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ABSTRACT

Alkaline proteases are widely used in industrial processes due to their high pH tolerance and thermal
stability. In present work, the protease producing ability of Bacillus strains (Bacillus subtilis PTCC 1254,
B. subtilis PTCC 1156 and B. subtilis PTCC 1715) was studied. B. subtilis PTCC 1254 showed the
highest proteolytic activity and therefore, the strain was selected as the biological agent in the submerged
fermentation. Cell growth kinetic model was investigated using Malthus and Logistic equations, which
were relatively well fitted to the experimental data. The maximum specific growth rate for Malthus and
Logistic models were 0.187 and 0.377 h™, respectively. The optimum culture conditions were defined as
follows: pH 9, temperature 37°C, fermentation time 72 h, agitation speed 150 rpm and 4% inoculum
with medium contained 1 g/l CaCl,, 0.6 g/l K;HPO4, 1 g/l KH,PO4, 0.2 g/l MgS0,4.7H,0, 2 g/l sugarcane
bagasse and 4 g/l corn bran as carbon and nitrogen sources. A 25% v/v industrial wastewater containing
starchy waste was used as main substrate. Under optimum conditions, maximum alkaline protease
activity of 117.43 U/ml was achieved. Also, the obtained protease was able to remove blood stain from
cotton fabric and hydrolyze gelatin of X-ray film. Thus, this protease showed potential applications in
detergent and photographic industries.

doi: 10.5829/ije.2023.36.03c.11

1. INTRODUCTION

Enzymes as biocatalysts are used in biochemical
reactions. Enzymes are also commercially used in

extensively used in pharmaceuticals, dehairing of leather,
textile, food and detergent industries [7, 8]. The major
sources of alkaline proteases consist of plants, animal
organs and microorganisms.  The microorganisms

number of industrial processes [1]. Among various
enzymes, about 60% of total enzyme marketplace are
devoted to protease which are the most important group
of industrial enzymes [2, 3]. Protease catalyze the
hydrolysis of peptide bonds linking amino acids in the
polypeptide chain of the protein molecule [4]. Enzymes
are specifically classified based on enzyme structure and
properties of enzyme active site. Proteases are
categorized based on their activities with special
functional group such as carboxyl, serine, metallo,
neutral, acidic and alkaline proteases [5]. The most
important group of enzymes so far used are the alkaline
serine proteases [6]. Alkaline proteases as additives are
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including bacteria, molds and yeasts can produce alkaline
proteases [5, 9, 10]. Presently, Bacillus species are
commercially used to obtain alkaline proteases due to
their high pH and temperature tolerances [11]. Selection
of the right microorganism is very important in
production of high yield of the desirable enzymes.
Furthermore, protease production by microorganisms is
affected by the medium composition; the nitrogen and
carbon sources and process parameters such as pH,
temperature, agitation speed, incubation time and
inoculum size [12, 13]. Achieving high enzyme
productivity significantly depends on selection of
suitable fermentation technique and optimization of
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media composition [14, 15]. Proteases and other enzymes
are often produced by submerged and solid state
fermentation techniques [16, 17]. Currently, more than
90% of the commercial enzymes are produced through
implication of submerged culture due to its obvious
advantages in  consistent enzyme  production
characteristics with defined medium, process conditions
and advantages in downstream despite of the cost-
intensiveness for medium components [18, 19]. The cost
of enzyme production is the most important factor which
effects on process economics. The most important factor
in the cost of enzyme production in submerged
fermentation is devoted to the growth medium [20]. One
of the environmental problems in recent years is the
treatment and release of industrial wastewater. Certainly,
special wastewater, in particular those collected from
food factories can be used for production of value-added
products. Through, specific process and recyclable
materials can be utilized for production of protein,
enzyme and etc. [21, 22]. Another low-cost substrate that
can be used for enzyme production is agricultural waste.
The cost of enzyme production is reduced by utilization
of agro-waste like rice bran, wheat bran and corn bran
[23, 24]. In this study, specific strain of bacterial strains
with high proteolytic activity was selected. In addition,
considering the economic aspect of enzyme production,
low-cost substrate was used for enzyme production. The
purpose of present work was to demonstrate a thermal
tolerant species of bacteria for the production of protease
by means of media and process parameters optimization
in order to maximize enzyme productivities.

