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Abstract: Amylase is an enzyme that is a mercantile resource used in profuse industries. With the expanding population rate 

and it's never decreasing needs, the demand for resources also surges. Amylase is one such prime material source that is 

used in a wide range of industries for its various applications. To meet these demands, economical production of amylase is 

imperative. Hence, microbial extraction of amylase is adapted industrially over the World. Over the past decades food waste 

generated is continuously increasing and only 10% of it is being recycled or reused. Therefore, for remunerative amylase 

production, synthesizing of amylase under solid state fermentation involving food waste materials as substrates is highly 

recommended. For a profitable enzyme production under solid state fermentation the choice of method, use of substrates 

and the physicochemical factors is notable. Factors such as pH, temperature, moisture content, shape of substrate, size of 

substrate, concentration of substrate, concentration of inoculum and the type of substrate affects the production of amylase 

under solid state fermentation. This study is focused on some of the process parameters that affect the production of amylase.  

 

Index Terms: Amylase production, optimization, substrates, process parameters, Bacillus sps., inoculum, temperature, pH, 

moisture content and  substrate. 

 

1. Introduction 

Many biochemical reactions are catalyzed by the action of enzymes. Enzymes are protein substances that biocatalysts a chemical 

reaction. These enzymes are produced by bacteria, fungi, yeast, plants and animals. However, enzymes are industrially obtained 

from bacteria, fungi and yeast. Microbial production of enzymes are widely preferred for its highly advantageous maintenance,  

economical and ease of availability (Fareeha, et al, 2020). List of enzymes that are diversely produced by microbes are lipase, 

amylase, protease,catalase, pectinase, lactase, phospholipase, cellulase, easterase, glucoamylase, glucose oxidase, xylanase, 

asparaginase, peroxidase and acetolactate dehydrogenase. Among which amylase is the most important hydrolytic enzyme that aids 

in degradation of starch and related large polysaccharides into simple sugars. 30% of the World’s enzyme production is reported to 

be accounted by amylase (Punniyakotti Elumalai, et al., 2018).  

 

                                                             Starch is considered as an important renewable biological resource, which is produced by 

plants as a source of energy. After lignocellulose and chitins, starch is the third largest source of biomass on Earth. While 60 - 70% 

of the various agricultural residues of corn, barley and wheat consists of starch ( Shalini Rai, 2014). Though various other enzymes 

are involved in the breakdown of starch, amylase is the most important enzyme that initiates the reaction.  Amylase is a well known 

enzyme for hydrolysis of starch and glycogen into simpler sugar units. It is a commercially important enzyme that is used widely 

in different industries, all over the World. Amylase is naturally synthesized by plants, animals and microorganisms. Since there is 

a high demand for the enzyme amylase, it is commercially produced by microorganisms. Microbes such as bacteria and fungi are 

used for the production of amylase, industrially. The major group of bacteria producing amylase are Bacillus, among which B. 

licheniformis and B. amyloliquefaciens are used diversely. Some groups of fungi that are widely used are Aspergillus niger. There 

are two types of amylase produced by microorganisms, namely alpha amylase and glucoamylase. Alpha amylase is an extracellular 

enzyme that cleaves the glycosidic linkages between the glucose units in a linear amylose chain. While glucoamylase hydrolyses 

single units of glucose from the non-reducing ends of amylose and amylopectin  (Moiedi Sunira Paul and Judia Harrriet Sumathy 

2013).  

                    

                                   It has been reported that the chemical methods of hydrolysis of starch have been dominated by the use of 

amylase by 25% in the enzyme market ( Moni Philip Jacob Kizhakedathil, et al., 2018). Amylase is exploited widely  from textile 

industries, paper industries, breweries, detergent industries, dairy industries, pharmaceuticals, soft drinks, chocolates, fermentation 

and food industries. With increase in usage of amylase, the demand for amylase also increases proportionally. To meet the 

continuously growing demand for amylase, economic production of  amylase using low cost substrates and cheap methods of 

production is highly recommended. Hence, microbial production of amylase is opted commercially. 

