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ABSTRACT 

In this study we investigated the ―Production, Purification, and 

characterization of Amylase using Microorganism, through the 

utilization of Starch as a Substrate and Microbial Strain‘ ―Bacillus 

Subtilis‖. The production of amylase and exposure of the producers to 

various parameter for the maximum activity of enzyme. Enzyme was 

produced by the submerged fermentation method. Fermentation 

experiment conducted at a Controlled temperature range of 35
o
C to 

38
o
C and orbital shaker speed is 120 rpm. After Fermentation Amylase 

Activity in the crude enzyme was determined by estimation of the 

reducing sugar liberated by the action of amylase on soluble starch. 

Reducing sugar were estimated by 3, 5 Di nitro salicylic acid DNS 

Method. The production of amylase using microorganism by using 

factorial design method (2
3
factorial) when factor affecting production 

like concentration of starch, temperature and ph. were consider. These factors were conducted 

in 2 levels resulting to 8 Batches the significance of the media was estimated by ANOVA 

statistics method and the precision of the data was estimated by fit statistics, and it was found 

that the 48 hours incubation Fermented media 2.5% starch, 38
o
C temperature and PH-8 

showed maximum activity, (Activity: 495.21Mu). Check the maximum activity of crude 

enzyme after this media as processing to ammonium sulphate precipitation test. After the 

precipitation of standard DNS assay in media 2.5% starch, PH-8 and temperature 38
o
C, it was 

found that at 60% AS saturation showed maximum activity of enzyme. (Activity: 260.7 Mu). 

this research provides valuable insights into the production of amylase form starch using 

Bacillus subtilis as the microbial strain. The formulas used to determine amylase activity are 

also emphasized in this Assay. Every data item in this document is explained with an 
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illustration. This technical study might be essential for the work of the amylase enzyme. The 

optimization of process parameters like pH, temperature and % of starch and statistical 

analysis contribute to better understanding of amylase enzyme production and offer potential 

application in various industries.  

 

KEYWORDS: Amylase, fermentation, Starch, DNS, Bacillus subtilis.  

 

INTRODUCTION 

Amylase: An amylase is an enzyme that catalyses the hydrolysis of starch into sugars. 

Amylase is present in the saliva of humans and some other mammals, where it begins the 

chemical process of digestion. Amylase is produced by a variety of living organisms, ranging 

from bacteria to plants & humans. Bacteria & fungi secrete amylases to the outside and inside 

of their cell to carry out extracellular and intracellular enzyme. 

 

Types of amylases 

α- Amylase: Found in plants (Adequately), fungi (Ascomycetes and Basidiomycetes) and 

bacteria (Bacillus). α- Amylase is used in ethanol production to break starches in grains into 

fermentable sugars. α-amylase called "Term amyl".  

 

β- Amylase: Beta-amylase is found in bacteria, fungi, and plants; bacteria and cereal sources 

are the most heat stable. During the ripening of fruit, β-amylase breaks starch into maltose, 

resulting in the sweet flavour of ripe fruit. The optimum pH for β-amylase is 4.0–5.  

 

γ- Amylase: γ- Amylase cleaves α (1-6) glycosidic linkages, in addition to cleaving the last α 

(1-4) glycosidic linkages at the non-reducing end of amylose and amylopectin, yielding 

glucose. 

 

Enzyme application in non-food material 

• Leather industry.  

• Paper industry.  

• Animal feed industry.  

 

Enzyme application in food material 

• Starch processing industry.  

• Baking industry.  

• Dairy industry.  
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• Animal and vegetable food.  

• Juice and wine industry.  

 

Fermentation: Fermentation is a metabolic process that converts sugar to acids, gases or 

alcohol. Fermentation is also used more broadly to refer to the bulk growth of 

Microorganisms on a growth medium. In microorganisms, fermentation is the primary means 

of producing adenosine triphosphate (ATP) by the degradation of organic nutrients 

anaerobically.  

 

Industrial fermentation: Industrial fermentation is the intentional use of fermentation by 

microorganisms such as Bacteria and fungi to make products useful to humans. Fermentation 

systems may be liquid, also known as submerged or solid state, also known as surface. 