2. MATERIALS AND METHODS

2.1.0rganisms and Media  B. subtilis PTCC 1254,
B. subtilis PTCC 1156, B. subtilis PTCC 1715 were
supplied by the Iranian Research Organization for
Science and Technology, Iran. These microorganisms
were cultivated in a medium containing 4 g/l glucose, 2
g/l peptone, 2 g/l yeast extract, 1 g/l KH2PO4 and 0.2 g/l
MgS04.7H,0, and were incubated in an incubator-shaker
(IKA KS 4000 ic Control) at 33°C and 110 rpm for 24 h.
The stock cultures of all strains were maintained on
culture tubes and stored at -4°C for long term
preservation. To prepare solid phase media for culture
studies, 2% agar was added to the liquid media. The
microorganisms were cultured for purity and stock
cultures were regenerated in every month on a fresh plate.

2. 2. Materials Industrial wastewater was collected
from the starch manufacturing plant (Mahshad, Yazd,
Iran). The wastewater consisted: starch (3.65 g/l),
glucose (3.321 g/l), total nitrogen (8.8 mg/I N), NH4 (11.7
mg/l), NH3 (10.7 mg/l), total phosphate (52.48 mg/I P),
amount of ash (0.2%), total suspended solid (1.06%). The

substrates screened were sugarcane bagasse, rice bran,
wheat bran as carbon supplements; corn bran and
soybean meal as nitrogen sources. All substrates were
washed with distilled water and dried at 60°C for 48 h to
remove undesired debris. In order to obtain proper
powder, dried substrate was milled and kept in a dry
place. All substrates were purchased from local market.

2. 3. Screening for Alkaline Protease Activity
Casein-agar medium consisted 10 g/l casein, 5 g/l NaCl,
12 g/l agar, 5 g/l beef extract and 5 g/l peptone. The
respective strains were inoculated on the plates as a single
line and incubated at 37°C for 48 h. The production of
alkaline protease was proved by the formation of clear
zones surrounding the colonies [25]. The microorganism
with maximum zone formation was selected for further
analysis.

2. 4. Inoculum Preparation and Production of
Enzyme A loop-full of the agar culture of each strain
was added into 50 ml of the medium containing 10 g/l
glucose, 5 g/l peptone, 5 g/l yeast extract, 0.2 g/l
MgS04.7H20 and 1 g/l KH2PO4, and were incubated at
37°C for 24 h. This formulation is known as modified
Horikoshii medium [26]. The inoculum was prepared by
inoculating 5% of the prepared solution into prior
medium and incubated for 16 h. Then 5% of the inoculum
was added into medium containing (g/l): peptone 5,
KH2PO4 1, KoHPO4 0.6, and 25% (v/v) starchy waste.
Submerged fermentation was carried out at 37°C and 130
rpm for 72 h. The fermentation residue was centrifuged
at 8000 rpm and kept at 4°C for 10 min. The supernatants
were used to measure protease activity.

2. 5. Growth Kinetics  The culture containing 10 g/I
glucose, 5 g/l peptone, 5 g/l yeast extract, 0.2 g/l
MgS04.7H0 and 1 g/l KH,PO4 was inoculated with 5%
(v/v) inoculum and incubated in a shaking incubator at
37°C for 24 h. Samples were taken at certain time
intervals and the sugar concentration and cell density
were determined. Cell dry weight was determined using
a 0.25 pm filter by drying biomass at 60 °C for 24 h. 3,5-
dinitrosalicylic acid (DNS) method was used to
determine reduced sugar concentration [27].

