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Abstract: Amylases are one of the most important industrial enzymes and find applications in many 

areas such as textiles, chemicals, food, and pharmaceuticals. Most of the amylases are derived from 

microbes. The objective of the present study was to evaluate amylase production by a bacterium isolated 

from the Can Gio mangrove forest. The bacterium was identified as a species of genus Bacillus based 

on morphological and biochemical characteristics. The analysis of 16S rRNA sequences was then 

confirmed that this strain belonged to Bacillus amyloliquefaciens species (100% similarity). The effect 

of culture conditions such as temperature, pH, and carbon sources on amylase production through 

shake-flask culture was investigated. Maximum amylase activity of 904 IU/mL was obtained after 24 h 

of cultivation in LB medium containing 1% soluble starch at 35oC and pH 7.0. The highest enzyme 

activity of 1279 IU/mL was achieved in the bioreactor after 30 h of cultivation at optimum conditions. 

In addition, B. amyloliquefaciens M37 can grow on soybean meal medium. The high bacterial cell 

number of 456 × 109 CFU/g and amylase activity of 1039 IU/g were obtained after 36 h of cultivation. 

This newly isolated B. amyloliquefaciens M37 could be a potential producer for industrial amylase 

production and probiotics with commercial implications. 
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1. Introduction 

Amylases are among the most important industrial enzymes and are of great 

significance for biotechnology [1-4]. There are three types of amylase, including α-amylase, β-

amylase, and γ-amylase. Alpha-amylase is an endo-acting enzyme, which catalyzes the 

hydrolysis of the α-1,4 glycosidic linkages of starch and other polysaccharides to produce 

several products such as glucose, maltose, and dextrins. β-amylase is an exo-acting enzyme 

that attacks the substrate from the non-reducing end and hydrolyzes α-1,4 and cannot bypass 

α-1,6 linkages, thus producing maltose as a major end product. γ-amylase is an exo-acting 

enzyme that attacks the substrate from the non-reducing end and hydrolyzes both α-1,4 and α-

1,6 linkages, thus producing glucose as a major end product [2, 4]. 

Amylases can be produced by many different organisms, including plants, animals, and 

microbes such as fungi and bacteria. The microbial source of amylases is preferred to other 

sources because microbial amylases have a wide range of advantages such as their easy 

production optimization process, time and space effectiveness, and cost-effectiveness [1, 3, 4].  

https://biointerfaceresearch.com/
https://biointerfaceresearch.com/
https://doi.org/10.33263/BRIAC124.46754685
https://creativecommons.org/licenses/by/4.0/
https://orcid.org/0000-0003-0867-5216
https://orcid.org/0000-0001-7947-2147
https://orcid.org/0000-0002-5560-9927


https://doi.org/10.33263/BRIAC124.46754685  

 https://biointerfaceresearch.com/ 4676 

Several bacteria have been shown are capable of producing a high amount of α-amylase for 

industrial applications, most of them belonged to the genus Bacillus, such as B. 

amyloliquefaciens, B. subtilis, B. licheniformis, and B. stearothermophilus [1-5] 

Amylases are used commercially for starch liquefaction, paper, desizing textile fabrics, 

in preparing starch coatings of paints, in the food industry, including baking and brewing, 

production of ethanol, and production of high fructose corn syrup [1-5]. These users have 

placed greater stress on increasing amylase production and search for more efficient producers 

and processes. Therefore, finding microorganisms that can produce a high quantity of amylase 

is an important goal of scientists [2]. In addition, microbial growth and metabolite synthesis 

mainly depend on the culture medium composition and cultivation conditions. Optimizing the 

medium composition and cultivation parameters plays a very important role in improving the 

microbial metabolite synthesis and minimizing the production cost [6-9].  

The mangrove is a unique ecosystem located at an interface between sea and land. There 

is an amazing richness of microorganisms and microbial diversity (bacteria, fungi, algae, 

plankton, and archaea) in mangrove ecosystems. The microorganisms play an important 

ecological role and function in the cycling of nutrients [10].  Several studies have been focused 

on finding new hydrolytic enzyme producers from mangrove ecosystems [11-13]. Recently, a 

bacterium holding potential for high amylase production has been isolated from the Can Gio 

mangrove forest (Vietnam). In the present study, the isolated strain will be identified based on 

morphological and biochemical characteristics and subsequent molecular characterization of 

the 16S rRNA gene sequence. Furthermore, the cultural conditions such as temperature, pH, 

and carbon sources for amylase production will be optimized using one factor at a time method. 

