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Abstract 
Amylase is an extracellular enzyme, which is involved in the starch processing industries where it breaks 

starch into simple sugar constituents. Two major classes of amylases namely α-amylase and 

glucoamylase have been identified in microorganisms. In addition, β-amylase which is of plant origin has 

also been reported from few microbial strains. These amylases are usually extracellular and are widely 

distributed in bacteria, actinomycetes and fungi. Amylases are of ubiquitous occurrence and holding 

maximum market share of enzyme sales. Compared to plant and animal origins, microbial α-amylase is 

the most popular source of industrial α-amylase. Microbial sources of α-amylases are cost effective and 

appropriate for industrial demands. These microbial amylases are now available commercially and they 

have almost completely replaced acid hydrolysis of starch in starch processing industry because of 

number of advantages such as specificity of the reaction, stability of the generated products, lower energy 

requirements and elimination of neutralization steps. Amylase has wide application in starch processing, 

baking, brewing, sugar production, textile industries and in detergent manufacturing processes. 

Interestingly, the first enzyme produced industrially was an amylase. This review focuses on the 

production, purification, characterization and immobilization of microbial amylase.   
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1. Introduction 

Enzymes, the natural catalysts which boost the rate of chemical reaction several folds have 

become an important and indispensable tool in many industries all over the world. 

Industrialization of biotechnological processes has led to the rapid use of enzymes in 

staggering quantities in food processing, animal and poultry feed, detergents, leather, tanning, 

textile and pharmaceutical industries etc. [1], making enzyme production an emerging field of 

biotechnology. On an industrial scale, amylases are produced using both solid state (SSF) and 

submerged fermentation (SmF) systems. Solid state system is more effective for amylase 

production [2]. However, on laboratory scale, submerged fermentation is more suitable due to 

its ease of operation and regulation [3]. 

Amylases are enzymes, which hydrolyze starch molecules to give diverse products including 

dextrins and progressively smaller polymer composed of glucose units. They can be 

categorized by their mode of action into four groups: a) α-amylase (1, 4- α -D-glucan 

glucanohydrolase), an endoenzyme randomly cleaves the α, 1-4 glucosidic linkage, b) β-

amylase (1, 4- α -D-glucan maltohydrolase), an exoenzyme hydrolyzes alternate α 1-4 

glucosidic linkage from the non- - 6 

linkage, c) glucoamylase (GA) (exo- α -1, 4-D-glucan glucanohydrolase), also called γ-

amylase, cleaves α,1- 4 -6 linkage releasing single glucose units from the non-

reducing and -6 glucosidic linkage of starch [4]. 

Amylases can be derived from several sources such as plants, animals and microorganisms. 

However, microbial sources are the most preferred one for large scale production meeting 

industrial demands [5]. The major advantage of using microorganisms for the enzyme 

production is that the process is economically viable and microbes are easy to manipulate to 

obtain enzymes of desired characteristics [6]. Two major classes of amylases namely α-amylase 

and glucoamylase have been identified in microorganisms. In addition, β-amylase which is of 

plant origin has also been reported from few microbial strains. These amylases are usually 

extracellular and are widely distributed in bacteria, actinomycetes and fungi [7]. Amylases were 

produced by number of microorganisms such as Bacillus [8], Penicillium rugulosum [9], and 

Trichoderma pseudokoningii [10] and Streptococyces aurofasciculans [11]. These microbial  
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amylases are now available commercially and they have 

almost completely replaced acid hydrolysis of starch in starch 

processing industry [12, 13] because of number of advantages 

such as specificity of the reaction, stability of the generated 

products, lower energy requirements and elimination of 

neutralization steps [14].  

