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Abstract Amylases are important hydrolase enzymes which have been widely used since many decades. These
enzymes randomly cleave internal glycosidic linkages in starch molecules to hydrolyze them and yield dextrins and
oligosaccharides. Among amylases a-Amylase is in maximum demand due to its wide range of applications in the
industrial front. With consumers growing increasingly aware of environmental issues, industries find enzymes as a
good alternative over other chemical catalysts. a-Amylase can be produced by plant or microbial sources. Due to the
advantages that microbial production offers, a-Amylase from microorganisms has been focused upon and preferred
to other sources for production. The ubiquitous nature, ease of production and broad spectrum of applications make
a-Amylase an industrially important enzyme. This report focuses on the microbial production of a-Amylase and its
applications.
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1. Introduction

Enzymes are biological catalysts which are an
indispensible component of biological reactions. The use
of chemical catalysts has been followed for a very long
time. Chemical catalysis though widely used was very
cumbersome. The disadvantages that this method poses
include need for high temperature and pressure for
catalysis and the moderate specificity. These limitations
were overcome by the use of enzymes. Enzymes work at
milder conditions when compared to that required by
chemical catalysts for operation. Also enzymes are highly
specific and catalyze reactions faster than chemical
catalysts [1]. Enzymes are now being used in various
sectors of industry. They are used in detergents, paper
industry, textile industry, food industry and many others
industrial applications. Enzymes have been in use since
ancient times [2] and they have been used in
saccharification of starch, production of beverages like
beer, treatment of digestive disorders and production of
cheese from milk [3]. Among the many enzymes that are
widely used a-Amylase has been in increasing demand
due to its crucial role of starch hydrolysis and the
applications of this hydrolytic action. The following
sections elaborate on the types of amylases and their roles
in enzymatic reactions.

2. Types of Amylase

2.1. a-Amylase

a-Amylase (E.C.3.2.1.1) is a hydrolase enzyme that
catalyses the hydrolysis of internal a-1, 4-glycosidic

linkages in starch to yield products like glucose and
maltose. It is a calcium metalloenzyme i.e. it depends on
the presence of a metal co factor for its activity [4]. There
are 2 types of hydrolases: endo-hydrolase and exo-
hydrolase. Endo- hydrolases act on the interior of the
substrate molecule, whereas exo-hydrolases act on the
terminal non reducing ends [2]. Hence, terminal glucose
residues and a-1, 6-linkages cannot be cleaved by a-
amylase. The substrate that a-amylase acts upon is starch.
Starch is a polysaccharide composed of two types of
polymers - amylose and amylopectin. Amylose
constitutes 20-25% of the starch molecule. It is a linear
chain consisting of repetitive glucose units linked by a-1,
4-glycosidic linkage. Amylopectin constitutes 75-80% of
starch and is characterized by branched chains of glucose
units. The linear successive glucose units are linked by a-
1, 4-glycosidic linkage while branching occurs every 15-
45 glucose units where a-1, 6 glycosidic bonds are present.
The hydrolysate composition obtained after hydrolysis of
starch is highly dependent on the effect of temperature, the
conditions of hydrolysis and the origin of enzyme. The
optimum pH for activity is found to be 7.0 [4].a-Amylase
has become an enzyme of crucial importance due to its
starch hydrolysis activity and the activities that can be
carried out owing to the hydrolysis. One such activity is
the production of glucose and fructose syrup from starch.
a-Amylase catalyses the first step in this process.
Previously, starch was hydrolyzed into glucose by acid
hydrolysis. But this method has drawbacks like the
operating conditions are of highly acidic nature and high
temperatures. These limitations are overcome by enzyme
hydrolysis of starch to yield high fructose syrup.

The use of enzymes in detergents formulations has also
increased dramatically with growing awareness about
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environment protection. Enzymes are environmentally
safe and enhance the detergents ability to remove tough
stains. They are biodegradable and work at milder
conditions than chemical catalysts and hence preferred to
the latter. There are many such applications of the enzyme
which is the driving force behind the research to produce
this enzyme in an optimum, safe and convenient manner

2.

Figure 1. Structure of a-Amylase [5]

2.2. p— Amylase

B-Amylase (EC 3.2.1.2) is an exo-hydrolase enzyme
that acts from the nonreducing end of a polysaccharide
chain by hydrolysis of a-1, 4-glucan linkages to yield
successive maltose units. Since it is unable to cleave
branched linkages in branched polysaccharides such as
glycogen or amylopectin, the hydrolysis is incomplete and
dextrin units remain. Primary sources of p-Amylase are
the seeds of higher plants and sweet potatoes. During
ripening of fruits, B-Amylase breaks down starch into
maltose resulting in the sweetness of ripened fruit. The
optimal pH of the enzyme ranges from 4.0 to 5.5. B-
Amylase can be used for different applications on the
research as well as industrial front. It can be used for
structural studies of starch and glycogen molecules
produced by various methods. In the industry it is used for
fermentation in brewing and distilling industry. Also, it is
used to produce high maltose syrups [6].

