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Abstract
Objective: this paper investigates the critical factors in solid state fermentation (SSF) for improved 
production of alkaline protease by Bacillus thuringiensis aizawai HD283 and explores some biochemical 
properties of the crude enzyme.

Methods: One factor at a time method was used in this investigation. Tested factors include: nutritive 
substrate, moisture content, inoculums size and incubation period. Explored assay parameters include: 
enzyme concentration, time, pH and temperature.

Results: Among others, the agro-industrial byproduct wheat bran was found to be a superior 
nutritive substrate for alkaline protease production by Bacillus thuringiensis aizawai HD283. Further 
supplementation with carbon source such as fructose or mannitol has enhanced the production by almost 
2 folds. The optimum levels of alkaline protease were obtained using wheat bran of particle size <1mm, 
200% moisture content, inoculums size of 60% and incubation period for 5 days. The optimum activity of 
crude enzyme was obtained at pH 9 and 50°C. However, crude enzyme was active over a wide range of 
temperature ranging from 40 to 80°C.

Conclusion: Under optimized conditions of SSF, the production of alkaline protease by Bacillus 
thuringiensis aizawai HD283 could be improved by at least 2-3 folds. Crude enzyme activity over a wide 
range of temperature (40 to 80°C) suits well many biotechnological applications such as detergent industry, 
leather and textile industry and waste water treatment.
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1 INTRODUCTION
Micro-organisms are excellent sources for production 

of alkaline proteases compared to plants and animals[1,2]. 
This is due to the advantages of rapid and high rate of 
production, the limited requirements of cultivation, wide 
biochemical diversity and easy of genetic modifications[3-6]. 
Most commercial alkaline proteases are produced by 
bacterial species/spp belonging to the genus Bacillus due 
to many reasons, including rapid growth rates leading to 
short fermentation runs and their capacity to secrete desired 
proteins into the extra-cellular media[7-11].

Alkaline proteases (EC.3.4.21-24, 99) are hydrolytic 
enzymes capable of degrading proteins into small peptides and 
amino acids at neutral to alkaline pH[12]. They are ubiquitous 
enzymes that are found in all forms of life: animals, plants 
and microorganisms due to their important physiological 
function[2]. From the viewpoint of biotechnology, alkaline 
proteases have their importance in detergent industry, leather 
and textile industry, wastewater treatment, pharmaceutical and 
medicinal industry, food industry, peptide synthesis in brewing 
and baking industry[13,14].

Alkaline proteases are usually produced under 
submerged fermentation conditions due to the advantages 
of consistent production with defined medium and process 
conditions. However, higher product yields, lower cost 
production and optimal use of agro-industrial byproducts 
have been generally claimed in solid state fermentation 
(SSF)[15-17]. In parallel, utilization of various agro-industrial 
wastes in SSF can help in solving pollution problems, 
which their disposal otherwise causes.

The current study aims to describe the production of 
alkaline protease by previously identified candidate Bacillus 
thuringiensis aizawai HD283 under SSF conditions 
using agro-industrial byproduct as a nutritive substrate, 
to optimize SSF parameters including moisture content, 
Inoculums’ size and incubation time for maximum enzyme 
production and to identify the biochemical properties of 
produced crude enzyme.

2 MATERIAL AND METHODS
2.1 Bacterial Strain

The Bacillus thuringiensis subspecies aizawai stain 
HD283 used in the present study was provided by HD 
culture collection (Howard Dulmage Collection, Cotton 
Insect Research Laboratory, ARS, USDA, and Brownsville, 
Texas, USA).

2.2 Preparation of Agro-industrial Waste Material
Different agro-industrial waste materials (Rice straw, 

Rice husk, Wheat bran, used Tea leaves, Banana peels 
and Potato peels) were firstly washed well with tap water 
to get rid of the adhered surface dust. The washed waste 
material was then dried at 45°C, ground and sterilized for 

15min before use. In case of wheat bran, the coarse material 
was sieved to different particle sizes (˂1mm, 1-2mm, 
and ˃2mm) to find out the most suitable particle size for 
enzyme production. Wheat bran with mixture of particle 
sizes was used as a control.

