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Abstract: In this review properties and industrial application of microbial a-amylase produced by bacteria and fungi are
discussed. a-Amylases are among the most important enzymes and are of great significance in industrially and ability to
hydrolysing starch and related saccharides. The properties of amylolytic enzymes usually reflect the characteristics of the
environment occupied by the living organism. a-Amylases are produced by microorganisms using submerged and solid
state fermentation technique. The Kinetic properties of a-amylase such as optimum temperature, optimum pH and
thermostability are important in the development of fermentation process. Calcium ions are essential for activity and

stability of a-amylases.

Keywords: a-amylase, thermostability, fermentation, microbial

Introduction

Starch represents one of the most ubiquitous and
accessible energy sources and may be used as a
potential substrate for the production of fuels and
chemicals by enzymatic and chemical processes [1, 2].
Maize, tapioca, potato and wheat are the major
industrial sources of starch, while other significant
sources include rye and sorghum [3]. Use of enzyme for
starch conversion confers several advantages as
opposed to the use of acids. The specificity of enzymes
allows the production of sugar syrup with well-defined
physical and chemical properties, and in addition the
milder enzymatic hydrolysis results in few side
reactions and less “browing” [2].

Amylases are among the most important enzymes in
present-day biotechnology, and are universally
distributed throughout the plant, animal and microbial
kingdom. Of great significance are amylases of
microbial origin, such as those from bacterial and
fungal sources, which have dominated applications in
industrial sectors, as they meet process demands, and
have successfully replaced the chemical hydrolysis of
starch in starch-processing industries [4, 5]. In
particular, amylolytic enzymes are used in processes
where rapid hydrolysis of starch is required or the high
viscosity of starch must be lowered, such as in the
textile, glucose syrup, confectionary, brewing, paper
and alcohol industries [2]. The commercial production
of a-amylases has been limited to only a few selected
strains of fungi and bacteria. Microorganisms have bulk
production capacity and are easy to manipulate in order
to obtain enzymes of desired characteristics, thus
making them an attractive and economical source of
commercial enzymes [6]. The main source of
commercial thermostable a-amylase is strains of the
mesophilic bacteria, Bacillus licheniformis and Bacillus
amyloliquefaciens [7]. However, the production of
commercially acceptable yields of a-amylases from

microbial sources remains a challenge, and is further
compounded by the fact that some strains produce more
than one enzyme.

a-Amylases (1,4-a-D-glucan glucanohydrolase EC
3.2.1.1) belong to family 13 of the glucoside hydrolase
group of enzymes [8] that catalyze the hydrolysis of the
internal o-1,4-glusidic bond in starch. a-Amylase may
be derived from several bacteria, yeasts and fungi [9].
The enzymes are reported to be thermostable, with the
half-life of a-amylase and glucoamylase being 0.6 and 4
h, respectively at 70°C. Due to their increased
thermostability, these enzymes are potentially useful in
the starch industry for production of maltose and
glucose [10]. Thermostable a-amylases are generally
preferred as their application minimizes contamination
risk and reduces reaction time, thus providing
considerable energy saving. Hydrolysis carried out at
higher temperatures also minimizes polymerization of
D-glucose to iso-maltose [11]. Among the genus
Bacillus, B.amyloliquefaciens and B.licheniformis are
the two species used most frequently in the commercial
production of thermostable amylases [12]. The need for
enzymes with improved properties has initiated a
continuous search for microorganisms producing novel
amylases for industrial application [13].