The utilization of cheap culture mediums such as soybean meal for amylase production will 

also be investigated. 

2. Materials and Methods 

2.1. Bacterium maintained. 

A bacterial strain, designated M37, was isolated from the Can Gio mangrove forest 

(Vietnam) and used in this study. The bacterial strain was maintained in LB (Luria-Bertani) 

agar medium containing (g/L): yeast extract, 5; peptone, 10, NaCl, 10 and granulated agar, 20. 

The pH of the medium was adjusted to 7.0. The bacterium was maintained at 4oC in the 

refrigerator for routine laboratory use. 

2.2. Identification of strain M37 

Identification of selected strain was carried out according to its morphological 

characteristics [the shape and size of the selected bacterial strains were determined by scanning 

electron microscopy (SEM)] and biochemical tests (Gram staining, catalase, starch hydrolysis, 

gelatin hydrolysis, and casein hydrolysis) [14]. It was then confirmed by the 16S gene 

sequence. The genomic DNA of the selected strain was extracted by Thermo Scientific 

GeneJET Genomic DNA Purification Kit. The 16S rRNA gene was amplified using the 

universal primers, 27F (5’-AGAGTTTGATCCTGGCTCAG-3') and 1492R (5’-

GGTTACCTTGTTACGACTT-3'). Sequencing of the amplified DNA fragment was 

performed at 1st Base (Singapore), and the GenBank database searched for 16S rRNA gene 

similarities. Phylogenic analysis based on 16S rRNA gene was performed with the aid of 

MEGA X software [15] using the neighbor-joining distance correlation method [16]. The 
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almost complete sequence (about 1400 bp) of the 16S rRNA gene of the strain M37 was 

deposited in GenBank/EMBL/DDBJ databases (Accession number: MW436409) and used in 

the analysis.  

2.3. Effects of temperature, pH, and carbon sources on growth rate and amylase activity.  

Strain M37 was grown on nutrient agar at 37oC for inoculum preparation. A loopful of 

the growth was transferred to a 100 ml conical flask containing 25 mL LB liquid medium. The 

flask was incubated overnight at 37oC and 180 rpm in a rotary shaking incubator. After 

overnight incubation, 1 mL of culture broth was inoculated in 250 mL Erlenmeyer flasks 

containing 100 mL of LB medium. To test the effect of temperature, the cultures were shaken 

at 180 rpm in a shaker incubator at different temperatures (30, 35, 40, and 45oC) for 24 h. To 

test the effect of pH value, the pH was adjusted from 5.0 to 8.5 by using 1 N HCl or 1 N NaOH, 

and the cultures were incubated at 35oC for 24 h. The effect of different carbon sources 

(glucose, maltose, starch, and carboxymethyl cellulose - CMC) was also tested by using LB 

medium (pH 7.0) containing 1% (w/v) carbon substrate; the cultures were incubated at 35oC 

for 24 h. The supernatant of the culture after centrifugation (10,000 rpm for 10 min) at 4oC was 

used for determining extracellular amylase activity. The culture broth was also used for the 

total viable count. All the experiments were carried out at least in duplicate. 

2.4. Batch fermentation for amylase production in the bioreactor. 

The bacterial strain was initially grown at 35°C in 250 mL flasks containing 50 mL LB 

medium for 13 h. One hundred fifty of culture medium was then used to inoculate 1.35 L of 

LB medium with 10 g/L starch as a carbon source in a 3 L bioreactor. The cultivations were 

performed in batch mode, during which temperature was kept constant at 35 °C, and pH was 

maintained at 7.0 by adding 5 M HCl/NaOH. Stirring velocity and aeration were maintained at 

250 rpm and 1 L/min during the fermentation, respectively. After an initial 6 h of cultivation, 

samples were taken every 6 h for total viable count and amylase assay. 

