International Journal of

Scientific Engineering and Technology Research

WWW.Semar gr oup.or g,
WWW.ijsetr.com

| SSN 2319-8885
Vol.03,Issue.04,
April-2014,
Pages:0564-0573

Production Optimization of Alpha Amylase from Bacillus Altitudinis
YASHAB KUMARl, PRADEEP KUMAR SlNGHZ, AJAY KUMAR SINGH3, HARISON MASIH4, JYOTSNA KIRAN

PETER®, JANE C. BENJAMIN®, SANAT RATH'

'Research Scholabept of Microbiology and Fermentation TechnologgnSHiggibottom Institute of Agriculture,
Technology & Sciences, Allahabad, UP, India.

Research Scholdbept of Microbiology and Fermentation TechnologgnSHiggibottom Institute of Agriculture,
Technology & Sciences, Allahabad, UP, India.

®Research Scholdbept of Microbiology and Fermentation TechnologgnSHiggibottom Institute of Agriculture,

Technology & Sciences, Allahabad, UP,

India, Ensifighs_ajay@rediffmail.com.

“*Research Scholdbept of Microbiology and Fermentation TechnologgnSHiggibottom Institute of Agriculture,
Technology & Sciences, Allahabad, UP, India.

®Research Scholabept of Microbiology and Fermentation TechnologgnSHiggibottom Institute of Agriculture,
Technology & Sciences, Allahabad, UP, India.

®Research Scholdbept of Microbiology and Fermentation TechnologgnSHiggibottom Institute of Agriculture,
Technology & Sciences, Allahabad, UP, India.

'Research Scholdbept of Microbiology and Fermentation TechnologgnSHiggibottom Institute of Agriculture,
Technology & Sciences, Allahabad, UP, India.

Abstract: a-Amylases are a class of starch degrading enzyt@dyzing the hydrolysis of internat1,4-O-glycosidic bonds
in polysaccharides and plays a pivotal role in aetya of areas like use as digestives, for the petidn of ethanol and high
fructose corn syrup, detergents, desiring of tegfihodified starches, hydrolysis of oil-field drify fluids, and paper recycling.
In the present work, submerged fermentation (SmaFxfamylase production has been used. Bacillus ultitadhas been used
for the production of alpha amylase and was testsdg submerged fermentation. Bacillus altitudisifowed maximum
enzyme production at 40°C for 48 hours at pH 71e Peak enzyme production was obtained while sopnéng starch as
carbon source, ammonium sulphate and Yeast extnacP.5% salt concentration.

Keywords: a Amylase, Bacillus Altitudinis, Submerged Fermeiatat

I.INTRODUCTION

Nowadays, the application of enzymes in indaist
sector is increasing due to increase of industggsecially
in food, beverages, and textile, leather and pajkrstries.
Amylases constitute a class of industrial enzymasirty
approximately 25% of the enzyme market (Sidhu et al
1997; Rao et al., 1998). Amylases are charactebgettieir
ability to hydrolyze glycoside linkages in polyshacide.
Alpha amylase d-amylase, endol, d-D-glucan
glucohydrolase, EC 3.2.1.1] is an extracellularyemz acts
on starch and degrade it into disaccharide andclsaride
(Crabb and Mitchinson, 1997). Alpha amylase hydsety
the internalo-1, 4 linkages in starch in a random fashion
leading to the formation of soluble maltodextringltose,
and glucose. This enzyme is extensively used inclsta
liquefaction, brewing, food, paper, textile and
pharmaceutical industries (Akpan et al.,2004; Tagppamy
et al., 2006; Gangadharan et al., 2008; Rajagopatah
Krishnan, 2008; Rasiah & Rehm, 2009). Amylasesehav
potential application in a number of industrial Eesses

such as in the food, textiles, paper industriesattrmaking,
glucose and fructose syrups, detergents, fuel ethfaom
starches, fruit juices, alcoholic beverages, sweste
digestive aid and spot remover in dry cleaning liken et
al., 1996).