Starch

Native starch is a semi-crystalline material
synthesized as roughly spherical granules in many plant
tissues including pollen, leaves, stems, roots, tubers,
bulbs, rhizomes, fruits, and seeds. Commercially, starch
is extracted in pure form variety of sources. Maize is
the predominant source, but wheat, rice, potato and
sago make significant contribution. Other starch sources
include barley, oats, yam and arrowroot. The size, shape
and granule size distribution of starch reflects the
botanical origin [14, 15].
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Starch composition

Pure starch consists predominantly of a-glucan in the
form of amylose and amylopectin (Figure 1). Amylose
is a roughly linear molecule containing ~99% a-(1-4)
and ~1% a-(1-6) bonds with a molecular weight of
~1x10°-1x10°. Amylopectin (molecular weight ~1x10’-
1x10% is a much larger molecule than amylose and is
heavily branched with ~95% o-(1-4) and ~5% a-(1-6).
Each amylose chain is of the order of 1000 glucose
units long whereas the unit chains of amylopectin range
from ~12 to 120 hydroglucose units. Starches are
defined as waxy when the ratio of amylose to

Amylopectin: a-(1—6) branching points.

amylopectin is low (~15%), normal when amylose
represents ~16-35% and high-amylose (or amylo-)
when amylose exceeds ~36%. Waxy mutants are now
commonly available for barley, maize and rice and have
also been developed recently for wheat and potato.
High-amylose mutants, predominantly from maize, are
now available commercially [16]. Enzymes used for the
industrial starch hydrolysis market are conservatively
estimated to occupy 10-15 per cent of the total world
enzyme market. This industrial sector is the second
biggest consumer of enzymes by market sector [17].

o(1-4) linkage

Amylose: a-(1—4)-glucan; The linear molecule may carry a few occasional moderately long chains linked a-(1—6).

Figure 1:- Basic structure of amylose and amylopectin [16]

Starch hydrolysis

Starch base raw materials have to be cooked initially, to
gelatinize the starch to permit it to be hydrolyzed by
acid or more commonly by enzymes [18]. Currently
available enzymes cannot rapidly hydrolyze insoluble
raw starch. To make the starch readily accessible to
enzyme attack, it has to be first gelatinized. This is
achieved by making slurry (20-40 percent dry solids)
and heating at the appropriate gelatinization
temperature (105-110°C). At higher solid levels the
water slurry is very thick and viscous. Highest solids
give ‘paste’ which is difficult to handle in industrial
circumstances. Gelatinization is the process by which
heat treatment is applied to ‘disrupt’ or ‘burst’ the
starch granules for exposure to enzyme hydrolysis.
Disrupted starch in this form will enhance the viscosity
of slurry and further complicate the hydrolase action in
processing.

Enzymatic hydrolysis of starch

Enzymatic hydrolysis of starch involves two
processes.

1. Liquefaction

2. Saccharification

Liquefaction

Traditionally, the process of thinning and
dextrinization of starch was carried out using acid. The
use of a heat-stable endo a-amylase allows less rigorous
conditions to be employed in the liquefaction process.
By-product formation becomes less of a problem and
refining costs are reduced. The first enzyme to be
employed in starch liquefaction was the endo a-amylase
produced by Bacillus subtilis. The enzyme is utilized in
a two-stage enzyme liquefaction process. Starch slurry
at 30-40 percent dry solids is thinned at a temperature
of 85°C for 1 h at pH 6-6.5. This is followed by a short
heat treatment at 140 °C, flash cooled to 85 °C at which
point a second enzyme addition is made and the
reaction continued until liquefaction is complete. If a
thermostable a-amylase is employed, such as from
B.licheniformis or B.sterothermophilus, the heat
treatment at 140 °C may be eliminated. The use of
thermostable o-amylases has largely replaced acid
liquefaction and processing using the heat-stable a-
amylase from B.subtilis [19].
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Saccharification

The second step in the enzymatic hydrolysis of starch
is saccharification of liquefied product using a
glucoamylase enzyme isolated from Aspergillus sp.
Because the glucoamylase activity optimum is pH 4.2-
4.5 [20], the pH must be reduced to pH 4.5 for this step
to proceed efficiently.