2.5. Soybean meal fermentation. 

Soybean meal (okara) collected from Vinasoy company (Bac Ninh province, Vietnam) 

was mixed with 0.01 M potassium phosphate buffer (pH=7) for obtaining the moisture content 

of 70%. The mixtures were autoclaved at 121 oC for 30 min. After cooling, the SBM was 

inoculated with 7.5% (v/w) of a culture broth of M37 containing 108 CFU/mL. After thorough 

mixing under sterile conditions, the inoculated SBM was incubated in a chamber at 37°C. After 

an initial 12 h of cultivation, samples were taken every 6 h for total viable count and amylase 

assay. 

2.6. Amylase assay. 

Enzyme activities were determined from the amount of reducing sugar formed using 

the DNS (dinitrosalicylic acid) method described by Miller (1959) [17]. The reaction mixture 

containing 225 µL of 1% (w/v) soluble starch in 0.05 M phosphate buffer (pH 7.0) and 25 µL 

of suitable diluted enzyme solution was incubated at 50oC for 10 min. The reaction was stopped 

by adding 375 µL DNS solution followed by heating in a boiling water bath for 5 min. The 

samples were cooled, and then absorbance was read at 540 nm. Glucose was used as the 
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calibration standard. One unit of the enzyme was defined as the amount of enzyme releasing 1 

µmol glucose per minute under the standard assay conditions. 

2.7. Total viable count. 

The collected samples were serially diluted with 0.9% NaCl solution, and then 100 µl 

of the diluted samples were spread on LB plates. After 48 h of cultivation at 35oC, the colonies 

were counted, statistically analyzed, and expressed as colony-forming unit per milliliter 

(CFU/mL) [18]. 

3. Results and Discussion 

3.1. Identification of bacterial strain. 

The bacterial strain was first identified based on morphological and biochemical 

properties. Strain M37 was a Gram-positive, motile, endospore-forming, and rod-shaped 

bacterium with the size of 0.6-0.8×1.8-2.5 µm (Figure 1A). It was aerobic and positive for 

catalase, starch hydrolysis (Figure 1B), gelatin hydrolysis, casein hydrolysis, citrate utilization. 

Growth occurs with 0-8% NaCl and optimal growth at 1% NaCl. The preliminary 

characteristics suggested that strain M37 belonged to the genus Bacillus. The genus Bacillus 

produces a large variety of extracellular enzymes, of which α-amylase is an industrial enzyme. 

Several bacteria such as B. amyloliquefaciens [9], B. licheniformis [19], B. stearothermophilus 

[20] have been shown to be capable of producing a high amount of alpha-amylase for industrial 

applications. 

            
Figure 1. (A) Scanning electron micrograph of strain M37 showing its morphological features, and (B) zone of 

clearance due to hydrolysis of starch by strain M37. 

The phylogenetic characteristic of strain M37 was then analyzed using its 16S rRNA 

gene sequence. The sequence of the strain M37 shared a close relationship with those of 

Bacillus. spp., specifically, the similarity with B. amyloliquefaciens (accession number: 

GQ375216) was 100% (Figure 2). Based on 16S rRNA gene analysis, strain M37 was classed 

as a novel strain of B. amyloliquefaciens. B. amyloliquefaciens species can be found in various 

niches such as soil, plants, animal feces, and aquatic environments. The bacterial strains 

belonging to B. amyloliquefaciens species can produce various important enzymes, including 

α-amylase, protease, lipase, cellulase, xylanase, pectinase, aminotransferase, barnase, 

peroxidase, and laccase [21]. B. amyloliquefaciens strains have also been found as promising 

candidate use as probiotics for animals and fishes [22-25].  
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Figure 2. A phylogenetic tree based on the nucleotide sequences of the 16S rDNA, was constructed with 

MEGA X package using the neighbor-joining method, with bootstrap values of 1000 replicas (shown at each 

branch). The scale bar at the bottom indicates the number of nucleotide substitutions per site. The isolates in this 

study are marked with bold letters. The accession numbers are given at the end of each sequence. 

3.2. Effect of culture conditions on bacterial growth and amylase production by B. 

amyloliquefaciens M37 in flask cultivations. 

Optimization of culture conditions is very important for maximum bacterial growth and 

enzyme production. Among the physical and chemical parameters, temperature, pH value, and 

carbon source are the most important factors for enzyme production by bacteria [6-9].  

