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ABSTRACT pada produksi enzim telah mendorong eksplorasi amilase dari
bakteri mesofilik. Penelitian ini bertujuan untuk mengidentifikasi

Amylase enzyme has a great significance for industrial usages taksonomi bakteri amilolitik, parameter enzimatik, dan produk

in Indonesia. However, this enzyme is still imported. The use hidrolisis pgtl. Dua'|solat ba'kte'r.l (MI.I?10 'dan DKW-8) ya”g
of bacteria in biotechnological process of industrial products berasal dari tanah di Indonesia diidentifikasi karakter morfologi,

such as enzyme production has stimulated the exploration of 11510109i, dan biokimianya bemsarkan potokol standarBakteri
ditumbuhkan dalam fermentoselanjutnya diamati pola per

tumbuhan dan uji enzimatisnya. Enzim kasar dalam aseton yang
dipanen berdasarkan waktu panen yang telah dioptimasi
sebelumnya, dikarakterisasi produk hidrolisis enzimatisnya pada
pati ubi kayu dengan kromatografi lapis tipis (KLT). Hasil
penelitian menunjukkan bahwa bakteri mesofilik MII-10 dan DKW-

extracellular amylase producing bacteria. This study aimed to
identify and analyze the potential use of amylolytic bacterial
enzymes for hydrolyzing cassava star¢ho bacterial isolates,
i.e. MII-10 and DKWS8 originated from Indonesia soil were
identified based on their morphological, physiological and
biochemical properties according to the standard protocol.

The isolates were then cultivated on fermentation medium and 8 termasuk dal.anBacnlu.s‘I|chen|f.orm|.s Per.tumbuhan. maksi-
their growth pattern and enzymatic assays were observed. The mum sel bakteri dan aktivitas enzim dicapai pada 48 jam setelah

acetone-precipitated crude enzyme harvested based on pre—inkUbaSi' Ba.kteri.MII-lt') lebih stabil. da.ripada DKW-8 F’a'am
determined cultivation time was used for enzymatic hydrolysis mernprodukgl en2|m.amllase, yar?g dl'tunju.kkan aleh pgnlngkatgn
product characterization on cassava starch using thin layer aktivitas amilase sejak awal kultivasi. Amilase yang diproduksi
chromatography (TLC). The results showed that the meso- oleh isolat MII—.10 dé_m DKW'?’ m.efupakan endeamilase
philic bacteria isolates (MII-10 and DKM) were belonged to bert.nlasarka.m konf|rma3| produk h.IdI‘O|I.SI§ secara acgk yang meng-
Bacillus licheniformis. The maximum bacterial cell growth and hasnk.an ollgo§akarlda dan dekstrm.‘Nlldc.axtrose equwaler{D.E)
enzyme activity were reached at 48 hours after incubation. The g-amilase d‘fm MII-10 yang cukup t'hgg' _(DE 9.96) menunjukkan
MII-10 isolate was found more stable than DKBAIn producing bahwg. en;lm tersehut .prospektlf dlgunakan' pada proses
amylase enzymeAmylase produced by the MII-18nd DKW sakarifikasi bahan berpati dalam pembuatan sirup glukosa.

8 isolates was identified to be an endeamylase as confirmed [Kata kunci: a-amilase, bakteri mesofilik, MII-10, pati,

by oligosaccharides and dextrin of the random hydrolysis kromatografi lapis tipis, Indonesia]

products. Relatively high dextrose equivalence (DE) value of

a-amylase of MII-10 (DE of 9.96) suggests that the enzyme is

prospective for saccharification of starchy material in glucose

syrup industry INTRODUCTION

[Keywords: a-amylase, mesophilic bacteria, starch, thin layer

chromatographylndonesia] Amylases are important enzymes employed in starch
processing industries for hydrolyzing polysaccha-
rides such as starch into simple sugar constituents
(Guptaet al.2003). These starch degrading enzymes
Enzim anilase mempunyai kegunaan penting dalam berbagai have received an attention because of the perceived
industri di Indonesia. Namun, enzim ini masih diimgRengguna- technological significance and economic benefits. In
an bakteri dalam proses bioteknologi di bidang industri, seperti recent yearthe use of bacteria in biotechnological
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process of industrial products such as enzyme Application ofa-amylase for enzymatic hydrolysis
production has stimulated the exploration of extra- has now replaced acid hydrolysis which gains more
cellular amylase producing bacteriaafvder Maatrel magnitude among the industrial enzymes due to the

