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Abstract. α-Amylase from Bacillus sp. K2Br5, a bacterium isolated from the Rhizosphere 

soil, Citatah Karst region, is partially purified by 60% ammonium sulfate precipitation. It 

displays optimum activity at pH 6.0 and temperature 40 ºC. The presence of Zn2+ and Ca2+ 

metal ions increased the activity of α-amylase, whereas Cu2+, Na+ and Mn+ metal ions and 

EDTA as chelating agent decreased the activity of α-amylase. Futhermore, the addition of 

acarbose as inhibitor and NaCl decreased enzyme activity. α-Amylase from Bacillus sp. 

K2Br5 showed ability to degrade wheat, rice, cassava, potato and corn starches with 

adsorption percentage in the range of 29-69%. Wheat has the highest degree of hydrolysis 

followed by corn, rice, cassava and potato, consecutively at relative low temperatures. 

Meanwhile, rice has the highest adsorption percentage. The results show α-amylase from 

Bacillus sp. K2Br5 is a good candidate for low temperature starch processing. 
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1   Introduction 

α-Amylase is widely used in industrial processes including starch processing, textile 

industry, food and beverage processing industry to the pharmaceutical industry. α-Amylase can 

hydrolyze α-1,4-glycoside bonds inside the chain of amylose and amylopectin chain to produce 

smaller products such as glucose and dextrin [1]. α-Amylase for industrial processes mainly 

derived from Bacillus genus are Bacillus licheniformis, Bacillus stearothermophilus and 

Bacillus amiloliquefaciens [2]. In the industrial processes, basic characteristics of α-amylase 

such as pH, temperature and buffer is needed for better application. Those properties contribute 

to the working system of enzyme because they directly related to the ion and the structure of 

the enzyme. The process of separation and purification also affect to the activity of produced 

enzyme. 

The activity of α-amylase affected by inhibitors such as concentration of salts, metal ions, 

and chelating agents. The results provided by Habibilah, I (2017) shows that the concentration 

of NaCl affect the activity of α-amylase from Bacillus sp. K2Br5 [3]. The indicate that acarbose 

as inhibitor affects CcAmy and TcAmy to amylolytic activity [4]. The addition of metal ions 
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Cu2+, Na+ and Mn+ increasing the activity of α-amylase, and the addition of Zn2+ and Ca2+ 

decreases α-amylase activity [5]. The addition of EDTA as chelating agent reduce the activity 

of α-amylase [6]. 

Generally, three stages of starch hydrolysis are gelatinization, liquification and 

saccharification [7]. α-Amylase with the ability to degrade raw starch has great demand because 

of its ability to hydrolyze raw starch without gelatinization process. Gelatinization is heating 

process over its gelatinization temperatur for each starches and reqire more energy. Therefore a 

raw starch enzyme can reduce the production cost of hydrolyzing starchy materials. Hydrolysis 

of raw starch is related to its ability to adsorb raw starch. The ability to adsorb raw starch 

represent an additional domain outside the active side of the enzyme that acts as a starch binding 

domain (SBD) [8]. SBD contribute to heterogenous reaction among α-amylase and starch [22]. 

 

2   Materials and Method 

2.1 Microorganism and Raw Starch 

 

Bacillus sp. K2Br5  isolated from Karst soil region Citatah Bandung by Maulani and 

obtained from Laboratory of Genetica and Molecular Departmen of Biology UIN Bandung [9].  

Commercial grade regular potato, corn, cassava, rice and wheat starch was purchased from local 

supermarkets in Bandung, West Java Indonesia.  
 

2.2 Bacterial Screening/ Qualitative tests of α-amylase activity 

 

The bacteria were grown on Nutrient agar plates (NA: 0.5% w/v of peptone, 0.3% w/v of 

yeast extract, and 1.5% w/v agar in 0.5% v/v NaCl and Aquadest) containing 1% (w/v) of 

soluble starch. After inoculating the culture at 35℃ for 18 h, iodine solution (0.5% w/v KI and 

0.15% w/v) was added to the culture containing 1% w/v of starch [10]. The bacteria that has α-

amylolytic activity were screened and indicated the ability to degrade raw starch. 
 

2.3 α-Amilase separation 

 

α-Amylase from Bacillus sp. K2Br5  was grown in 100 mL TSB on a rotary shaker (150 

rpm) for 24 h at 35℃. Cells were removed by centrifugation (4000 rpm, 15 min) [4]. Crude 

extract or supernatant total protein content determined [11] and precipitated with 60–80% 

saturated ammonium sulfate. This ammonium sulfate fraction was used for further studies. The 

precipitate was dialyzed against various buffer sodium phosphate, potassium phosphate, 

phosphate-citrate buffer (pH 7.0). Dialysis process carried out at 4ºC and buffer replacement 

was ended every 1 hour for 4 hours [10]. 
 