2.3.y—Amylase

y-Amylase (EC 3.2.1.3 ) cleaves o(1-6)glycosidic
linkages, in addition to cleaving the last a(1-4)glycosidic
linkages at the nonreducing end of amylose and
amylopectin, unlike the other forms of amylase, yielding
glucose. y- amylase is most efficient in acidic
environments and has an optimum pH of 3 [6].

3. Production of a-Amylase

3.1. Sources

a-Amylase can be isolated from plants, animals or
microorganisms. The enzyme has been isolated from
barley and rice plants [7]. It has been found that cassava

mash waste water is a source of a-Amylase which is
active in wide range of pH and temperature [8]. In the
recent past, there has been extensive research on microbial
production of a-Amylase. There are 2 major reasons for
the increasing interest in microbial sources:

1) The growth of microorganisms is rapid and this will
in turn speed up the production of enzyme.
Microorganisms are easy to handle when compared to
animals and plants. They require lesser space and serve as
more cost effective sources.

2) Microorganisms can be easily manipulated using
genetic engineering or other means. They can be subjected
to strain improvement, mutations and other such changes
by which the production of a-Amylase can be optimized.
Also, the microorganisms can be tailored to cater to the
needs of growing industries and to obtain enzymes with
desired characteristics like thermostability for example.
Thermostable a-Amylases are desired as they minimize
contamination risk and reduce reaction time, thus saving
considerable amount of energy. Also when hydrolysis is
carried out at higher temperatures, the polymerization of
D-glucose to iso-maltose is minimized [9].

a-Amylase is produced by several bacteria, fungi and
genetically modified species of microbes. The most
widely used source among the bacterial species is the
Bacillus spp. B. amyloliquefaciens and B. licheniformis
are widely used for commercial production of the enzyme.
Other species which have been explored for production of
the enzyme include B.cereus and B. subtilis to name a few.
a-Amylases produced from Bacillus licheniformis,
Bacillus stearothermophilus, and Bacillus
amyloliguefaciens show promising potential in a number
of industrial applications in processes such as food,
fermentation, textiles and paper industries [9,10]. Bacillus
subtilis, Bacillus stearothermophilus, Bacillus
licheniformis and Bacillus amyloliquefaciens are known to
be good producers of thermostable a-Amylase.
Thermostability is an important characteristic as
enzymatic liquefaction and saccharification of starch are
performed at high  temperatures  (100-110°C).
Thermostable amylolytic enzymes are being investigated
to improve industrial processes of starch degradation and
are useful for the production of valuable products like
glucose, crystalline dextrose, dextrose syrup, maltose and
maltodextrins. Use of enzyme produced by thermophiles
has the added advantage of reduced risk of contamination
by mesophiles. Enzymes produced by some halophilic
microorganisms are stable at high salinities and therefore
could be used in many harsh industrial processes where
the concentrated salt solutions are used [4]. The halophilic
nature the enzyme prevents inhibition of its activity under
these conditions which would otherwise occur if a normal
enzyme is used. In addition, most halobacterial enzymes
are considerably tolerant to high temperatures and remain
stable at room temperature over long periods [4].
Halophilic amylases from halophilic bacteria such as
Chromohalobacter sp., Halobacillus sp., Haloarcula
hispanica, Halomonas meridiana [11], and Bacillus
dipsosauri have been characterized.

Fungal sources of a-Amylase are confined to terrestrial
isolates, mostly to Aspergillus species and to only few
species of Penicillium, P. brunneum being one of them
[12]. Penicillium fellutanum has been used in the recent
past to produce a-Amylase by submerged fermentation
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[12]. Penicillium expansum MT-1 has been used to
produce the enzyme by solid state fermentation. Here,
Loquat (Eriobotrya japonica Lindley) kernels were used as
the substrate for growth of the fungi [13]. Penicillium
chrysogenum was used as the microbial source for
producing amylase by solid state fermentation using
various substrates such as, corncob leaf, rye straw, wheat
straw and wheat bran [14]. The fungal source used
predominantly for commercial production of a-Amylase
are the strains of Aspergillus spp. Aspergillus oryzae, A.
niger and A. awamori are most commonly used species
for commercial production among several others [9].
Aspergillus fumigatus has been employed for production
of the enzyme by submerged fermentation technique [15].

Genetically modified organisms are also being used for
production of a-Amylase. There are various methods by
which microorganisms can be manipulated at a genetic
level in order to improve and optimize the production of
this enzyme. The microbes can be mutated by chemical
agents. Nitrous acids or ethyl methane sulphonate (EMS)
have been used for genetic manipulation of bacterial
strains [16]. Bacillus amyloliquefaciens UNG-16 was
subjected to mutation by both the chemical (EMS) and
radiation method. The mutant strain exhibited an activity
of 102.78+2.22 U/ml/min which was 1.4 times greater
than the parent strain [17]. a-Amylase production in B.
subtilis Marburg was improvised by treatment with N-
methyl-N'-nitro-N-nitrosoguanidine. One of the mutants,
YN9, showed a threefold increase in production of the
enzyme when compared to the parent strain [18]. The
microbial sources and methods used to produce o-
Amylase are listed in Table 1.

3.2. Production Methods

There are mainly two methods which are used for
production of a-Amylase on a commercial scale. These
are: 1) Submerged fermentation and 2) Solid State
fermentation. The latter is a fairly new method while the
former is a traditional method of enzyme production from

microbes which has been in use for a longer period of time.

