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Abstract: Thermostable amylase enzyme has a broad commercial value i its use in the processing m'-lun;h. sugar
production. textile, paper, animal feed, pharmacewticals and in the manufactwe of detergents. This study aims to determine the
optimum conditions of amylase production from the termotil bacteria Bacilfus sp. RSHI-1b isolated from a hot spring Lejja
South Sulawesi and characterizing the amylase enzyme. The testing of amylase production was done with vanious
concentration of starch and CaCly in the production medium, then fermented to obtain maximum amylase activty, amylase
enzyme was produced in optimum condition, and its characteristic was tested using 2% starch substrates in vanous phl,
temperature and determining the compound cofactor which can act as activators or inhibitors of the u@usc activity, the
enzyme activity was tested using DNS method. Crude extract enzyme hays the highest enzyme activity of the protein content
determined by the method of Lawry. The results showed that the amylase enzyme from Bacillus sp RSAlI-1b iselates can be
manufactured to a maximum at 33 hours of fermentation time with conditions: the concentration of substrate (starch) 1.5%.
0.08% CaCls. 55°C temperature. medium pH 7.0 and acration speed 200mpm with the activity of 0.1323U/mL. amylase crude
extract protein content of |8 g/mL. with spesifik activity 0.0711 U/mg protein. Crude extract amylase work optimally at pH
6.0: 55°C -60°C the amylase activity of 0.165U/mL, the specific activity of 0.089U/mg proten. Amylase enzyme is an enzyme
that depends on metal because its catalytic activity can be activated by metal ions Ca’ . Mg:[ Cu®, Ni* and Co’ as activators
whereas Zn°' jons decrease the activity of enzymes as inhibitors. Amylase activity in the crude extract optimum conditions
with the addition of 10 mm ions Ca® can increase amylase activity up to 32.89%. while the addition of ions Zn® can inhibit
amylase activity up to 25%.
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Amylase is generally produced by plants, animals, humans
and microbes. Enzymes derived from termofil microbe and
hipertermofil are more widely used in industry, especially
industries that use high temperatures in the process. This
happens because an enzyme derived from the microbe has
thermo stability and optimum activity remains at a high
temperature | 3]. Microbes producing enzymes that are widely
used in industry. namely tungi and bacteria [4].

Amylase enzyme has a high cconemic value. because in
the food industry, c-amylase enzyme functions provide sugar
hydrolys is of starch that can beutilized for the production of
glucose syrup or fructose syrup that has a high level of

1. Introduction

Starch molecules are polymers of alpha-D-glucopyranose
which will be broken down by amylase enzyme at alpha-1.4
and alpha-16-glycosides bonds [1]. This polymer is very
abundant after cellulose, found in many sago, cassava, maize.
millet, etc. Amylase is a hydrolytic enzyme that can
hydrolyze the compound starch or starch as its substrate, and
an enzyme that is important and its existence 1s greatest in
the field of tood and biotechnology, these enzy mes are traded
as much as 25% of the total other enzyme [2].
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sweetness to be used in the manufacture of bread, and baby
food. In the textile industry s-amylase enzyme is used to
assist in the removal of starch, which is used as an adhesive
to protect the threads of woven in the bending moment. This
process requires a temperature of around 70-80°C [S]. The
usefulness of g-amylase under various conditions is strongly
influenced by the stability ot the enzyme [6]. g-amylase
requires calcium ion (Ca®'y to increase the activity and 1o
maintain the structure and stabihty.

Several studies on termofil bacteria and thermo stable
enzymes have been done. Raharjo et al [7] reported that the
hot springs of Svnai South East Sulawesi contains 26 isolates
of amyffe bacteria. They found that isolate of S60T3-4
badfFl had the highest activity at the optimum temperature
80°C and pH 4.5 with specific activity of 3.54U/mg protein. In
addition. Arfah et al. [R] reported that the hot springs of Lejja
South Sulawesi contains 10 isolates of amylase bacteria.
IsolateR-SAll-1b has the largest clear zone of 5:6cm atter 48
hours incubation at 50°C. The clear zone after the addition of
iodine to the medium containing starch substrate indicates that
these isolates have the ability 10 produce the amylase enzyme
which can hydwlyze starch into glucose. )

Based on those informations. research on the production of
amylase from termofil bacteria Bacillus sp RSAII-1b has
been carmied out. We report here the optimum condition of
enzyme produmon characterization of crude extract of
amylase against the effect of pH. temperature and metal ions
addition on the activity of the amylase enzyme.

