Available online at www.pelagiaresearchlibrary.com

Pelagia Research Library

European Journal of Experimental Biology, 2013, 3(8178-183

4

Pelagia Research

Library
ISSN: 2248 —-9215
CODEN (USA): EJEBAU

Comparative analysis on immobilized cells oAspergillus oryzae and Bacillus
cereus in production of amylase by solid state and submeged fermentation

Sivagnanam Silambarasan and Jayanthi Abraham*

Microbial Biotechnology Laboratory, School of Biosciences and Technology, VIT University,
Vellore, Tamil Nadu, India

ABSTRACT

Alpha amylase (a-amylase) enzyme is used as a thinning agent in the starch hydrolysis and it is widely used in the
food processing, paper and textile industries. The intention of the present study was to analyse the a-amylase
activity in solid state fermentation and submerged fermentation using immobilized cells of Aspergillus oryzae (A.
oryzae) and Bacillus cereus (B. cereus), respectively. The enzyme activity was measured at different time intervals.
Substrates used in fermentation were rice bran, paddy husk, raw rice and brown rice. Rice bran was noted to be the
best substrate marking an average of 49.4 ppm/g for 120 h in solid state fermentation by A. oryzae followed by raw
rice showing 43.5, brown rice 40.2 ppm/g and paddy husk 7.1 ppnvg correspondingly. Smilarly, rice bran was
found to be a superior substrate giving an average amylase activity of 132.6 ppm/g followed by brown rice with
105.9 ppnvg, raw rice with 98.0 ppnmVg and paddy husk with 15.0 ppm/g among all substrates after immobilization
of the enzyme. The present findings that amylase production is higher in solid state fermentation by A. oryzae with
rice bran as the substrate.
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INTRODUCTION

Amylases, also known as ptyalin, are enzymes aitpknimal and microbial origin which break dowarsh or
glycogen. They are important enzymes employed & skarch processing industries for the hydrolydis o
polysaccharides such as starch into simple sugastitwents [1]. The starch was hydrolyzed dsgmylase into a
variety of products such as glucose and maltosaaito-oligosaccharide or mixed malto-oligosacchafi2]. They
are employed in industries like food processingedents, textiles, paper etc., for different psesuch as glucose
and maltose forming-amylases which find application in alcohol fernadiun, sugar syrup formulation and malto-
oligosaccharide [3,4]. Theamylase enzyme is acting as a thinning agentirtisthydrolysis process and is widely
applied in the industries for food processing, pamal textile [5,6].

The major advantage for the production of microbhi@amylase is the economic bulk production capaaity easy
to prepare genetic manipulation of microorganisongtitain the desired enzyme. Many enzyme prepaatiach as
proteases, lipases, xylanases, pullulanases, peatess, cellulases, glucose oxidases, lipoxygemiseksave been
alternative to other enzyme substituted but nonve haamylases [7,8].

Inexpensive agriculture and agro-industrial ressdduepresent one of the most energy-rich sourcesngeas a
substrate in solid state fermentation. These resi@due the best reservoirs of fixed carbon in eatbolid substrate
supplies not only the nutrients to culture but alsoves as an anchorage for microbial cells [9kr&hs not much
study on the utilization of sugarcane bagasse tyshite for the production af-amylase from bacterial species in
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submerged or solid state fermentation [10]. Certaioterial sp are well known to produc@mylase from media
consisting of agro-residues such as wheat bramgsehavhey and rice husk in solid state fermentdidh Wheat
bran is a rich source of carbon and nitrogen tlumplementation of other nitrogen sources in theiomdloes not
show significant increase in enzyme vyield [12]. Tdraount of nitrogen source plays a very criticderim the
production ofa-amylase. Wheat bran was found to be the bestrsiibdbr glucoamylase production By niger
[13].

Agro-residues are generally considered the besttiaibs for fermentation processes. Agro-residveslagraded
by microbial strains may improve the substrate @als animal feed [14]. Amylase production and piofgémical
parameter optimization using wheat bran has be&mnsixely studied by submerged fermentation anitl sthte
fermentation [15]. Paddy husk along with other ieuts or rice bran is considered as a supportHerftingal
growth during glucoamylase production [1Bhcillus spp. are major sources of industrial enzymes amedod the
most widely used species for the bulk production-amylase [17].

With the ever-increasing applications of amylasé® advantages of immobilized enzyme over its delub
counterpart arise from their improved stability axaby separation from the reaction media, leadindetrease in
production cost. The commercially available enzymes efficient as reactants, maximizing catalygtoeity and
enhancement of the operational lifetime [18]. Tgiove their economic value in food, medical, phareusical,
industrial and technological processes soluble mesyare usually immobilized on to a solid suppbine enzyme is
immobilized on to a solid supports, either orgasiénorganic, is a very effective way to incredseirt stability and
operational lifetime.

