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Abstract 

The optimization of extracellular α-amylase production by six different Aeromonas and Bacillus species from 

different soil samples was conducted. The bacterial strains Aeromonas jandaei (accession no. OR136166), 

Aeromonas hydrophila (Accession no. OR136168), Aeromonas veronii (accession no OR136284), Bacillus 

subtilis (accession no. OR357659), Bacillus cereus (accession no. OR136189) and Bacillus amyloliquefaciens 

(accession no. OR244384) underwent biochemical characterization. In this study we have found that among 

all the three species of Bacillus, Bacillus subtilis showed the maximum enzyme activity and for Aeromonas 

species it is Aeromonas veronii which displayed the maximum enzyme activity. Bacillus subtilis displayed its 

maximum α-amylase activity of 8.96 µmol/min at pH 7, and temperature at 35oC after 24 hours of incubation. 

And Aeromonas veronii displayed the maximum α-amylase activity of 7.58 µmol/min at pH 7, 350C 

temperature after 24 hours of incubation.  
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Introduction 

Starch hydrolysis primarily resulted in maltose, 

indicating the presence of α-amylase activity. The 

conversion of starch into dextrin and sugar is 

facilitated by enzymes derived from plants, 

animals, bacteria, and fungi. Microorganisms play 

a crucial role in the soil microflora due to their 

abundance and the diversity of their metabolic 

activities (Blaine et al 1992, Torsvil et al 1990). 

They play a crucial role in the biogeochemical 

cycles of both major and minor elements, thus 

actively participating in energy and nutrient 

exchanges within the soil (Ward et al 1995). While 

there are numerous microbial sources for amylase 

production, Bacillus strains stand out due to their 

ability to generate substantial quantities of 

amylase. They account for approximately 60% of 

commercially available enzymes. The starch 

industry primarily relies on amylases produced by 

Bacillus subtilis and Bacillus mesentericus for their 

thermostability and efficiency. Bacillus sp., 

sourced from soil, has been documented as a 

producer of α-amylase, demonstrating a high yield 

through starch hydrolysis and biochemical 

techniques (Aneela et al 2015). α-Amylase (1,4-α-

D-glucan glucanohydrolase; EC3.2.1.1) is an endo-

acting enzyme that catalyses the hydrolysis of 

starch by breaking α-1,4-glucosidic linkages 

(Tester et al 2004). Bacteria have emerged as a 

significant resource for generating thermostable α-

amylase with superior characteristics compared to 

fungi (Prakash et al 2010). Choosing the 

appropriate organism is crucial for achieving a high 

yield of desired enzymes. The continuous 

development of new microbial strains for industrial 

enzyme production involves utilizing cost-effective 

carbon and nitrogen sources. Microorganisms are 

categorized into two main classes for amylases: α-

amylase and glucoamylase (Hema et al 2006). α-

amylase holds the top position among various 

extracellular enzymes, and its commercial 

applications have expanded across multiple 

sectors, including clinical, medicinal, and 

analytical chemistry. Starch-degrading bacteria 

play a crucial role in industries such as food, 

textiles, fermentation, and paper (Patel et al 2021). 

The isolation and manipulation of pure cultures of 

starch-degrading microorganisms from soil are 

highly significant in the field of biotechnology. 

Consequently, isolating and manipulating pure 

cultures from diverse waste materials holds 

manifold importance for various biotechnology 

industries. Major α-amylase-producing bacteria, 

such as Bacillus subtilis, B. licheniformis, B. 

amyloliquefaciens, B. cereus, and B. megaterium, 

as well as fungi like Aspergillus Niger, Penicillium, 

Rhizopus, Cephalosporium, and Neurospora, are 

pivotal in this context (Pandey et al 2003). 

Enzymes derived from microorganisms are 

regularly employed in numerous eco-friendly and 

economically viable industrial domains. 

Environmental pollution is no longer considered 

unavoidable in technological societies. The 

growing awareness of pollution's impacts and 

public pressure has prompted changes in both 

industry and government. There is a rising demand 

to substitute certain conventional chemical 

processes with biotechnological approaches 

utilizing microorganisms and enzymes like 

amylases, xylanases, cellulases, and mannanase. 

These alternatives not only offer an economically 

feasible option but are also more environmentally 

sustainable (Hoondal et al 2002). They have been 

utilized in various sectors such as food, baking, 

brewing, textiles, and paper industries. The 

growing use and demand for alpha-amylase in 

different industries have intensified the emphasis 

on boosting local enzyme production and exploring 

faster processes (Ramchandran et al 2004). 

 

 

Material and methods 

Production medium and extraction of crude enzyme 

 
Fig 1. Pure culture of all the six bacterial isolates 
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A small portion of the bacterial culture was 

transferred from starch-nutrient agar slants to a 

starch-nutrient broth at a pH of 7 to activate it. This 

activation was carried out in a shaker at 40°C with 

a rotation speed of 120 rpm for 24 hours. The 

fermentation medium was composed of the 

following components per litre: soluble starch (10 

g), peptone (5 g), (NH4)2 SO4 (2 g), KH2PO4 (1 

g), K2HPO4 (2 g), and MgCl2 (0.01 g), all 

maintained at a pH of 7. The activated culture was 

used to inoculate the fermentation medium at a 

volume of 20%, and it was then incubated in a 

shaker at 37°C for 24 hours (Yandri et al 2010). 

Upon concluding the fermentation period, the 

culture medium was subjected to centrifugation at 

10,000 rpm for 15 minutes to yield a crude extract, 

which served as the source of the enzyme 

 

Biochemical analysis of screened bacteria 

The amylase-producing bacteria, which underwent 

screening, were subjected to morphological 

characterization using the Gram's staining method. 