et al. 2002; Pascoet al. 2011). Among amylolytic importance of starch, sugar and other products in
bacteria,Bacillus sp., in particulamB. subtilis B. modern biotechnology era (Prakashetmal.2007).
licheniformis andB. amyloliquifaciengre commonly Since the industrial starch degradation is usually
utilized for producing amylases (Breatal 1996). initiated by a-amylase, several studies have been
Amylases are grouped based on the chain of the conducted using starchy materiaV@rious commer
attacked substrate by three types, ateamylase 3- cial raw starches (potato, wheat, corn, rice) are

amylase and amyloglucosidagenylases hydrolyze compared for their enzymatic hydrolysis products
the starch molecules into polymers which are usinga-amylase (Dincbas and Demirkan 2010) and
composed of glucose, maltose and a complete serieshe degrading ability between and3-amylases in

of limit dextrins (Prakashamt al. 2007).Alpha- raw starch granule (Sarikagaal. 2000).

amylase breaks the polysaccharide chains quickly Indonesia has largely imported amylase for various
and randomly in the bond of 1.4-glycosidic, so-called industrial processes. On the other hand, cassava
endo-amylase. In contrasB-amylase hydrolyzes starch as a natural material for producing glucose
glycosidic bonds in starch from the end (Guetal. syrup has not been intensively used. Considering the
2003) and producg¥maltose an@-limit dextrins as crucial need ofi-amylase and highly starchy material
main products. Whereas amyloglucosidase enzyme production in Indonesia, study eramylase hydro-
breaks non-reducing glucose to glucose. The enzymelysis is needed.

can easily be distinguished fromamylase an@- Products of starch hydrolysis a@f-amylase are
amylase (Nikolov and Reilly 1991). used in various foodstuffs with different processes.

The spectrum of amylase application has been Therefore, the hydrolysis test is valuable to be
widened in many other fields, such as clinical, medical elucidated. Since&r-amylase has been extensively
and analytical chemistries, as well as in sugar syrup, used in starch bioconversion (Omemiual. 2005),
textile, food, fermentation, and papérewing and various studies on the enzymatic hydrolysis ability
distilling industries (Pandewt al. 2000). Alpha- have been conducted (Rajagopalan and Krishnan
amylase and amyloglucosidase are usually used for2008; Gangadharaat al. 2009). Several amylolytic
producing glucose through a natural bio-conversion Bacillussp. are explored their hydrolysis abilities,
(Omemuet al. 2005), which is called hydrolytic such asB. amyloliquefacien®n soluble and com-
depolymerization of starch. Conversion of starch into mercial raw starches (Dincbas and Demirkan 20R0),
fructose syrup as a sweetener by using enzymes frombrevis(Rayet al. 2008),B. subtilisKCC103 (Rajagopalan
microorganisms is a relatively new industrial process and Krishnan 2008), as well &. licheniformis
and can increase the added value of starch. (Shewale and Pandit 2007).

Producing fructose syrup needs some steps by Information on amylase application with a view of
using a-amylase, amyloglucosidase and glucose their exploitation on enzymatic hydrolysis process
isomerase (Whitehurst and Oot 2009). In liquid sugar using low cost-cassava starch in Indonesia is very
industries, there are two important steps to produce essential. This study aimed to identify the potential
glucose syrup, namely liquefaction and saccharifica- use of amylolytic indigenous bacteria from
tion. The liqguefaction process involves either Indonesian soil (MIl1-10 and DKW8) and to investi-
amylase of-amylase (Rao and Satyanarayana 2007), gate the cell growth pattern and enzymatic assays.
while saccharification process involves amylo- Amylase produced by the bacteria was identified its
glucosidase (Kobayaski al. 1998).Alpha-amylase ability on cassava starch and the product profile was
can also be added to the saccharification process anddetermined by thin layer chromatography
works synergistically with amyloglucosidase to
speed up glucose formation (Satyanarayahal.

