<0.05 p<0.05 p<0.001 p<0.05 p<0.05
R2b 0.93 0.98 0.96 0.87 0.91 0.97 0.93 0.85

*Significant at 0.05 level; 2Coded values; ®Coefficient of determination

Journal of Food Science and Nutrition Research

Table 2: Summary of regression analysis.
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Optimum conditions (actual values)

Experimental response (U/g koji

Response Predicted response (U/g koji solid) )

pH Temperature, °C Salt content, % solid)*
P1-10 7.72 55.31 0.00 4506.39 4612.10 + 102.43
P1-60 7.38 40.64 0.00 1505.59 1453.03 £ 73.50
Al1-10 5.00 60.00 5.17 182644.70 176351.15 + 1418.02
A1-60 5.00 47.55 0.00 80424.15 82288.08 + 1072.80
P2-10 7.19 52.76 0.00 4157.07 4096.04 + 100.72
P2-60 7.26 40.00 0.00 1371.26 1295.12 £ 119.11
A2-10 5.00 60.00 3.69 126780.00 124128.64 + 829.31
A2-60 5.00 48.22 0.00 72047.63 74118.05 + 999.57

*Data are expressed as the mean + SD (n = 3).
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Table 3: Optimal conditions and model validation.
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4. Conclusions

The optimum of koji-making time for both BAL and
BA2 was 60 h. Besides, BALl and BA2 had the same
properties of protease and amylase. The protease
produced by A. oryzae was most active and stable in the
pH range 7.0-7.7, the situation of neutral protease. The
optimum temperature for protease activity was 52-55°C,
and the enzyme was stable at around 40°C. On the
contrary, the acidic region, pH 5, was preferred to
amylase activity and stability. Additionally, the
amylase, which was most active at 60°C and stable at
around 48°C, was more tolerant to heat and salt as
compared to the protease. The appearance of salt
adversely affected the protease and amylase activities,
resulting in the optimum content of without salt for
stabilities of enzymes. Salt content was the most crucial
factor contributing to the characteristic of protease,
while pH value for amylase. Besides, the protease and
amylase had adapt-abilities to salt stress and pH stress,
respectively. Our results suggest that the conditions of
pH 7.0-7.7 and temperature of 40°C, and the conditions
of pH 5.0 and temperature of 48°C should be applied in
the food industry as the methods of choice to quantify
soy sauce koji protease and amylase activities,

respectively, derived from A. oryzae.
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