First enzyme produced industrially was an amylase from a 

fungal source, which was used as a pharmaceutical aid for the 

treatments of digestive disorders [15]. Amylases are useful in a 

broad range of industrial applications ranging from baking, 

brewing, fermentation, textile, paper and detergents industries 
[16]. Amylases that are active at acidic pH are generally used 

in the glucose syrup industry, whereas those active at basic 

pH are explored in detergents. Due to the industrial 

importance of amylases, there is an ongoing interest in the 

isolation of new bacterial strains producing enzymes suitable 

for industrial applications such as alkaline amylases for the 

decrement industry and starch saccharifications [17]. A search 

for highly active amylolytic enzyme with novel properties is 

necessary to improve biotechnological processes. Properties 

such as thermostability [18], capacity to hydrolyze native starch 
[19], stability to high salt concentration [20] and activity over a 

wide range of pH attract particular attention. Although several 

microorganisms have been reported to produce amylases, 

increased use of microbial amylases has created the need to 

isolate strains producing amylases with characteristics that are 

more amenable to industrial and other useful applications [21].  

 

2. Microorganisms producing amylases  

Amylolytic enzymes from numerous sources degrade starch, 

the primary polysaccharide in plants. Amylases can be 

derived from plants, animals and microbes, but its production 

from microbial sources is cost effective and fulfills the 

industrial demands [5]. Amylase producing microorganisms 

mainly bacterial [22-26], fungi [11, 16] and yeast [27] has been 

isolated and identified. Among the bacteria, Bacillus species 

produce a large variety of extracellular enzymes such as 

amylases. Bacterial amylases are known to possess more 

thermostability than fungal amylases [28] therefore bacterial α-

amylases are preferred over fungal amylases. The α-amylases 

have generally been obtained from plant sources. Filamentous 

fungi apparently constitute the major source of glucoamylase 

among all microbes.  

 

3. Fermentation conditions  

There are two types of fermentation processes used for 

production of amylases i.e. Solid state fermentation (SSF) and 

submerged fermentation (SmF). Submerged fermentation 

technique is traditionally used because of ease of handling 

and great control of environmental factors such as 

temperature and pH [29]. The use of the submerged culture is 

advantageous because of the ease of sterilization and process 

control is easier to engineer in these systems [3].The SmF 

involves the growth of microorganisms as a suspension in a 

liquid medium whereas in SSF, microorganisms grows on the 

solidified medium [30]. Though amylase production has been 

carried out mainly under SmF [31, 32], SSF has been found 

effective for amylase production by various microorganisms 

viz. Aspergillus oryzae [2] and Humicola lanuginosa [16]. 

Optimization of various growth conditions viz., pH, size of 

inoculum, temperature and media like carbon and nitrogen 

sources are one of the most important techniques, used for the 

overproduction of enzymes in large quantities to meet 

industrial demands [33]. 

3.1 Inoculum size 

The inoculum size is an important factor for the production of 

microbial amylase. Higher inoculum concentration 

significantly increases the moisture content and leads to 

decrease in growth and enzyme production [34]. Lower 

inoculum size results in a lower number of cells in the 

production medium and requires a longer time to grow to an 

optimum number to utilize the substrate and to form the 

desired product [35]. It has been reported that 2% (v/v) 

inoculum size was optimum for production of amylase from 

Bacillus thermooleovorans NP54 [36]. Maximum amylase 

production was obtained from Aspergillus oryzae using 2% 

inoculum size having concentration of 6 x 107spore/ml [2]. Use 

of 3% inoculum size having 105 CFU/ml was optimum for 

amylase production [37]. The 10% inoculum size was proved 

to be best for amylase production from Bacillus sp. I-3 [38].  

 

3.2 Incubation period  

The incubation period for maximum amylase production 

varies with the type of the microorganisms used and it varies 

from 12h as reported for Bacillus thermooleovorans NP54 [36] 

to 6 days as reported for Humicola lanuginosa [16] for 

maximum enzyme production. Highest amylase production 

(3700 U) was obtained after 36h of incubation of 

Streptomyces erumpens [39]. Amylase production by Bacillus 

subtilis increased upto 72h of incubation period; thereafter the 

activity started declining [32]. However, in Bacillus sp.SMIA-

2, the enzyme production began in the exponential growth 

phase reaching a maximum at 32h, remained more or less the 

same up to 36h and then dropped to 30 U/ml at 48h [40]. 