2004). Howeversome critical factors are considered MATERIALS AND METHODS
for industrial saccharification process, for instance,
the poor stability of amylolytic activities and limited Bacterial Isolates

yields of glucose due to the slow hydrolysis of starch

formation from condensation produci® encounter Two amylolytic bacterial isolates (MII-10 and DK®)
such cases, microbial enzymes that do not have theseused in this study were obtained from the Indonesian
characteristics are highly desirable expected. Center forAgricultural Biotechnology and Genetic
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Resources Research and Development (ICABIO- Enzymatic Assays

GRAD), Bogor West Java.These bacteria were

isolated from Indonesian soil. The isolates were Alpha-amylase and reducing sugar activities of the

maintained at 4°C in a starch nutrient agar slant enzyme were determined using 3'5-dinitrosalicylic

medium containing 25 g*lof nutrient agar and 3 ¢ | acid (Mamo and Gessesse 1997). One unit of amylase

of starch at pH 7.0. activity was defined as the amount of enzyme that
produced 1 mmadi- or f-maltose per minute. Protein
was estimated by Bradford method using bovine

Bacterial Identification serum albumin as the standard (Kruger 1991).

The isolates were cultured on starch-nutrient agar
plates and incubated at 37°C for 24 hours. Single Enzymatic Starch Hydrolysis
colonies of the isolates were repeatedly subcultured
on fresh starch-nutrient agar plate to obtain pure Starch liguefaction was carried out by preparing a
cultures for identification and enzyme analyses. substrate of cassava starch suspension (2%) in
Bacterial identification followed the standard water the pH was adjusted to 6.5 with Cag@nd
protocolssuch as Grams’staining, spore formation, heated until gelatinizationTwo ml of the tested
and physiological and biochemical properties as enzyme, approximately ranging from 400 to 500 U ml
described by Breeelt al. (1994). (MI1-10 and DKW-8), were added to 10 ml of the
starch substrate and incubated at 40°C in a shaking
incubator for a given period. Solution of hydrolysis
Amylolytic Enzyme Preparation product was separated and mixed with iodine solu-
tion. The mixture was boiled for 5 minutes and 2% of
Single colonies of the isolates were cultured on an activated charcoal was added, then left for 1 hour
activation medium (50 ml) containing nutrient broth and filtered. A commercial a-amylase fromB.
and 1% soluble starch and incubated at 37°C underlicheniformiswas used as the standard (79 W/
shaking (120 rpm)After 24 hour incubation, the  amylase) followed the method described above.
cultures were transferred into a 3 liter-fermented flask
containing one liter fermentation medium broth
equipped with an agitator and an aerator for 48 hours. Characterization of Hydrolysis Products
The fermentation medium to produce amylase
consisted of 0.1% yeast extract, 0.1% bacto trypton, The starch hydrolysis products were analyzed by thin
0.01% MgCl, 0.02% CaCJ, 0.02% KHPO,, 0.04% layer chromatography (TLC). The commercial pure of
K,HPQ,, 0.05% (NH),SO,, 0.02% NaCl and 1% a-amylase was used as the standard for the hydro-
cassava starch. The optimum period for enzyme lysis test using cassava starch as the substrate. The
production was determined by sampling the culture at test was also used for determination of dextrose
various times. Parameters analyzed were optical equivalent (DE). INTLC assaysilica gel plates of 20
density (OD) of the cultures, enzyme activities, cm x 20 cm with a mobile phase system of isopropanol,
reducing sugar and soluble protein content (Aquino acetone and lactic acid 0.1 M at a ratio of 4:4:2 were
et al. 2003). used. Sugar spots were detected by heating at 100°C
for 30 minutes with color generating reagent consis-
ted of a mixture of 4 ml aniline, 4a@-diphenylamine,
Enzyme Precipitation 200 ml acetone and 30 ml 80%RD, (Schulzet al.
1986). Glucose, maltose and dextrin at 0.8% concen-
The cultures were centrifuged at 4,000 rpm for 30 tration each were used as standards.
minutes at 4°C and the supernatants were collected. The amounts of enzyme added to the substrate in
The cell-free supernatant was subsequently precipi- the purified MII-10 and DKW8B amylase, as well as in
tated with cold acetone (4°C) at a ratio of 2:3. The the purea-amylase standard were prepared with the
mixtures were incubated for 12 hours at 4°C and same unit (79 U) as enzyme per 0.2 g of starch. This
centrifuged again to separate the sediment. Thevalue was the minimum ratio that produced brownish
precipitated amylase was then dissolved with citrate purple color with iodine reagent after 1 hour incuba-
phosphate buffer solution (pH 7.0) at a ratio of 1/50 tion. Starch dry weight was determined by heating
times of supernatant volume. the starch at 105°C for 4 hours and repeated once,
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then drying using desiccator until reaching constant
weight. Dextrose equivalence (DE) was determined by

analyzing the reducing sugar as glucose according to

the protocol ofTakasakiet al.(1993).