Types of starch hydrolyzing enzymes

There are basically four groups of starch-converting
enzymes: (i) endoamylases; (ii) exoamylases; (iii)
debranching enzymes; and (iv) transferases [21].
Enzymes are used to hydrolyze starches particularly for
the production of dextrins and glucose. Although a-
amylase and amyloglucosidase are most often used in
this respect to make glucose syrup, maltodextrins and
crystalline glucose (dextrose), specialist dextrins and
maltose may be obtained with 3-amylase [16]. Enzymes
responsible for starch hydrolysis are presented in Table
1. Thermostable a-amylases are used for the
liquefaction of starch at high temperature and

thermolabile  a-amylases are used for the
saccharification of starch in baking [22].

a-Amylase

a-Amylase (EC 3.2.1.1, 1,4-o-Dglucanohydrolase,
endoamylase) hydrolyses starch, glycogen and related
polysaccharides by randomly cleaving internal a-1,4-
glucosidic linkages. It is widely distributed in various
bacteria, fungi, plants and animals and has a major role
in the utilization of poly saccharides. a-Amylase
(Figure 2) is an impotant industrial enzyme [22].
Among the various extracellular enzymes, a-amylase
ranks first in terms of commercial uses [23]. Spectrum
of applications of a-amylase has widened in many
sectors such as clinical, medicinal and analytical
chemistry. Besides their use in starch saccharification,
they also find applications in baking, brewing,
detergent, textile, paper and distilling industry [24]. A
summery of the properties of the most important
commercial a-amylases is shown in Table 2. It can be
seen that a-amylases are available for wide temperature
and pH range.

Table 1: Starch hydrolysing enzymes [15]

Enzyme Glycosidic Mode End products
bond of
specificity action
Phosphorylase (1,4-a-D-glucan
orthophosphate a-Dglucosyl
transferase) a-(1-4)-glucosyl Exo “Glucose 1-phosphate
Alpha-amylase (1,4-a-D-glucan
glucanohydrolase) a-(1-4)-glucosyl Endo Linear and branched

Beta-amylase (1,4-a-D-glucan
maltohydrolase)

Amyloglucosidase
(Glucoamylase; exo-1,4-a-
glucosidase)

Isoamylase (Glycogen 6-
glucanohydrolase)

Pullulanase (limit dextrinase;
amylopectin 6-glucanohydrolase)

a-(1-4)-glucosyl

a-(1-4)-glucosyl &
a-(1-6)-glucosyl

a-(1-6)-glucosyl

a-(1-6)-glucosyl

soligosaccharides

Exo Maltose and limit
Dextrins

Exo/ Glucose

Endo

Endo Linear a-(1-4) glucan
chains

Endo Linear a-(1-4) glucan

chains

Types of a-amylases produced by Bacillus species
The genus Bacillus produces a large variety of
extracellular enzymes, some of which such as the o-
amylases are of significant industrial importance.
Among these enzymes, the thermostable varieties are
more versatile with respect to industrial significance
[26]. Thermostable a-amylases have had many
commercial applications for several decades. The

advantages for wusing thermostable a-amylase in
industrial processes include the decreased risk of
contamination, the increased diffusion rate and the
decreased cost of external cooling [27].
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Figure 2: Three-dimensional structure of a-amylase
of B. licheniformis [25]

Bacteria belonging to the genus Bacillus have been
widely used for the commercial production of
thermostable a-amylases. These include a-amylase
from  Bacillus  coagulans,  B.sterothermophilus,
B.caldolyticus, B.brevis, B.acidocaldarious and
B.thermoamylolique-faciens [28]. Among the genus
Bacillus, B.amyloliquefaciens and B.licheniformis are

the two species used most frequently in the commercial
production of thermostable amylases [29].

Bacillus licheniformis o-amylase is a highly
thermostable enzyme which is widely used in
biotechnological processes. Although it is produced by
a non-thermophilic bacterium, it remains active for
several hours at temperatures over 90 °C under
conditions of industrial starch hydrolysis. It is also far
more thermostable than the o-amylases from B.
stearothermophilus and B. amyloliquefaciens despite
the strong sequence similarities between these three
proteins. The most important characteristic of
thermophilic organisms is their ability to produce
thermostable enzymes with a higher operational
stability and longer half-life [30]. As compared with
eubacterial enzymes, archaebacterial amylases from
Pyrococcus furiosus and P.woesei exhibit greater
thermostability [31]. Thermostable amylases are
commonly important in various starch processing
industries [1]. Though the most widely used
thermostable amylases are produced by mesophilic
microorganisms, thermophilic microorganisms are
considered to have enormous potential as sources of
thermostable amylases of potential industrial
importance [32].