2.3 Inoculums’ Preparation and Alkaline Protease 
Production

A fresh colony of Bacillus thuringiensis HD283 strain 
was grown in a 5mL of nutrient broth yeast extract salt 
medium as described by Roshdy et al. On the next day, 2mL 
aliquot of 24h grown culture (18x10-6 CFU/ml) was used to 
inoculate autoclaved 500mL Erlenmeyer flasks containing 
5g of prepared waste material mixed with 5mL of 50mM 
potassium phosphate buffer of pH7.4. The inoculated 
flasks were then incubated for 3 days at 30°C under static 
conditions.

2.4 Crude Enzyme Extraction
The fermented material of known weight was mixed 

with distilled water (1:5, w/v) for 30min on a magnetic 
stirrer at room temperature. The slurry was then squeezed 
through cheesecloth followed by centrifugation of the 
whole content at 4,000rpm for 10min at 4°C to remove the 
insoluble materials. The clear supernatant was then used for 
the protease assay.

2.5 Assay of Alkaline Protease
Alkaline protease activity was assayed according to the 

method of Lowry et al[18]. using 1% casein substrate (w/v) in 
0.1M glycine-NaOH buffer (pH 9.6). The reaction mixture 
was incubated at 40°C for 20min after which, enzymatic 
reaction was stopped byaddition of 20% tri-chloroacetic 
acid with thoroughly mixing. The mixture was then 
centrifuged at 4,000rpm for 10min. A standard curve was 
generated using solutions of 0-100μg/mL tyrosine. One unit 
of activity was defined as the amount of enzyme required to 
liberate 1 μg of tyrosine per minute under the experimental 
conditions. All enzyme assays were carried out in triplicate, 
while mean values and standard errors were calculated.

2.6 Optimization of Solid State Fermentation (SSF) 
Conditions
2.6.1 Carbon Source Supplementation

The effect of additional carbon source (glucose, 
mannitol, fructose, lactose, sucrose, cellulose or soluble 
starch) on the production of alkaline protease by strain 
HD283 was investigated under standard experimental 
conditions (wheat bran substrate, 30°C and 3 days). Each 
carbon source (10%,w/w) was added separately to the 
wheat bran medium containing flasks before inoculation. 
The inoculated flasks without any co-carbon (wheat bran 
only) were used as a control.The concentration of additional 
carbon/co-carbon source (0-40%) was then optimized for 
alkaline protease production by strain HD283under the 
same experimental conditions.
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2.6.2 Initial Moisture Content
Different ratios of 1:1, 2:1, 3:1 and 4:1(v/w) of liquid 

buffer to wheat bran solid material in substrate medium 
were examined for optimum production of alkaline protease 
by strain HD283 under standard conditions of experiment, 
30˚C for 3 days.

2.6.3 Inoculums Size
Different inoculums amounts of strain HD283 ranging 

from 10 to 200% (v/v) were added on wheat bran substrate 
medium to find out the inoculums concentration for 
optimum production of alkaline protease by strain HD283. 
Cultures were then incubated statically at 30˚C for 3 days.

2.6.4 Incubation Time
The effect of cultural time (1-6 days) on the production 

of alkaline protease by strain HD283 was investigated under 
all previously optimized conditions. At the end of each 
incubation period, the insoluble materials were separated 
and crude enzyme was assayed in clear supernatant.

2.7 Crude Enzyme Properties
The effect of different enzyme amounts (0.01-0.5v/

v), reaction time (0-90min), temperature (30-80°C) and 
pH (7.4-11) on enzymatic reaction rate was investigated. 
The enzyme substrate reaction was carried out in the same 
manner keeping other parameters constant.

2.8 Statistical Analysis
Ordinary one-way ANOVA was used for statistical 

analysis using Graph Pad Prism software (version 8).