Submerged fermentation (SmF) employs free flowing
liquid substrates, such as molasses and broths. The
products yielded in fermentation are secreted into the
fermentation broth. The substrates are utilized quite
rapidly; hence the substrates need to be constantly
replenished. This fermentation technique is suitable for
microorganisms such as bacteria that require high
moisture content for their growth. SmF is primarily used
for the extraction of secondary metabolites that need to be
used in liquid form [19]. This method has several
advantages. SmF allows the utilization of genetically
modified organisms to a greater extent than SSF. The
sterilization of the medium and purification process of the
end products can be done easily. Also the control of
process parameters like temperature, pH, aeration, oxygen
transfer and moisture can be done conveniently [20].

Solid state fermentation is a method used for microbes
which require less moisture content for their growth.

The solid substrates commonly used in this method are,
bran, bagasse, and paper pulp. The main advantage is that
nutrient-rich waste materials can be easily recycled and
used as substrates in this method. Unlike SmF, in this
fermentation technique, the substrates are utilized very

slowly and steadily. Hence the same substrate can be used
for a longer duration, thereby eliminating the need to
constantly supply substrate to the process [20]. Other
advantages that SSF offers over SmF are simpler
equipments, higher volumetric productivity, higher
concentration of products and lesser effluent generation
[19]. For several such reasons SSF is considered as a
promising method for commercial production of enzymes.

Table 1. Microbial sources and the mode of fermentation used for

production
Bacterial source Method Reference
B.amyloliquefaciens SSF [7]
Bacillus licheniformis SSF [22]
Bacillus coagulans SSF [23]
Chromohalobacter sp TVSP-101 [24]
B. polymyxa SSF [23]
B. mesentericus SSF [23]
B. vulgarus SSF [23]
B. megaterium SSF [23]
Bacillus licheniformis GCB-U8 SmF [25]
Bacillus sp. PS-7 SSF [26]
Bacillus licheniformis M27 SSF [27]
Halobacillus sp MA-2 SmF [28]
Halomonas meridiana SmF [11]
Rhodothermus marinus SmF [29]
Bacillus cereus MTCC 1305 SSF [30]
Fungal source Method Reference
Aspergillus oryzae SSF [31]
Penicillium fellutanum SmF [12]
Thermomyces lanuginosus SSF [32]
Aspergillus niger SSF, Smf [33]
Penicillium roquefortii SSF [6]
Streptomyces rimosus SSF, Smf [34]
Aspergillus kawachii SSF, Smf [35]
Penicillium chrysogenumm SSF [36]
Penicillium janthinellum (NCIM 4960) SSF [37]
Aspergillus awamori SmF [38]
Pycnoporus sanguineus SSF [39]

*SSF-Solid state Fermentation
* SmF- Submerged Fermentation

Fungal sources have been investigated for a-Amylase
production through submerged and solid state
fermentation. However, studies reveal that SSF is the most
appropriate process in developing countries due to the
advantages it offers which make it a cost effective
production process [20]. Also SSF provides a medium that
resembles the natural habitat of fungal species, unlike Smf
which is considered a violation of their habitat [40].

3.3. Process Parameters

The optimum process control parameters vary
depending on the microbial source, desired end product,
method of fermentation employed and many other such
factors.

3.3.1. Temperature

There are two temperatures that need to be in optimum
range during production. They are temperature for the
growth of the microbial source and optimum temperature
at which maximum production of enzyme takes place. The
optimum temperatures for both were studied in strains of
B. licheniformis and B. subtilis 29. The optimum
temperatures for growth and a-Amylase production were
found to be 45°C to 46 °C and 50 °C, respectively. In B.
subtilis 29 the optimum temperature for growth (42°C)
was higher by 5°C than that of amylase formation (37°C)
[40]. Thermophilic archaeal o-Amylases are active and
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grow at high temperatures. Studies by B. Jensen, et al.
(1992) and L. Bunniet al. (1989) reveal that optimal
production of amylase is between 50-55°C for the
thermophilic fungal cultures such as Talaromyces
emersonii, Thermomonospora fusca and Thermomyces
lanuginosus. Thermococcus a-Amylases are optimally
active at temperatures close to 80°C. Pyrococcus enzymes
are optimally active around 100°C [32]. An optimum
range of 95-100°C was observed to yield maximum
enzyme activity in a study involving Pyrococcus furiosus
[41]. Penicillium fellutanum showed an optimum activity
of 98+4.6 U/ml at a temperature of 30°C [42]. An optimal
temperature of 50°C was observed when temperature was
varied within a range of 30-90°C for production of a-
Amylase by Aspergillus oryzae [43]. When solid state
fermentation was carried out for production of the enzyme
by Penicillium janthinellum in a range of 30-55°C, the
optimum incubation temperature was found to be 45°C
[37]. The enzyme production increases with increase in
temperature till it reaches the optimum. With further
increase in temperature the enzyme production decreases.
This may be due to the loss of moisture in the substrate
which adversely affects the metabolic activities of the
microbes leading to reduced growth and decline in
enzyme production [37]. The optimum temperature for
production of the enzyme by Bacillus sp. isolated from
dhal industry waste was found to be 60°C [44]. The o-
Amylase produced by Clostridium acetobutylicum was
incubated at temperatures ranging from 30-60°C. The
optimal activity was found to be at 45°C [45].
Rhodothermus  marinus, a thermophilic  marine
microorganism exhibited optimal yield of thermostable a-
Amylase at 61°C [29]. Maximum a-Amylase production
of a-amylase by Alteromonas haloplanktis was found at an
optimal temperature of 4°C [46].