Malthus and logistic equations are known as
unstructured kinetics models that are used for
investigation of kinetic growth of B. subtilis PTCC 1254.
Malthus rate model is defined as the changes of biomass
concentration which is proportional to the cell growth:

dx
priall =4 @
where X is cell dry weight (g/l) and W is specific growth
rate (h't). Apply separation of variables then integration
with initial condition, the above equation is simplified as:

In (xio) = ut 2
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where X, is the initial cell dry weight (g/l) and t is the
incubation time (h). Logistic equation is derived by the
following equation:

n=pm(1=5) ®)

where um and xm are the maximum specific growth rate
(hY) and the maximum cell concentration (g/l),
respectively. By substitution of the above equation into
the Malthus equation and performing integration, cell dry
weight can be expressed as the following equation [28]:

Xo€Xp (Umt)
X =
1= (1-exp(um®) @

2. 6. Assay for Proteolytic Activity Alkaline
protease activity was assayed by the suggested method of
Sigma-Aldrich. 5 ml casein solution (0.65%, w/v casein
in 50 mM potassium phosphate buffer, pH 7.4) was
placed at the water bath at 37°C until equilibrium was
achieved. One ml of the enzyme solution was poured to
the mixture and allowed to react for 10 minutes. Then the
reaction was stopped with 5 ml TCA solution (0.11 M
trichloroacetic acid). After 30 min the sample was
centrifuged at 8000 rpm for 10 min. A 2 ml of the
supernatant was mixed with 5 ml sodium carbonate
solution (0.5 M) and 1 ml Folin-Ciocalteu’s phenol
solution and the mixture was incubated at water bath at
37°C for 30 min. The amount of tyrosine released was
determined using a UV-VIS spectrophotometer (UNICO,
2100 series, USA) at 660 nm against the blank. The
concentration of tyrosine released was obtained by a
spectrophotometer at a wavelength of 660 nm. One unit
of protease activity is equivalent to the protease required
to release 1 pg tyrosine under standard conditions in 1
min.

2.7.0ptimized Culture Conditions for the Growth
of B. Subtilis PTCC 1254  The basal media with 25%
(v/v) starchy waste as a carbon source was used for
production of alkaline protease by B. subtilis PTCC 1254.
Initial experiments showed that optimum percent of
waste for production of protease was 25% (v/v). Several
nitrogen sources such as 5 (g/l) yeast extract, casein,
potassium nitrate, ammonium chloride, sodium nitrate,
soybean meal, corn bran and corn flour were replaced
instead of peptone. The basal medium was supplemented
with various carbon sources such as 5 (g/l) glucose,
fructose, lactose, arabinose, starch, sugarcane bagasse,
rice bran and wheat bran. Effect of different parameters
such as temperature (30, 35, 37, 40 and 45°C), pH (5, 6,
7, 8,9, 10, 11 and 12), CaCl, concentration (0.5, 1, 1.5
and 2 g/l), inoculum concentration %v/v (1, 2, 3, 4, 5 and
10), agitation speed (110, 130, 150, 180 and 200 rpm) and
incubation time (24, 48, 72, and 96 h) were studied. All
the experiments were carried out in triplicates.

2. 8. Cell Growth and Protease Production The
B. subtilis PTCC 1254 culture was inoculated once in the
basal medium (pH 7, agitation rate 130 rpm) and once in
the optimal medium under optimal conditions. Samples
were aseptically taken at different time intervals and cell
density along with enzyme activity was determined.

2. 9. Applications of Alkaline Protease from B.
Subtilis PTCC 1254 For assessing blood stain
removing ability, human blood 100 pl was injected on
100% cotton fabric, then was placed at oven for 5 min
(95-100 °C). The alkaline protease (10 ml, 117.43 U/ml)
was applied to the stain. The removal of blood stain was
investigated at room temperature. Ability of gelatin
hydrolysis from X-ray films was also investigated. The
X-ray films were washed with double distilled water and
dried with ethanol; then were placed in an oven at 40°C
for 30 min. X-ray films were placed in the enzyme
solutions and incubated in a shaking incubator. Finality,
the effect of enzyme activity on the X-ray film was
investigated after 10, 20, 30 and 40 minutes. Also, the
turbidity of reaction mixture was determined at 660 nm.