2. Methods
2.1. Isolate Rejuvenation and Preparation of Inoculum

Rejuvenation of bacteria was done by taking 1 ose of
bacteria isolates Bacillus sp RSAT-1b and then inscribed in
the medium Luria Agar (LA) then incubated for 24 hours at
S0°C. Next step is the preparation of inoculum on medium
with the production medium composition inoculum used by
|6] were moditied. Composition of the medium: yeast extract
0.2%: bactopeptone 1%: NaCl 0.005%: MgSO,TH0 0.05%;
CaCly 0.015% and 1.0% starch. Medium production and
inoculum medium has the same compoesition but varying
starch  concentration  of  0.5%-2.5%. and the CaCl

concentration of 0.01%-0.16%.
2.2. Optimization of Amylase Engyme Production

2.2.1. Determination of the Optimum Soluble Starch
Concentration

Bacterial culture isolates of Baciflus sp RSAII-1b taken |
loop of culture ages 24 iEls put into the medium inoculum
subscquently incubated in a shaker incubator at 200 rpm
temperature of 55°C for 24 hours [7]. Furthermore, 10% of
inoculum active included in the sterile production medium
with wvarying concentrations of soluble starch 0.5%-2.5%.
The next incubated in an incubator shaker at 200rpm
temperature of $5°C for 24 hours. Furthermore., the separa-
tion ot the cells from the medium by centrifugation at

3500rpm 30mun. 4°C. Supernatant obtained a crude extract of
the enzyme amylase, then tested its activity. Once known
concentrations  of certain starch which has the highest
amylase enzyme activity.

2.2.2. Determination of the Concentration of CaCl,

Bacterial culture isolates of Baciflus sp RSAl-1b taken |
loop of culture ages 24 Es put into the medium inoculum
subsequently incubated in a shaker incubator at 200 rpm
temperature of 55°C for 24 hours | 7]. Funthermore, 10% of
inoculum active included in the sterile production medium
with contains optimum concentrations ot soluble starch then
performed the CaCly concentration variation in production
medium of 0.01%-0.16%, The next incubated in a shaker
incubator at 200ipm temperature of 55°C for 24 hours, then
the separation of the cells medium by centrifugation at
3500rpm 30minutes. 4°C. Supernatant obtained a crude ex-
tract of the enzyme amylase, then tested its activity.

2.2.3. Effect of Fermentation Time on Bacterial Growth
(Optical Densit) and the Production of the Engyme
Amylase from Bacillus sp Isolates RSAII-1b

Once known concentrations ot CaCl, specitic enzyme
activity of amylase made amylase production on starch
concentration, and the concentration of CaCly optimum by
sampling every 3 hours for the analysis of optical Bnsity

(OD) at a wavelength (1) 600nm [8]. as well amylase activity

is determined by the DNS method [9]. Results of testing the

enzyme activity obtained data shows optimum  amylase
production on certain conditions.

2.3. Activity Test of Amylase Enzyme

Amylase enzyme activity measurement principle is based
on the calculation of reducing sugars trom the hydrolysis of
starch i DNS method 9] mixture of 0.5mL of 2% seluble
starch; 0.5mL 0.1M phosphate buffer pH 7.0; 0.5mL of the
extract amylase enzyme, incubated at 55°C for 60minutes,
after the incubation was added 1.5mL of DNS reagent
{salisilicnitrous acid) and then shaken and heated in boiling
water for 10 minutes further cooled in ice water, and
measuring absorbance by using a spectrophotometer at a
wavelength of 430nm maximum.

2.4, Protein Assays

2

This test using the method of Lowry [10]. the Lowry B
composition is NayCOy 2% in 0.IN NaOH: 1% CuSO4:
sodium-potassium-tartrate  (100:1:1) and Lowry A is
phospho-tungstic  acid-phospho-molybdic (Folin):  distilled
r (1:1). The protein content is measured by using BSA
(bovine serum albumin) as a standard and was measured
using a spectrophotometer at a wavelength of maximum [10].