3 RESULTS AND DISCUSSION
3.1 Alkaline Protease Production under SSF Conditions

Different agro-industrial byproducts (banana peels, 
potatoes peels, used tealeaves, wheat bran, rice husk, 
and rice straw) were examined as a nutritive substrate 
for cultivation of Bacillus strain HD283 and production 
of alkaline protease. Among them, wheat bran showed 

the highest ability to support significant production of 
alkaline protease (P˂0.0001) compared to other byproducts 
(Figure 1). In this respect, wheat bran is well known as 
a rich source of amino acids, sugars, minerals and other 
nutritive materials[19]. Therefore, it is considered as an 
ideal substrate for microbial cultivation especially for the 
production of value-added products. Utilization of wheat 
bran as a substrate in SSF for production of hydrolytic 
enzymes including alkaline protease was reported by many 
investigators[20-24]. Herein, we also examined the effect of 
particle size of wheat bran on the production of alkaline 
protease by strain HD283. As shown in Table1, enzyme 
production increased as the particle size decrease with 
maximum activity obtained using particle size <1mm. 
These results might be attributed to the differences in 
the aeration level and substrate mass transfer that affect 
microbial growth and in turn enzyme production[25].

In this experiment, each treated waste material was used 
as a nutritive substrate for cultivation of strain HD283 under 
SSF conditions. Moisture content of 50% and inoculums 
size of 40% were applied for all cultures. After incubation 
for 3 days at 30°C, the solid materials were separated 
by centrifugation while liquid part was used for enzyme 
activity assay. **** and different letters indicate statistically 
significant difference of P˂0.0001 and P˂0.05, respectively.

3.2 Optimization of Solid State Fermentation (SSF) 
Conditions
3.2.1 Supplementation of Wheat Bran with Additional 
Carbon Source

The effect of additional carbon source/co-carbon source 
on the production of alkaline protease by strain HD283 
was examined according to Foda S et al[8]. Among different 
carbon sources, Fructose followed by Mannitol were the 
best co-carbon sources resulted in significant increase by 
almost two folds compared to the wheat bran substrate 
alone (Figure 2). These results were in good accordance 
with that of Foda S et al.[8], supporting the inductive role 
of additional carbon source in alkaline protease production 
by Bacillus spp including strain HD283. Herein, we also 
found that production of alkaline protease is proportional to 
fructose concentration (Table 2). These results suggesting 
that the used strain HD283 is fructophillic that favors 
Fructose and/or its hydrolyzed form, Mannitol, for its 
metabolic activities toward alkaline protease production.

Wheat bran substrate medium was supplemented 
with different carbon sources (10%), and the experiment 
was done in the same manner keeping other parameters 
constant. Columns represent mean values of 4 experiments 
while error bars represent SE values. Different letters 
indicate statistically significant difference (P˂0.05).

3.2.2 Moisture Content
Initial moisture content of the medium is one of the 

Figure 1. Production of Alkaline Protease by Strain HD283 
Cultivated on Different Agro-industrial Waste Materials.
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critical parameters of SSF[15,20]. As shown in Figure 3, 
significant increase (P≤0.0001) in alkaline protease 
production was obtained proportionally with the increase 
of moisture content till the optimum value at 200% (v/
w), above which no significant increase was obtained. 
Lower enzyme levels at moisture contents lower than the 
optimummight be due to reduced nutrient solubility, poor 
microbial growth and in turnreduced enzyme production. 
On the other hand, the lower or constant production levels 

Table 1. Effect of Different Particle Sizes of Wheat Bran on the Production of Alkaline Protease by Strain HD283

Particle size Relative activity SE(n=4) P Value

˂1mm vs.mix 1.30 0.011 ˂0.0001

1-2mm vs. mix 1.17 0.019 0.0197

>2mm vs. mix 0.70 0.033 0.0001

Mix 1.00 0.008 -

Figure 2. Effect of Co-carbon Source Supplementation on Alkaline Protease Production by Strain HD283.

