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Abstract — The a- amylase enzyme is used in bakel
processing as improver the rheological propertiesfobread.
The a- amylase hydrolyze the starch. the hig maltose level
as a final end —product from the starch and maltc-
oligosaccharides, and the unique action pattern ofthe
enzyme indicate unusual maltose forming system . &t
amount of free liquid was larger and of lower viscesity in
dough containing a-amylase. After the addition of enzyme ir
the dough for the bread —bakery process, the bread volum
increasing and kept its softness longer during stage than
the bread had no enzyme. This review focuses on thse of
these enzymes in industrial applications n bakery products
and rheological properties of the products

Keywards — a-Amylases, Enzyme Boduction, Bacterial and
Fungal Amylase, Bakery Products.

|. INTRODUCTION

a-amylases (E.C.3.2.1.1) are enzymes that catalyse
hydrolysis of internati-1,4-glycosidic linkages in starch
low molecular weight products, such glucose, maltasd
maltotriose units, 2). Amylases are among the m
important enzymes and are of great significance
biotechnology, constituting a class of industriakymes
having approximately 25% of the world enzyme ma
(3,4). They can be obtained from several sources, as
plants, animals and microorganisms. Today a |
number of microbial amylases are available comnaéyc
and they have almost completely reed chemical
hydrolysis of starch in starch processing indusirje
amylases of microorganisms have a broad spectru
industrial applications as they are more stabla tvhen
prepared with plant and animalamylases5). The major
advantage of using werioorganisms for the production
amylases is the economical bulk production capaaity
the fact that microbes are easy to manipulate t@io
enzymes of desired characteristics (1).

II. STRUCTURAL AND FUNCTIONAL
CHARACTERISTICS OF o -AMYLASE

The a -amylase belongs to a family of el-amylases
that catalyses the initial hydrolysis of starchoisthortel
oligosaccharides through the cleavage oof-D- (1-4)
glycosidic bonds (6 Neither terminal glucose residl
nor a -1,6- linkages can be cleaved oyamylase (7). The
end products ofu-amylase action are oligosaccharii
with varying length with arm-configuration andy - limit
dextrins (8§, which constitute a mixture of maltos
maltotriose, and branched oligosaccharides—8 glucose

units that contain both -1,4 anda -6 linkages (7). Others
amylolytic enzymes participate in the process afrcét
breakdown, but the contribution @- amylase is the most
important for the initiation of this proces®). The
amylase has a threBmensional structe capable of
binding to substrate and, by the action of higtpedfic
catalytic groups, promote the breakage of the gl
links (10). The humam-amylase is a classical calci-
containing enzyme composed of 512 amino acids
single oligosaccharidehain with a molecular weight
57.6 kDa (7). The active site (subst-binding) of theo-
amylase is situated in a long cleft located betwder
carboxyl end of the A and B domains. The calciure®")
is situated between the A and B domains and mt in
the stabilization of the thregimensinoal structure and
allosteric activator. Binding of substrate analeygges
that Asp206, Glu230 and Asp297 participate in gata
(11). The substratkinding site contains 5 subsites w
the catalytic sitgoositioned at subsite 3. Substrate can |
to the first glucose residue in subsite 1 or 2ovaihg
cleavage to occur between the first and seconcaorsl
and third glucose residues (7).

Arg 34

Trypsin binding loop

a-amylase
binding site

Val 2 Ser 1

Fig. 1.Ribbon diagram of RATI indicating second:
structuresand binding sites for trypsin am-amylase.
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a-AMYLASE PRODUCTION