 

                                                                  Amylase (EC 3.2.1.1) is commercially produced only by the action of microorganisms. 

Microbial enzyme production is widely preferred for its numerous advantages over plant cell and animal cell production. Microbial 

production is cost effective, can be easily cultured depending on the availability, ease of culture maintenance, high capacity of bulk 

enzyme production and environmentally friendly (Dipak Paul, 2016). The desired microbial character can also be easily 

manipulated. Moreover, amylase is an extracellularly produced enzyme by microorganisms. Hence, the harvesting of enzymes is 

easy to obtain. There are quite less chances of contamination of microbial culture, when compared to animal cell and plant cell 

http://www.ijrti.org/


                                                      © 2022 IJRTI | Volume 7, Issue 5 | ISSN: 2456-3315 

IJRTI2205080 International Journal for Research Trends and Innovation (www.ijrti.org) 471 

 

production. The handling of the culture is easy and no hazardous substances are eliminated during or after the process production. 

It is easy to store and transport.  

                                      

                             Production of amylase can be carried out either by submerged fermentation as well as solid state fermentation. 

However, solid state fermentation is practiced widely because of its low capital investment, better productivity, cheapness and has 

a simple operating unit (Kumar Pranay, et al., 2019a,b). Conditions such as pH, temperature, moisture level, type of microbial stain, 

selection of media, substrate concentration and inoculum concentration, are the major factors that have to be taken care of, while 

performing under solid state fermentation. 

 

             The type of substrate used in a solid state fermentation, determines the quality and quantity of the enzymes produced. It 

must also be noted that the substrate should be cost effective. To satisfy all the needs and to fulfill all the criterias, food waste 

regenerated from various agro-industries are used as substrates. The waste regenerated from food had been constantly increasing 

over the past decades. Hence, these food waste are utilized as substrates that reduces the cost of the production process. This review 

article is to focus and improve knowledge on the topic and to discuss the effects of various factors involved in amylase production.

2. Microbial production of alpha amylase  
Soil samples are collected and a soil suspension is made by heating the soil sample after the addition of sterile water to it. Single 

pure colonies of microbes are obtained by serial dilution or any other pure culture isolation techniques. Using the streak plate 

method a pure colony of the bacteria can be picked up from the third or fourth quadrant. The colonies are cultured to isolate the 

bacterial species from the collected soil samples. The cultures are incubated at 37°C for 24 to 28 hrs. The microbes are then screened 

for extracellular production of amylase using starch agar plate method and the desired microbe is selected. The colonies are 

inoculated in starch agar plate and incubated at 37°C for 24 hours. After the incubation period the starch agar plates are flooded 

with iodine and left undisturbed for 1 minute. Iodine has the ability to bind with non-hydrolyzed starch giving a blue/brownish 

black color.  Hence, the bacterial strain that produces extracellular amylase gives a yellow clear zone of appearance. This is because 

amylase hydrolyses starch in the agar plate and doesn’t bind with iodine solution giving a clear zone (Kumar Pranay, et al., 2019). 

 

                                          The physical and chemical properties of the microbe are studied by using various biochemical techniques. 

Characterization of the desired bacteria strain is performed using several biochemical tests, namely oxidase test, catalase test, Citrate 

test, Urease test, Indole test, Triple sugar iron test, Methyl red test, Voges proskauer test and Nitrate reduction test. The substrate is 

prepared by chopping it into uniform small pieces, which are then dried under direct sunlight or using a hot air oven. The dried 

substrates are then powered and stored at room temperature in an air-tight container. A uniform homogeneous suspension of the 

microbial culture is obtained by inoculating the bacterial colony into nutrient broth and kept in a rotary shaker at 37°C for 24 hours. 