Table 2: Properties of a-amylases [33]

Trivial Name Source Organism pH Temp Commercial Products
0
C
(Cnventional) B.amyloliquefaciens 5.5-6 50-70 Ban (N)
Bacterial amylase
B.subtilis 5.5-6 43-70 Aguazyme® (N)
Dezyme® (N)
Dex-lo® (Gh)
Desize® 40, 160 and 900
(GCI)
Thermostable B.licheniformis 6-9 76-100 Spezyme® AA 20 (GCI)

Bacterial amylase

B.sterothermophilus 4.5-6

Fungal amylase A.oryzae 4.5-6

Acid amylase A.niger 4-6

Termamyl® (N)

Liquozyme® 280 L (N)

Purafect® HP Am L and OxAm (GCI)
Desize® HT and TEX (GCI)

60-80 Maltogenase® (N)

35-55 Fungamyl® (N)
Mycolase® (GCI)

50-60 Hazyme® (Gb)

GCI: Genencor International, Gb: Gist-Brocades, N: Novo Nordisk

Large scale production of a-amylase

Statistics [34], indicated that industrial microbial
fermentation was responsible for production of 320 tons
of a-amylase on an annual basis. Physical factors affect

the large scale fermentation including bioreactors
configuration, aeration, agitation, back pressure,
medium sterilization, temperature control and inhibitor
removal [35, 36, 37]. Industrially important enzymes
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have traditionally been obtained from submerged
fermentation (SmF) because of the ease of handling and
greater control of environmental factors such as
temperature and pH [2]. The main problems arising
from high cell densities are high oxygen and substrate
uptake rates and accumulation of low molecular growth
inhibiting metabolites in the cell suspension during the
cultivation. To minimize the formation of inhibitors,
providing optimal growth conditions is essential. Large-
scale production of «a-amylase wusing Bacillus
amyloliquefaciens and Aspergillus oryzae were
observed. The use of Bacillus subtilis as organism
under liquid fermentation culture using two types of
fermentors (200 and 600 L) and with a total of 21
production runs resulted to a total volume of 7,400 L of
a-amylase. On the other hand, the use of Aspergillus sp.
under solid substrate fermentation with 48 production
runs consisting of 75 trays per run produced 3,600 L of
a-amylase.

Bioreactors are at the heart of the fermentation
process. These reactors (also known as fermenters) are
used for growing cells. The main components of a
fermenter are as follows [38]:

e Base components including drive motor, heaters,
pumps, gas control etc;

e Vessel and accessories (agitator impeller, aerator,
etc);

e  Peripheral equipment such as reagent vessels;

e Instrumentation and sensors.

The above components combine to perform the
following functions:

e  Provide operation free from contamination;
Maintain a specific temperature;

Provide adequate mixing and aeration;

Control the pH of the culture;

Allow monitoring and/or control of dissolved
oxygen;

Allow feeding of nutrient solutions and reagents;
Provide access points for inoculation and sampling;
e  Use fittings and geometry relevant to scale-up;

Carbon and nitrogen sources on the production of
a-amylase

It is a common practice to use carbohydrates as the
carbon source in microbial fermentation process. The
rate of bacterial a-amylase biosynthesis is controlled by
both substrate induction and catabolite repression [32,
39] the composition and concentration of the medium
play an important role in the growth and production of
extracellular amylase by bacteria, yeast and Aspergillus
sp [40]. Available carbon and nitrogen sources are the
important elements in the optimum production of
enzymes and these differ very much from substrate to