Maximum amylase production from Bacillus sp. AS-1 was 

obtained at 24h of incubation. After 24h cell mass was 

increased but enzyme production declined and after 72h no 

activity was observed [41]. The productivity decreased 

significantly at the 8th day (1800 U). Similarly it was found 

that 19h incubation of Bacillus subtilis [34] and 72h incubation 

of Nocardiopsis sp. [42] were optimum for amylase production.  

 

3.3 pH of the medium 

The pH is one of the important factors that determine the 

growth and morphology of microorganisms as they are 

sensitive to the concentration of hydrogen ions present in the 

medium [43]. The pH change observed during the growth of 

microbes also affects product stability in the medium [12]. 

Each microorganism has a pH range for its growth and 

activity with an optimum pH range. Amylase synthesis from 

Bacillus sp. I-3 occurred at a wide pH range from 4.0 to 8.0 

with an optimum of 7.0 [38]. The amylase from Lactobacillus 

manihotivorans LMG18010T showed higher activity from pH 

4 to 6 with a maximum observed at 5.5 [44]. However, Bacillus 

thermooleovorans NP54 grown at varied pH levels (4 to 8) 

showed maximum enzyme production at pH 7.0 [36]. 

Similarly, neutral pH (7.0) was optimum for high amylase 

production by Bacillus sp. AS-1 [41], Bacillus subtilis [45] and 

Penicillium rugulosum [9].The influence of pH of medium on 

amylase production by different species of Bacillus showed 

maximum activity by Bacillus SMIA-2 at pH 8.5 [40], by 

Bacillus subtilis at pH 7.5 [46]. The cultivation of 

microorganism at an unfavorable pH value may limit the 

growth rate and amylase production.  

 

3.4 Incubation temperature  

The influence of temperature on amylase production is related 

to the growth of the organism. Hence, the optimum 
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temperature depends on whether the culture is mesophillic or 

thermophilic [43]. The maximum release of amylase occurred 

at 50 ºC (266 U/g) when Humicola lanuginosa was subjected 

to varied temperature (30-80 ºC) [16]. It has been showed that 

the production of amylase by Bacillus sp. I-3 on varying the 

fermentation temperature from 30-60 ºC, with an optimum of 

37 ºC (900 U/ml) [38]. The optimum temperature for amylase 

production by Streptomyces erumpens was 50 ºC with 

amylase activity of 3480 units. Beyond 50 ºC, there was 

sudden a decrease in enzyme production [39].  

 

3.5 Carbon source  

Amylase is an inducible enzyme and is generally induced in 

the presence of carbon sources such as starch, its hydrolytic 

product, or maltose [47]. However, constitutive production of 

amylase has also been reported [36]. Glucose, xylose, 

galactose, sucrose, mannitol, fructose and lactose were found 

to be good sources for production of amylase [46]. Starch was 

found to support amylase synthesis in Bacillus sp. K-12 [48], 

Bacillus subtilis [46] and Streptomyces erumpens MTCC 7317 
[39]. Avdiiuk and Varbanets [49] reported that 0.1% insoluble 

starch was best to enhance the production of amylase from 

Bacillus subtilis US147. Galactose at the concentration of 

1.0% proved to be the best inducer for amylase production 

(324 U/ml) by Bacillus subtilis sp. I-3 [38], Penicillium 

rugulosum [9]. Agricultural wastes are used for both liquid and 

solid fermentation to reduce cost of fermentation media. 

These wastes consist of carbon sources necessary for the 

growth and metabolism of organisms. These sources include 

orange waste, pearl millet, potato, corn, tapioca, wheat and 

rice as flours [50]. Wheat bran has been used for the economic 

production of α -amylase by SSF [6]. 

 

3.6 Nitrogen source  

It has been reported that more amylase was produced when 

organic nitrogen compounds were used [51]. Aiyer [52] 

compared the influence of organic and inorganic nitrogen 

sources and reported peptone to be a better nitrogen source for 

enzyme production by B. licheniformis SPT 278 than 

ammonium hydrogen phosphate. Maximum production of 

amylase was achieved when beef extract (1%) was used as 

nitrogen source in production medium [39]. Malhotra et al. [36] 

observed that tryptone is best nitrogen source for maximum 

amylase production by B. thermooleovorans NP54. 