Alpha amylase can be derived from various sesisuch
as plants, animals and microorganisms. The major
advantages of using microorganisms for productidn o
amylases are in economical bulk production capaaitg
microbes are also easy to manipulate to obtain eazyf
desired characteristics (Vidyalakshmi et al., 20(gveral
species of Bacillus produces a wide range of exéthilar
enzymes of which amylases are of significant indaist
importance (Pandey et al., 2000). Thermophilic
microorganisms have gained a great deal of attentio
recently (Becker et al., 1997; Beg et al., 200Q)z\iEnes
from these microorganisms are of special interestesthey
are not usually denatured by high temperaturesaameven
active at elevated temperatures (Adams and Ke®@81
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Fitter and Heberle, 2000). They are usually stearo
thermophilus Bacillus subtilis, Bacillus licheniformis,
Bacillus amyloliquefaciens(Boyer and Ingle, 1972je8li et

al., 2005). Bacillus species produce a large waétextra
cellular enzymes, such as amylases, which havefisimt
industrial importance (Cordeiro et al., 2003). Memwsb of
the genus Bacillus are heterogeneous and they amng v
versatile in their adaptability to the environmehhere are
various factors that influence the nature of thm@tabolic
processes and enzymes produced. A great dealeottiatt

is being given to thermophilic and extremely thepmitc
microorganisms and their enzymes (Ajayi and Fagade,
2006; Oyeleke and Oduwole, 2009).

Production of alpha amylase is greatly affédby the
cultivation method. Alpha amylase can be producat by
solid state (Omori et al., 1994; Akpan and Adel&@04)
and submerged fermentation technique (Castro e1292;
Haqg et al., 1997; Allan et al., 1997; Kim et al997;
Vanova et al., 2001). The submerged culture metbibd
producing amylases would have definite advantagesnw
the product could be employed directly without
concentration or purification (Julian et al., 1995)
Submerged fermentation has been used for the pioduaf
industrially important enzymes because of the cabe
handling and greater control of environmental fexctsuch
as temperature and pH. Due to the advantages dffgréhe
application of thermostable hydrolases such asctamiuof
reaction time and contamination risk which provide
considerable energy saving, there is always a reopgnt
for hydrolases capable of functioning at elevated
temperature. Furthermore in order to meet this dehthe
identification of new strain and development of l@ast
fermentation process are necessary. Thereforesim of the
above present study reports the production ananagtion
of alpha amylase from novel Bacillus ultitudinis Q@B ..)
isolated from soil.

II.MATERIAL AND METHODS
A. Place of work
The study was carried out in the Department of
Microbiology and Fermentation Technology, Sam
Higginbottom Institute of Agriculture, Technologyna
Sciences, (Deemed-to-be-University), Allahabad ttgitJ
Pradesh), India.

B. Procurement of microorganism and its maintenance

The bacterial strain Bacillus altitudinis (FO&75) was
earlier isolated from the soil and then 16S rDNAswa
performed and sequence was submitted in NCBI seguen
submission data bank The Bacterial culture was iodéta
from Microbial Culture Collection Bank (MCCB),
Department of Microbiology and Fermentation Techggl
The culture was maintained in Nutrient Agar Mediamd
subcultured time to time.

C. Inoculum development

The Inoculum was prepared by inoculating thetérial
culture into the growth medium (nutrient broth) & hours
and then 2 ml of liquid culture was added to thedpiction
medium.

D. Production of Alpha Amylase Under Submerged
Fermentation

The amylase production was carried out usirggktasal
media comprised in g/L; starch 10, peptone 10, ¥eas
extract 20, manganese chloride 0.015, calcium wdd.05
Potassium di hydrogen phosphate 0.05, magnesiyshatel
0.25, Ferrous sulphate 0.01 and pH was maintair@eD2
The production medium was sterilized by autoclavatg
121°C for 15 minutes. The production media was
inoculated with 2 ml inoculum of Bacillus ultitudin
aseptically and incubated at 40+2°C for 48 hourteAf
incubation the fermented broth was subjected
centrifugation at 7000 rpm for 20 minute at 4°CeTeell
free, clear supernatant was used as crude enzyme
preparation and further assayed for enzyme activity

to

1. Enzyme assay by DNS method

The crude enzyme obtained after centrifugatioss
assayed for amylase activity by measuring the seleat
reducing sugar following the DNS method (Fisher and
Stein, 1961).