Table 2. Effect of Different Concentrations of Supple-mented Fructoseon Alkaline Protease Production by Strain 
HD283

Fructose conc. (%) Relative activity SE (n=4) P value

0 1.00 0.014 -

5 vs. 0 1.11 0.062 0.9998

10 vs. 0 1.19 0.007 0.9589

20 vs. 0 1.40 0.014 0.5417

30 vs. 0 2.37 0.244 0.0068

40 vs. 0 3.06 0.073 ˂0.0001

Figure 3. Effect of initial moisture content on the production 
of alkaline protease by strain HD283.

at moisture content above the optimummight be due to 
the decrease in oxygen availability, reduced substrate 
porosity in solid substrate and/or change in substrate 
particle structure[26]. Previous studies showed other different 
optimum levels of initial moisture content; for example 
70% for Bacillus subtillis K-5 and 67% for Bacillus 
thuringiensis dendrolimus IP 4A/4B[8,27]. Altogether, these 
different optimum levels are likely associated with the type 
of species or even the type of strain.

Different ratios of buffer to solid material (1:1, 2:1, 3:1, 
4:1) were applied for cultivation of strain HD283 while 
other parameters were constant including inoculum size of 
40%, incubation time of 3 days at 30°C. Columns represent 
mean values of 4 experiments while error bars represent 
SE values. Different letters indicate statistically significant 
difference (P˂0.05).

3.2.3 Inoculums’ Size
Effect of different inoculums sizes (10-300%, v/v) of strain 

HD283 on alkaline protease productionunder SSF conditions 
was examined. As shown in Table 3, non-significant increase 
or decrease in activity was obtained relative to standard 
inoculums size of 40% (control). However, higher inoculums 
sizes might result in reduced dissolved oxygen, increased 
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competition towards nutrient and in turn reduced enzyme 
production rates. On the other hand, if the inoculums sizes 
were too small, insufficient number of bacteria would lead to 
reduced amount of secreted alkaline protease[28].

3.2.4 Incubation Time
The effect of incubation time on alkaline protease 

production by strain HD283 under SSF was examined over 6 
days. The obtained results showed that the used strain could 
grow and produce alkaline protease from the 1st day with 
the maximum production at the 5th day (Table 4). No further 
increase in protease production was observed by the 6th day. 
This observation might be due to the decrease in microbial 
growth associated with the depletion of available nutrient, 
loss of moisture content, production of toxic metabolites and/
or degradation of produced protease[29].

3.3 Biochemical Properties of Crude Alkaline Protease
To optimize the activity assay for alkaline protease 

produced by strain HD283, different values for each assay 
parameter were examined. Firstly, different enzyme amounts 
(0.01- 0.5µl) were applied to the reaction mixture while 

the assay was carried out in the same manner. As shown in 
Table 5, the maximum rate of reaction was obtained with the 
enzyme amount of 0.5µl while lower amounts resulted in 
significantly lower rates of reaction.

Then different incubation time of reaction (5-90min) was 
examined as shown in Table 6. The maximum activity was 
obtained after 5min with further lower reaction rates as time 
proceed. These results were similar to that alkaline protease 
of B. thurigiensis dendrolimus IP 4A/4B exhibiting reaction 
velocity near the theoretical velocity (Vmax)

[30].

For reaction temperature, the enzyme activity retained 
more or less the same value with no significant difference 
up to 70°C. However significant increase was obtained 
at 80°C (Table 7). Such activity over wide range of 
temperature was previously reported for alkaline protease 
produced by thermophilic fungus, Thermomyces lanuginose 
P134[31]. However, lower optima of temperature were 
reported for alkaline proteases produced by another strain 
of Bacillus thurigiensis, dendrolimus IP 4A/4B, or even the 
same strain aizawai HD856[30,32].