Supplementation of casein hydrolysate to the medium resulted 

in 143% higher yield α-amylase productivity by Aspergillus 

oryzae A-1560 as compared to ammonia. Yeast extract along 

with ammonium sulphate also gave significant enzyme 

productivity (110%) by A. oryzae [53]. Apart from this, various 

inorganic salts such as ammonium sulphate and ammonium 

nitrate have been reported to support better α-amylase 

production in various species of Aspergillus, viz. A. nidulans 
[47] and A. oryzae [54]. 

 

4. Purification of amylase  

The enzyme application in pharmaceutical and clinical sectors 

requires high purity amylases. The enzyme in purified form is 

also a pre-requisite in studies of structure function 

relationships and biochemical properties [12]. As purification 

of extracellular protein is easier than the intracellular proteins, 

extracellular amylases have been purified to homogeneity by 

several researchers [5, 39, 44, 55]. Traditionally the purification of 

amylases from fermentation media has been done in several 

steps, which include centrifugation of the culture, selective 

concentration of the supernatant usually by ultra filtration and 

selective precipitation of the enzyme by ammonium sulphate. 

Then the enzyme is subjected to chromatographic techniques 

such as ion exchange and gel filtration chromatography [5]. 

The need for large scale cost effective purification of proteins 

has resulted in evolution of techniques that provide fast, 

efficient and economical protocols in fewer processing steps.  

Using this purification strategy, amylase has been purified 5.4 

fold from B. subtilis [56], 4.3 fold from B. acidocaldarius [57], 5 

fold from B. cohnii US 147 [58] and 203.29 fold from B. 

licheniformis [21]. Thermostable amylase from streptomyces 

sp. has been purified 2130 fold with specific activity 11.7 

Units mg-1 protein and 60% yield [59]. Amylase enzymes was 

purified 25.14 fold by acetone prepitation, column 

chromatography on sephadex G-100 and DEAE-cellulose 

from Penicillium olsonii with specific activity 23.45 U mg-1 

protein and 36.5% recovery [60]. Kaur and Satyanarayana [61] 

reported, 2.5 fold purification of amylase from thermophilic 

mould, Thermomucor indicae-seudaticae. Purification fold of 

2.7 was obtained in the successive chromatographics from the 

Bacillus strain GM 8901 [62]. Yoshigi et al. [63] found 1101 

fold purification of amylase from B. cereus NY-14 with 

specific activity 315 Umg-1 proteins and 30% yield. Alpha-

amylase was partially purified 2.6 fold from Streptomyces 

erumpens MTCC-7317 with specific activity on 3912.92 

Umg-1 proteins with a yield of 20.70% [39]. The α-amylase 

secreted by Geobacillus thermodenitrificans HR010 was 

purified to homogeneity (13.6 fold purification with 11.5% 

yield) by using ammonium sulfate precipitation, ion-exchange 

chromatography and gel-permeation chromatography [64]. 

 

5. Characterization of amylase  

5.1 Molecular weight  

Microbial amylases have been extensively characterized for 

their physico-chemical properties. Krishnan and Chandra [65] 

noted that many amylases fall into a pattern of low molecular 

mass and high molecular mass value. Amylase of low 

molecular weight of 10 kDa [66] and high molecular weight of 

100 kDa [21] and 135 kDa [44] have also been reported. 

Endoamylases are almost exclusively single subunit proteins; 

however, some amylases especially those having large 

molecular weight are found to possess more than one subunit 

as reported in Aureobasidium pullulans N13d [27] and 

Pyrococcus furiosus [67].  

 

5.2 Temperature optima and thermostability  

Thermostable α-amylases have many commercial 

applications. These enzymes are used in paper and textiles 

industries, starch liquefaction, food adhesive and sugar 

production [5]. The optimum temperature of majority of 

amylases lies in the range of 30 ºC [68] to 100 ºC [36]. However, 

thermostable amyalses have been isolated from a number of 

thermophilic organisms. Thermostable amylases having 

temperature optima of 90 ºC have been isolated from a 

number of sources including Bacills licheniformis NCIB 6346 
[69] and Bacillus licheniformis [21]. The enzyme from Thermus 

sp. [70], Nocardiopsis sp. [42], Bacillus sp. A3-15 [71], B. cohnii 

US147 [58] exhibited maximum activity at 70 ºC.  