The support material used for enzyme immobilizat®wmery important although it is difficult to prietlin advance
which support will be most suitable for a particidmzyme. The support must be insoluble in watdrsiould have
a high capacity to bind with the enzyme and be raeidally stable [19]. Amylase has been immobilizedollagen
[20], silica carriers using glutaraldehyde or titan chloride [21] and glass support [22]. The ini@m of the
present study was to analyse thamylase activity in solid state fermentation anirmerged fermentation usig

oryzae andB. cereus and enzyme immobilization.

MATERIALS AND METHODS

Microorganism: A. oryzae was selected as the fungal strain for fermentatios to its high amylase activity and
significant starch degrading capability. It waslased from spoiled grapes and grown on potato degtragar
medium.B. cereus was obtained from rotten potato and grown on eatragar medium containing 2% wi/v soluble
starch. The culture slants were incubated &E30r 7 days (d).

Inoculum preparation: To the 7 d old nutrient agar and potato dextrose atant cultures, 10 ml of 0.1% Tween
80 solution was added and the spores were scrdppadterile inoculation loop. 2 milliliter (ml) &ure suspension
was inoculated in a sterilized medium (100ml infefiask) containing soluble starch 5 g, yeast extPag, KHPO,
19, MgSQ7H,0 0.5 g with 1000 m distilled water [23]. The fkaswere incubated at 35 and 120 rpm.

Solid state fermentation: Substrates used for solid state fermentation wieee bran, paddy husk, raw rice and
brown rice. 5 grams (g) of each substrate was whsheroughly in running water and subjected to tidag
operation by immersing in hot water (75280 for 20 min followed by oven drying at 4% [23]. Further, they were
minced in a grinder and sterilized at 2lat 15 psi pressure for 15 min. After sterilizatithe substrates were
stored at AC for further use. After cooling, the substratesreveransferred to 250ml sterile water previously
inoculated withA. oryzae. The flasks were incubated in a shaker incubdt802C and 80 rpm for 72 h.

Submerged fermentation: B. cereus was freshly inoculated to nutrient broth and ireteld in a shaker at 30°C.
Medium for bacterial amylase production by submeérfgrmentation consisted of 6g bacteriological papt 0.5g
MgSQO,7H,0, 0.5g KCI and 1g starch in 1000 ml distilled wafehe media was prepared and distributed in 3#Dto
ml volumes in 100ml conical flasks and sterilizgdautoclaving at 121°C for 15 min. After coolingoait 1ml of
the inoculum was added to the flask and incubat@d%C in a shaker incubator for 72 h at 80 rpm.

Extraction of enzyme from A. oryzae and B. cereus: For the solid state fermentation, the solid subssravere
mixed thoroughly with 50 ml acetate buffer (pH &ntaining 0.1% Tween 80 surfactant. The contentsewe
subjected to shaking at 200 rpm for 2 h at®0The filtrate was extracted by passing the sltinnpugh muslin
cloth. The crudei-amylase was obtained by further filtering throdghatman No. 1 filter paper. Similarly, for the
submerged fermentation B cereus the culture media were poured into centrifuge suted centrifuged at 5000
rpm for 20 min. The supernatant which were the ereizyme extract were collected for the enzymeigctissay.
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Determination of enzyme activity: 1 ml of crude enzyme was pipetted into a test tililmethis 1ml of 1% soluble
starch was added with citrate phosphate buffer@@). This was incubated in a water bath at 409G@min. A

blank was set up consisting of 2 ml of the enzymieaet that was boiled for 20 min as boiling inaates the
enzymes. Further, this was added to the starchicoland treated with the same reagent as the iexpetal tubes.
The reaction was stopped by adding 2ml of dinitioglic reagent and was boiled for 5 min. It wa®al and 20ml
of distilled water was added. The enzyme activiaswletermined at 540 nm.

Immobilization methods: The a-amylase enzyme at stationary growth phase wasebgd by centrifugation
process. After homogenization, 4% sodium alginatieit®n was added and the contents were mixed ell
continuous shaking. Amylase containing sodium a@tinwas extracted drop wise through sterile sysrigio a

calcium chloride solution containing beaker. Sodiwas replaced by calcium ions and fine beads dfiwal

alginate gel were formed. The immobilized beadsafoylase activity were obtained.

RESULTS AND DISCUSSION

A comparative study was conducted in amylase primludetweenA. oryzae and B. cereus. A. oryzae was
inoculated in different substrates such as brows, ppaddy husk, raw rice and rice bran in solitestarmentation.
B. cereus was inoculated in different time intervals of 2648, and 10 h in submerged fermentation.

For the production of amylasé, oryzae andB. cereus were employed in solid state and submerged feraient
respectively. The amylase activity was found tdatbdighest reaching 21.6 and 36.2 ppm/g in browa at 24 and
48 h of solid state fermentation respectively®bpryzae which was significantly superior over other suatss (Fig.
1).