 

Submerged fermentation (SmF) 

Submerged fermentation is method of manufacturing biomolecules by submerging enzymes 

and reactive compounds in liquid like alcohol, oil, or nutrient broth. It is commonly used in 

industrial manufacturing for its high moisture content, making it suitable for bacteria that 

require moisture for growth. The main application of submerged fermentation is the 

extraction of secondary metabolites in liquid form for use.  

 

Principal of submerged fermentation: Submerged fermentation involves microorganisms 

growing in liquid environments, using molasses and broth as substrates. The high rate of 

substrate utilization leads to significant depletion of nutrients. A starter culture, such as fungi 

or bacteria, is inoculated into nutrient-rich broth. The process requires high oxygen levels, as 

enzymes and products are produced when microorganisms react with broth and nutrients. 

Bioactive compounds are secreted into the reactant broth/media.  

 

The broth‘s composition is such that the proportion of broth to nutrients is optimal for the 

development of antibiotics, industrial enzymes, and other compound.  

 

Solid State Fermentation (SSF): Solid state fermentation (SSF) is a biomolecule 

manufacturing process used in various industries, including food, pharmaceuticals, cosmetics, 

fuel, and textiles. It involves microorganisms growing on solid support, producing 

metabolites like cellulose, hemicellulose, pectin, and proteins. SSF is suitable for producing 

enzymatic complexes, which are used in sectors requiring digestibility, solubility or viscosity. 

Origins date back to ancient Egypt and include western foods, Asian foods and beverages.  
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Advantages of submerged fermentation and solid- state fermentation 

1. Increased volumetric output.  

2. Typically, less complicated and requiring less energy.  

3. Could be simpler to satisfy aeration requirements.  

4. Identical to some bacteria and fungi's native habitat.  

5. Simpler downstream processing.  

 

MATERIAL AND METHODS  

Materials  

Table no. 1: List of materials. 

Sr. No Ingredient Company Name 

1 Bacillus Subtilis MTCC- 441 CSIR INSTITUTE. 

2 Starch Modern Industries, Nashik 

3 Nutrient Broth HI MEDIA 

4 3, 5, Dinitro salicylic Acid 
Research-lab  fine  chem industries, 

Mumbai. 

5 Maltose Sunstar Biopolymers ltd, Gujrat, India 

6 
Sodium potassium tartrate hydrate 

tetra 

Sisco Research Laboratory. Navi 

Mumbai 

7 2 (N). Sodium Hydroxide Bean Town Chemical, Mumbai. 

8 Iodine 
Eskay Iodine Pvt. Ltd. (Factory), 

Gujarat 

9 Ammonium Sulphate 
Merck Specialties Private Limited, 

Worli, Mumbai. 

10 Sodium Phosphate (Dibasic) 
Complete lab solution, Malegaon, 

Nashik. 

11 Sodium Phosphate (Monobasic) 
Research-lab fine chem industries, 

Mumbai 

12 Phosphate Buffer 
Merck life science private limited, 

Mumbai. 

 

Methods (Detailed methodology) select the microorganism 

A Suitable microbial strain (e, g. Bacillus Subtilis). Bacillus subtilis is an aerobic, 

Grampositive soil bacterium, which has been widely used for the production of Enzymes. B. 

subtilis has become an ideal expression host for the production of various industrial enzymes.  

 

Preparation of inoculum 

A Suitable Microbial Strain Bacillus Subtilis MTCC NO- 441 obtained from, CSIR- 

INSTITUTE OF MICROBIALTECHNOLOGY, Sector 39-A, Chandigarh 160036 India. Was 

selected which is obtained from and a pure culture was obtained. The culture was propagated 
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on a suitable growth medium to increase the Biomass. After the Biomass had grown, it was 

harvested, and an inoculum was prepared by suspending the cells in a sterile medium.  

 

Methods 

1. Prepare 100 ml of nutrient broth. 1.3 g in 100 ml of water.  

2. Clean the 250-ml Erlenmeyer flasks. Autoclave it along with the flasks.  

3. After autoclaving the media, cool it to room temperature. And mark the flask.  

4. After cooling the media.  

5. Take 1-2 loops of Bacillus subtilis added to nutrient broth inside the laminar air flow.  

6. Incubate the media at 37 °C for 24 hours.  

 

5.2.4 Precautions 

1. Always autoclave media.  

2. Use the mask, hand gloves.  

 

 
Fig. no. 1: (Bacillus subtilis bacterial microbes.) 