Solid state fermentation is conducted in 100 ml conical flasks added with 0.5 gm of glucose, 0.15 gm of peptone, 0.5 gm of 

potassium dihydrogen phosphate, 0.5 gm of magnesium sulphate and 5 gms of powered substrate and autoclaved at 15 lbs for 15 

minutes. The medium is then cooled and 1 ml of inoculum is added aseptically in a laminar air flow chamber.  The flasks were 

incubated at 37℃ in an incubator for 3-5 days (Taghreed N. Almanaa, et al., 2020). After the incubation period, the enzyme can be 

extracted from the fermented substrates by suspension with equal amounts of 0.02M of  phosphate buffer saline at pH 7 and kept 

in a rotary shaker at 150 rpm for 30 minutes to 1 hour at 30℃, for agitation (Kumar Pranay, et al., 2019). This process aids in 

separating the enzymes from the substrates and the enzymes. The obtained slurry is then filtered using a cheesecloth, followed by 

centrifugation of the filtrate at 4℃ for 15 minutes at 8,000rpm. Centrifugation aids in removal of insoluble particles and matters in 

the filtrate and enzyme rich supernatant is obtained (Olfa Benabda, et al., 2019). The supernatant is used as a source of amylase. 

During the incubation period the process parameters are studied at various values to detect the optimum conditions for higher 

quantities of crude enzyme. Temperature is observed and studied from 30°C to 70°C, moisture content is varied from 50% to 80% 

and the concentration of substrate is studied from 10 gm/L upto 50gm/L, pH is observed at a different ranges of pH scale from 5 - 

9. By observing and analyzing the production of amylase at different levels of process parameters, the optimum conditions can be 

identified. 

 

3. Methods in production 

Microbial enzyme production can be processed either under solid state fermentation or submerged fermentation. At large scale 

industries submerged state fermentation is much preferred. While for small scale enzyme production, solid state fermentation is 

preferably opted. Solid state fermentation is proven to produce high quantities of enzyme yield when compared to submerged 

fermentation. The process of solid state fermentation also has a range of other advantages over conventional, submerged state 

fermentation. Solid state fermentation has a simple processing technology, it requires very less space of occupation, the energy 

required is quite low, the amount of effluent released in negligible and hence making it environmentally friendly, the process does 

not require agitation, maintenance of the system is easy, continuous monitoring of the process parameters is not required and it 

has a very low level of contamination.      

According to a research study conducted using a fungal species, Alternaria alternata is known to cause fungal disease and leaf 

spots in its host species of plant. Alternaria alternata was processed in both submerged state fermentation and solid state 

fermentation using different types of  agricultural wastes as substrates. The agricultural wastes utilized were corn cobs, wheat 

bran, potato peels, wheat straw and rice straw. The process parameters were maintained at optimum conditions in both the 

systems. When protease was extracted from all the systems, the yield produced under solid state fermentation showed the highest 

amount of yield.  It was observed that solid state fermentation produced the highest yield with all the five different agricultural 

wastes, used as substrates.  
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Graph 1. Showing the yield of protease produced by Alternaria alternata in both submerged state fermentation and solid state 

fermentation using various agricultural waste, corn cobs, wheat bran, potato peels, wheat straw and rice straw. 

 

Though solid state fermentation produces the highest yield when compared to submerged fermentation and has various advantages 

over it, the solid state fermentation system has few drawbacks and limitations. The process parameter, mainly the range of the 

temperature, cannot be controlled as excess heat will be produced under a solid state fermentation. The environmental conditions 

of the microbe cannot be regulated under a solid state fermentation. And moreover the scale up of the solid state fermentation 

system is very difficult to attain. All the drawbacks of solid state fermentation are the major cause of using submerged state 

fermentation systems at large scale. While under submerged state fermentation, though the quantity of yield is comparatively less 

with solid state fermentation, the process parameters can be controlled and monitored. And scale up of submerged state fermentation 

is quite easy.  

 

4. Optimization of alpha amylase production 
The bacteria isolated from the soil are screened for extracellular production of amylase and have been used for the process of 

fermentation. From the industrial point of view, it is necessary that the selected strain produces a large quantity of the enzyme in a 

short period of time (Rajshree Saxena and  Rajni Singh, 2011). Researchers have used various substrates for checking the efficiency 

of each substrate under solid state fermentation. Food waste such as wheat bran, rice bran, gram hust, mustard oilseed cake, white 

bread waste, banana peels, grape peels, pomegranate peels, wheat straw, etc have been used as substrates for production of amylase 

by solid state fermentation. Several conditions play a major role in the production of amylase under solid state fermentation.  