3.3.2.pH

Optimum pH is a critical factor for the stability of
enzyme produced. Enzymes are pH sensitive and hence
care must be taken to control the pH of the production
process. Pyrococcus furiosus produces a-Amylase which
shows activity at an optimum pH of 6.5-7.5 [41]. The
production of extracellular amylase by the thermopbhilic
fungus Thermomyces lanuginosus was investigated in
solid state fermentation (SSF). The maximum enzyme
activity was 534 U/g when wheat bran was used as the
substrate with optimum pH conditions of 6.0 [21].
Bacillus amyloliquefaciens produces the enzyme with an
optimum pH of 7.0 [42]. Halomonas meridiana was
studied for optimization of a-Amylase production. The
study revealed that the amylase exhibited maximal activity
at pH 7.0, being relatively stable in alkaline conditions
[11]. The optimum pH for production of the enzyme by
Bacillus sp. isolated from dhal industry waste was found
to be 6.5 [44]. Aspergillus sp.such as A. oryzae, A. ficuum
and A. niger exhibit optimal production at pH 5.0-6.0 in
SmF [47,48,49]. Saccharomyces cerevisiae and S. kluyveri
have shown maximum yield of enzyme at pH 5.0 [50,51]
and pH of 7.0 respectively [52,53,54]. An initial pH range
7.5 to 8 was found to be optimal for enzyme production
by Rhodothermus marinus  [29].  Thermophilic
microorganisms such as P. woesei and Thermococcus
profundus exhibited optimal production of a-Amylase at
pH value of 5.0 [55]. Clostridium thermosulfurogenes

yielded maximum enzyme at a pH of 7.0 [56]. An
optimum pH of 9.0 was observed to yield enzyme with
specific activity of 138 U/mg in the fungi Preussia
minima [57]. During production of a-Amylase from P.
fellutanum the optimum pH was found to fall within the
range of 6.0 to 7.0 [12].

3.3.3. Duration of fermentation

This is a crucial factor in fermentation process. If the
process is carried out for a time period shorter than the
optimum duration the maximum yield cannot be obtained.
The enzyme activity increases with increase in incubation
time till it reaches the optimum duration. In most cases,
the production of enzyme begins to decline if the
incubation time is further increased. This could be due to
the depletion of nutrients in the medium [31,58] or release
of toxic substances. Bacillus subtilis, a well known
producer of alpha amylase was studied for comparison
between different fermentation hours and the study
revealed a high yield of alpha amylase after 48 hours of
fermentation [59]. Different incubation time durations
were compared for yield of amylase from Penicillium
fellutanum isolated from mangrove rhizosphere soil. The
culture when incubated at 96 h, showed the maximum
activity of 136 U/ ml. This was a 2 fold increase in
activity when compared to 24 h incubation (68+2.3 U/ml)
[12]. In an attempt to produce a-Amylase from A. oryzae
using coconut oil cake as a substrate, the maximum
activity was found to be 1752 U/gds which resulted after
72 h of incubation [43]. An optimum a-Amylase activity
of 62 470 U/g was found after fermentation for 72 hours
when produced by Bacillus amyloliquefaciens [60].

3.3.4. Substrate

3.3.4.1. Carbon Source:

Common carbon sources used as substrates include
maltose, sucrose and glucose. A. tamarii actively
synthesizes a-Amylase when cultured on maltose, starch
and glycogen under static conditions. This yield was a
four fold increase when compared to shaking cultures [61].
In the recent past various substrates have been
investigated for use in SSF technique. The aim is to use
substrates that are waste or by products of other processes
in order to make the process of enzyme production
environment friendly. One such substrate is oil cake. Oil
cakes are byproducts of oil extraction. The chemical
composition of oil cake depends upon the extraction
methods used [43]. Due to the advantages that SSF offers
bacterial species have also been used to produce the
enzyme under SSF conditions. Bacillus subtilis was
studied for production of a-Amylase using solid state
fermentation for 48 hours at 37°C with wheat bran as
substrate. The specific activity of amylase was found to be
13.14 pmol/mg/min at 40°C [59]. Wheat bran has been
used as substrate for a-Amylase production by
B.licheniformis and A.niger. Studies on screening various
combinations of substrates for optimum yield of enzyme
by B. amyloliquefaciens have shown that wheat bran and
groundnut oil cake in a ratio of 1:1 yield enzyme with
activity of 1 671 U/g [60]. Banana waste has been used
for production by B.subtilis [40]. Investigation of
production of a-Amylase by Bacillus cereus MTCC 1305
revealed that among different carbon sources that were
studied, glucose (0.04 g/g) showed enhanced enzyme



Journal of Applied & Environmental Microbiology 170

production (122+5) U/g). On the other hand
supplementation of different nitrogen sources (0.02 g/g)
showed decline in enzyme production [30].
3.3.4.2. Nitrogen Source