3. RESULTS AND DISCUSSION

3. 1. Screening for Alkaline Protease Activity
Protease production ability of all three bacterial samples
cultured on casein-agar medium was investigated. Figure
1 shows colonies and the clear zone created by each one
of the bacterial colonies. All strains showed a positive
result for protease production on casein-agar medium,
but the best protease producer displayed the highest clear
zone of inhibition was B. subtilis PTCC 1254. Several
studies have demonstrated that the formation of clear
zone on casein-agar or skim milk agar by a bacterial
colony is an indication of alkaline protease production
[29, 30]. The results showed that all three strains can
produce alkaline proteases.

3. 2. B. Subtilis PTCC 1254 Growth Kinetic  Figure
2 shows the changes of sugar concentration and cell
growth during the fermentation time. The growth curve
showed that B. subtilis PTCC 1254 had a short lag phase.
Exponential growth phase was extended from 2 to 16 h
of incubation time; while after 16 h, the substrate
concentration was reduced by 70%.

Based on obtained data, Malthus and Logistic kinetic
growth rate modes are illustrated in Figures 3a and 3b,
respectively. The data were relatively well fitted with a
regression of 0.94 and 0.97 for Malthus and Logistic
models, respectively. The maximum specific growth rate
for Malthus and Logistic models were 0.187 and 0.377 h-
! respectively. Malthus model is based on simple
exponential growth while Logistic model can project the
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Figure 1. Bacteria cultured on casein-agar medium, (A) B. subtilis PTCC 1156, (B) B. subtilis TC 1715 and (C) B. subtilis PTCC
1254

growth curve while considering any growth inhibition
term. Based on obtained pmax Logistic rate model was
able to describe cell growth and kinetic rate of B. subtilis
PTCC 1254 in submerged fermentation. Batch kinetics
and modeling of alkaline protease production by isolated
Bacillus sp. was also reported by other researcher using
Moser -Boulton Kkinetic model [31].

3. 3. Production and Enzymatic Activity of Strains
Temperature, agitation and incubation time for the
production of alkaline protease by Bacillus species were
30-37°C, 100-200 rpm and 24-120 h, respectively [32].
Accordingly, 37°C temperature, 130 rpm and 72 h were
selected for incubation of all samples and then bacteria
were cultivated in the basal medium. Enzyme activity in
each strain was considered with respect to the above-
mentioned method. Table 1 summarized the results of
enzyme production for each bacterium. The obtained
results showed that the unit activity of enzyme
production by B. subtilis PTCC 1254 was more than other
two samples, so the specified strain was selected for
further study.

3. 4. Effect of Nitrogen Sources In primary
production of amino acids, nucleic acids, protein and cell
wall components are metabolized via utilization of
desired nitrogen source. The regulatory effect of these
nitrogen sources on the enzyme synthesis was
investigated. Presence of both carbon and nitrogen
sources in the medium should highly be affected on
production of enzyme protease [33]. By evaluating the
effect of different nitrogen sources on protease
production, it was determined that corn flour and corn
bran resulted in the highest enzyme activity (73.20 and