 

5.3 pH optima and stability  

For the application of amylase in industries, screening criteria 

for amylases from different microbial strains involves good 

thermostability and broad pH range. Amylases that are active 

at acidic pH are generally used in the glucose syrup industry, 
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whereas those active at basic pH are explored in detergent 

industry [17]. An extracellular amylase purified from Bacillus 

cereus NY-14 exhibited optimal pH of 6.0 [63] while that from 

Bacillus licheniformis NCIB 6346 exhibited pH optima of 7.0 
[69]. The pH optima of amylases vary from 2 to 12 [72]. 

Amylases from most bacteria and fungi have pH optima in the 

acidic to neutral range. Amylase from Alicyclobacillus 

acidocaldarius showed an acidic pH optima of 3 [73] in 

contrast to the alkaline amylase with optima of pH 9-10.5 

reported from an alkalophilic Bacillus sp. [74]. Amylase had an 

optimal pH of 7.5 from B. licheniformis [21] and B. subtilis [46].

  

5.4 Substrate specificity and kinetic parameters  

The amylases differ in their specificity towards substrate. It 

varies from microorganism to microorganism [12]. The 

substrate specificity of the amylase was evaluated using 

soluble starch, amylase, amylopectin, glycogen, maltodextrins 

and α-and β-cyclodextrins. Amylose was found to be the best 

substrate for α-amylase from Lactobacillus manihotivorans 

LMG 18010T [44], Bacillus licheniformis CUMC 305 [65]. Uyar 

et al [75] reported that starch was best substrate for α -amylase 

from B. subtilis. Raw potato starch was best substrate for 

extracellular amylase from Aureobasidium pullulans N13d 
[27]. Amylases differ in their kinetic properties depending on 

the source of their production and the substrate used for the 

reaction. The enzyme showed Km values in the range of 0.19 

mg ml-1 [76] to 5.75 mg ml-1 [27] and Vmax in the range of 0.016 

U/ml [75] to 7.35 U ml-1 [64]. The amylase of B. cohnii US 147 

had Km and Vmax values of 0.7 mg/ml and 2.2 U/ml 

respectively [58]. 

 

5.5 Effects of additives  

The effect of metal ions, chemical modifiers, detergents and 

metal chelators on the stability and activity of purified 

amylases have been reported by many workers. Most of 

amylases are known to be dependent on metal ions namely, 

divalent ions like Ca2+, Mg2+, Mn2+, Fe2+ for their activities. 

Ca2+ has been reported to increase α-amylase activity of an 

alikaliphilic Bacillus sp. ANT-6 [77]. The stabilizing effect of 

Ca2+ on thermostability of the enzyme could be due to the 

salting out of hydrophobic residues by Ca2+ in the protein [38]. 

Contrarily Malhotra et al. [36] reported that α-amylase from B. 

thermoolevorans NP54 and B. cereus NY-14 [63] didn’t 

require calcium ions for their activity or production. The 

inhibition with Zn2+ was found to be an important parameter 

determining the thermostability of the amylase. Infact, it had a 

potent inhibitory effect on the amylases from B. cereus NY-

14 [63], Bacillus sp. ANT-6 [77], whereas it had no effect at all 

on the amylase of Aspergillus kowachii [78]. Mahmoud et al 
[79]explained metal ions might have stimulated the enzyme 

activity by acting as a binding link between enzyme and 

substrate, combining with both and so holding the substrate 

and the active site of the enzyme.  