 

4.1. Effect of moisture content 

Moisture content is one of the most critical factors during a solid state fermentation. The moisture level determines the growth and 

synthesis of metabolites in the culture media. However, higher moisture level affects the production of yield, due to reduction of 

porosity and steric hindrance. Similarly low levels of moisture also affects the enzyme production due to lower solubility of nutrients 

and increase in development of high water tensions. The level of moisture content of the fermentation process highly depends on 

the organisms and the type of substrate used for production ( Rajshree Saxena and  Rajni Singh, 2011).Among different moisture 

levels used for amylase production, 1:2 w/v was found to be optimum for KR1. Similar findings have been reported for Bacillus sp. 

KR-8104 (Hashemi et al., 2011) and Bacillus megaterium (El-Shishtawy et al., 2014). Though there are many reports and studies 

on the level of moisture content, it is always necessary to provide an optimum level of moisture content. In solid state fermentation, 

the availability of water in the media is important for the growth of microorganisms and to maintain a steady state of biochemical 

activity. The physical state of substrate, availability of nutrients, diffusion of nutrients and oxygen-carbon dioxide exchange are 

influenced by the water content in the medium ( Olfa Benabda, et al., 2019a,b,c,d). Therefore, it is reported that the optimum 

moisture content differs for different strains of bacteria ( Kumar Pranay, et al., 2019a,b). 

 

4.2. Effect of temperature 

Temperature is one of the parameters that has to be taken into consideration to increase the production yield. The enzyme amylase 

is known to be active in a wide range of temperatures from 40 - 90°C. While the Bacillus sp is a mesophilic organism that grows at 

an optimum temperature of 37°C, wherelse the enzyme produced by it is stable and active at high temperatures (Rajshree Saxena 

and  Rajni Singh, 2011).  The production of amylase had been reported at a maximum production when incubated at 37°C for 24 

hours at pH 7 with Bacillus subtilis ( Moiedi Sunira Paul and Judia Harrriet Sumathy, 2013). The optimum incubation temperature 

for amylase production at 40°C under optimized conditions has been reported for B. subtilis MTCC 121 (Raul et al., 2014). On the 

contrary optimum incubation temperature of 60°C, 45°C, 35°C and 33°C has been reported for amylase production under SSF ( 

Bozic et al., 2014; El-shishtawy et al., 2014). The optimum temperature for production of amylase by yeast such as Saccharomyces 
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cerevisiea had been reported at 30°C. And most of the  amylase production studies with mesophilic fungi had been reported within 

the temperature ranges of 25°C-37°C (Takahiro and Shigehiko, 2011).  An increase or decrease in the incubation temperature is 

reported to cause a decrease in the level of amylase production.  

 

4.3. Effect of substrate selection 

The selection of substrates, concentration of substrates and size of substrates used for the production plays an important role in 

enzyme production. The main aim of using agro waste as substrates is to reduce the pollution level and to utilize the waste in the 

most beneficial manner, which otherwise has to be disposed of into the environment. Use of bread waste as a substrate has been 

highly beneficial, because of its high nutrient content. It can be used as a substrate even without any additional supplements (Olfa 

Benabda, et al., 2019a,b,c,d). The highest yield of amylase produced from 10 grams of banana peels had been reported as 1805.55 

IU/ml/minute in 24 hours at 37°C and  pH 7 under solid state fermentation with strains of Bacillus (Moiedi Sunira Paul and Judia 

Harrriet Sumathy 2013). The enzyme productivity with mustard oilseed cake, as substrates, had been reported to be about 5166 U/g 

of amylase with Bacillus. Similarity Rajshree Saxena and Rajni Singh,2011 had reported that mustard oilseed cakes consist of 

higher levels of carbohydrate and lesser amount of protein, and therefore it is said to be an ideal substrate for solid state fermentation 

for production of amylase. However, some researchers have reported wheat bran as the best substrate for α-amylase production by 