2.5. Characterization of Amylase Encymes

Amylase production is dong in optimum condition and then
conducted biochemical characterization of the nature of amylase
about pH, temperature, and the ntluence of metal ions.
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2.5.4. Determination of Optintum pii {11]

Enzymuml.dmfuius. phosphate butter 0.1M pH the range
of 5.7 w pH 8.0 is mixed and incubated at 55°C for 60
minutes further testing amylase activity at cach change in pH
in order to obtain optimum amylase activity at a given pH.

2.5.2. Determination of the Optimum Temperature

Subsrates, enzynff, bufter pHl optimum (which has been
achieved in part A) were mixed and incubated for 60 minutes
at a temperature range of 35-65°C and then testing amylase
activity at any temperature change in order to obtain
optimym amylase activity at a certain temperature

2.5.3. Effect of Metal fons on the Activity of Anyidgd 112/

To determine the effect of metal ions that act as activators
or inhibitors used several types of metal ions (MgCly: CaCly;
CoCly; NiCly: and ZnCls) with the same concentration as
follows: 10mM. A mixture of enzymes, metalions, butter and
substrate respectively incubated for 60 minute further testing
amylase activity in each of the ion species.

3. Results and Discussion
3.1 Amylase Enzyme Production Optimization

311, Determination of the Optimum Soluble Starch
Concentration

Figure | shows that the production of amylase starch
concentration increased 101.5% (optimum) with amylase
activity of  0.087U/mL  with a  maltose content  of
1.890mg'mL. The increased concentration of soluble starch
from 1.5% to 2.5% and maltose amylase production is
relatively constant. This indicates that at concentrations of
1.5% soluble starch amylase production has reached the
maximun.
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Figure 1. Hleet of substriv conceniration on the production of
extrucelllar amylase from Buciflus sp RSAN-Th. Bodtes tenmofil bucteria.
In the fermentation conditions. pli 7100 tempenatune3S C. aeration speed
AWNhepin for 2dhours

The production  of amylase on  starch  substrate
concentration effiect seen in Figurel, incontrast with the
amylase produced from Baciflusspecies of land at 50°C with
a concemration of 2.0% starch [6].

3.1.2. Determination of the Concentif¥ion of CaCl,

Eftect of CaCl, concentrution on the production of

amylase from isolates Bacillus sp. RSAI-1b, CaCl,
concentration optimum for producing amylase from isolates

Baciflus sp RSAll-1b CaCl: contained in a concentration of

0.08% (optimum) with amylase activity of 0.112U/mL with
levels of maltose produced 2 430mg/mL. After passing the
optimum concentration decreased amylase activity. This
indicates that at a concentration of 0.08% CaCl, amylase
production has reached the maximum (Figure2).
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Figure 2. Effect of CaCl: concentration on the production of extracelluker
amylase from Bacillus sp RSAN-1H sodates termofil hacterialg@Pn  the
condition  of fermeniaiion.  starch 1.5%: pH 7.0;
temperature $3°C; 20 for 24 hours

voretiatiosn of

Figure 2 shows the compound CaCl; at a concentration of
0.08% amylase activity can increase as much as 29%. The
production of amylase to the effect of CaCl, concentration
seen in Figure 2 has in contrast with the amylase produced
from Bacilius species At 50°C with a concentration of 0.02%
CaCl]6]. g-amylase requires calcium ion (Ca™) o increase
the activity. maintaining the structure and stability. Ca® can
enhance the activity of u-amylase in Baciflus sp. ANT-6 [14].

‘ ,
| 14 a ol
8 A z
t-s L - a 0 3]
|8 w3
|- 8% A 2
|£3 y war

= : A - X
Ig a " L z|

. po

| . ® * i
| 2 4 s a e 8
!8 ' S | 1% 18 21 24 2] W 313 %% 19 47
| Fermentation time (h)
l *- 0D 4 600 nm & actraty amiase {Unit/mL)
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08" temperatiere 33°C: seration speed 200 rpr,

3.1.3. Effect of Fermentation Time on Bacterial Growth
Eptical Density) and the Production of the Enzyme
Amylase from Bacillus sp Isolates RSATI-1h