Table 3. Effect of Inoculums Size on the Production of Alkaline Protease by Strain HD283

Inoculums’ size (%) Relative activity SE(n=4) P value

10 vs. 40 0.868 0.032 0.267

20 vs. 40 0.970 0.006 0.998

60 vs. 40 1.115 0.067 0.411

80 vs. 40 1.069 0.032 0.876

100 vs. 40 1.089 0.022 0.690

200 vs. 40 1.010 0.044 ˃0.999

Table 4. Effect of Incubation Time on Alkaline Protease Production by Strain HD283

Incubation time (days) Relative activity SE(n=4) P value

1 vs 3 0.807 0.015 0.453

2 vs 3 1.087 0.034 0.955

4 vs 3 1.099 0.041 0.927

5 vs 3 1.754 0.026 ˂0.0001

6 vs 3 1.547 0.005 0.0006

Table 5. Effect of Enzyme Amount on the Reaction Rate of Activity Assay

Enzyme volume(µl) Relative activity SE(n=3) P value

0.01 vs.0.5 0.001 0.0001 <0.0001

0.02 vs. 0.5 0.003 0.0004 <0.0001

0.05 vs. 0.5 0.018 0.0004 <0.0001

0.1 vs.0.5 0.073 0.0034 <0.0001

0.2 vs.0.5 0.209 0.0149 <0.0001

0.3 vs.0.5 0.350 0.0065 <0.0001

0.4 vs.0.5 0.720 0.0017 <0.0001

0.5 1.000 0.0001 -
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The effect of reaction pH on enzyme activity was 
examined at a range of 7.4 to 11 using Tris-HCl buffer for 
pH values 7.4-9.0 and glycine-NaOH buffer for pH from 
8.4 up to 11. As shown in Table 8, there was a significant 
increase in enzymatic rate up to pH 9, with maximum 
activity obtained with pH 9 using the two different buffers. 
However, a significant decrease in enzyme activity was 
observed above pH 9 till pH 11. Similar optima ranging 
from 7.5 to 9 were reported for alkaline proteases produced 
by Bacillus thurigiensis, dendrolimus IP 4A/4B and 
aizawai HD856[30,32]. All in all, although alkaline proteases 
of similar properties were obtained previously by other 
Bacillus candidates[33-36], the produced alkaline protease 
here is characterized by high activity over wide range of 
temperature which suits many industrial biotechnological 
applications such as textile industry, detergent industry and 
waste water treatment.

4 CONCLUSION
Bacillus thurigiensis subspecies aizawai stain HD283 

is a promising candidate for alkaline protease production 
in industrial medium such as wheat bran. Supplementation 

Table 7. Effect of Reaction Temperature on Alkaline Protease Activity Assay

Reaction temp (°C) Relative activity SE(n=3) P value

30 vs.40 0.77 0.065 0.4758

50 vs.40 1.44 0.161 0.0638

60 vs.40 1.39 0.139 0.1035

70 vs.40 1.41 0.117 0.0860

80 vs.40 1.48 0.109 0.0405

Table 8. Effect of Reaction pH on Alkaline Protease Activity Assay

Reaction pH Relativeactivity SE(n=4) P value

9 1.000 0.000 -

9.4 vs.9 0.813 0.038 0.0009

10 vs.9 0.785 0.036 0.0003

10.4 vs.9 0.722 0.028 <0.0001

11 vs.9 0.674 0.013 <0.0001

9 1.000 0.000 -

8.4 vs.9 0.808 0.031 <0.0001

8 vs.9 0.201 0.009 <0.0001

7.4 vs.9 0.144 0.002 <0.0001

Table 6. Effect of Reaction Time on Alkaline Protease Activity Assay

Reaction time(min) Relative activity SE(n=3) P value

5 vs.20 3.16 0.275 <0.0001

10 vs.20 1.35 0.038 0.2686

30 vs.20 0.83 0.155 0.8213

60 vs. 20 0.44 0.026 0.0412

90 vs.20 0.28 0.020 0.0082

with carbon source such as fructose is recommended for 
production enhancement by 2-3 folds. Initial moisture 
content and incubation time are the most important factors 
in SSF for production of alkaline protease by stain HD283.
The biochemical properties of the crude enzyme show 
high activity over wide range of temperature up to 80°C, 
so it can be developed for industrial applications such 
as detergent industry, textile industry and waste water 
treatment. However, it is recommended in future studies 
to examine scale-up effects on production processes and 
consider the impact of compositional changes in various 
substrates on enzyme activity and stability.
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