The nitrogen source used for production of a-Amylase
may be organic or inorganic. Few of the inorganic
nitrogen sources include ammonium sulphate, ammonium
chloride and ammonium hydrogen phosphate. Most
commonly used organic sources of nitrogen include
peptone, yeast extract and soyabean meal [44]. In a study
of production of the enzyme by Aspergillus oryzae,
NaNO; (0.9%) and malt (1%) gave highest yield of
enzyme among many other nitrogen sources [62]. In
another study of Aspergillus oryzae organic sources did
not yield good results. Inorganic sources such as
ammonium chloride, ammonium phosphate, ammonium
sulphate resulted in low yield of enzyme. Only when the
inorganic sources were replaced by ammonium nitrate and
sodium nitrate did the yield increase marginally [31]. In a
study conducted on Penicillium fellutanum the maximum
activity of 150 U /ml was obtained when peptone was
used as the nitrogen source. This was about 9% higher
than the activity obtained by using yeast, meat and casein
[12]. Peptone is usually the most high yielding nitrogen
source when employed in solid- state fermentation. A
maximum production of 812 U/g was achieved when
peptone was employed as the nitrogen source for a-
amylase production by P. expansum. Among the inorganic
nitrogen sources, ammonium salts showed better results
when compared to sodium nitrate [58]. Studies reveal that
peptone, sodium nitrate and casein hydrolysate are good
nitrogen sources for A. fumigatus [63] and A.niger [49].
Among the nitrogen sources tested for Thermomyces
lanuginosus, peptone showed the best results for enzyme
production (414 U/g). Tryptone (356 U/g) and meat
extract (338 U/g) also yielded good amount of enzyme
[64].

3.3.5. Moisture

Optimum levels of initial moisture content may vary
depending on the microbial source used. For fungal
sources the moisture content required is less whereas
bacterial sources need more moisture content for high
yield of the enzyme [31]. The optimum level can be
determined by determining the enzyme yield within a
range of initial moisture content. In a study of production
of a-Amylase by Penicillium janthinellum the moisture
content was varied within a range of 20- 80% by varying
the amount of salt solution used in moistening the
substrate particles. The study revealed that with wheat
bran as the substrate, the maximum vyield of enzyme was
of 295 U/gds with 60% of initial moisture content. The
yield decreased to 220 U/gds at 80% (w/w) moisture
content [37]. For Aspergillus oryzae the maximum vyield
was found to be 9000 U/gds at an initial moisture content
of 60% which declined drastically when the moisture
content was increased to 70% [31]. The optimal initial
moisture content may also vary with substrate in addition
to the microbial source used. This may be due to fact that
substrates with better water holding capacity require lower
moisture content for optimal production of the enzyme
when compared to others. Production of a-Amylase from
Penicillium chrysogenum was carried out using various
agricultural by- products like wheat bran (WB), corncob

leaf (CL), rye straw (RS) and wheat straw (WS). Enzyme
yields were 20, 34, 40 and 127 U/mL with CL, RS, WS
and WB at 75, 55, 65 and 65% of initial moisture content,
respectively (14). For B. amyloliquefaciens, studies were
carried out to optimize the process parameters in which
the initial moisture content was varied from 55- 90% for
optimization. An optimal production of 3677 U/g of a-
Amylase was found at 85% of initial moisture content
using a combination of wheat bran and groundnut oil cake
as the substrate [60]. The enzyme yield usually increases
with increase in initial moisture content reaching an
optimal level followed by decrease in enzyme yield with
further increase in moisture content. At low moisture
content there is high water tension and low solubility of
the nutrients which causes the low yield of enzyme. With
increase in moisture content the swelling of substrate takes
place which ensures better uptake of nutrients by the
microbes. But with increase of moisture content further
the enzyme yield decreases owing to many reasons. The
inter particle distances reduce and can result in
agglomeration of substrate particles. Also the reduction in
gas volume and gas diffusion results in impaired oxygen
transfer [31,37].

4. Determination of enzyme activity

The enzyme activity is determined by measuring the
reducing sugars released as a result of the action of a-
Amylase on starch. Another method is to measure the
extent of hydrolysis by reading the absorbance of starch-
iodine complex. Few of the commonly used methods for
enzyme assay are discussed below.

4.1. Dinitrosalicylic Acid Method (DNS)

In the dinitrosalicylic acid method, aliquots of the
substrate stock solution are mixed with the enzyme
solution. Followed by 10 min of incubation at 50°C, DNS
reagent is added to the test tube and the mixture is
incubated in a boiling water bath for 5 min. After cooling
to room temperature, the absorbance of the supernatant at
540 nm is measured. The A540 values for the substrate
and enzyme blanks are subtracted from the A540 value for
the analyzed sample [45,65, 66]. In a study on alkalophilic
a-Amylase from Bacillus strain GM8901, the enzyme
assay was done by measuring the reducing sugars by DNS
method and the activity was found to be a maximum of
0.75 U ml™ after incubation of 24 h [65].