TABLE 1. Enzyme activity of different strains of bacteria

Sample of bacteria Enzyme activity (U/ml)
B. subtilis PTCC 1254 29.55

B. subtilis PTCC 1715 6.7

B. subtilis PTCC 1156 1.44
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72.07 U/ml). Organic nitrogen sources had significant
effect on enzyme production, whereas simple inorganic
nitrogen sources showed reduced alkaline protease
production (see Table 2). Present study is in agreement
with previous research as reported that inorganic nitrogen
sources significantly reduced protease production in
compare to organic nitrogen sources [12, 34, 35]. Use of
low-cost feedstock and optimizing the media
composition with minimum requirements for maximum
enzyme production has a critical role in industrial scale
enzyme production. Since corn bran is by-product of the
corn industry, it was preferred over corn flour due to its
low cost. The advantage of corn bran could be because
the organism prefers proteins with slow metabolism or
partially hydrolyzed. In  many microorganisms,
accumulated amino acids that may be produced by highly
metabolized nitrogen substrates, repress production of
protease [36]. Based on obtained results, it was obtained
that the best nitrogen source for enzyme production may
be quite different which is depended on selection of
suitable microorganism.

3. 5. Effect of Carbon Supplementation In
general, it is clearly projected that the desired medium
composition for different microorganisms may
significantly influence on production of alkaline
proteases. Availability of both the carbon and nitrogen
sources within the medium had significant effect on
protease production and both of these parameters applied
regulatory affecting on enzyme production. In this study,
complex and simple carbon sources were investigated.
Protease production was decreased when simple carbon

TABLE 2. Effect of nitrogen sources on the protease
production in basal medium

Concentration Enzyme activity

Nitrogen Sources /) (U/mi)

Blank 0 29.55
Soybean meal 5 63.71
Corn flour 5 73.20
Corn bran 2 72.07
4 78
5 72.03
6 67.27
8 64.96
10 56.48
Yeast extract 5 50.49
Casein 5 61.34
Potassium nitrate 5 11.58
Sodium nitrate 5 23.74
Ammonium chloride 5 25.58

sources were used in the culture medium, that is most
probably caused by the catabolite repression of the
enzyme. Unlike simple carbon sources, complex carbon
sources were desired substrates for protease production
by B. subtilis PTCC 1254. The obtained result is in
agreement with previous reported data regarding protease
production [37-39]. The amount of proteolytic enzyme
reached to the maximum in the presence of sugarcane
bagasse. Enzyme activity was enhanced by addition of 2
(g/1) sugarcane bagasse (82.09 U/ml) when compared to
a basal medium without sugarcane bagasse (see Table 3).
A decrease in enzyme production was observed at low
and high concentrations of sugarcane. The results
suggested that proper concentration level of sugarcane
bagasse played a significant role in enhancing the
production of alkaline protease. Catabolic repression or
substrate inhibition resulted in repressed enzyme
production at high substrate concentrations.

3. 6. Effect of Incubation Time A 50 ml of
optimized medium was incubated at 37°C (130 rpm) for
duration of 24, 48, 72 and 96 hours. Figure 4 presents the
effect of incubation time on protease activity. The
optimum enzyme production of 81.44 U/ml was observed
after 48 h; However, numerically, the highest production
of protease was observed at 72 hours (82.09 U/ml). It
should be noted that whether increase in fermentation
time and hence increase in operational cost can be
compensated by extra enzyme production. According to
the findings in our experiments, a short fermentation time
would be more cost effective compare to the extra
enzyme production. A decrease in enzyme units was

TABLE 3. Effect of carbon sources on protease production in
basal medium containing 0.4% corn bran and supplemented
with carbon source

Concentration Enzyme activity

Carbon Sources

(CTD) (U/ml)

Blank 0 78
Starch 5 66.68
Wheat bran 5 70.53
Rice bran 5 73.20
Sugarcane bagasse 1 72.01
2 82.09
3 79.78
4 79.13
5 78.66
Glucose 5 48.41
Fructose 5 51.79
Lactose 5 46.75
Arabinose 5 42.54
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Figure 4. Effect of incubation time on protease activity

observed with increasing incubation time, which could be
due to hydrolysis of the protease.