The growth of Bacillus sp. RSAIl-1b began to occur a
phase of adaptation to the hours -0 until the 12th, and growth

increased with increasing fermentation time until the 24"

hour later rose sharply until the hour-33 in this case is still

going on logarithmic phase. the clock phase to 36 deaths
occurred. Amylase enzyme began secreted at the 15" hour of
fermentation that 0.0319U/mL and increased to 0.0925U/mEE)

at the 24" hour, then becomes 0.1323U/mL at hour-33 with a

specific activity of 0.0711U/mg protein and the subscquent
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decline in production of umylﬂ: (Figure3). This shows that
the optimum conditions of production of amylase from
Bacilius sp. RSAll-1bis the 33" hour Amylase crude extract
protein content of 1.8612mg/mlL.

3.2, Characterizatipy of Aniylase

3.2.1. Effect of pH on Amylase Activity

pH is one of the factors that fffect the activity of the
enzyme. the results of rescarch the effect of pH on the
enzyme activity (Figure 4).

= H 1
=3 . v -
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Figure 4 Effect of pli on the activity of Baciifus sp RSAN1E conditions
substrate 2%s and a wmperatere of 33°C wsing 0.1 M phosphate buffer.

Figure 4 shows that tfmylase enzyme activity increased
to pH 6.0 with amylase activity of 0.1637U/mL and specitic
activity of 0.0879U/mg protein. and then begin to decline ata
pH of 6.4 with 0.1536U/mL activity and declined sharply at
pH 8.0 with the activity of 0.0749U/mL. HEEJd on this
phenomenon, indicating that the conditions ot pH 6.0 is the
pH optimum. pH of the enzyme amylase which is an
optimum condition to form a complex enzyme substrate
precise and produce the maximum. Change the charge on the
m{Ecule of enzyme can aftect the activity. either by changes
in the structure and the charge on the amino acid residues that
bind to the substrate can function. Suppose an enzyme
negatively chargedo react with the substrate positively
charged torm the enzyme-substrate complex, then the pH

lue higher substrate will be ionized and lose the positive.

same thing at low pH enzyme will be protonated and lose
negative charge[13]. Changes in H' ions present in the
enzyme solution providing contormation effect on the
enzyme so does the catalytic section. pH s too low or too
high causes a conformational change in the enzyme that
causes decreased activity. The optimum pH obtained in this
study together with the optimum pH [12] from Baciifus sp
were isglated in a hot spring that is pH 6.0{optimum).

3.2.2. Effect of Temperature on Antylase Activity
Temperature is one of the factors that attect the activity of
the enzyme. Changes in temperature can lead to protein
folding or enzyme so that the enzyme active site is well
positioned 10 catalyze substrate. In Figure § amylase activity
at various temperatures showed that the amylase activity
increases with increasing temperature. Enzyme activity of
0.087DU/mL at 35°C continued to increase to 0.0944U/ml at
a  temperawre of 45°C  and [fjubsequently  became
0.1471U/mL at 50°C, 0.1647U/mL with a specific activity of
0.089U/mg protein at a temperature of 55°C, 0.1656UMIL

13

gh a specific activity of 0.089U/mg protein at 60°C, then
the activity decreased with increasing temperature becomes
65°C with activity value 0.1073U/ml and  decreasdfg)
continues to be 0.099U/mL at 70°C. Based on these data, it
can be said that the maximum amylase activity at 55-60°C in
hydrolyzing starch substrute. The optimum temperature
obtained in this study is similar to that obtuined the optimum
temperature [12] from Bacilfus sp. WA21 in the hot springs,

to obtain maximum activity at 55°C
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Figure 5. Effect of tempevature on the activity of amylase of Bucilius sp
HSAN- 1 conditivns. subsirate is 2% and pli 6.0 phosphate bufler

The temperature s very unc:nuai in thermodynamics
motion of moelecules, as well as protein or enzyme molecules.
A low temperature leads to a lack of collisions between
molecules of the enzyme to the substrate, whereas at higher
temperatures the thermodynamic motion of enzyme molecule
large enough so that the collisions between the enzyme and
substrate  molecules  will occur  rapidly. At extreme
temperatures high protein denaturation resulting in a change
in the structure of the enzyme protein so that the cnzyme
active site changed. Thus, the enzyme becomes inactive
because of a change in the active site [ 15].
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3.2.3. Effect of Metal lons