 

6. Immobilization of amylase  

The catalytic activity of an enzyme depends on its three 

dimensional structure and conformation. Any permanent or 

temporary change in its natural conformation caused by any 

physical or chemical agent affects its catalytic function. Thus, 

it becomes necessary to protect enzymes to sustain its 

catalytic activity. Inspite of their excellent catalytic 

properties, enzymes properties have to be usually improved 

before their implementation at industrial scale. Soluble 

enzymes have to be immobilized to be reused for a long time 

in industrial reactors. Immobilization of enzyme is one of the 

methods for protecting and stabilizing the enzymes, thereby 

enhancing their properties and operational stability. 

Immobilized enzymes are used in food technology, 

biotechnology, biomedicine and analytical chemistry. They 

have various advantages over free enzymes including easy 

separation of the reactants, products and reaction media, easy 

recovery of the enzyme, and repeated or continuous reuse [80]. 

In addition, the reaction product is not contaminated with the 

enzyme (especially useful in the food and pharmaceutical 

industries). Furthermore, the immobilized enzyme has a 

longer half-life and predictable decay rate [81]. Effective 

enzyme immobilization can be achieved using several 

techniques including adsorption to insoluble materials, 

entrapment in polymeric matrix encapsulation, cross linking 

with a bifunctional reagent, or covalent linking to an insoluble 

carrier [82]. The nature of the solid support or matrix plays an 

important role in retaining the actual conformation and 

activity of enzyme in the processes that utilized immobilized 

biocatalysts. Therefore, amongst the various methods used, 

entrapment is taken as the most preferable method because it 

prevents excessive loss of enzyme activity after 

immobilization, increase enzyme stability in 

microenvironment of matrix, protects enzyme from microbial 

contamination. Milosavic et al. [83] immobilized the 

glucoamylase via its carbohydrate moiety on macroporous 

poly (GMA-CO-EGDMA).  

Alpha-amylase from Bacillus cereus MTCC 10205 was 

immobilized by entrapment in alginate beads and carrageenan 

as well as via adsorption on charcoal. The immobilized α-

amylase enzyme displayed higher pH (6.0) and temperature 

optima (60ºC) as compared to free enzyme. Thermostability 

and storage ability of enzyme was also improved after 

immobilization [84]. Amylase from B. acidocaldarius was 

immobilized by four method viz. covalent binding, ionic 

binding, entrapment and adsorption with immobilization yield 

of 86.4%, 85.3%, 60.3% and 53.3% respectively [57]. 

Immobilization yield of alignate entrapped amylase from B. 

circulans [85]. Immobilized enzyme showed enhances 

resistance to thermal and chemical denaturation, increased 

temperature optima and rapid rate of substrate saturation. The 

specific activity of α-amylase on the zirconium dynamic 

membrane was 21.85 U/mg protein at its optimum pH 5.5 and 

temperature 41 ºC, compared with the highest specific activity 

of 1.91 U/mg protein of the free enzyme at an optimum pH 

6.6 and 63 ºC temperature [86]. 

The kinetic properties of the enzyme were found altered upon 

immobilization of enzyme. Immobilized enzymes generally 

show increase in Km values and decreased Vmax values. The 

Km value for immobilized amylase on alumina was 4.67 

U/ml, which was 1.8 fold higher than that of free enzyme. The 

Vmax was 0.99 U/min while that of free enzyme is 1.02 x 10-4 

U/min [81]. Contrarily, Both Km and Vmax of immobilized 

amylase were found to be higher than of free one [46]. This 

increase is a consequence of either structural change in the 

enzyme introduced by the applied immobilization procedure 

and/or lower accessibility of the substrate to the active site of 

the immobilized enzyme.  

The operational stability of enzymes has been reported to 

increase upon immobilization and suggested to be exploited 

on industrial scale. The alginate entrapped amylase was active 

upto 7 cycles containing 85% activity [85]. Gangadharan et al. 
[87] reported that aliginate entrapped amylase retained 40% of 

efficiency in 6th and 7th batch run of 6h duration and greater 
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than 60% of their initial efficiency after 5 batches of 

successive use. Kahraman et al. [88] found that covalently 

bound enzyme demonstrated greater than 98% activity after 6 

runs and 81.4% activity after 25 runs. It was found that 

immobilized barley β-amylase stored at 4 ºC retained 

approximately 90% of its original activity after 30 days, 

whereas free β-amylase retained only 47% of its activity [89]. 