RESULTS AND DISCUSSION

Characteristics of Amylolytic Bacterial
Isolates

The macroscopical, microscopical, physiological and
biochemical characteristics demonstrated that both
isolates (MII-10 and DKWB) were presumptively
identified asBacillus licheniformis(Table 1).The
morphology of the isolates showed straight and rod

Indones. JAgric. Sci. ¥l. 14 No. 1April 2013: 7-14

Fig. 1. Performance of amylase producing bacteria. (A)
Bacterial cells showing straight, rod shape under light
microscope observation, (B) amylase-producing bacteria
showing a big clear zone around the colony on starch
medium.

which have been confirmed elsewhere (Ajayi and
Fagade 2006; Baishya and Sarma 2010). These results
demonstrate thai-amylase producing bacteria are

shape as presented in Figure 1A. Both isolates weremostly fromBacillussp. This is in a good agreement

detected as mesophilic bacteria producing thermo-
labile amylase and complement to previous isolated
mesophilic amylolytic microbes (Rubat al.2013).

with the previous report (Niazt al 2010). The colony
characters of both isolates could héiheir genetic
characterization. Thus, the extracellular enzymes

Clear zones formed around the colonies on starch produced byBacillusspecies have important roles at

medium indicated that the isolates were able to
produce extracellular starch-degrading amylase (Fig.
1B).The clear zones lead to select MII-10 and Di8W
as isolates with the highest amylase activity

To date, these novel amylolytic bacterial isolates in
this study could enrich the discovery Béacillus sp.

Table 1. Morphological, physiological and biochemical
characteristics of M11-10 and DKW-8 isolates.

Characteristics

Parameters
MI1-10 DKW-8
Cellular characteristics
Morphology Straight, Straight,
rod shape rod shape

Gram reaction Gram positive ~ Gram positive

Endospore Spore-forming  Spore-forming
Physiological characteristics
Catalase Positive Positive
Indole production Negative Negative
Starch hydrolysis Positive Positive
Urease test Negative Negative
Oxidase test Positive Positive
Arabinosa hydrolysis Negative Negative
Mannitol hydrolysis Negative Negative
Xylose hydrolysis Negative Negative
Methyl red test Negative Negative
Motility Positive Positive
Growth:
Anaerobic Positive Positive
At 50°C Positive Positive
At 60°C Negative Negative
At pH 5.7 Positive Positive
In 7% NacCl Positive Positive

present. Of total estimatedtamylase production in
the world, a half of this was produced Bgcillussp.
(Meima and van Dijl 2003)Among theBacillus sp.,
a-amylase obtained from. licheniformisis applied
mainly for starch hydrolysis (Rao and Satyanarayana
2007).

Bacterial Growth and Amylase Production

The growth pattern, enzyme activityeducing sugar
and protein of MII-10 and DKW isolates are
presented at Figure 2. The MII-10 growth pattern
determined by optical density showed that the lag
phase lasted 2 hours and the exponential phase
occurred approximately at 28 hours after incubation.
Maximum cell growth and amylase activity reached at
48 hours of cultivation (621.9 U/l), but reducing
sugar decreased slightly at 42-48 hours. While the
DKW-8 growth pattern showed a lag phase of 2 hours
and was accompanied by a sharp increase in enzyme
activity. Afterward, the enzyme activity decreased
until the end of incubation.

The MII-10 growth pattern indicates an increased
amylase activity and protein since the beginning of
cultivation, in contrast to reducing sugéris possi-
bly due to the substrate used for cell metabolism. On
the other hand, the protein of DK@/ decreased
continuously after reaching a peak at initial incu-
bation. This assumes that MII-10 amylase is more
stable than that of DKW8. This result is consistent
with previous studies (Ajayi and Fagade 2006)
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0 4 20 24 28 42 48
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Fig. 2. Growth pattern, enzyme activity, protein, reducing sugar
during cultivation in fermenter broth medium.

confirming that the shape of the curve differs
depending on the source of the enzyme.