3.2.1. Effect of temperature. 

The influence of temperature on amylase production is related to the growth rate of the 

bacterium. B. amyloliquefaciens strains were reported to produce α-amylase at a wide range of 

temperatures 30-60oC [6, 7, 9]. In this study, to determine the optimum temperature for enzyme 

production, fermentation was carried out at different temperatures, 30-45oC.  

 
Figure 3. Effect of incubation temperature on the growth and production of amylase by B. amyloliquefaciens 

M37. 

As shown in Figure 3, the amylase activity and bacterial growth rate were increased 

with increasing temperature, and maximum amylase activity of 492 IU/mL and total viable 
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count of 43.8×109 CFU/mL were obtained at 35oC. The enzyme activity and total viable count 

were then decreased when the incubated temperature increased to 40 and 45oC. Most bacteria 

found in nature belong to a mesophilic group. The temperature of between 30-40oC is the 

optimal growth condition for this group. Except for some B. amyloliquefaciens strains isolated 

from hot or cold environments [26, 27], many previous studies reported that α-amylase 

production by B. amyloliquefaciens species reached a maximum value at temperature 35-40oC 

[9, 28, 29]. 

3.2.2. Effect of pH. 

The effect of different initial pH values (5.0-8.5) on the production of amylase by B. 

amyloliquefaciens M37 was investigated. Figure 4 shows that maximum bacterial growth rate 

and enzyme activity were obtained at neutral pH (7.0-7.5), the highest α-amylase activity of 

549 IU/mL, and total viable count of 44.3×109 CFU/mL was reached at pH 7.0.  

 

Figure 4. Effect of initial pH on the growth and production of amylase by B. amyloliquefaciens M37. 

 
Figure 5. Effect of different carbon sources on the production of amylase by B. amyloliquefaciens M37. 
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The results also indicated that high amylase activity was obtained in the acidic medium; 

in contrast, a high total viable count was achieved in the alkaline conditions. These results are 

in accordance with most of the earlier findings that revealed that the pH range between 6.0 and 

8.0 were optimum conditions for the growth and enzyme production by B. amyloliquefaciens 

species [6, 29, 30]. 

3.2.3. Effect of different carbon sources. 

The number of carbon sources in culture media is an important factor for the growth 

and production of the enzyme [31]. The effect of different carbon sources, including glucose, 

maltose, starch, and CMC, on the production of α-amylase by B. amyloliquefaciens M37, was 

tested. Maltose and starch were found to be favorable carbon sources for the growth and α-

amylase production by strain M37, highest total viable count of 79.2×109 CFU/mL and amylase 

activity of 904 IU/mL were obtained with maltose and starch, respectively (Figure 5). Carbon 

sources like glucose and maltose have been used for the production of α-amylase [9, 32], but 

it was found that α-amylase activity was maximum when starch was used as the sole of carbon 

[3]. Besides amylase production, strain B. amyloliquefaciens M37 can also produce other 

extracellular enzymes such as protease and CMCase (data not shown). The production of multi-

enzyme suggested that this bacterial strain can use low-cost substrates such as agricultural 

residues or food waste to produce enzymes. The biosynthesis of extracellular enzymes on 

agricultural residues or food waste will reduce the enzyme production cost and solve pollution 

problems.  

3.3. The growth and enzyme production by B. amyloliquefaciens M37 in bioreactor.  

The production of α-amylase by B. amyloliquefaciens M37 was then investigated using 

batch cultivation mode in a bioreactor.  

 
Figure 6. Time course of the growth and amylase production by B. amyloliquefaciens M37 at optimum 

conditions in the bioreactor. 

Figure 6 shows that both total viable count and amylase activity was increased during 

the fermentation process and reached maximum values of 109×109 CFU/mL and 1279 IU/mL 
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temperature, and dissolved oxygen were maintained at optimum bacterial growth and enzyme 

production values. Therefore, high total viable count and amylase activity were obtained in a 

bioreactor and were 1.38 and 1.41 folds higher than those obtained in flask experiments, 

respectively.  