Additionally, they were biochemically 

characterized through various tests including the 

catalase test, oxidase test (using the filter paper 

method), methyl red test, Voges-Proskauer (VP) 

test, and urease test (Holt et al 1994). 

 

Enzyme assay: 

The α-amylase activity was determined using the 

dinitrosalicylic acid (DNS) method, following the 

procedure outlined by Fisher and Stein (Chi et al, 

2009). The un-inoculated (UN) culture broth 

served as the blank. Amylase activity was defined 

as the amount of enzyme needed to catalyze the 

release of reducing sugar equivalent to one mole of 

maltose per minute under the specified assay 

conditions. The assay involved incubating 1 ml of 

the enzyme sample, 1 ml of substrate, and 0.5 ml of 

dinitrosalicylic acid on a water bath for 15 minutes. 

Subsequently, the mixture was cooled to room 

temperature, and the activity was measured at an 

absorbance of 540 nm. The measurement of 

amylase enzyme activity was conducted using a 

method that combines elements from the 

procedures outlined by Naguib and Qureshi 

(Naguib et al 1964, Qureshi et al 2013).  

 

Determination of the Optimal Conditions for α-

Amylase Production: 

Optimal Temperature: The impact of temperature 

on α-amylase activity was investigated by varying 

the incubation temperature within the range of 

25oC to 45°C in increments of 5 degrees. 

Optimal pH: The synthesis of α-amylase was 

influenced by various pH ranges, including 5 to 9 

using acetate buffer, pH 6.0 to 7.5 using phosphate 

buffer, and Tris-HCl for pH 8.0 to 8.5(Alariya et al., 

2013). 

 

Result and discussion  

Biochemical analysis of bacteria 

 

Sr. No. Bacterial isolates Gram staining 

1.  Aeromonas hydrophila (Accession no. OR136168) Gram negative 

2.  Aeromonas jandaei (accession no. OR136166) Gram negative 

3.  Aeromonas veronii (accession no OR136284) Gram negative 

4.  Bacillus subtilis (accession no. OR357659) Gram positive 

5.  Bacillus cereus (accession no. OR136189) Gram positive 

6.  Bacillus amyloliquefaciens (accession no. OR244384) Gram positive 

 
Bacterial isolates Catalase test Oxidase test Methyl Red test Voges Proskauer (VP)test Urease test 

Aeromonas jandaei positive positive positive positive positive 

Aeromonas 

hydrophila 

positive positive positive positive negative 

Aeromonas veronii positive positive positive positive positive 

Bacillus subtilis positive positive negative positive negative 

Bacillus cereus positive positive negative positive negative 

Bacillus 

amyloliquefaciens 

positive positive negative positive negative 
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Fig 2: catalase test                                                         Fig 3: Oxidase test 

 

                        
Fig 4: MR test                                                                                Fig 5: VP test 

 
Fig 6: Urease test 

 

Enzyme activity  

 

Table 1: Enzyme activity (µmol/min) of all the six bacterial isolates 

Sr. no Bacterial isolates Enzyme activity  (µmol/min) 

1 Aeromonas jandaei 4.8 

2 Aeromonas hydrophila 5.64 

3 Aeromonas veronii 6.12 

4 Bacillus subtilis 8.57 

5 Bacillus cereus 7.58 

6 Bacillus amyloliquefaciens 8.06 
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Graph 1:   Enzyme activity of all the six bacterial isolates. 

 

Optimal Conditions for Amylase Production 

 

Table 2: Enzyme activity (µmol/min) at different temperature 
Temperature Aeromonas 

jandaei 

Aeromonas 

hydrophila 

Aeromonas 

veronii 

Bacillus 

subtilis 

Bacillus 

cereus 

Bacillus 

amyloliquefaciens 

25oC 3.04 3.64 4.22 4.54 3.70 4.16 

30oC 4.85 4.46 5.24 5.55 4.72 5.31 

35oC 5.49 5.69 6.15 8.96 6.57 6.14 

40oC 4.22 5.57 5.38 6.70 5.90 5.55 

45oC 2.22 2.87 3.68 4.22 3.72 3.91 

 

 
Graph 2:   Enzyme activity at different temperature 

 

Table 3: Enzyme activity (µmol/min) at different pH 
pH Aeromonas 

jandaei 

Aeromonas 

hydrophila 

Aeromonas 

veronii 

Bacillus 

subtilis 

Bacillus 

cereus 

Bacillus 

amyloliquefaciens 

5 1.28 0.14 1.63 2.28 1.84 2.59 

6 3.39 0.40 4.18 6.54 4.93 6.55 

7 6.22 5.53 7.58 8.51 7.67 8.02 

8 4.04 3.48 5.20 7.18 5.27 6.90 

9 1.68 1.28 3.26 2.66 1.74 2.75 
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Graph 3:   Enzyme activity at different pH 

 

Conclusion 

In this study all the Aeromonas species were found 

to be gram’s negative and all the bacillus species 

are gram’s positive. Aeromona species are oxidase, 

catalase, MR, VP and urease positive, except for 

Aeromona jandaei which is urease negative. And 

for Bacillus species all the species are oxidase, 

catalase and VP positive and MR and urease 

negative. Upon optimization, among all three 

Bacillus species, Bacillus subtilis, displayed the 

maximum amylase activity which was 8.96 

µmol/min at pH 7.0, demonstrating considerable 

stability in alkaline conditions and temperature at 

35oC after 24 hours of incubation. And among 

Aeromonas species Aeromonas veronii showed the 

maximum amylase activity of 7.58 µmol/min at pH 

7, 350C temperature after 24 hours of incubation. 

From this study we can conclude that soil of 

Ranchi, Jharkhand have the bacteria which are 

highly capable of producing α-amylase which can 

be used for various commercial purposes. 
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