3. 7. Effect of Medium Initial pH In general, the
morphological and physiological characteristics of an
organism are affected by pH of culture medium. In
addition, pH affects many enzymatic processes and the
Transport of compounds through the cell membrane [40].
The effect of initial pH for B. subtilis PTCC 1254 was
obtained by adjusting the culture medium at different
initial pH. A 5% (v/v) inoculum was added to the culture
medium and incubated at 37°C and 130 rpm for 48 hours.

The protease activity profile at different pH values are
shown in Figure 5. This strain produced alkaline protease
enzyme in pH wide range from 5 to 9; maximum protease
production was found at pH 9 (88.14 U/ml).

3. 8. Effect of Temperature Temperature is the
major rolling parameter in growth of microorganism, and
it regulates the synthesis and excretion of the enzyme
through changes of the physical properties of the cell
membrane for extracellular enzymes. One temperature
can inhibit the growth of microorganisms while another

100
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30 T T T T
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Figure 5. Effect of media pH on production of protease

temperature can activate it. Therefore, in order to obtain
an maximum protease  production, incubation
temperature should be controlled as a critical parameter
[41]. The effect of incubation temperature on proteolytic
activity was determined by inoculation of 5% inoculum.
The effect of temperature on the enzyme activity was
obtained by inoculating 5% inoculum into 50 ml of
medium at 30, 33, 37, 40 and 45°C for 48 h (Figure 6).
Maximum protease activity of 88.14 U/ml was found at
37°C. The reduced enzyme activity at any temperature
higher than 37°C might be due to enzyme configuration
changes or degradation at high temperature [40, 42].

3. 9. Effect of Agitation Speed Agitation is an
influential parameter for mass transfer for the oxygen
requirement of microorganisms. Particularly, to make
energy for cellular activities, O, plays the role of a
terminal electron acceptor for oxidative reactions. It has
been found that the variation in agitation speed affects the
intensity of mixing in shake flasks and nutrient
availability [43]. Protease activity was investigated at the
agitation speed of 110, 130, 150, 180 and 200 rpm. The
effect of the agitation speed on the enzyme production is
depicted in Figure 7.

Agitation speed below 150 rpm caused low protease
activity caused by limitation not maintaining enough
dissolved oxygen for cell growth. Enzyme activity
increased with increasing agitation speed, and maximum
protease activity was found at 150 rpm. However,
keeping the agitation speed at 200 rpm, the enzyme
activity (54.82 U/ml) was decreased due to disturbance
created at high shear forces. Based on cultivation of the
organism, the desired agitation rate was defined at 150
rpm.

3. 10. Effect of Inoculum Size Determining
inoculum size with regard to microbial fermentation
processes is important since lag phase is eliminated.
Increasing in the inoculum size up to 4 v/iv% (113.11
U/ml) at which enzyme activity achieved maximum

100

80

60

40 4
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Temperature
Figure 6. Effect of temperature on production of protease
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levels, protease production increased steadily. Thereafter
(4%), enzyme activity did not change significantly.
Suitable inoculum size can balance between the biomass
and available, which improve optimal protease
production. [44].

3. 11. Effect of CaCl> Concentration CaCl, was
used in the composition of the medium to help stabilize
the protease secreted by B. subtilis PTCC 1254. Addition
of CaCl, also enhanced and maintained the enzyme
activity. Regarding protease activities, CaCl, showed an
enhanced effect at a concentration of 1 g/l
Concentrations higher than 1 g/L of CaCl, had an
inhibitory effect which caused decreased in protease
activity to 33.05 U/ml.

3. 12. Cell Growth and Protease Production By
studying the cell growth of B. subtilis PTTC 1254, it was
found that in both of medium, the microorganism showed
a lag phase of about 4 h. The growth phase was
exponential until about 18 h, then it entered the stationary
phase. Protease production almost corresponded with cell
growth and the maximum value was obtained in the
stationary phase (Figure 8). The relationship between
growth and enzyme production with different organisms
has been reported. Maximum protease production by

Pseudoalteromonas was achieved at the end of the
exponential phase. Whereas, maximal alkaline protease
production with Bacillus sp VE1 occurred during the
early stationary phase [45]. Comparing the production of
alkaline protease in basal and optimal medium showed
that growth trends were quite similar in both media;
however, the amount of enzyme production extensively
varied. Maximum alkaline protease was 29.55 U/ml in
the basal medium (72 h), while the maximum production
of enzyme was achieved after 48 h of fermentation
(1127.43 U/ml) which is much shorter incubation time in
compare to basal medium.