Figure 6 shows that the enzyme amylase cut the addition
of @ metal ion which control the activity of relait 100%. The
addition of CaCls, MgCls, CuCls, NiCl: and CoCl: with a
concentration of 10mM may increase the activity of
amylase respectively 32.89%, 34.13%, 13.77%. 8.93 and
5.05%. so that is an activator. For ZnCl: solution can reduce
amylase activity by 25%. so that is the inhibitor. the results
of research conducted by [13] obtained that the addition of
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CaCl.. MgCl,. CuCl. NiCly and CoCly with a concentration
of 1.0mM and 10mM may increase the activity of amylase,
while the ZnCl. solution 1s either a concentration of 1.0mM
and | 0mM may inhubit the activity of amylase. Similarly. a
study conducted by [16] the addition of CaCl. soiu!io
amylase enzyme isolated from bacteria termofillik SW2 can
increase the activity of the enzyme u-amylase and the
addtion of ZnCl: metals decrease the activity of amylase.

iéonclusion

Based on the rescarch results, it can be concluded that:
Isolates of Bacilfus sp RSAN-Ib can produce maximum
amylase:  starch concemration of 1.5%, 0.08% CaCl:
concentration and fermentation time 33 hours with medium
pH 7.0 and incubation temperature 55°C, aeration speed of
200rpm with spesitic activity 0.07110/ mgprotein, crude
extract aalasc work optimally at plt 6.0; 55-60°C the
amylase activity of 0.165U/mL. the specific activity of
0.089U/mg protein. Amylase is an enzyme that depends on
the activity of the catalytic metal because metal jons can be
activated by Ca’', Mg™, Cu', Ni*' and Co® that are
activators whereas ions Zn' decrease the activity of enzymes
that are inhibitors. Amylase activity in the crude extract
optimum conditions with the addition of 10mM Ca’ ions can
increase amylase activity up to 32.89% while ions Zn' can
reduce amylase activity by 25%.

Acknowledgements

The authors thank the Hasanuddin Umversity Graduate
Program on BPPS scholarship funds by the Higher Education
in 2011-2014, and thanks the Head of Laboratory of
Biochemistry Department of Hasanuddin University  for
facilitating us to do the research.

References

1] Hamdani, 2008 Deteksi dan Produks: Amulase. (onhoe)
{http: ‘biogen. litbang.deptan.go.id terbitany agro b/ abstrak  agr
obio, aceessed 4 jum 2008).

[2]  Souza, P. M. De., and Magalhdes. P 0. De.. 2010. Application
of Microbial c-amylase 10 lodustey-A review. Beaz ).
Microbiol (Online), Vol 41, No 4
thttp /dx. doi.org 10,1 590/S1517-83822010000400004,
accessed 19 Oktober 2011,

[31 Vieille C and Zeikus G. 2001 Hypetthermophilic Enzymes
Source, Uses, and Molecular Mechanistm {or Theamostabihity.
Micrubivlogy and Molecular Biology Reviews. 65:1 43,

(4] Vaseckaran, S.. Balakumar. S., and Arasaratoam V., 2010

(51

(6]

171

[8]

(9]

(o]

[

(12

(131

(14

[15]

[16]

N7

(18]

Isolation and ldentfication of a Bactenial Stram Producing
Thermostable g-amylase. Tropical Agncultucal Rescacch, 22
(-1

Sctiasih S_. Wabyuntari B., Trumllab, Apnlliani D. 2006.
Karakterisasi Enzim a-Amilase Ekstrase] dan Isolat Bakter:
Termo il SW2_ Jurnal Kimia lndonesia. | (1): 22-27.

Rostimik, Richaoa, N.. Lestan, P, dan Damardjati. Dj. S,
2001. Studi Penambahan lon Kalsium tecdadap Aktilitas dan
stabilitas -amilase Bacillusstearo  thermophilus T2 L
Mikrubiologi Indonesta. 6 (1) 12 14,

Rehago, S. Ardiansyah. Endang. P Tien, 2010, Isolation of
Thermostable w-amylase from Local Thermopbibe Bactena
lor Liguelaction. Proceeding ICMNS, 342 354,

Arlab, A. R, Patong R, Abmad A Dpde N, 2014, Isolasy
dan ldentifkast Baktenn Termolil Penghasil Anuvlase dan
Sumber Aw Panas Lepa Sulawes: Sclatan, Al-kwma Jurnal
Penelitian Sains Kimia, 2 (2): 36-36.