substrate (Table 3). It is now recognized that the rate at
which the carbon sources is metabolized, can often
influence the formation of biomass or production of
primary or secondary metabolites. The carbon sources
greatly affect the production of thermophilic a-
amylases [41, 42]. Undefined carbon sources are known
to induce a high level of amylase production in many
bacterial strains [43]. Of carbohydrates used, starch is
demonstrated to be a good carbon source for the
synthesis of amylases in B.sterothermophillus [44] and
other thermophilic Bacillus sp. [41]. Degradation of
starch to maltodextrins by many bacteria is catalyzed by
a-amylase and is followed by its hydrolysis to glucose
by the action of either intracellular or extracellular a-
glucosidase [33]. It has been reported that starch was
the best inducer for a-amylase production in TAL strain
of Aspergillus nidulans, which was comparable with
only glucose [45].

Lower levels of nitrogen sources are inadequate for
the enzyme production and excess nitrogen is equally
determinal causing enzyme inhibition [46]. Different
nitrogen sources have been used for enhancement in the
production of o-amylase [47]. The regular use of
peptone based fermentation media is not commercially
viable for industries. For efficient commercial
production, a continuous effort is being made to find
cheaper substrate sources.

The expensive products can be replaced in the
fermentation medium with the economically available
agricultural by products [48]. Oil seed cakes are by-
products obtained after oil extraction. Depending upon
the extraction methods the chemical composition of oil
cake varies. These oil cakes are fairly rich in protein
and are traditionally used as feed aquaculture feeds
[49]. Several oil seed cakes, because of their abundant,
availability and low price, are used as cattle feed [50],
fertilizer [51] and in rare cases after proper processing
as food for human [52]. Oil seed cakes such as
Sesamum and Mustard could completely replace the
peptone in the production of a-amylase from
B.licheniformis ATCC 6346 [53]. o-Amylase
formation by Bacillus subtilis was stimulated in the
presence of Phe and Tyr. While Glu, Met, Pro and Trp
were the amino acids that most repressed a-amylase
synthesis [54]. Addition of Cys and Gly, inhibited the
growth of Bacillus sterothermophilus, and that the
highest reproductive values were obtained with Phe and
Asp [41]. a-Amylase production from B.licheniformis
ATCC 6346 was improved by the addition of
tryptophane [53], while glycine, methionine, proline,
glutamic acid and phenylalanine did not influence on
the production of enzyme [55].
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Table 3: Various carbon and nitrogen sources used for a-amylases production

Substrate Organism Avtivity (U/g) Reference
Wheat bran Bacillus sp. PS-7 464 000 [56]
Spent brewing grain A. oryzae NRRL 6270 6583 [57]
Maize bran B. coagulans 22956 [58]
Rice bran Bacillus sp. PS-7 145 000 [56]
Rice husk B. subtilis 21760 [59]
Coconut oil cake A. oryzae 3388 [24]
Mustard oil cake B. coagulans 5953 [58]
Corn bran Bacillus sp. PS-7 97 600 [56]
Amaranthus grains Aspergillus flavus 1920 [60]
Gram bran B. coagulans 8984 [58]

Thermostable starch hydrolyzing a-amylases

The starch industry is one of the largest users of
enzymes for the hydrolysis and modification of this
useful raw material. The starch polymer, like other such
polymers, requires a combination of enzymes for its
complete hydrolysis. These include a-amylases,
glucoamylases or p-amylases and isoamylases or
pullulanases [61]. Gelatinization is achieved by heating
the starch with water, and starch is water soluble only at
high temperatures which are dependent on the source
[62]. For hydrolysis of starch to proceed immediately
after gelatinization, hence, among other things avoiding

a lot of cooling time, the enzyme has to be
thermostable. Table 4 shows thermostable starch
hydrolyzing a-amylases and their properties. The extra
thermostability of the thermophilic a-amylase was
found to be mainly due to additional salt bridges
involving a few specific lysine residues (Lys-385 and
Lys-88 and/or Lys-253). These stabilizing electrostatic
interactions reduce the extent of unfolding of the
enzyme molecule at high temperatures, consequently
making it less prone to forming incorrect structures and
thus decreasing the overall rate of irreversible
thermoinactivation [63].