4.2. Nelson — Somogyi (NS) Method

In the NS method, an aliquot of stock solution of
substrate is heated at 50°C for 5min. Preheated (50°C for
5 min) enzyme solution is added to the substrate. This
reaction mixture is incubated at 50°C and the reaction is
carried out for 10min. After incubation Somogyi copper
reagent is added to terminate the reaction. This is then
incubated in boiling water bath for 40 min & cooled to
room temperature. In the next step Nelson
arsenomolybdate reagent is added and incubated for 10
min at room temperature. Finally water is added and the
mixture is centrifuged at 13,000 rpm for 1 min and
absorbance of supernatant is read at 610 nm [66].
Haloalkaliphilic a-Amylase isolated from archaebacterium
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Natronococcus sp. Strain Ah-36 was subjected to NS
method of enzyme assay and activity of 0.01 U/ml was
recorded in the end of 35 h of incubation. The maximum
activity was found to be 0.12 U/ml after 90 h and was
retained even after 110 h [67].

4.3. Determination of Activity Using lodine

The hydrolytic activity of a-Amylase can be determined
based on the principle that starch and iodine react to form
a blue colored complex. On hydrolysis of starch this
complex changes to a reddish brown colored one. The
absorbance can be read after the enzyme substrate reaction
has been terminated. This gives a measure of the extent of
hydrolysis of starch by a-Amylase [2].

4.3.1. Dextrinizing Activity

In a study involving characterization of thermophilic a-
Amylase from P. furiosus, an adaptation of the assay
described by Manning and Campbell (1961) was
employed to carry out the enzyme assay. The crude
enzyme sample is incubated at 92°C with soluble starch to
carry out the reaction for 10 min. The reaction is
terminated by cooling the reaction mixture in ice water.
lodine (KI, lodine) is added to form a colored complex
with the starch in the reaction mixture. This complex is
diluted with water in order to bring the color to a
measurable range that can be read at 600 nm [41].

4.3.2. Indian Pharmacopoeia Method

This method is employed to measure the enzyme
activity in terms of the amount of starch (grams) digested
by enzyme of a given volume. In this method various
dilutions of enzyme solution in incubated with starch at
40°C for 1 h after forming the colored complex by
addition of iodine, the tube that shows no blue color is
used to calculate the enzyme activity [2].

4.4. Reduction
Suspension

This method is used to determine the quality of flour in
the baking industry. Two methods used to measure
enzyme activity in terms of decreasing viscosity of starch
suspension are: falling number (FN) method and
Amylograph/Farinograph test. In the falling number
method, the enzyme substrate preparations are assayed at
100°C. Normally malted flour has a falling number of
around 400. The amylograph test employs the principle of
the relationship between peak viscosity of starch slurry
and the enzyme activity. The lesser the viscosity of the
starch slurry, more is the activity of the enzyme. Values of
400-/600 Brabender units of the Farinograph are found
optimal for flour used to bake bread [2].

in  Viscosity of Starch

5. Purification of a-Amylase

Enzymes used for industrial applications are usually
crude preparations and require less downstream
processing. Whereas the enzymes used clinical and
pharmaceutical industry need to be highly purified. Also
when used for study of structure function relationships
and biochemical properties the enzymes have to be in

purified form [2]. Purification methods commonly
employed are precipitation, chromatography and liquid-
liquid extraction depending on the properties of the
enzyme desired. A combination of the above methods is
used in a series of steps to achieve high purity. The
number of steps involved in purification will depend on
the extent of purity that is desired [30,59,60,61]. The
crude extracellular enzyme sample can be obtained from
the fermented mass by filtration and centrifugation. In the
case of intracellular enzymes, raw corn starch may be
added followed by filtration and subsequent steps. The
crude amylase enzyme can be precipitated and
concentrated using ammonium sulphate precipitation or
organic solvents. The precipitated sample can be subjected
to dialysis against water or a buffer for further
concentration [68]. This can be followed by any of the
chromatographic techniques like ion exchange, gel
filtration and affinity chromatography for further
separation and purification of the enzyme. In a method of
purification of the enzyme produced by Aspergillus falvus
var. columnaris, the enzyme was precipitated was
followed by dialysis and then column chromatography
[68]. In a study of Amylase production by Preussia minim,
the sample was precipitated using trichloroacetic acid
(TCA)/acetone and applied to a Sephadex G-200 gel
filtration column. The resulting fractions were pooled and
further applied to a DEAE-Sepharose ion exchange
column [57]. In a study of purification and
characterization of an extracellular o-Amylase from
Clostridium perfringens Type A, crude enzyme
concentrate  was prepared by precipitation with
polyethylene glycol. This concentrated sample was then
separated by DEAE Sephacel chromatography resulting in
three distinct amylolytic peaks. Fractions from a single
peak were then collected and chromatographed on the
same column, followed by separation of obtained active
fractions on a Sephacryl S-100 HR column [69].
Purification of a-Amylase produced by a mutant Bacillus
subtilis strain was done in a series of steps employing
precipitation with 80% ammonium sulfate, TSK Toyopeal
column chromatography, ultrafiltration, dialysis and SP
Sepharose column chromatography [70]. In case of
thermotolerant amylases, the cell extract obtained after
centrifugation which is free of cell debris can be subjected
to high temperatures, in order to denature thermolabile
proteins. For purification of a-Amylase produced by
Thermotoga maritima MSBS, this step was followed by
anion exchange chromatography. The purity was then
analysed by using SDS-PAGE [71]. The purity can also be
analysed by size exclusion chromatography wherein the
molecular weight of the purified protein can be
determined.