The production of a-amylase by submerge
fermentation (SmF) and solid state fermentation=)S&s
been investigated and depend on a Vvariety
physicochemical factors. SmF has bdraditionally used
for the production of industrially important enzys
because of the ease of control of different parammetuct
as pH, temperature, aeration and oxygen transfer
moisture(12, 1B SSF systems appear promising dut
the natural potdial and advantages they offer. S
resembles the natural habitat of microorganism &n
therefore, the preferred choice for microorganisongrow
and produce useful value added products. SmF ce
considered as a violation of their natural hab#epecially
of fungi (14. Fungi and yeast were termed as suit
microorganisms for SSF according to the theore
concept of water activity, whereas bacteria havenl
considered unsuitable. However, experience has 15
that bacterial cultures can be Il managed and
manipulated for SSF processes (13here are othel
advantages of SSF over SmF, including supt
productivity, simpler technique, lower capital ist@ent,
lower energy requirement and less water outputtet
product recovery and lack doam build up, besides it
reported to be the most appropriate process foeldping
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countries. Recently, researches evaluated whet8eri§
the best system for producing enzymes. They foiadl
SSF is appropriate for the production of enzymed
other thermolabile products, especially when higfields
can be obtained when compared to Snl2). The
optimization of fermentation conditions, particlya
physical and chemical parameters, are importanthé
development of fermentation processesto their impact
on the economy ahpracticability of the proce (16). The
role of various factors, including pH, temperatumggtal
ions, carbon and nitrogen source, surface actirentag
phosphate and agitation have been studieca-amylase
production The properties of eaco-amylase such as
thermostability, pH profile, pH stability, and
independency must be matched to its applicatiom.
example, a-amylases used in starch industry must
active and stable at low pH, but at high pH valuethe
detergent industry. Most notable among these ae
composition of the growth medium, pH of the medil
phosphate concentration, inoculum age, tempere
aeration, carbon source and nitrogen soul2,17). The
physical and chemical parameters @¢-amylases from
bacteria and fungi have been widely studied arscribed
(). The properties of some amylases fr
microorganisms has beshow: in Table 1 and 2.

Table 1 Properties of bacteriala-amylases [18]

. ' Fermenta pH Temperature Mole.cular N
Microorganism tion optlm.aI/ optlmell weight Inhibitors
stability stability (kDa)
Bacillus amyloliquefaciens SmF 7 33°C - -
Chromohalobactesp. TVSP 101 SSF 7.0-9.0 65 °C 72 -
Caldimonastaiwanensgp. nov. 7 55 °C - Galactose, malate, malona
sucrose and acetate

Halobacillussp MA-2 SmF 7.5-85 50 °C — Cd", Cv’
Haloarculahispanica 6.5 50 °C 43.3 EDTA
Bacillussp. I-3 SmF 7 70 °C - EDTA, HgCI2
Bacillussp. PN5 SmF 10 60 °C - NH,CI
Bacillussp. PS-7 SSF 6.5 60 °C 71 —
Bacillus subtilis SSF 7 37°C - -
Bacillus subtilisDM-03 SSF 6.0-10.0 50 °C - -
Bacillus subtilisKkCC103 SmF 6.5 37 °C — —
Bacillussp. KCA102 71 57.5°C - -
Bacillussp. AS-1 SSF 6.5 50 °C - —

. . . Cc™, CU#*, HgF* Mg™, Zn™,
Bacillus subtilis]S-2004 SmF 7 50 °C - Ni2*. F&*. and MiF*
Bacillussp. IMD 435. SmF 6 65 °C glucose, fructose
Bacillus subtilis SmF 7 135 °C — —

Bacillus caldolyticudDSM405 SmF 5.0-6.0 70 °C — —
Bacillussp. Ferdowsicous 45 70 °C 53 Hg®*, Zn** and EDTA
Halomonasmeridiana SmF 7 37°C - Glucose
Rhodothermusmarinus SmF 6.5-7 85 °C — -
Bacillussp. KR-8104 4.0-6.0 70-75 °C 59 -

Bacillus licheniformisGCBU-8 SmF 7.5 40 °C — -

Bacillus subtilis 6.5 135°C - -

Bacillus dipsosaurDD1 6.1 60 °C 80 Zn**" and Cd’
Nocardiopsissp. 5 70 °C - -
Geobacillusthermoleovorans 7 70 °C — —
Lactobacillus fermentur®gi E1 5 30 °C - —
Lactobacillus o Ni2+, Cu2+, Hg2+Fe3+ and
manihotivoransMG 18010T SmF 55 55°C 135 Alsg
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Table 2. Properties olFungi and Yeasta-amylases[18]

Microorganism Fermentation | pH optimal/ Temperature Molecular Inhibitors
stability optimal/ weight
stability (kDa)
ThermomyceslanuginosisCC SSF 6 50 °C - -
58160
ThermomyceslanuginostisCC 6 50 °C - -
200065
Aspergillusniger SSF 5.5 70 °C — -
Aspergillussp. AS-2 SSF 6 50 °C - -
AspergillusnigetUO-1 SmF 4.95 50 °C Cw’', He and Zit"
AspergillusnigetATCC 16404 SmF 5.0/6.0 30 °C - -
Aspergillusoryzae 5.0-9.0 25-35 °C - -
Aspergillusoryza€€BS570.64 SSF 7 35°C - -
AspergillusoryzadRRL 6270 SSF 30 °C - -
Aspergillusoryza€BS 125-59 SSF 6 30 °C
Aspergillusfumigatus SmF 6 30 °C - -
Aspergilluskawachii 3 30 °C 108 —
Cryptococcus flavus 5.5 50 °C 75 Hg”*, F¢* and Ca’
Penicilliumfellutanum SmF 6.5 30°C - -
Pycnoporussanguineus SmF 7 37 °C - Glucose, maltose
Pycnoporussanguineus SSF 5 37 °C — —
Mucor sp. 5 60 °C — EDTA
Saccharomyces kluyveri YKM5 5 30 °C - -