3. 13. Applications of Alkaline Protease from B.
Subtilis PTCC 1254  The ability of gelatin hydrolysis
of X-ray film by the protease obtained from B. subtilis
PTCC 1254 was investigated. As shown in Figure 9, the
enzyme treatment time increased, the gelatin layer was
more hydrolyzed and the X-ray films became brighter.
The turbidity of reaction mixture was gradually increased
with respect to time. In this way, the turbidity was 0.327,
0.926, 1.539 and 1.924 after 10, 20, 30 and 40 min,
respectively. Also, alkaline protease from B. subtilis
PTCC 1254 was able to remove blood stain from cotton
fabric (Figure 10). Therefore, the produced protease is
suitable for the use in detergent and photographic
industries.
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< 15 — e 120
K] P ~ — ™~ ~
£ - 100
2 ] =~ o
5] -
& e =5
£ 10 d ” B - g 80
E ! /
60
& af
(=)
05 | / / 40
=} / * *
g / * 20
cese *
0.0 S Sl ‘ ‘ ‘ ‘ ‘ 0
0 10 20 30 40 50 60 70 80
Time (h)

Figure 8. Cell growth and protease production in the basal
medium and optimal medium

(D [ AN

Figure 9. Application of B. subtilis PTCC 1254 protease for gelatin hydrolysis of X-ray film, (X-ray film before enzyme treatment
(A), X-ray film after 10 min (B), 20 min (C), 30 min (D) and 40 min (F) of enzyme treatment)
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Figure 10. Application of B. subtilis PTCC 1254 protease in removing bl

'ood from cotton fabric, ((A) bloody cotton fabric before

enzyme treatment and (B) cotton fabric after 10 min of enzyme treatment)

4. CONCLUSION

The most important factor affecting on wide application
of alkaline proteases for desired use is enzyme cost. In
submerged fermentation, a significant part of the total
production cost of enzymes is related to the cost of
substrate for the cell growth. Under submerged
fermentation, the use of organic-based industrial
wastewater and agricultural waste such as corn bran and
sugarcane bagasse can reduce the cost of producing
enzymes. Achievement of high enzyme productivity
significantly depends on selection of suitable
fermentation technique and optimization of media
composition. Malthus and Logistic equations, known as
unstructured kinetic models, were used to investigate the
growth kinetics of B. subtilis PTCC 1254. The data were
relatively well fitted with a regression of 0.94 and 0.97
for Malthus and Logistic models, respectively. The
maximum specific growth rate for Malthus and Logistic
models were 0.187 and 0.377 h, respectively. The
highest level of protease activity was achieved with the
optimized media composition and culture cultivation
conditions: industrial starchy wastewater 25% (v/v),
sugarcane bagasse concentration 2 g/l, corn bran
concentration 4 g/l, CaCl, 1 g/l, MgS04.7H.0 0.2 g/,
KH2PO. 1 g/l, KoHPO,4 0.6 g/l, pH 9, temperature 37°C,
inoculum concentration 4% v/v, agitation speed 150 rpm
and fermentation time 48 h. At the optimum condition,
alkaline protease production by B. subtilis PTCC 1254
increased from 29.55 to 117.43 U/ml. The selected strain
showed significant enhancement in protease production
under optimized conditions. In addition, the protease
produced by B. subtilis PTCC 1254 successfully removed
the blood stain from cotton fabric and hydrolyzed the
gelatin of X-ray film. Thus, the obtained protease found
having high potential for applications in detergent and
photographic industries.
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