2.4 Determination of α-amylase activity 

 

a-Amylolytic activity was determined by measuring the amount of reducing sugars formed 

using a modification of the dinitrosalicylic acid (DNS) method with glucose as the calibration 

standard. Amylase assay was performed for 10 min in a 50 µL reaction mixture which consisted 

of 25 µL of 1% soluble starch and 25 µL of suitably diluted enzyme in 50 mM sodium phosphate 

buffer pH 6 at 40℃. The activity was stopped by addition of 50 µL DNS solution (1% w/v 



 

 

 

 

DNS, 0.4 M NaOH, and 30% w/v K–Na-tartrat). The reaction mixture was then incubated in a 

boiling water bath for 10 min [13]. Subsequently, the reaction mixture was cooled down until 

reach room temperature and aqua DM added into the reaction mixture to total volume 1 mL 

before the absorbance at 500 nm was measured. All assays were conducted in triplicates.  
 

2.5 Determination total protein content 

 

Total protein concentration determined using the Bradford method, by adding 500 µL 

Bradford reagent to 500 µL of enzyme solution then absorbance is measured at λ 595 nm [12]. 

BSA (Bovine Serum Albumin) used as calibration standard. 
 

2.6 Effect of pH and temperature on α-amylolytic activity 

 

The effect of pH and temperature to α-amilase activity determined by universal buffers 

(succinic acid, NaH2PO4, glycine) at pH 4-10. The optimum temperature determined in range 

30-90ºC using the obtained optimum pH. The effect of buffers as starch solvents on enzyme 

activity determined using various buffer, sodium phosphate, phosphate citrate and potassium 

phosphate buffer using obtained optimum pH and temperature [14]. 

 

2.7 Effect of salt, acarbose, chelating agent and metal ions to α-amylolytic activity 

 

The effect of salt, acarbose and EDTA concentration on α-amylase activity determined 

using various concentrations of NaCl from 0.005 to 0.1 M; acarbose from 0.00025 to 0.002 M 

and EDTA from 1 to 20 mM. The effect of metal ion on α-amylase activity determined using 

Ca2+, Cu2+, Zn2+, Mn2+ and Na+ concentration 5 mM. The mixture incubated at room temperature 

for 1 hour before the activity of α-amylase determined.  
 

2.8 Determination of raw starch adsorbability and digestibility 
 

The affinity of α-amylase to starch determined by incubating 20 mg of raw starch with 0.5 

mL of an enzyme at 4ºC for 1 hour, then centrifuged at 4000 rpm for 15 minutes. The activity 

of residual α-amylase determined using the same procedure. The adsorption percentage 

calculated with the equation % Ads = [(B-A) / B] × 100. A shows the activity of residual α-

amylase, B shows enzyme activity in dissolved starch [13]. 

Identification of the ability of α-amylase to hydrolyze raw starch determined by incubating 

0.15 mL of 1% b/v starch-enzyme solution with 0.5 mL phosphate buffer 50 mM pH 6, each at 

40℃ and room temperature for 24 h. The reaction mixture centrifuged at 4000 rpm for 15 

minutes [10]. % DH determined by adding 0.05 mL DNS reagent to 0.05 mL supernatant and 

is put into boiling water for 10 minutes. The reaction mixture stored at room temperature and 

aqua DM is added to total volume of 1 ml. The absorbance measured at 500 nm. Degree of 

hydrolysis (DH) defined using % DH = (H1 / H0) × 100. H1 for reducing sugars from hydrolysis 

by enzymes and H0 for reducing sugars from hydrolysis by acids. Acid hydrolysis carried out 

by incubating 20 mg of raw starch with 0.2 mL of 1 M HCl at 100℃ for 2 h and reducing sugar 

content measured with the same procedure [13]. 
 

2.9 Characterization : Scanning Electron Microscopy 

150 µL mixture of 1% w/v of various type of raw starch (potato, wheat, corn, cassava, and 

rice) of amylase added to final volume 0.2 mL of 50 mM phosphate citrate buffer pH 6 and was 

incubated at 40℃ for 24 h. After centrifugation, the pellet was washed with 95% ethanol then 



 

 

 

 

dried at 35℃. The treated starch granules were coated with Pt–Pd using Ion Sputter at 1.2 KV 

and 6 mA for 4 min. The hydrolyzed starches photographed using SEM (JSM-36510). 

