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Abstract

Enzymes are essential in food, pharmaceutical, and bioenergy industries, with amylase playing a crucial role by
hydrolysing starch into simpler sugars. Bacillus licheniformis is a notable source for producing thermostable and
pH-tolerant amylase. This study evaluated the effect of three substrates corn starch, maltose, and glucose on
amylase production by B. licheniformis under submerged fermentation. Enzyme activity was measured using the
DNS method with absorbance at 540 nm. Results revealed that corn starch led to the highest amylase activity (150
U/mL) at 36 hours, while maltose and glucose yielded significantly lower activities. Statistical analysis using
ANOVA and Tukey tests confirmed significant differences (p < 0.05) among substrates. Additionally, the strain’s
biochemical traits, such as motility and endospore formation, indicated strong environmental resistance. These
findings highlight the importance of substrate selection for optimizing enzyme yield. Furthermore, submerged
fermentation proved to be an effective and economical production method. This study contributes valuable
insights into industrial enzyme production using B. licheniformis and supports further development of
fermentation processes for enhanced amylase output.
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EXTENDED ABSTRACT

Enzymes, biological catalytic proteins, play an important role in metabolic reactions and are widely used in
various industries due to their high speed, reaction specificity, biodegradability, and stability. Amylase, one of the
most important industrial enzymes, converts starch polysaccharides into simpler sugars such as maltose and
glucose. Alpha, beta, and gamma amylase types are used in various applications. Due to their activity under
different temperature and pH conditions, amylase is applied in the food, textile, pharmaceutical, biosensors, and
bioethanol production industries. Industrial production of amylase is mainly carried out through microbial
fermentation, which is an efficient and economical method.

Submerged fermentation (SmF) is one of the two main methods of enzyme production, in which microorganisms
grow in a liquid medium. This method allows precise control of culture parameters such as temperature, pH, and
oxygen, and is of great importance in industrial enzyme production due to its scalability and automation.

Bacillus licheniformis is a thermophilic species and an important enzyme producer of the genus Bacillus. It is
found in various environments such as soil, hot springs, and industrial waste. This gram-positive, rod-shaped,
facultative aerobic, and endosporogenic bacterium is widely used in the detergent, food, pharmaceutical, and
textile industries due to its tolerance to high temperature and pH and production of resistant enzymes. Native
strains of Bacillus licheniformis in Iran also have a high ability to produce resistant enzymes under harsh
conditions, making them suitable for industrial applications.

Despite the importance of industrial amylase production, optimizing culture conditions and selecting appropriate
substrates remain challenging. Understanding the effect of carbon sources and controlling fermentation conditions
on an industrial scale is limited, and production costs are high; therefore, further research is needed. Native strains
of Bacillus licheniformis have high potential for amylase production by tolerating harsh conditions. This study
aims to investigate the effect of different substrates in submerged fermentation to improve production efficiency
and develop industrial processes.

The aim of this study is to investigate the effect of three substrates—corn starch, maltose, and glucose—on
amylase production by Bacillus licheniformis PTCC 1721 under submerged fermentation conditions. This
research was conducted to determine the best carbon source to increase enzyme production efficiency and
optimize harvest time so that its results can be utilized in the development of industrial processes.

The Bacillus licheniformis PTCC 1721 strain was obtained from the Iranian Microorganism Bank and cultured in
nutrient agar and broth media. Each of the three substrates—corn starch, maltose, and glucose—was added to the
sterile culture medium at a rate of 1%. Fermentation was carried out in 250 ml Erlenmeyer flasks containing 100
ml of culture medium and 5% bacterial inoculum volume, at a temperature of 37 °C for 48 hours with gentle
shaking. Sampling was performed at 12, 24, 36, and 48 hours to determine amylase activity.

Amylase activity was measured by the DNS colorimetric method according to Miller’s method. After
centrifugation, the supernatant was used as the enzyme source, and the amount of starch hydrolysis was
determined by measuring the color change at 540 nm.

The results showed that the type of substrate has a significant effect on amylase production. The highest activity
was observed with corn starch (150 U/mL), while maltose and glucose showed 110 and 75 U/mL, respectively.
Analysis of variance (ANOVA) test showed significant differences between substrates (p < 0.05). Increased
amylase activity is related to the molecular complexity of the substrate, and more complex polysaccharides such
as starch stimulate enzyme production to a greater extent.

Time-dependent amylase production in corn starch medium showed that the activity increased from 50 U/mL at
12 hours to 150 U/mL at 36 hours, which was statistically significant (p < 0.05). After 36 hours, the activity
stabilized and remained steady until 48 hours, possibly due to resource saturation or accumulation of inhibitory
metabolites.

Microscopic and biochemical studies of the Bacillus licheniformis strain showed that this bacterium is a Gram-
positive, motile, and endosporogenic bacillus. Catalase positive, oxidase negative, and starch and gelatin
hydrolysis tests confirmed the metabolic capacities of the strain. Its ability to grow at temperatures above 50 to
55 °C indicates its adaptability and resistance to harsh environmental conditions.
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According to the findings, optimizing fermentation conditions—including temperature, pH, oxygen
concentration, and inoculation rate—can improve amylase production and determine the optimal harvest time.
Using genetic engineering techniques to modify the Bacillus licheniformis strain and increase the expression of
genes related to amylase production and stress resistance can also significantly enhance production efficiency.

The use of cheap and accessible substrates, such as agricultural and industrial wastes as carbon sources, is effective
in reducing production costs and increasing the environmental sustainability of the process. Moreover, the
development of large-scale fermentation systems with advanced bioreactor designs and precise control of process
parameters allows for sustainable and economical industrial production of amylase. Additionally, combined
studies of amylase production with related enzymes such as glucose oxidase or cellulase can lead to new industrial
applications.

Overall, the results of this research showed that Bacillus licheniformis has a high ability to produce amylase and
that corn starch is the best substrate to increase production efficiency. Optimization of harvest time also helps
increase process efficiency. These findings can be effective in developing industrial amylase production processes
using environmentally and economically sustainable resources, especially in the food, textile, pharmaceutical, and
biotechnology industries. Furthermore, the importance of substrate selection and optimization of submerged
fermentation conditions has been highlighted and can serve as a basis for future research to improve enzyme
performance and reduce production costs in the industry.
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