The harvesting time of cell-free supernatant is
determined by both enzyme activity and cell growth.
The enzyme was harvested when the cell growth was
stable and had high enzyme activitg that phase,
proteolytic enzyme production is still lgwand
neutral protease is peaked the day after amylolitic
enzyme reaches the maximum value. Optimum growth
of cells is linear with maximum growth rate, and
amylase activity increases with cell growth (Retz
al. 2009). The high stability of bacteria secreting
amylase hopefully enhances a large amount of enzyme
with higher activity

Hydrolysis Product of Amylase

Hydrolysis product on cassava starch signified that
amylase of MII-10 was better than that of DK8\at
various incubation periods éble 2).The purified
amylase of MII-10 revealed a pretty good ability of
hydrolysis on cassava starch. It could be seen in the
initial 10 minutes of iodine test that gave a purple
color, indicating that hydrolysis process had
occurred.While amylase of DKW8 took longer in
hydrolyzing the starch, specified by purple color
after 2 hours of hydrolysis.

Starch hydrolysis produces three types of dextrins,
i.e. amylodextrin, erythrodextrin and acrodextrin.
Amylodextrin produces a blue color when reacted
with iodine and the longer hydrolysis would form
erythrodextrin with brownish red coldin the shorter
hydrolysis test, the color was usually formed with
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¢ pH

W OD600

A Activity (U I') x 100

@ Reducing sugar (g I'Y)

[ Protein (mg I'*) x 100

O Specific activity (U mg™* protein)

20

8 18

Incubation period (hour)

and specific activity of MII-10 (A) and DKW-8 (B) isolates

Table 2. lodine test for hydrolysis product of amylases
produced by M11-10 and DKW-8 isolates on cassava star ch.

Incubation period Color of hydrolysis products

(hour) MII-10 DKW-8
Blue Blue

1/6 Purple Blue

1/2 Purple Blue

1 Purple Blue-purple

2 Brown Purple

24 Transparent Transparent

iodine and produced acrodextrin, which also called
maltodextrin. The purple color in iodine staining can
be caused by the mixed amylodextrin and erythro-
dextrin in the reaction. The prolonged hydrolysis
would increase color intensity of spots, governing to
obtain end-product of this amylase.

Chromatogram patterns of enzymatic hydrolysis
product by amylases of MIl-18nd DKW-8 are
presented in Figure 3 and 4, respectivéhythe initial
10 minutes of hydrolysis, the main products of
amylase from MII-10 were oligosaccharides 3 and
dextrin. The intensity of color patches of oligosac-
charide 2 increased within 30 minutes of hydrolysis.
The DKW-8 chromatogram also showed an increased
intensity of color patches by increasing hydrolysis
duration. The extended hydrolysis (24 hours) resulted
in an accumulation of maltose, dextrin and oligosac-
charide 1 and reduced color intensity of oligosaccha-
rides 2 and 3. Final products of MIl-Id}amylase
varied, similarly to the standard-amylase which
produced glucose trace, maltose, oligosaccharides



G1+G2 S oh  1/6h 1/2h 1h 2h 24 s Gl+G2 D
Fig. 3. A thin-layer chromatography plate showing main
products of soluble starch hydrolyzed by amylase
produced from MII-10 bacterial isolate. Lane 1 and 10 =
G1+G2, mixture of glucose and maltose, lane 2 and 9 = S,
standard a-amylase Bacillus licheniformis, lane 3-8 = the
products catalyzed by MII-10 at 0,1/6, 1/2, 1, 2, and 24
hours, lane 11 = dextrin, No. 1-7 represent the hydrolysis
products, 1 = glucose, 2 = maltose, 3-6 = malto-oligosac-

charides, 7 = dextrin.