 

7. Commercial application of amylases  

Amylases are among the most important hydrolytic enzymes 

for all starch based industries and were first commercialized 

in 1984 as a pharmaceutical aid for the treatment of digestive 

disorders [15]. Conversion of starch into sugar, syrups and 

dextrins forms the major part of the starch processing industry 
[53]. Various applications of amylases are dealt here in brief. 

 

7.1 Bread and baking industry and as an antistaling agent  

These enzymes were used in bread and rolls to give these 

products a higher volume, better colour, and a softer crumb 
[90]. Alpha-Amylase supplementation in flour not only 

enhances the rate of fermentation and reduces the viscosity of 

dough but also generates additional sugar in the dough, which 

improves the taste, crust colour and toasting qualities of the 

bread [91]. One of the new applications of α-amylase in the 

industry has been in retarding the staling of baked products, 

which reduces the shelf life of these products. 

Recently emphasis has been given to the use of enzymes in 

dough improvement/as anti-staling agents, e.g. α-amylase, 

branching enzyme, debranching enzymes and maltogenic 

amylases. Pullulanses and α-amylase combination are used 

for efficient antistaling property. 

 

7.2 Starch liquefaction and saccharification  

Liquefaction is a process of dispersion of insoluble starch 

granules in aqueous solution followed by partial hydrolysis 

using thermos table amylases [52]. It is the first and most 

important step in starch processing. The purpose is to provide 

hydrolyzed starch suspension of low viscosity, stable to 

retrogradation and suitable for further processing, i.e. 

saccharification. Hattori [92] found that the most important 

factor for ideal liquefaction of starch is that the starch slurry 

which contains suitable amount of α-amylase is treated at 105 

to 107ºC as quickly and uniformly as possible. 

 

7.3 Paper industry  

The use of α-amylase for the production of low viscosity, high 

molecular weight starch for coating of paper has been 

reported. The viscosity of the natural starch being too high for 

paper sizing, could be adjusted by partially degrading the 

polymer with α-amylases in a batch or continuous processes. 

The conditions depend upon the source of starch and the α-

amylase used [93]. 

 

7.4 Detergent applicants  

Amylases have been used in powder laundry detergents since 

1975. Now days, 90% of all liquid detergents contain α-

amylase and the demand for α-amylase for automatic 

dishwashing detergents is growing. Most wild type α-

amylases were sensitive to oxidants which are generally a 

component of detergent formulations. Stability against 

oxidants in household detergents was achieved by utilizing 

successful strategies followed with other enzymes such as 

protease. Amylases from Bacillus sp. A3-15 [71], B. 

lichonformis NH1 [94] are used in detergent industry.  

7.5 Analysis in medicinal and clinical chemistry  

There are several processes in the medicinal and clinical areas 

that involve the application of amylases. A process for the 

detection of higher oligosaccharides, which involved the 

application of amylase was also developed [95].This method 

was claimed to be more efficient than the silver nitrate test.  

 

8. Future perspectives and conclusion 

Microbial α-amylase is one of the most important industrial 

amylases, occupying approximately 30 % of the global 

enzyme market [25]. As the above review shows, amylases are 

one of the most important enzymes in industrial processes. 

Although the use of amylases, especially α-amylases, has 

been prevalent for many decades in starch liquefaction and 

other starch based industries and for the efficient production 

of this enzyme a number of microbial sources exist. In 

addition, the demand for these enzymes is also limited to 

specific applications, such as in the food industry, where 

fungal α -amylases are preferred over other microbial sources 

because of their more accepted generally recognized as safe. 

In addition, more efficient α -amylases are needed in different 

sectors, which can be achieved either by chemical 

modification of existing enzymes or by means of protein 

engineering. Alpha-amylases are now becoming more 

important in biopharmaceutical applications. However, their 

application in the food and starch industries is the main 

market and therefore the demand for amylases in these sectors 

would always be high. It is reasonable to believe that 

microbial amylase plays a more important and diverse role in 

our daily lives by transforming academic achievements in 

biomolecular research into commercialized products. 
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