Table 4: Thermostable starch hydrolyzing a-amylase and their properties

Organisn Enzyme properties References
Optimal Optimal
Tem.(°C) pH
Bacillus amyloliquefaciens 70 7.0 [64]
Bacillus licheniformis 100 6.0-6.5 [65]
Bacillus stearothermophilus 70-80 5.0-6.0 [66]
Bacillus stearothermophilus 70 - [67]
Bacillus subtilis 70 7.0 [68]
Lactobacillus manihotivorans 55 55 [69]
Myceliophthora thermophila 100 5.6 [70]
Pyrococcus furiosus 100 55 [71]
Pyrococcus woeseli 100 6.5-7.5 [72]
Staphylothermus marinus 65 5.0 [68]
Sulfolobus solfataricus - - [73]
Thermococcus aggreganes 100 55 [68]
Thermococcus celer 90 55 [68]
Thermococcus fumicolans 95 4.0-6.3 [74]
Thermococcus hydrothermalis 85 4.8-7.8 [74]
Thermococcus lanuginosus 60 5.6 [75]
Thermococcus profoundus 80 4.0-5.0 [76]

Role of calcium ions on activity and stability of
amylases

a-Amylases are metalloenzymes, containing at least
one calcium ion per enzyme molecule [77], which is
essential for activity and stability (Figure 3). The
amount of bound calcium may vary from one to about
ten [33, 78]. Calcium ions play an important role in the
maintenance of enzymatic activity through allosteric

activation and protein stabilization of o-amylases.
Thermal stability of a-amylase by B. licheniformis is
suggested to be due mainly to the additional salt bridges
involved with lysine residues [63]. 1.0 mM Ca®
improved the stability of a-amylase by Bacillus
licheniformis ATCC 6346 [79]. It is also well
established that calcium plays an important role in the
thermal stabilization of a-amylases (Table 5). For o-
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amylases from B.licheniformis and
B.amyloliquefaciens, calcium is seen to play a role in
conformational stabilization, as opposed to having a
direct role in the catalytic mechanism [80]. Calcium
ions have been implicated in mechanisms involving
thermal inactivation of Bacillus a-amylases, whereby it
has been proposed that the first step involves the

reversible dissociation of calcium ions from the native
enzyme, followed by irreversible denaturation at high
temperatures [81, 82]. Almost all of the technical a-
amylases however need a certain amount of calcium
ions in the application, because their thermostability
depends on the presence of structural calcium ions [83].

Figure 3: A schematic presentation of the alkaline liquefying a-amylase from alkaliphilic Bacillus sp. KSM-1378
structure. The three calcium ions (Cal-3) and the sodium ion (Na) are represented by gray and purple spheres,

respectively [84].

Table 5: Calcium requirement of industrially important starch degrading enzymes [85]

Enzyme Microorganism Application  Application Minimum Ca?*
Tem. (°C) pH dosage (ppm)

Bacterial mesophilic Bacillus subtilis 80-85 6.0-7.0 150

a-amylase

Bacterial thermophilic B.licheniformis 95-105 6.0-7.0 20

a-amylase

Fungal a-amylase Aspergillus oryzae 55-70 4.0-5.0 50

Amyloglucosidase A.niger 55-65 3.5-5.0 0

Pullulanase B.acidopollulicus 55-65 3.5-5.0 0

Calcium has direct role in the stimulation of enzymatic
activity of a-amylases from alkaliphilic Bacillus species
[86, 87, 88]. However, some amylases from archeaea
such as Pyrococcus furiosus are active even in the
absence of the metal ion [89, 71]. In some cases,
calcium has an inhibitory effect on the enzyme activity,
especially at high concentrations (>2Mm) [72]. The

inhibitory effect is postulated to be due to binding of
calcium at the secondary calcium binding site which
involves two of the catalytic residues (90, 91].