6. Characterization of a-Amylase

Once the enzyme has been purified, characterization of
the enzyme is carried out. This can be done by
determining the hydrolysates obtained after enzyme action
on starch by PAGE. The purified enzyme sample along
with molecular markers like BSA (67 kDa) and ovalbumin
(43 kDa), are run on the gel. The resulting bands are then
stained using staining agents like Coomassie Brilliant
Blue [72] and silver nitrate [73] and visualized. Various
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types of electrophoretic units are available for PAGE [74].
The electrophoretic separation also indicates the purity
and homogeneity of the enzyme obtained. In a study of o-
Amylase produced by Bacillus MNJ23 strain the
molecular mass of the enzyme was characterized by SDS-
PAGE (12% acrylamide gel) using Bio-Rad miniprotean
Il electrophoresis unit [74]. Characterization of the
enzyme produced by Clostridium acetobutylicum ATCC
824 was carried out by SDS-PAGE in a Phast Gel gradient
(10 to 15%) with the Pharmacia Phast system with
standard proteins ranging from 14,400 to 94,000 in
molecular weight for comparison [73]. For determination
of molecular weight of purified enzyme produced by
mutant Bacillus subtilis, SDS-PAGE (10%) was carried
out [70].

The molecular mass of the enzyme can also be
determined using size exclusion chromatography [75]. A
study on intracellular o-Amylase produced by
Streptococcus bovis 148 showed the appearance of a
single band on a SDS-PAGE gel which confirmed the
purification to homogeneity. The molecular mass after
purification was found to be 57,000 Da. The molecular
mass was determined as 55,000 Da from gel filtration
method. This indicated that the intracellular a-Amylase
exists in a monomeric form [76]. The characterization of
molecular weight of o-Amylase produced by in
Pyrococcus furiosus by G Dong, C Vieille et al (1997)
was carried out using gel filtration chromatography that
employed a column containing Sephacryl S200 with
carbonic anhydrase (29,000), bovine serum albumin
(66,000), alcohol dehydrogenase (150,000), and Blue
Dextran (2,000,000) as standards [76].

Isoelectric focusing is another method used in addition
to the gel based characterization technique. The isoelectric
point of the enzyme can be determined by using protein
markers of broad range of pl of wvalues [73].
Characterization by this method was used for a-Amylase
produced by C. thermohydrosulfuricum E 101-69. The

crude enzyme sample was concentrated using ultrafiltation.

This was followed by isoelectric focusing on a gel with pl
range of 3.5-5.0. The Pharmacia low-pl-calibration-kit
was used for standards [77]. For determination of

172

isoelectric point of a-Amylase produced by Clostridium
acetobutylicum ATCC 824, Phast Gel IEF 3-9 with the
Pharmacia Phast system with protein markers (Pharmacia)
of pl 3 to 10 as standards was used [73].

7. Industrial Applications of a-Amylase

a-Amylase is gaining increased attention due to its
starch hydrolyzing properties and the activities that can be
carried out owing to this property. There are many
potential and widely used applications of this enzyme on
the industrial front. Enzymes have replaced the previously
used chemical methods of hydrolysis in various industrial
sectors to make the process environment friendly and
make processes easier. The industrial applications of a-
Amylase and the microbial sources used for its production
are described in Table 2.

7.1. Production of Fructose and Glucose by
Enzymatic Conversion of Starch

Starch is used in the production of fructose and glucose
syrups [78]. This process involves three steps:
Gelatinization, Liquefaction, and Saccharification.
Gelatinization involves the dissolving of starch granules in
water to form a viscous starch suspension. The amylase
and amylopectin are dispersed into the water on
dissolution. Liquefaction of starch is it’s partial hydrolysis
into short chain dextrins by o-Amylase resulting in
reduction of the viscosity of the starch suspension.
Saccharification is the production of glucose and fructose
syrup by further hydrolysis. This is carried out by
glucoamylase which acts as an exo-amylase by cleaving
the a-1, 4 glycosidic linkages from the non reducing
terminal. The action of pullulanase along with
glucoamylase yields high glucose syrup. This high
glucose syrup can then be converted into high fructose
syrup by isomerization catalysed by glucose isomerase.
The fructose syrup obtained is used as a sweetener,
especially in the beverage industry.