2. Preparation of Maltose standard curve

A stock solution of 1mg/ml maltose was prepane
0.1M sodium phosphate buffer (pH 7.0) and dilutéde
graph was plotted between different concentratidn o
maltose and their respective O.Ds as given belogvXJ

06 4
054
04 4

03 -

O.D. at 540nm

0.2 4

0.1+

0 1 2 3 4 5 b

Concentration of (mg/ml)
Figure 1. Maltose standard curve.

3. Enzymatic assay of alpha amylase

One ml of crude enzyme supernatant was taketest
tube and 1.0 ml of substrate (starch solution) added in
test tube. The test tubes were covered and inciE&6°C
for 15 minutes in water broth. Then 2.0 ml of DN&gent
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was added in each tube and the reaction was stopped
boiling the reaction mixture in water bath for 10nates.
After cooling at room temperature, the absorbar@eD)

chloride, sodium nitrate, ammonium sulphate, ammuononi
nitrate and organic nitrogen sources such as bayefat and
yeast extract were inoculated with the test organis

was measured at 540 nm by spectrophotometer and theincubated at 40+2°C for 48 hours at pH 7.0. Thedzad

released sugar was determined from maltose stacdavd.
One unit of amylase activity was defined as the @m o@f
enzyme that released 1lumol reducing sugar equivalen
maltose per minute under the assay condition.

E. Optimization of process parameters for alpha
amylase production using one variable at atime (OVAT)

The optimization of alpha amylase productiomsw
evaluated by varying incubation temperature, pH,
fermentation time, carbon sources, nitrogen soues
NacCl concentrations.

1. Effect of incubation time on alpha amylase production
The optimum incubation time for alpha amylase
production was determined by inoculating 50 ml picithn
media with the bacterial inoculum and incubatedGai2°C.
The samples were withdrawn at 24 hrs time interval24,
48, 72, 96, 120 and 144 hours. The enzyme activig
determined for each time by the standard assayadeth

2. Effect of temperature on alpha amylase production

The optimum temperature for alpha amylase ycton
was determined by inoculating 50 ml broth medighvtite
bacterial inoculum and incubated at different terapges
(30, 40, 50, 60, 70, 80, 90 and 100°C for 48 holire
enzyme activities were determined at respectivepézature
by the standard assay method.

3. Effect of pH on alpha amylase production

To determine optimum pH for maximum alpha aasgl
production, 50 ml broth media was adjusted withfdmsf at
different pH (5, 6, 7, 8, 9, 10 and 14hd inoculated with
the inoculum and incubated at 40°C+2°C for 48 hédter
incubation, the enzyme activity at each pH was \esbdy
standard assay procedure.

F. Optimization of Nutrient parameters for
amylase production
1. Effect of different carbon sources on a amylase
production

Each 50 ml production media supplemented \ilit
additional carbon sources such as starch, suchesgose,
dextrose, maltose and lactose at 1% (w/v) level was
inoculated with the inoculum of Bacillus ultitudéniand
incubated at 40+2°C for 48 hour and pH 7.0. Thedsded
assay was performed to determine maximum alphazsayl
production with varying the carbon sources.

alpha

2. Effect of different nitrogen sources on a amylase
production

Each 50 ml broth media supplemented with the
additional inorganic nitrogen sources such as anumon

assay was performed to determine maximum alphazasmayl
production with varying inorganic and organic nifem
sources.

3. Effect of different NaCl concentrations o amylase
production

Production media (50 ml) was supplemented it
additional concentrations of NaCl concentrationsd an
inoculated with the test organism and incubated(0a2°C
for 48 hours at pH 7.0. Maximum alpha amylase petida
with varying salt concentrations was determinedtaydard
method of enzymatic assay.

I11. STATISTICAL ANALYSIS

The optimization of growth parameters such as
incubation time, temperature, pH, and nutritioralgmeters
such as carbon sources, nitrogen sources and salt
concentration for alpha amylase production was yaedl
using ANOVA (Analysis of variance technique) oneywa
classification and conclusion was drawn on the dadi
analysis of variance technique (Fischer and Y&dt@68) at
5% level of significance.