So far, there have been some studies on the production of α-amylase by bacteria isolated 

from Vietnam. Twenty-three bacteria strains were isolated from wastewater ponds at Sa Dec 

town, Dong Thap province by Hiep and Ly. Among them, seventeen bacterial strains exhibited 

high amylase activity from 72,44 IU/mL to 910,89 IU/mL (disk diffusion method) after 72 h 

of cultivation [33]. The production of amylase by Bacillus megaterium T04 isolated from the 

Rach Lang stream of Vietnam was investigated. Maximum amylase activity of 174.7 IU/mL 

was obtained after 72 h of cultivation in a medium containing wheat [34].  The amylase activity 

obtained in this study by B. amyloliquefaciens M37 (1279 IU/mL) is much higher than those 

obtained by other studies in Vietnam. The results obtained here are comparable to that of the 

high reported for B. amyloliquefaciens species. For example, maximum amylase activity of 64 

IU/mL was obtained by strain B. amyloliquefaciens P-001 after 48 h of cultivation in a 

fermentation medium with initial pH 9.0 at 42oC and 150 rpm [7]. Higher amylase activity of 

220 IU/mL in the case of B. amyloliquefaciens OP was achieved after 94 h of cultivation [9]. 

The highest amylase activity of 3330 IU/ml (starch-iodine method) was produced by B. 

amyloliquefaciens ATCC 23350 in the fermentation broth containing 83 g/L peach palm flour 

as carbon substrate after 24 h of cultivation [35]. Based on the results obtained in this study, it 

can be concluded that B. amyloliquefaciens M37 is a good potential producer of extracellular 

amylase. In addition, B. amyloliquefaciens M37 was isolated from mangrove forests and grown 

in a wide range of NaCl concentrations from 0-8%. The bacterial strain and its enzymes can be 

a good candidate for application in marine aquaculture.  

3.4. Utilization of soybean meal as a culture medium for amylase production by B. 

amyloliquefaciens M37.  

Soybean meal is commonly used as a protein source for animal feed. However, it 

contains anti-nutritional factors such as phytase, oligosaccharides, and trypsin inhibitors, which 

limit its consumption. Therefore, microbial fermentation is normally applied to improve the 

nutritional value of soybean meal [36]. Soybean meal has been used as a substrate for the 

growth of B. subtilis and B. amyloliquefaciens B-1895 under solid-state conditions. The results 

indicated that the soybean meal is a suitable substrate for propagating the two Bacillus species, 

and the fermented product can be used as a probiotic animal feed additive [37]. In another 

study, six Bacillus species, including three B. subtilis strains, two B. amyloliquefaciens strains 

and B. coagulans were used for feather meal-soybean meal fermentation. The fermented 

product was then used as a feed additive for pigs, and the results showed that fermented product 

has a positive effect on the growth performance and immunity of finishing pigs [38].  

The present study tested soybean mean as a culture medium for bacterial cell growth 

and amylase production by B. amyloliquefaciens M37. As shown in Figure 6, the number of 

bacterial cells was increased and reached a maximum value of 456 × 109 CFU/g after 36 h of 

cultivation. The highest amylase activity of 1039 IU/g was also obtained after 36 h of 

cultivation.  The results obtained in this study suggested that the fermented soybean meal 

produced by B. amyloliquefaciens M37 with sufficient amounts of bacterial cells and enzymes 

can be used as a potential probiotic product for animal feed. Due to the importance of this 
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finding, further studies need to be done to use this fermented soybean meal product for animal 

feed production and applications.  

 
Figure 6. The number of bacterial cells and amylase activity during the fermentation process using soybean 

meal as a culture medium. 

4. Conclusions 

A bacterium strain M37 isolated from Can Gio mangrove forest was identified as a 

novel strain of B. amyloliquefaciens. The cultural conditions for the production of α-amylase 

by B. amyloliquefaciens M37 have been developed in this study. The optimum enzyme 

production by the bacterial strain was found at 35oC, pH 7.0, and with 1% starch as a carbon 

source. Maximum amylase activity of 1279 IU/mL was obtained under optimum cultural 

conditions in the bioreactor. A high number of bacterial cells and amylase activity can also be 

achieved using soybean meal as a culture medium. The results obtained in the present study 

suggested that B. amyloliquefaciens M37 is a potential producer of amylase and probiotics, 

which could find commercial applications.  
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