Suman S., and Ramesh K. 2010, Production ol A
Thermostable  Extracellular Amylase  from  Theamopbilic
Bacillus species. ). Pharm. Se1 & Res. 2 (2): 149-154.

Abdel-Fattab.Y. R., Sohman, N. A, El-Toukhy N. M., El-
Gendi H., and Abmed R.S., 2012, Production, Purilication and
Characterization of  Termostable  w-amilase Produced by
Bacillus lichem forous Isolate A120. Jumal Cheomstey. 2012
1-11:

Miller. G. L. 1959; Use of Dinitrosalicylic Acid Reagent Tor
Determination of Reducing Sugac. Anal Chem. 31 (3): 426
428,

Rasouli. 1, Astach, S. D. A. A, Bora, H., and Barchini K
A, 2008 A Thermostable w-amilase Producing Natural
Varient of Bacillus sp. Isolated from Svilin lran. Ao ) Agr.
& Biol Sci 3 (3): 591 296.

Lowry, O.H.. Roschrough. N1, Farr, AL, and Randall, R1.,
1951, Protein Measurement whit the Folin Phenolreagent. J.
Biol. Chem 193:265-275.

Bollag. D. M. and Edelstein, S. 1 1991, Proten Methods.
New York - Wiley-Less.

AsadW., Asif, M., and Rasool, A. S, 2011, Extacellular
Enzyme Production by Indigenous thermophhe Bacteoa:
Partial Purilication and Charaterization of w-amilase by
Bacillus sp. WA2L. Pak. J. Bot.. 43 (2): 1045-1052

Dali. S.. Arlah, A R, Kenm, A. Pawog. R, 2013,
Karakterisasi Enzim Amilase dan lsolat Bakteri Termofilk
Bacillus subtibs, lndonesia Chermca Acta, 6 (2) 0 1926

Sivaramakrishnan S.. Dhanya G.. Kesavan MN., Carlos RS,
and Ashok P. 2006. a-Amylases lrom Microbial Sources,
Foud Technol. Biotechnol. 44 (230 173 184,

Harris. E. L. V. 1998 Concentration ol Protein Extract and
Purification Methods: A Practical  Approach. Oxlord
University IRL. Press. NewYork, 123 161




Production Optimization and Characterization of Amylase
Enzyme Isolated from Termofil Bacteria Bacillus sp RSAIIl-1b
from Lejja Hot Spring South Sulawesi

ORIGINALITY REPORT

% 1 5 %9 %9 %2

SIMILARITY INDEX INTERNET SOURCES  PUBLICATIONS STUDENT PAPERS
PRIMAéY SOURCEé
Submitted to iGroup . 2
Student Paper /0
journal.unhas.ac.id
2 o
Internet Source o]

P Satrimafitrah, A R Razak, J Hardi, D J Y 1
Puspitasari, | Yelenggete, Rafik. "Thermostable °
amylase activity produced by thermophilic
bacteria isolated from Pulu Hotspring, Central
Sulawesi", Journal of Physics: Conference
Series, 2020

Publication

rr.hec.gov.pk
prr.nec.gov.p %1

Internet Source

biodiversitas.mipa.uns.ac.id Y 1
0

Internet Source

n www.ijtra.com o 1

Internet Source

=




- ey
N —

Ameer Khusro, Kaliyan Barathikannan, Chirom
Aarti, Paul Agastian. "Optimization of Thermo-
Alkali Stable Amylase Production and Biomass
Yield from Bacillus sp. Under Submerged
Cultivation", Fermentation, 2017

Publication

Sulaiman Alrumman, Yasser S. Mostafa
Mostafa, Shekha Al-Qahtani, Tarek H. Taha
Taha. "Hydrolytic Enzyme Production by
Thermophilic Bacteria Isolated from Saudi Hot
Springs", Open Life Sciences, 2018