IV.RESULTSAND DISCUSSION

A. Optimization of Production Parameters for bacterial
alpha amylase production
1. Effect of incubation time on a-amylase production

The enzyme production by the bacterial stBacillus
altitudinis was studied on the basis of incubatimne in
submerged fermentation. The significant alpha asgyla
yield was obtained for the incubation period fror8- 4
120hrs. It was observed that the enzyme produdtiom
the bacterium was found maximum at 48 hour. Andase
in the enzyme production was observed from 24h&b. 4
After 48h of incubation a decreasing trend of engym

TABLE 1: EFFECT OF INCUBATION TIME ONA-
AMYLASE PRODUCTION BY BACILLUS

ALTITUDINIS
Incubation Time (h) Enzyme activity (Uml")
L 203
4 416
n 396
9 353
120 173
144 43

Fea= 33.18 > kg (5%) = 3.11 (due to time)
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Enzyme activity {U/ml)

24 43 7 96 120 144

Incubation Time (in hours)
Fig 2: Amylase activity at different incubation time

activity was observed (Table 1 and Figure 2). Ttiece of
incubation time on alpha amylase production wasdoto
be statistically significant. (§ 33.18 > I, 3.11 Due to
incubation time) .

The results are similar to the study conduttgdogezai
et al. (2011) om-amylase production by Bacillus subtilis in
shake flask for different intervals of time (0 t@ #). The
production of enzyme was reached maximum at 4&ser af
inoculation. Further increase in incubation pertvever,
did not show any significant increase in enzymedpobion
rather it was decreased. This is because thewelltd have
reached decline phase with lowered enzyme synthesis
Further Lealem and Gashe (1994) also reported dsete
production of the enzyme with increase in incubmatio
period. It might be due to the depletion of therieuits,
death phase of organism or due to the producti@anofiase
in the medium as suggested by. This result was also
supported by Oyeleke et al. (2010) where the optimu
incubation period on the yield of amylase enzymes wa
found at 48 h. After this a decline in amylase \aftiwas
obtained. This result was also in agreement witm&uand
Sivasudha (2011) for the amylase production bydsstate
technology. The similar findings were obtained kgt al.
(2010) for production of a-amylase from Bacillus
amyloliquefaciens. The result revealed that aft&
incubation decreased in enzyme yield might be duthé¢
denaturation of enzyme caused by interaction wittheio
components in the medium.

2. Effect of temperature on a-amylase production

The enzyme activity for the bacterial straimcBus
altitudinis was studied on the basis of parameter i
temperature in submerged fermentation. In thisgrresork
the maximum amylase activity was studied for the
temperature from 30°C-100°C. It was observed in the
present study that the maximum enzyme productiom fr
the bacterium was found to be maximal after 48 hafur
time at 40°C (Table 2 and Figure 3). The effect of
temperature on alpha amylase production was foanet

, SANAT RATH

statistically significant (& 30.31 > Fy 2.66 Due to
temperature) at 5% level of significance. Bhasketraal.
(2011) found optimum production of amylase by Basil
marini at 40°C and as the temperature increased or
decreased, there was gradual decrease in the enzyme
activity. At 50°C, the production of amylase wagremely

low. It might be due to inhibition of bacterial gvth at high
temperature and hence, enzyme formation was also
prohibited. Similar finding was also reported byaRiet al.
(2003) when study was carried out on productionaof
amylase by Bacillus subtilis GCUCM-25 at 30, 35, 4B,

50, 55 or 60°C in rotary incubator shaker.

TABLE 2: EFFECT OF TEMPERATURE OM-
AMYLASE PRODUCTION BY BACILLUS
ALTITUDINIS
Enzyme activity(Uml)
297
584
463
414
366
50 3l
90 164
100 111

Ra=30.31 > R, (5%) = 2.66 (due to temperature)