Gl

G2 G1+G2 D oh  1/6h  1/2h 1h  2h  24h
Fig. 4. A thin-layer chromatography plate showing main
products of soluble starch hydrolyzed by amylase
produced from DKW-8 bacterial isolate. Lane 1 = G1,
glucose, lane 2 = G2, maltose, lane 3 = G1+G2, mixture of
glucose and maltose, lane 4 = D, dextrin, lane 5-10 = the
products catalyzed by DKW-8isolate at 0, 1/6, 1/2, 1, 2,
and 24 hours. No 1-7 represent the hydrolysis products, 1
= glucose, 2 = maltose, 3-6 = malto-oligosaccharides, 7 =

dextrin.

and dextrin. This random hydrolysis product indi-
cates an enda-amylase action. The-amylase of
DKW-8 is also an endo-amylase, howeveihydro-
lysis product of amylase DKY8 was not glucose for
total period of hydrolysis. This result demonstrates
that the hydrolysis rate of MIl-18mylase is higher
than that of DKW8. The discrepancy of hydrolysis

Indones. JAgric. Sci. ¥l. 14 No. 1April 2013: 7-14

maltopentaose (Ratanakhanokcbgal. 1992) as well

as maltohexaose (Santamaetal. 1999) and also
glucose (Aquincet al. 2003; Dincbas and Demirkan
2010).

DE of MII-10 a-Amylase

The stability of bacterial cell growth and the
production of MII-10 amylase lead to determine its DE
that represents the degree of hydrolysis on starch.
The DE of MII-10 a-amylase precipitated with
acetone was 9.96, lower than that of paramylase
standard fronB. licheniformis(23.33). It could be
because this imported standacdamylase is a
commercial product which was genetically modified
bacteria with extreme increased activithe DE of
MII-10 amylase was comparable with that of other
amylase (Suret al. 2010). In fact, saccharification
process in the manufacture of glucose syrup usually
uses starch substrates with DE ranging from 10 to 15
(Nikolov and Reilly 1991). Based on the DE value,
therefore, MII-10 amylase is potential for starch
hydrolysis to produce glucose.

Utilization of Thermolabile MII-10
a-Amylase

Many factors affect the success of liquefaction and
saccharification processes in industrial glucose
syrup production, for instance substrate concentra-
tion, pH, temperature and stirringdRasakiet al.
1993). This thermolabile MII-1@-amylase could be
used to break down cassava starch and economically
produced glucose. The process of hydrolyzing starch
and its derivatives which did not require high
temperatures, particularly saccharification for pro-
ducing liquid sugarcould be possibly applied. Some
thermolabile amylases were also proven to apply in
starch saccharification (Singht al. 2010). The
characters of thermolabile amylase in this study may
provide an efficient way to produce glucose syrup
from starch, by conducting further studies on amy-
lolytic complex ofB. licheniformis.

Further studies to optimize fermentation conditions
for both isolates and to modify the genetics would
enhancex-amylase activity to be a potential enzyme
source. Importantlyas a lage amount of foreign
exchange is involved to import such enzymes to meet

products of amylase produced among bacteria is in domestic consumption, serious attention and efforts

accordance with previous studies. Engl@mylases
from B. licheniformiswere maltose, maltotriose and

are required to produce the indigenous amylase by
using locally improved isolates.
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CONCLUSION

Based on the morphological, physiological and
biochemical characteritics, the two mesophilic
bacteria isolates MII-10 and DK\® were identified as

belonging toBacillus licheniformis. The bacterial

cell growth and amylase enzyme activity of the two
isolates were found to be positive linear correlation.
The highest amylase activity produced from both
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Gangadharan, D., K.M. Nampoothiri, S. Sivaramakrishnan and
A. Pandey 2009. Immobilized bacteriai-amylase for déctive
hydrolysis of raw and soluble starch. Food Res. Int. 42: 436-

Gupta, R., PGigras, H. Mohapatrd/.K. Goswami and B. Chauhan.
2003. Microbiala-amylases: a biotechnological perspective.
Process Biochem. 38: 1599-1616.

Kobayashi, F T. SawadaY. Nakamura, M. Ohnaga, M. Godliving
and T. Ushiyama. 1998. Saccharification and alcohol
fermentation in starch solution of steam-exploded potapgpl.
Biochem. Biotechnol. 69: 177-189.

isolates was noticed at 48 hours after cultivation and kyger, N.J. 1991. The Bradford method for protein quantitation.

determined as the optimum time to harvest the
bacterial cells. MII-10 isolate was more stable
compared with DKW3 to produce amylaserhe
enzyme of MIl-1(and DKW 8 isolates was identified
as endoa-amylase. The DE value indicates that Mll-
10isolate should be more prospective than Di8\Wb
produce thermolabilei-amylase. Thus, MII-1@-
amylase could be potentially applied in starch

saccharification process to break starch into simple

sugar in glucose syrup manufacture.
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