Publication

www.mdpi.com

Internet Source

pt.scribd.com

Internet Source

duepublico.uni-duisburg-essen.de:443

Internet Source

Xing-Lin Chen, Yan-Ping Hou, Min Jin, Run-
Ying Zeng, He-Tong Lin. " Expression and
Characterization of a Novel Thermostable and
pH-Stable B-Agarase from Deep-Sea Bacterium
Sp. OC4 ", Journal of Agricultural and Food
Chemistry, 2016

Publication

Jai Shankar Paul, Esmil Beliya, Shubhra Tiwari,

a

A

%]
<% 1
<% 1

<%1



ST - - 5 S
~l » O, BEN

19

Karishma Patel, Nisha Gupta, S.K. Jadhav.
"Production of biocatalyst a-amylase from agro-
waste ‘rice bran’ by using Bacillus tequilensis
TB5 and standardizing its production process”,
Biocatalysis and Agricultural Biotechnology,
2020

Publication

Submitted to Surabaya University

Student Paper

www.scielo.br

Internet Source

eprints.lib.okayama-u.ac.jp

Internet Source

Mohammad Shafiei, Abed-Ali Ziaee,
Mohammad Ali Amoozegar. "Purification and
characterization of an organic-solvent-tolerant
halophilic a-amylase from the moderately
halophilic Nesterenkonia sp. strain F", Journal of
Industrial Microbiology & Biotechnology, 2010

Publication

www.tandfonline.com

Internet Source

pdfs.semanticscholar.org

Internet Source

Omer Acer, Fatma Matpan Bekler, Hemse
Piringcioglu, Reyhan Gul Guven, Kemal Guven.

<%1



24

"Purification and Characterization of
Thermostable and Detergent-Stable Alpha-
Amylase from Anoxybacillus sp. AH1", Food
Technology and Biotechnology, 2016

Publication

Wang, Shihui, Jenasia Jeyaseelan, Yun Liu, and
Wensheng Qin. "Characterization and
Optimization of Amylase Production in WangLB,
a High Amylase-Producing Strain of Bacillus”,
Applied Biochemistry and Biotechnology, 2016.

Publication

Vinod Kumar, Manisha Nanda, Ajay Singh.
"Effect of bacterial amylase pretreatment on
bioethanol production from starch-based solid
waste (SBSW)", Energy Sources, Part A:
Recovery, Utilization, and Environmental
Effects, 2016

Publication

G. Satheesh kumar, M. Subhosh Chandra, K. V.
Mallaiah, P. Sreenivasulu, Yong-Lark Choi.
"Purification and characterization of highly
thermostable a-amylase from thermophilic
Alicyclobacillus acidocaldarius", Biotechnology
and Bioprocess Engineering, 2010

Publication

Huei-Fen Lo, Ya-Hui Chen, Nai-Wan Hsiao,
Hsiang-Ling Chen, Hui-Yu Hu, Wen-Hwei Hsu,

<%1

<% 1



Long-Liu Lin. "Stabilization of a truncated

Bacillus sp. strain TS-23 a-amylase by replacing

histidine-436 with aspartate", World Journal of
Microbiology and Biotechnology, 2005

Publication

Naser Aliye Feto, Teboho Motloi. "Chapter 14
Bioprospecting of Multiple Hydrolytic Enzymes
from Antagonistic Bacillus spp. for
Biodegradation of Macromolecules”, Springer
Science and Business Media LLC, 2016

Publication

Krishnasamy Nithya, Chinnasamy Muthukumar,
Shine Kadaikunnan, Naiyf S. Alharbi, Jamal M.
Khaled, Dharumadurai Dhanasekaran.
"Purification, characterization, and statistical
optimization of a thermostable a-amylase from
desert actinobacterium Streptomyces fragilis
DA7-7", 3 Biotech, 2017

Publication

Eman A. Elmansy, Mohsen S. Asker, Ebtsam
M. El-Kady, Saadia M. Hassanein, Fawkia M.
El-Beih. "Production and optimization of a-

amylase from thermo-halophilic bacteria isolated

from different local marine environments",
Bulletin of the National Research Centre, 2018

Publication

<%1

<% 1

<%1



EXCLUDE QUOTES EXCLUDE MATCHES

XCLUDE

sL

= E
BIBLIOGRAPHY