Bacillus licheniformis using different agricultural by-products . Similarly reports state that 1233 U/g of amylase had been produced 

by wheat bran. And 900 U/g and 933 U/g of the enzyme amylase had been produced with gram husk and rice bran as substrates, 

respectively, using species of Bacillus  (Rajshree Saxena and  Rajni Singh, 2011). There have also been reports that provide enzyme 

yield with 0.0287 U/ml powder of beetroot peel, 0.0284 U/ml of orange peel and  U/ml of onion peel ( Padmavathi Tallapragada et 

al, a,b,c). Most of the organic waste residues of fruits and vegetables are rich in nutrients and aids in enhancement of enzyme 

production. There are even special compounds present in some fruit and vegetables that provide a high nutritional value, such as 

the availability of beta-betalain pigment and micronutrients, folic acid, manganese and potassium in beetroot that possess to be a 

rich source of carbohydrates. 

 

4.4. Effect of nutrients 

In addition, studies have identified that an additional supplement of sources had enhanced production. Taghreed et al. 2020a,b,c,d, 

had stated that the additional supplement of starch with wheat bran has highly increased the activity of amylase. And it is also 

reported that amylase activity had been improved in addition to nitrogen sources.  Amylase activity is also stimulated by carbon 

sources in the culture medium. Similarly it has been  reported, enhancement of amylase activity in Bacillus thermooleovorans by 

addition of carbon sources such as starch, lactose, glucose and maltose. Supplementation of yeast extract of 594 U/g has increased 

the production of amylase in culture. In some species of Bacillus, addition of ammonium nitrate as nitrogen source along with the 

culture medium, proved to enhance the amylase production. However, the requirement levels of nutrients may vary with different 

species of microorganisms. 

 

4.5. Effect of substrate size 

The thickness of the substrates should be optimized for better enzyme productivity. Substrate thickness of 1 cm had been reported 

to provide a yield of 100 U/gms of amylase, by Rhizopus oryzae  using solid state fermentation. It is proved that the increase in the 

thickness of the substrate reduces the oxygen content and thus affects the microbial growth. On the contrary, the lower the thickness 

of the substrate will be unable to support the microbial growth( Olfa Benabda, et al. 2019a,b,c,d). It had been reported that under 

solid state fermentation with Bacillus strain, KR1 showed highest production with wheat bran (82.60+/- 0.636 U/gds) followed by 

rice bran (80.51 +/- 0.257 U/gds) (Kumar Pranay, et al., 2019a.b).  

 

4.6. Effect of substrate concentration 

The concentration of the substrate in the media is also a criteria that affects the growth of the microorganism and the productivity. 

Author, Moiedi Sunira Paul and Judia Harrriet Sumathy (2013) had reported that maximum yield of alpha amylase was obtained 

with 20 grams of banana peels using Bacillus subtilis after 24 hours of solid state fermentation. While an increase in the substrate 

concentration does not increase the yield of the enzyme.  

 

5. Conclusion 

Amylase is a commercially important enzyme that is widely used in different industries for various purposes. To meet these demands 

microbial production of amylase is opted. The enzyme is extracted from easily available microbes and food waste, which is a major 

advantage of this method, being cheap, easy to operate and environmentally friendly. Researchers have studied various substrates 

for the production of amylase and have reported the same. Similarly several bacterial and fungal strains have been found to be 

useful in the enzyme production, while species of Bacillus are considered to be more effective. Studies have been reported on 

various conditions and have proved that all the physical and chemical factors and parameters play a vital role in the enhancement 

and production of amylase. The process parameters under solid state fermentation plays a key role in the efficient production of 

amylase. 
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8. Future Prospective  

Future research can be carried out on much more substrates and microbial strains that produce large amounts of enzyme in a short 

period of time.  

● The optimum values and the relationship between each strain and substrate has to be focused and estimated to increase 

reliability.  

● Further research can be conducted on the wastes that are regenerated at large scale, to be utilized as a useful substrate for 

amylase production. 
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