 

Media preparation 

The necessary components were dissolved in water to prepare the medium. The medium was 

sterilized. The ph. of the medium was adjusted to the optimal range for the microorganism 

used. 

 

Starch used as a substrate 

Starch is known as a carbon source and the main substrate of amylase, which is comprised of 

two parts, amylose (25–30%) and amylopectin (70–75%)  
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Composition of media including different % of starch, different temperature and 

different ph 

Methods 

1. To prepare eight fermentation media with different pH, temperature, and percentages of 

starch.  

2. Take eight 250-ml Erlenmeyer flasks and clean them.  

3. Add 1.3 g of nutrient broth to 100 ml of water in each flask and autoclave.  

4. After the autoclave, cool the media to room temperature.  

5. Then add % wise in each flask (e.g., 1.5 % starch = 1.5 g of starch, 2.5 % of starch = 2.5 

g of starch) and mix well.  

6. Then add 5 ml of Bacillus subtilis growth culture to each flask and mix well.  

7. Adjust the PH at the PH Meter.  

8. Then this medium is processed for fermentation for 48 hours of incubation for amylase 

production.  

 

Fermentation setup 

The sterile substrate and media were inoculating with 5ml of inoculum solution of bacillus 

subtilis in each flask. After inoculating the substrate and media, the content present in 250 ml 

Erlenmeyer flasks was mixed properly and incubated at 35
0
c and 38

0
c Temperature at 48 

hours 120 rpm in incubator. The temperature and speed of agitation were maintained at 

optimal levels to promote the growth and metabolism of the microbial strain.
[70]

 Finally, 

percentage of amylase produced through the submerged fermentation method was calculated.  

 

Biochemical test  

The ability of microorganism to utilize certain biomolecules, resulting in useful organic 

compounds for themselves from the basis of various biochemical tests. Biochemical tests are 

of different types, where the identification or distinction between different microorganisms 

made on various bases.
[72]

  

 

Iodine test  

Iodine test is a test of detecting the presence of starch. The sample turns blue black color 

when a few drops of potassium iodide solution are placed on the sample.  
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Methods 

1. Mix well and properly, and the results Make a 1% starch solution with 1 gram of starch 

weighed and transferred to 100 ml of water.  

2. Make an iodine solution by adding 10 g of potassium iodide to 30 ml of water, then 5 g of 

iodine crystals slowly, and then making up the volume with 100 ml of water.  

3. Then take one test tube and add 2 ml of starch solution, 2 ml of sample, and 1 ml of 

iodine solution.  

4. The blue-black color shows the amylase is not present, but this solution is clear after 

adding the 1 ml of iodine solution.  

5. The blue-black color is not shown for this test. So, amylase is present in my sample, 

which conforms.  

 

Yield comparison with standard 

Maltose standard curve 

Constructing a standard curve / graph for maltose helps us to estimate concentration of 

reducing sugars present in an unknown sample and for determining the activity of amylase 

enzyme in for the coming experiment. 

 

Construction of maltose standard curve by dns method 

Preparation of 3, 5-dinitrosalicylic acid [DNS] - About 1g of DNS is dissolved in 50ml of 

distilled water. To this solution add about 30g of sodium potassium tartrate tetra hydrate in 

small lots, the solution turns milky yellow in color. Then add 20ml of 2N NaOH, which turns 

the solution to transparent orange yellow color. The final volume is made to 100 ml with the 

distilled water. This solution is stored in an amber colored bottle.
[77]

  

 

Methods 

1) Maltose working solution: 0.18 g of maltose is weighed and made up to 100 ml with 

distilled water.  

2) Pipette standard maltose solution in the range of 0.2, 0.4, 0.6, 0.8, and 1 ml into 5 

separate test tubes.  

3) A test tube containing a blank solution is also prepared.  

4) Using distilled water, bring the volume up to 2ml in each test tube, including the test tube 

containing the blank solution.  

5) Add 1 mL of DNS reagent to each tube and cover the test tubes with aluminum foil.  

6) Heat the contents in the test tubes in a boiling water bath for 5 minutes.  
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7) Cool the test tubes to room temperature.  

8) Then add 9ml distilled water to each test tube and mix well.  