3   Results and Discusion 

The bacteria isolates were screened for their activity to degrade raw starch. The clear zone 

or halozone in the solid media (Figure 1) indicates activity of α-amylase produced by Bacillus 

sp. K2Br5 hydrolyzing the starch in the media around the colonies. The blackish-blue color 

outside the clear zone indicates the starch that has not been hydrolyzed.  
 

 

Figure 1. Qualitative tests of α-amylase 

The activity of crude extract α-amylase is 2,632 U/mg and increase after fractionation and 

dialysis processes with the highest specific activity 6,982 U/mg at 60% fraction (Figure 2). 60% 

ammonium sulfate is the optimum fraction for α-amylase separation because the enzyme 

participate more than other fractions. Potassium phosphate is the optimum dialysis bufer 

because potassium has higher electronegativity than sodium. 
 

 

 

Figure 2. Optimum fractionation and dialysis 



 

 

 

 

The optimum pH of α-amylase is pH 6, the obvious increase activity at pH 4-5 and 

gradually decreases at pH 7-10, therefore α-amylase activity from Bacillus sp. K2Br5 worked 

optimally at pH 6 (figure 3). At optimum pH, the number of H+ ion does not affect the enzyme 

conformation and remain same as the substrate conformation. This interaction between enzymes 

and substrate increased the activity and reached the highest at 6.011 U/mg. Similar results 

obtained by Jai Shankar Paul (2016) for Bacillus sp. MB6 [14]. 
 

 
 

a                                                                                               b 

 Figure 3 Optimum pH (a), Optimum temperature (b) 

The optimum temperature of α-amylase is 40ºC, the obvious increase in activity at 30ºC, 

gradually decreased at 50ºC to 80ºC and denaturated at 90ºC (Figure 4). At the optimum 

temperature the activation energy required for a molecule to vibrate and made the enzyme work 

optimally to have higher specific activity 8,403 U/mg [23]. Similar results by Rasooli et al., 

(2008) for Bacillus subtilis [15].  

The optimum buffer is 50 mM phosphate citrate buffer pH 6 (Figure 5). Enzyme activity 

obviously increase after the characteristics of pH, temperature and solvent buffer starch 

obtained. In the optimum buffer, the reaction between buffer ions and the substrate has no 

significant effect, the optimum activity is 8,982 U/mg. Similar results also obtained by Fitriani 

on Bacillus subtilis [16]. 
 

 
 

Figure 4. Effect of Bufer 



 

 

 

 

 

Acarbose decreasing the activity of α-amylase as the concentration increased (Figure 6). 

Decreasing activity of α-amylase by acarbose reveal attachment to carbohydrate-binding sites 

have higher affinity than normal substrate [17]. Because of the presence of intramolecular 

nitrogen, as long as α-amylase binds to the acarbose, the incoming substrat cannot be digested 

and glucose cannot be released. The enzymatic bond stops because the C-N bond in the 

acarviosine unit of the acarbose cannot be broken [18].  
 

 

Figure 5. Effect of acarbose consentration 

 

At the highest concentration of salt added, α-amylase has no activity (Figure 7). Higher salt 

concentration increase the amount of ions in solution. These ions disrupt the electrostatic 

interactions between amino acids that hold the tertiary structure within enzyme structure [19]. 

While protein folding is necessary for the function of the enzyme, this can render the enzyme 

nonfunctional, or denature the enzyme [23].  
 

 

Figure 6. Effect of NaCl consentration  



 

 

 

 

The addition of chelating agent EDTA decrease α-amylase activity as the concentration 

higher (Figure 8). EDTA as metaloenzyme binds metal ion in the structure of α-amylase and 

inhibit the enzyme activity. The same result showed by Xie [1]. 
 

 

Figure 7. Effect of EDTA consentration 

The effect of metal ions characterization shows both increasing and decreasing enzyme 

activity. Cu2+, Mn2+ and Na+ metal ion reduce α-amylase activity, while Zn2+ and Ca2+ increase 

α-amylase activity (Figure 9). Ca2+ acts as an activator and the same result from Sudaryati 

revealed the addition of Ca2+ increase enzyme activity and maintain the activity of the enzyme 

[18] because of its metalloenzyme property [19]. Zn2+ act as an activator, but is unable to 

maintain the stability of enzyme activity. Other metal ions act as an inhibitor for reducing 

enzyme activity [4]. 
 