Temperature(*C)
k]|
0
5
0
0

o

Enzyme activity {U/ml)
wo

30 40 50 60 70 80 90 100

Temperature (°C)
Figure 3: Amylase activity at different temperature

The maximum production efamylase was obtained at
40°C. The production of the enzyme decreased with
increased temperature. The production of the enzyae
greatly inhibited at lower temperature (30°C). Hitect of
temperature on activity of amylase produced by Beci
megaterium was found to be maximum at 40°C followed
a sharp decrease in amylase activity at 50°C regably
Oyeleke et al. (2010) which is similar to the pregsstudy.
(Jogezai et al., 2011) also reported the maximurdysstion
of a-amylase at 40°C by using Bacillus subtilis. As the
incubation temperature was increased, the productiaghe
enzyme was decreased. According to Liu and Xu (R008
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study the strain Bacillus aquimaris VITP4 exhibited
maximum enzyme production at 40°C. Although growth
was observed in the temperature range 30°C to @0%as
found maximum at 40°C indicating one-to-one cotieta
between enzyme production and biomass, which @arif
that the enzyme production is growth dependent.s&he
results were in agreement with the present repfots
Bacillus ultitudinis From these results, the enzyme seemed
to have considerable thermostability, which can be
favourable in industrial operations for traditior@ewing
and food processing.

3. Effect of pH on a-amylase production

The pH of the production medium plays an inigar
role in microbial growth and hence influences tiheyene
production. In the present study the enzyme agtifatr
different pH ranging from 5.0-11.0 was determineg b
keeping the optimum time and temperature combinatio
The maximum amylase production was found at pH 7.0.
After pH 7 a gradual

TABLE 3: EFFECT OF PH OM\-AMYLASE
PRODUCTION BY BACILLUS ALTITUDINIS

pH
5 214

Enzyme activity (UmlT)

6 307

7 500

10 17

11 243

Fea= 21.02 > k5, (5%) = 2.85 (due to pH)

Enzyme activity (U/ml)
w

5 6 7 § 9 10 11

pH

Figure 4: Amylase activity at different pH on a-amylase
production

decreasing trend of enzyme yield was observed .eSimere
was no constant change in the amylase activity wlith
increase or decrease of pH, the data was foundeto b
statistically significant. (i 21.02 >k, 2.85 at 5% level of
significance)(Table 3 and Figure 4)Bhaskara et(2011)
reported that the pH of media is one of the reguat
parameters during fermentation. Highest amylase/reaz
production was observed highest at pH 7.0. A gradua
decrease in the enzyme yield was obtained towakds p
below 5.0 and above 10. Similar pH optimum for aasgl
production was reported by (Oyeleke et al., 201&f&at et
al., 2011 and Vaseekaran et al., 2011).

The optimum activity of the enzyme at low pHlues
(pH 6.5-7.0) is very important from the viewpoint$
industrial application. The use of liquefying ansda that
are active and stable around the saccharificatibinip
attractive because it could avoid or reduce theafiseid to
lower the pH from liquefying to saccharifying rangend
also simplify the procedures during downstream @ssing.
Further, the use of-amylases that operate at lower pH
values reduce the formation of some by-productsh sas
maltulose, which is usually produced at higher apien pH
(Goyal et al., 2005). However, different organishmsve
different pH optima and decrease or increase iropldither
side of the optimum value results in poor microlgedwth
(Ramesh and Lonsane, 1991). In contrast, maximum
activities at pH range of 4.8 and 9.2 were repoftedthe
production of amylase from B. licheniformis frontassava
processing waste (Oguntimehin, 1998). Ellaiah e(2402)
showed that at higher pH, the metabolic activity tbé
bacterium would be suppressed thus inhibiting emzym
production. (Carvalho et al., 2008) carried out yemz
production at neutral pH and reported that a sligige in
the pH probably due to the release of various noditas as
the growth proceeds that favours the productioarayme.
Variation in pH resulted due to substrate consuomp(e.g.
protein hydrolysis) and/or metabolite production.g(e
organic acids). They are indicators of changes étafyolic
activity (Bellon et al., 2003)Kunamneni et al., 2005) also
reported that the pH change observed during thetprof
microbes also affects product stability in the fentation
medium.

4. Effect of different carbon sources on a-amylase
production

Various carbon sources such as Starch, Sucrose
Fructose, Dextrose, Mannitol and Lactose (1%) wesed
to supplement the production media. The maximumlasey
production was found when production medium was
supplemented with starch followed by maltose (Tabbnd
Figure 5). Since the data with respect to carbamcas are
statistically significant, it can be concluded thatiation in
different carbon sources would significantly affebe o-
amylase production. (g 130.96. > k,3.11, at 5% level of
significance). The addition of carbon source in fibnen of
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either monosaccharide or polysaccharides may infi@ehe
production of amylase enzyme. In this present stuldg
influence of starch was found best carbon souree the
other carbon sources. Similar finding was obserbgd

Bhaskara et al. (2011) when amylase production was

optimized using different sugars at 1% (w/v) congsion.
Bacillus marini showed the maximum enzyme activity

starch as the best carbon source supplement fotaaeny

production by Bacillus lichenifomis and Bacillus.Isp.