Effect of metal ions on activity and stability of a-
amylases

215



Vengadaramana A. Sch. Acad. J. Pharm., 2013; 2(3):209-221

Apart from calcium, other ions such as sodium and
chloride have been implicated as allosteric activators of
a-amylases. Sodium ions rather than calcium ions have
been to retain the structure and function of an a-
amylase from Bacillus sp. Strain KSM-K38 [92, 93]
and various other o-amylases [66, 94]. Aspergillus
tamari producing o-amylase was not significantly
influenced by metal ions, except by Fe**, Pb?*, Cu?* and
Hg**, which strongly inhibited its activity but a-amylase
activity was slightly enhanced by Ba®*. Of the cations,
Na*, Ca*", and Mg*", showed stimulatory effect on o-
amylase of Bacillus licheniformis CUMC 305, whereas
Hg®, Cu®, Ni?*, Zn**, Ag*, Fe*", Co®*, Cd**, AI* and
Mn®* showed inhibitory effect [95]. Cu®** has been
reported to inhibit the activity of amylases from
B.circulans [96], B.coagulans [58] and B.licheniformis
[95]. The inhibition of Bacillus sp. Strain SMIA-2 [1-
amylase, by Co*, Cu*" and Ba?" ions could be due to
competition between the exogenous cation and the
protein-associated cation, resulting in decreased
metalloenzyme activity [97]. 0.1 M Na" stabilized a-
amylase from B. licheniformis ATCC 6346, however,
0.1 M Na" could not continue to keep the a-amylase in
the active state at higher temperatures, above 70 °C.
This could be due to the breakdown of the Na* - a-
amylase bond with the increase in temperature [79].
Presence of Ca®* and Na' ions together increased the
stability of a-amylase from B. licheniformis ATCC
6346 more than when they were present alone and a-
Amylase activity was strongly inhibited by Cu®*, Hg*
and Mn?* but less affected by Mg®* and Ba** [79].

Applications of a-amylases

The range of technical applications of a-amylases is
very wide (Table 6). a-Amylases are used in textile
desizing [98, 6], clarification of haze formed in beer
and fruit juices, or for the pre-treatment of animal feed
to improve digestibility [99]. a-Amylases are also used
as a partial replacement for the expensive malt used in
the brewing industry [99] and for the production of low
vicosity, high molecular weight starch for coating of
paper, and in the de-linking and drainage improvement
within the pulp and paper industry [6]. Amylase
applications have further expanded into other fields
such as clinical, medical and analytical chemistry [6].
Because of the industrial importance of amylases, there
is ongoing interest in the isolation of new bacterial
strains, such as alkaline amylases suitable for new
industrial applications, such as alkaline amylases for the
detergent industry and amylases capable of producing
high levels of a specific maltooligosaccharide from
starch [100]. Earlier the a-amylase from Bacillus
amyloliquefaciens had been used but it is replaced by
the o-amylase of Bacillus stearothermophilus or
Bacillus licheniformis (99). The enzymes from the
Bacillus species are of special interest for large-scale
biotechnological processes due to their thermostability
(101). In the light of modern biotechnology, a-amylases
are now gaining importance in biopharmacutical
applications. Still, their application in food and starch
based industries is the major market and thus the
demand of a-amylases would always be high in these
sectors [6].

Table 6: Industrial application of a-amylase.

a-Amylase used in industrial References
products
Glucose and high fructose syrup [2]
Oligosaccharides [3]
Baking industry [99]
Cyclodextrin [1]
Dtergent [102]
Textile [98, 6]
Brewing industry [99]
Paper industry [6]
Conclusion

a-Amylases are produced by animal, plant and
micro-organisms. However, enzymes from fungal and
bacterial sources have more preferable in industrial
sectors. The production of microbial a-amylase is
dependent on the nature of strain, composition of
medium, nutrient requirement, metal ions, pH,
temperature, type of fermentation and condition of the
microbial existing environment. Most of a-amylases are
known to be calcium ion-dependent enzymes, therefore
calcium ions are used for increase the production and
thermal stability of the enzymes. The characters of a-

amylases such as stability, durability, reusability are
essential for industrial application.
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