9) Take 1ml from each test tube into different cuvettes and place each cuvette in a 

colorimeter and record the intensity of dark orange red color at 540 nm as the 'absorbance' 

or OD.  

  

 
Fig. no. 2: Maltose solution in the range of 0.2, 0.4, 0.6, 0.8 and 1 ml) 

 

Amylase assay 

This intensity change in color is measured using a MICROPLATE READER as the 

absorbance at 540nm wavelength. Estimation of amylase activity was determined as using 3, 

5- dinitro salicylic acid (DNS) to estimate the reduced sugar formed due to enzymatic 

hydrolysis of the soluble starch. Suitable volume of sample withdrawn from the fermented 

broth was centrifuged in a refrigerated centrifuge at 10,000 rpm at 40 C. To 0.5 ml of the 

supernatant containing the crude enzyme, 0.5 ml of 1% (w/v) soluble starch in citrate buffer 

(pH 7.0) was added and incubated at 37C for 30 min. The reaction was stopped by adding 

DNS (0.5 ml). The mixture was then heated in a boiling water bath for 5 min and cooled 

down.  

 

Enzyme Activity Formula 

 

 

Methods 

1) Perform the amylase assay using 3, 5-dinitrosalicylic acid (DNS).  

2) Clean the 4 test tubes, add the 1st test tube to 0.5 ml of broth media, the 2
nd

 test tube to 

0.5 ml of DNS reagent, and the 3rd test tube as a blank (0.5 ml of water + 0.5 ml of 

DNS).  
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3) In the 4th test tube, add the (0.5 ml broth media + 0.5 ml DNS).  

4) Mix well and incubate at 25o C for 3 minutes.  

5) After the incubation, check the amylase activity using the 96-well plate method.  

6) Take a 96-well plate and add the 0.2 microliter solution to each well.  

7) Then add the 0.2 ml of blank solution.  

8) Take the absorbance at 540 nm in the microplate reader.  

9) To check the crude enzyme activity.  

 

Ammonium sulphate precipitation 

Ammonium sulfate precipitation can be used to separate proteins by altering their solubility 

in the presence of a high salt concentration. 

 

Methods 

1) Take five test tubes and add 5 ml of media to each. And mark the test tubes at 20%, 30%, 

40%, 50%, and 60%.  

2) Then add the solid ammonium sulphate in percentages to each test tube.  

3) 20% =0.53g, 30% = 0.82g, 40% = 1.13g, 50% = 1.45g, 60% = 1.80g.  

4) Then mix well properly, incubate for 30 minutes, 0 0C.  

5) Centrifuge the whole test tube at 10,000 rpm for 10 minutes.  

6) After centrifuging, remove the AS solution, add the phosphate buffer (pH-7), and check 

the amylase activity.  

 

RESULTS 

Maltose calibration curve  

0.18 g maltose is dissolved in 100 ml DI water as stock solution.  

 

Table no. 2: Maltose calibration curve.  

Maltose 

(ml) 

DI Water 

(ml) 

DNS 

(ml) 

DI Water 

(ml) 

Absorbance 

Maltose(540nm) 

0.2 1.8 1 9 0.081 

0.4 1.6 1 9 0.15 

0.6 1.4 1 9 0.185 

0.8 1.2 1 9 0.23 

1 0 1 9 0.273 
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Fig. no. 3: Calibration curve of maltose. 

 

Assay of amylase 

Procedure 

1. Use DNS method described by the reaction mixture is composed of cell-free 

supernatant:0.5 ml fermented broth media + 0.5 ml of DNS; blank: 0.5 ml water + 0.5 ml 

DNS.  

2. The reaction is completed at 25 °C for 10 minutes, followed by the addition of 0.5 ml of 

3, 5-dinitrosalicylic acid (DNS) to the contents to eliminate the reaction, and then boiled 

in a water bath for 10 minutes and cooled at room temperature.  

  

 
 Fig. no. 4: (Fermentation 

media). 

Fig. no. 5: (After 48 hours fermentation to 

check amylase activity in 96 well plate). 

 

Anova 

The study examined amylase production using microorganisms using a 2
3
-factorial design 

method, considering factors like starch concentration, temperature, and pH. Eight batches 
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were created, with ANOVA statistics and fit statistics estimating media significance and data 

precision. 

 

Anova for selected factorial model 

Response 1: Activity  

Factor coding is Actual.  