Varalakshmi et al. (2008) also observed maximumlasey
yield with soluble starch.

5. Effect of nitrogen sour ces on a-amylase production
Different organic (yeast extract and beef aotr and

the presence of starch as carbon source, wherbas, t inorganic nitrogen (ammonium chloride, sodium néra

minimum enzyme activity was observed in the presesfc
dextrose.

TABLE 4: EFFECT OF DIFFERENT CARBON
SOURCES ON ALPHA AMYLASE PRODUCTION BY
BACILLUS ALTITUDINIS

Carbon sources (1%) Enzyme activity (TmlY)
Fructose 176
Sucrose 143
Lactose 137
Starch 558
Maltose 420
Dextrose 133

Fa = 130.96 > E, (5%) = 3.11 (Due to carbon source)

Enzyme activity {(U/ml)

Fructose Sucrose Lactose Starch Maltose Dextrose

Carhon source (1%)

Figure 5: Amylase activity at different carbon sources.

Srivastava and Baruah (1986) reported stascime best
substrate based on several aspects such as spesific
growth rate, enzyme activity level, specific enzyamivity
level, specific enzyme formation rate, etc. Solublarch
was found as the best substrate for the produation-
amylase by Bacillus stearothermophilus, so starcs w
selected as substrate for alpha amylase produdtion
submerged fermentation studies. However, the eftdct
carbon sources changes with the production strainogher
conditions. The decrease in the production of emzwith
other carbon sources may be due to catabolite ssipre
The finding in the present study was in agreemeitih w
(Kumar and Sivasudha, 2011) where starch was obdery
the best carbon source utilized by the organisne. Sitmilar
result was also found by Goyal et al. (2005) thatgoluble

ammonium nitrate and ammonium sulphate) sourceg wer
supplemented in the production media to determhme t
maximum enzyme yield. The maximurmu-amylase
production was observed with yeast extract (ordaaitd
ammonium sulphate (inorganic) (Table 5 and FigyreA8
other production parameters viz. temperature, iatab
time, pH and carbon source were kept constant.eSine
data with respect to nitrogen sources are stalftic

TABLE 5: EFFECT OF NITROGEN SOURCES ON
AMYLASE PRODUCTION BY BACILLUS

ALTITUDINIS
Nitrogen source Enzyme activity (UmlY)
Inorganic
Ammonium chloride 210
Sodium nitrate 379
Ammonium nitrate 410
Ammonium sulfate 441
Organic
Yeast extract 446
Beef extract 354

Fea=87.98 >k, (5%) = 3.11 (Due to nitrogen source)

o
|

e En’z\gmq“acti_&ity .
. . . . .

o

Ammonium Ammenium Yeast extract Beef extract
nitrate sulphate

Sodium
nitrate

Ammonium
chloride

Nitrogen source (1%)

Figure 6: Pattern of enzyme yield with respect to
different inorganic and organic nitrogen sour ces.
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significant, it is clear that variation in differearganic and
inorganic nitrogen sources would significantly affehe
amylase production. (F87.98 > ky, 3.11 at 5% level of
significance) Nitrogen compounds are secondary ggner
sources for organisms and play an important rolgrawth
and production of secondary metabolites. The natfitbe
compound and the concentration used may regulae th
production of enzymes. In the present study the
supplementation of nitrogen sources on amylaseygtaxh
showed that yeast extract was found to be a beitiegen
source for the production of alpha amylase. Yeattaet
was the best nitrogen source for amylase production
probably due to its high content in minerals, vitasn
coenzymes and nitrogen components (Guerra andaRastr
2002).