Table 2. Industrial applications of a-Amylase and the microbial source used

Industrial Application Microbial source Role of enzyme Reference
Starch conversion B.amyloliquefaciens, B.licheniformis Hydrolysis of starch into dextrlns_formlng a less viscous starch 4]
suspension
Bakery Industry B.stearothermophilus Converting starch in dough to smaller fermentable sugars [2]
Detergent Industry B.licheniformis Digests starch containing foods to water soluble dextrin [2]
Textile Industry Bacillus sp Used in removal of starch sizing agent from woven fabric [4]
. . - Converting starch in to smaller fermentable sugars which are acted
Fuel alcohol Production E.coli, B.subtilis upon by yeast to produce alcool [4]

The hydrolysis of starch for this purpose was previously
carried by acid hydrolysis followed by saccharification
using enzymes. This method had many drawbacks. The
acidic nature of the process required corrosion resistant
material to be used for the equipment and the high
temperatures would inactivate the thermolabile enzymes if
the hot starch hydrolysate passes into subsequent steps.
Hence, enzymatic hydrolysis is a preferred method. The a-
Amylase used in the liquefaction step can be produced
from various microbial sources. Thermostable amylases
can be employed for hydrolysis at a high temperature.
Bacillus Stearothermophilus, Bacillus amyloliquefaciens,
Bacillus licheniformis and Pyrococcus furiosus are few of

the many microbial sources used to produce o-Amylase
that is used in starch conversion [2,4,79].

7.2. Bakery Industry

a-Amylase is added to the dough in bread baking
process. This causes the starch to hydrolyze into small
dextrins which can further be fermented by yeast. This
increases the rate of fermentation. Also the starch
hydrolysis decreases the viscosity of the dough, thus
improving its texture and increasing loaf volume by rising
of dough.
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Once the baking is done, there may be changes during
storage of baked products. All undesirable changes like
increase of crumb firmness, loss of crispness of the crust,
decrease in moisture content of the crumb and loss of
bread flavor together are called staling. The enzyme is
also used as an anti staling agent to improve the shelf life
and softness retention of baked goods [2,4,79]. Though it
has an anti staling effect, a slight overdose may result in
gummyness of the bread. This is caused due to production
of branched dextrins [80]. In such cases pullulanase is
used in combination with amylase resulting in specific
hydrolysis of compounds responsible for the gummy
nature of amylase treated bread [79].

7.3. Detergent Industry

The use of enzymes in detergents has increased with the
changing methods of dishwashing and laundry.
Consumers prefer to use cold water and mild conditions
which requires the detergent to work in those imitations.
Earlier the chemicals used in detergents caused harm
when ingested and the conditions of dishwashing were
very harsh. Hence enzymes showed the industry an
alternative path. The enzymes are environmentally safe
and work at mild conditions. a-Amylase is used to digest
the starch containing food particles into smaller water
soluble oligosaccharides. Starch can attract soil particles
on to the clothes. Hence removal of starch is also
important to maintain the whiteness of clothes. The
stability of a-Amylase at low temperature and alkaline pH
contributes to its extensive use in detergents.

The disadvantage of using a-Amylase is the calcium
dependency and oxidant sensitivity of the enzyme. This
limitation can be overcome by using a-Amylase from
genetically modified organisms.  Scientists  from
Novozymes and Genencore International, two major
suppliers of detergent enzymes, have worked on this. They
replaced the oxidant sensitive amino acid residue met at
position 197 by leu in B. licheniformis amylase which
resulted in an amylase with improved resistance against
oxidative compounds [2].

7.4. Desizing of Textiles

Modern production processes in the textile industry can
cause breaking of the warp thread. To strengthen the
thread, sizing agents are used which strengthen the thread
by forming a layer on it and can be removed after the
fabric is woven. Starch is a preferred sizing agent as it is
easily available, cheaper and can be easily removed from
the fabric. The layer of starch is subjected to hydrolysis in
the desizing process where o-Amylase is employed to
cleave starch particles randomly into water soluble
components that can be removed by washing. The enzyme
acts specifically on the starch molecules alone, leaving the
fibers unaffected [2,4].

7.5. Paper Industry

Like textiles, paper is also treated with sizing agents to
protect it from mechanical strain during processing. The
sizing also contributes to better quality of the paper in
terms of strength, smoothness, writing and erasebility.
Starch is commonly used as the sizing agent. The role of
a-Amylase in the paper industry is the partial hydrolysis

of starch to make it less viscous in a batch or a continuous
process. This is owing to the highly viscous nature of
natural starch making it unsuitable for coating on paper
[2.4].

7.6. Fuel Alcohol Production

Among biofuels, ethanol is most widely used. As starch
is an economical starting material, it is used for the
production of ethanol as a biofuel. This is done in a series
of steps. Firstly, the starch is subjected to liquefaction to
form a viscous starch suspension. This is followed by the
saccharification process where the starch is hydrolyzed by
a-Amylase to yield fermentable sugars. These sugars are
then fermented by yeast to produce alcohol. As an
improvisation of this process, protoplast fusion between
the amylolytic yeast Saccharomyces fibuligera and S.
cerevisiae was performed to obtain a new yeast strain that
can directly produce the biofuel from starch, eliminating
the need for a saccharification step [81].

8. Conclusion

The increasing importance of sustainable development
has inspired man to use enzymes for various reactions as
they are biodegradable and can be produced using
biological sources. a-Amylase can be produced using
microbes by SSF which employs by products and waste
products of other processes. The enzyme has crucial
applications including the production of fructose syrup,
environmentally safe detergents, and baked products.
Living in an era of depleting fossil fuels with a desperate
need to produce alternate forms of energy, this enzyme is
a ray of hope. It is used for biofuel production with starch
as a raw material. As the production yields an industrially
important enzyme and helps keep the environment clean,
more researches are focusing on the microbial production
of the enzyme.
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