 

Figure 8. Effect of metal ions 

Substrate identification reveals α-amylase from Bacillus sp. K2Br5 has the ability to degrade 

and adsorb raw starch. The characterization show rice starch has the smallest granule size with 

the highest adsorption per cent 68.92%, while the size of potato starch is bigger granule size 

showed the lowest percentage of adsorption 29.08% (Figure 10). 
 



 

 

 

 

 

Figure 9. Raw starch adsorption (%) 

Amylase from Bacillus sp. isolates. K2Br5 has the ability to degrade raw starch with a 

tendency to hydrolyze cereal starch. The highest degree of hydrolysis in wheat starch with 

incubation temperature 40℃ for 24 hours is 79.882% while the lowest at potato starch at 

51.707% with incubation temperature 27℃ for 24 hours (Figure 11).  
 

 

Figure 10. Degree of Hydrolisis (%) 

The SEM characterization shows the breakdown pattern of α-amylase by relatively forming 

holes or pores on the surface of cereal starches and peeling the surface of tubers starch  (Figure 

12). Wheat starch granules looked more damaged among other cereal starch, it has few big pores 

and peeled on the surface, while other cereal starch each, rice and corn, has few big pores and 

relatively smaller pores. Although hardly hydrolyzed, tuber starch, cassava and potato, show 

peeled pattern on a surface. 
 



 

 

 

 

 
Figure 11. SEM Characterization after hydrolysis of raw starch a) wheat b) rice c) cassava d) potatoes e) 

corn 

 

Discussion 
The partially purified α-amylase from Bacillus sp. K2Br5 displayed optimum activity at 

pH 6 and 40℃ using phospate citarate buffer. The raw starch degestibility revealed different 

pattern of hydrolized raw starch depends on the characterization of each type-A and B-type 

starch [7]. The highest % DH in wheat starch showed two degrade patterns, peel and form holes 

in the starch surface. The type-B cereal starches have hexanogal structures that form spaces, 

therefore they have more structured water molecules. Otherwise, the A-type starch growth ring 

has a thicker structure, indicating that the amylopectin chain is relatively longer and complex 

than type B, these indicate type-A starch is more resistant to enzyme attacks [7]. The same 

results revealed by Puspasari's research). Nurachman, Z et al (2010) and Shinsaku, H (1988) 

using the same genus Bacillus sp. from marine culture, tropical sea and soil [13] [20] [21]. 

Although the same result shown in the pattern of hydrolysis, there are several differences in 

homogenity, the number and depth of holes or pores for each starch.  

Partially purified α-Amylase from Bacillus sp. K2Br5 has the ability to adsorb raw starch. 

The enzyme has highest affinity toward starch granules of rice. Factors that contribute to starch 

adsorption are the size and starch granule shape. The larger starch grain, the lower the ratio of 

surface area [13], the consequence is enzyme has lower interactions with starch grains. Rice 

starch has the smallest granule size 2 µm and potato has the largset granule size among other 

starch 10 µm. In addition, the form of starch granules which vary from very round to polyhedral 

made a different factor in adsorption percentage. The more rounded shape of the starch grain, 

the smaller the ratio of surface area and the closer to polyhedral shape has a greater surface rasio 

area [13]. The result showed potato starch has more rounded and big granule among other starch 

However, the observations show the size or dimensional effect of starch grains has a more 

dominant relation to the affinity of adsorption than the form of starch grain. 

Signify 2 raw starch degrading enzyme, enzymes that can hydrolyze and adsorb raw starch 

and enzymes that can hydrolyze raw starch but cannot adsorb raw starch [24]. The ability to 

adsorb raw starch represents the possibility of SBD in the protein structure. According to 

Rodriguez, one of the roles of SBD in the structure of α-amylase is to form interactions between 

insoluble substrates and enzymes in solution or heterogenic interaction. The function is to 

facilitate the transfer of starch to the active site of the enzyme in the catalytic domain [22]. 

Further analysis is needed to determine the structure, type and location of SBD. The 

characterization of substrate specificity showed no direct correlation between the ability of 

hydrolysis and raw starch adsorption. Although the ability to adsorb starch can increase the 



 

 

 

 

speed of raw starch hydrolysis due to the presence of SBD in non-catalitic domain, the binding 

process of starch granules by SBD depends more to the size of starch granules whilts high 

percentage of hydrolysis affected by the characteristics of type-A and type-B starch and the 

presence of active site in catalitic domain. 

 

4 Conclussion 

α-Amylase from Bacillus sp. K2Br5 is a good enzyme candidate for low temperature  starch  

processing with the tendency to cereal starch. 
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