The findings in the present study were in agrent with
the studies conducted by Roohi et al, (2011) widasy
extract as best organic nitrogen sources. Teodow a
Martins (2000) also reported similar result wheraste
extract was used as nitrogen source in combinatiith
peptone was reported. The results were also ineaggst
with reports given by Dettori et al. (1992); Namagaand
Vijyalakshmi (2008) when yeast extract was used as
nitrogen source for Bacillus stearothermophilus &d
albidoflavus respectively. The fact that the maximu
growth of Bacillus altitudinis occurs at the highagrogen
content peptone that exemplified the role of easily
fermentable carbon compounds in the medium. The
production of primary metabolite by microorganisnasw
highly influenced by their growth, which was detéred by
the availability of nutrients in the medium. Thenef the
improvement of the nutritional value in the medibythe
supplementation of organic and inorganic sourcdkalgo
improve the growth of the bacterial culture and
subsequently in the enzyme production. Similarlyzyene
production was more efficient in medium containagrganic
nitrogen sources, especially yeast extract as cordpaith
inorganic nitrogen sources (Bhattacharya et al.1120
Earlier studies indicated that organic nitrogenrses were
preferred for the production of amylase and maximumox
amylase production was observed by yeast extragttope
or beef extract (Krishnan and Chandra 1982). Saatuk
Martin (2003) also reported the optimum productioh
amylase by Bacillus sp. when yeast extract was @sed
nitrogen sources.

6. Effect of NaCl concentration on a-amylase production
Various concentrations of NaCl such as 0.5%%il
2.5% and 3.5% were used to supplement the prodhuctio
media. Among the various concentrations the maximum

amylase production was induced when the media was

supplemented with 2.5% (Table 6 and Figure 7). Sithe
data with respect to NaCl concentrations are sty
significant, it can be concluded that variationdifferent
metal

production. (Ey 47.76 > kg, 3.11, at 5% level of
significance). Sodium chloride is an important rartt
factor for growth and physiological activities. &jabaskar
et al. (2012) reported 3% NaCl concentration watabkle
for the amylase production. Bhaskara et al. (20&pprted
enzyme production at different concentrations oCNand
found optimum enzyme yield at 4.5% NaCl concerntreti
Further there was gradual decrease in enzyme plioduss
the NaCl concentration was increased or decreadgekhb
et al, (2003) produced alpha amylase from Bac#luistilis

in solid state fermentation having medium contain0%
concentration of NaCl. Broad range of salt tolezabl
concentrations was reported in halophilic amyldsas M.
halobia (Onishi and Sonada, 1979) moderate haephil
Halomonas meridian (Coronado, et al.,, 2000), Baill
dipsosauri (Deutch, 2002) and Halobacterium halobiu
(Good and Hartman, 1970). A thermophilic Bacillys s
strain SMIA-2 retained 63.4% enzyme vyield in 2.0%Q\
(Carvalho, et al., 2008).

TABLE 6: EFFECT OF NACL CONCENTRATIONS ON
A-AMYLASE PRODUCTION BY BACILLUS
ALTITUDINIS

NaCl Concentrations (%)

Enzyme activity (Uml?)

03 L83

33

Fi=47.76 > |, (5%) = 3.11
45 -
35
25 -

15+

Enzyme activity(U/ml)

0.5 -

0.5 15 25

NaCl concentration

35
Figure 7. Effect of different NaCl concentration on
enzymeyield.

V.SUMMARY AND CONCLUSION
The optimum vyield of-amylase was found at 40°C and

48h and pH 7.0 under submerged fermentation. Tha da
ions would significantly affect the amylase Was found to be statistically significant. Among tharious

International Journal of Scientific Engineering and Technology Resear ch
Volume.03, IssueNo.04, April-2014, Pages. 0564-0573



YASHAB KUMAR, PRADEEP KUMAR SINGH, AJAY KUMAR SINGH, HARISON MASIH, JYOTSNA KIRAN PETER,
JANE C. BENJAMIN, SANAT RATH

carbon sources, starch supported highesamylase
production followed by Maltose under submerged
fermentation. Ammonium sulphate supported maximal
amylase production from different nitrogen sources
(Organic and inorganic). A NaCl (2.5%) concentnativas
observed for highestamylase production under submerged
fermentation. a-amylase produced by Bacillus altitudinis
was found to be potent since it could be active atide
range of pH, Temperature, Carbon, Nitrogen (incigand
organic) sources and sodium chloride concentratiovder
submerged fermentation. Therefore the selectednstf
Bacillus altitudinis could be beneficial for Indtat
purposes after optimizing at large scale production
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