Sum of squares is Type III - Partial  

The model's F-value of 116426.82 indicates significance, with P-values less than 0.0500 

indicating significant terms (B, C). Values greater than 0.1000 indicate non-significant terms. 

If insignificant terms exist, model reduction may improve the model.  

 

Fit statistics  

The Predicted R² of 0.9999 is in reasonable agreement with the Adjusted R² of 1.0000; i.e., 

the difference is less than 0.2. Adeq. Precision measures the signal to noise ratio. A ratio 

greater than 4 is desirable. Your ratio of 986.766 indicates an adequate signal. This model can 

be used to navigate the design space. 

  

Coefficients in terms of actual factors 

The coefficient estimate represents the expected change in response per unit change in factor 

value, while the intercept in an orthogonal design is the overall average response. VIFs 

indicate multi-collinearity, with VIFs less than 10 tolerable. 

 

Final equation in terms of actual factors 

Activity =  

-2781.91111   

+44.58500 Starch  

+71.81889 Temperature  

+57.33722 pH  

+0.110000 Starch * Temperature  

+0.320000 Starch * pH  

-0.127778 Temperature * pH  

 

The equation in terms of actual factors can predict response levels for each factor but should 

not be used to determine relative impact due to scaled coefficients and the intercept not at the 

design space centre. 
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Amylase activity 

Table no. 3: (48 hours incubation assay activity).  

  Factor 1 Factor 2 Factor Response 

Std Run A: starch B: Temperature C: pH Activity 

  GM/LTR   mU 

3 1 1.5 38 5 285 

6 2 2.5 35 8 282.32 

5 3 1.5 35 8 231 

4 4 2.5 38 5 335.69 

1 5 1.5 35 5 71.29 

8 6 2.5 38 8 495.21 

2 7 2.5 35 5 121 

7 8 1.5 38 8 444.21 

 

RESULTS 

Amylase production using Bacillus subtilis was carried out, and it was found that the 48-hour 

incubation period was effective. Fermented media with 2.5% starch, a 38
o
C temperature, and 

PH-8 showed maximum activity. 

  

Ammonium sulphate precipitation results 

25 ml crude enzyme was saturated with ammonium sulphate, stirred overnight, and 

centrifuged. The enzyme's maximum activity in 2.5% starch was 495 mU at 38oC and Ph 8.  
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Procedure 

1. To prepare amylase, mix 5ml of media in test tube at different concentrations.  

2. Add solid ammonium sulphate in proportions, mix, incubate, centrifuge at 10,000 rpm for 

10min, remove AS solution, and add phosphate buffer pH 7 for purification.  

3. Pellet was dissolved in 5ml of phosphate buffer (pH-7) for further purification. Amount of 

ammonium sulphate for 1 litre cell free extract was calculated from table.  

 

After precipitation std dns assay in media. 2.5 %starch, ph-8 tempreture-38
0
C.  

Table no. 4: Precipitation activity results. 

Sr no % of as saturation Average Activity 

1 20 % 0.3422 76.92 

2 30 % 0.1806 35.04 

4 40 % 0.223 46.02 

5 50 % 0.2444 51.6 

6 60 % 1.0516 260.7 

BLANK  0.1142  

 

Results: After the precipitation of the standard DNS assay in media with 2.5% starch, PH: 8, 

and temperature of 38
o
C, it was found that at 60% AS saturation, activity was higher at 260.7.  

 

SUMMARY AND CONCLUSION 

Summary 

The thesis explores the production, purification and characterization of amylase using 

bacillus subtilis and starch as carbon source. Amylases are essential enzymes produced by 

bacteria, plants and people and their classification, mechanism of action, application and 

production technologies like submerge fermentation are discussed. The study focuses on 

increasing amylase activity with results showing maximum activity in fermented media with 

2.5% starch, pH-8 and 38
◦ 
c temperature. 

 

CONCLUSION 

Amylase, a bacterial enzyme is produced by bacillus subtilis and has high enzyme activity. 

Starch is a sustainable carbon source for amylase production. Optimization of fermentation 

parameters including pH, temperature and starch significantly influences production. The 

maximum amylase activity is achieved at 38
◦ 

c with pH-8 being the optimum. The proteins 

activity increases after 60% ammonium sulphate precipitation.  
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