IV. | NFLUENCE OF IMPROVERS (0- AMYLASE )
ON THE BAKING PROPERTIES

In the 19th century it was established that théusion
of flours made from sprowdamaged grains into whe
doughs increased the volume of the baked goodse.
years later, flour from artifially sprouted grains (mal
was used as source of amylase. Today microbial as®
preparations are used as well as malt flour. Anegddsve
two important effects on the volume of wheat bz
bakery items. During the dough phase, amylasedyy
degradethe damaged starch to fermentable sugars. T
in turn, will be converted into alcohol and carldioxide
by the yeast and ultimately contribute to the |e@vg of
the dough. The main effect of theamylases, howeve
takes place during the baking pess when the gi
bubbles in the dough expand because of the termype
increase (oven spring). This thermal expansior
counteracted by the increasing viscosity of thercht
which is simultaneously absorbing water, swellingd
partially gelatinising. Selective use of amylases ¢
decrease the viscosity of the starch enabling er
expansion of the gas bubble at the start of thedni
process. Amylases also have an effect on the brogwi
the crust (bloom). Dextrins and sugars formed duthe
enzymatic degradation of starch give rise to the fdiame
of a brown colour during baking and the typical daf
flavour develops as a result of the reaction betwibese
ingredients and other dough components. Finallg
starch quality also influences tlstaling of baked good
With selective use of amylases, the starch straatan be
altered and the shelf life of the baked goods pgdal.
Flour also contains waterinsoluble hemicellulc
originating from the walls of the grain cell. Thesarbec
water migrates into the starch during the baking pror
causing a decrease in viscosity and resulting ir
improved oven spring and higher volume for the bk

goods (19) The quantities, taste, aroma and porosity o
bread are improved by using the enz in the flour. More
than 70 % bread in U.S.A, Russia and European des|
contain a-amylase. Amylases play important role
bakery products(20)-or decades, enzymes such as |
and fungal alphamylases have been used in b-
making. The significancef enzymes is likely to raise .
consumers insist more natural products free of otedr
additives. Larger loaves with softer texture aréaoted
when dough contains either fungal or bactea-amylases.
Fungal a-amylases facilitate proofing under annt
conditions while bacterialo-amylases act at higher
temperatures and enhance loaf expansion duringndpz
The fungal a-amylases have been used in amount
w300-400 mg per 100 g floui21). Due to the ease of use
and benefits observed on finished product quali
mixtures of ascorbic acid and funga-amylases are
widely used in bakeries in Australia as a way togidhe
breadmaking qualities of local flours (discussion withr.}
Robert Millard, Bakery Training Instructor, Polytechr
West, Perth, Australia). It is thought that funco-
amylases depolymerise damaged starch and redu
ability to bind moisture, thus allowing more moigtuo be
available for gluten hydration 22). Microscopic
observation has shown that starch granules disimiedn
doughs mixed withuw-amylase, possibly due to extens
hydration and swelling . Depolymerisation also
facilitates the production of dextrin or fermentabklgars
which in turn facilitdes the production of carbon dioxi
by yeast (2% Thus, more gas is produced and the lo
are larger. Beneficial effects co-amylases on quality
(texture) have also been reported for chapai25).
However, this cannot be explained by greater
production as chapattis are not made with yeast. Hér
is not clear if the observed improvement in finidl
product qualities arising from addition c-amylases
occurs due to production of excess gas di
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fermentation or from changes in dough strenesulting
from improved gluten hydration. It is not simpledesign
studies incorporating yeasted doughs that decoingise
two potential mechanisms. Such an opportunity
available when analysing the effects of funa-amylases
on chemically leavenedodghs, since the gas product
is independent of production of simple sugars tasy
from degradation of starch layamylase(26).

V. CONCLUSIONS

The a-amylase play and ever increasing role in bal
industries has for manyyeaasd a number of microbi
sources exist for the efficient production of teiszzyme,
but only a few selected strains of fungi and béatereet
the criteria for commercial production.

The addition ofa-amylases tahe dough chemically
leavened doughshds to the formation of bigger loa
with softer crumbs.
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