Amylase activity by A. oryzae in solid state

fermentation

90
& %g : BRice bran
£ 560 \
; gﬁﬂ | § BRaw rice
Z 240 \ \
=2, \
E. ::g | § BBrownrice
< o] o

o | kR S N BAPaddy husk

241 48h 72h 96 h 120h
Fermentation duration

Fig. 1 The level of enzyme activity byA. oryzae on exposure to different substrates in solid statermentation

At 72 h, enzyme activity was highest in rice braaahing 84.8 ppm/g with raw rice presenting itshbsg enzyme
activity of 76.5 ppm/g throughout its fermentatidimylase activity reached 85.2 ppm/g in rice bra®@&h which
was recorded the highest amongst all substrateslaBly around the same time duration, paddy heslorded its
highest amylase activity of 15.1 ppm/g in its fermtagion. At 120 h brown rice activity was foundle highest at
66.0 ppm/g. Overall paddy husk recovered the loweastlase levels throughout the fermentation as ewetbwith
other substrates. Rice bran was noted to be thesbéstrate marking an average of 49.4 ppm/g w2 h of
fermentation followed by raw rice showing 43.5 @rdwn rice 40.2 ppm/g correspondingly. On the othend,
paddy husk can be explained as inferior amonguhsetsates with an average of 7.1 ppm/g in amylateity.

After 24 h of fermentation the enzyme activity vidsntified by immobilization of beads (Fig. 2).

Upto 48 h, the amylase activity was found to béngj in raw rice representing 27.0 and 27.8 ppin2Zfiand 48 h
respectively. The amylase activity in rice bran &mawn rice did not vary much with that of raw rigatil 48 h.
Amylase activity was highest reaching 164.6 and.2Gthd 236.7 ppm/g in rice bran at 72, 96 and 12ff h
fermentation respectively. Paddy husk recoveretdsgactivity of 18.1 ppm/g at 120 h throughouféisnentation
period. Rice bran was found to be a superior satestfiving an average amylase activity of 132.6 fgpfollowed

180
Pelagia Research Library



Sivagnanam Silambarasan and Jayanthi Abraham Euro. J. Exp. Bio., 2013, 3(3):178-183

by brown rice with 105.9 ppm/g and raw rice with®®pm/g. Again, paddy husk measured lowest in asayl
activity of 15.0 ppm/g among all substrates.

Immobilization of amylase enzyme isolated from
A. oryzae in solid state fermentation
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Fig. 2 Immobilization of amylase enzyme isolated frm A. oryzae in solid state fermentation

Asgher et al [24] reporteBacillus subtilis JS-2004 strain was cultured in liquid media sup@geted with waste
potato starch to produeeamylase. Maximum enzyme production 72 U/mL waseaad within 48 h at pH 7.0 and
50 °C. Theu-amylase obtained fromacillus sp. KR-8104 in solid state fermentation was stidising a substrate
such as wheat bran. The maximum enzyme producfi@d@®U/g dry fermented substrate was recoverearbeat
bran and supplemented with 1% (w/w) MND; and 1% (w/w) lactose after 48 h incubation at 87[25]. The
results of fermentation showed that the isola&gokrgillus Oryzae strain S2 attained a production yield of 350
U/ ml after 92 h using the optimized medium deamylase production [26]. Thispergillus oryzae var. viridis
CBS 819.72 was produce 148 U/ml of amylase undémaged culture conditions [27]. However in thisepent
study, amylase produced 1By cereus was the highest of 24.4 ppm/ml at 6 h in submeifgeshentation and the
lowest in 2 h with 4.5 ppm/ml of amylase (Fig. 3).

Level of enzyme activity by B. cereus in
submerged fermentation with time

Amylase activity
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O
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Fig. 3 The level of enzyme activity b. cereus on exposure to different incubation periods in subrarged fermentation

With the immobilization of amylase, the activity sveound to be almost similar upto 4 h of fermeatativith 24.1
and 24.8 ppm/ml at 2 and 4 h respectively (Fig. 4).
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Immobilization of amylase isolated from
B. cereus with time
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Fig. 4 Immobilization of amylase enzyme isolated &m B. cereus at different incubation periods

The highest value recorded was 217.8 ppm/ml at@ fermentation. Thar-amylase production by solid state
fermentation using coconut oil cake has been reddit4]. Fungal cultures have been reported to gptEmum
enzyme production at pH &sing various substrates [28]. Bacterial cells estect the enzyme in nutrient broth
indicating to be constitutively expressed while #amg was reported to be inductive in other hemapbihcteria
[29].

The inoculation ofA. niger to different substrates in solid state fermentatiave no product of CaLThis was
found related to the study by Gangadharan et 8]. Where similar results among the variables s@derubstrate
concentration, incubation period and Casdincentration were identified as most significaatiables influencing-
amylase production. Generally, rice bran was foinbe a good substrate for amylase production addiy husk
gave unsatisfactory results in this study. Arasenat et al. [16] reported glucoamylase productiombyiger using
rice bran and paddy husk as alternative substoatehieat bran. Paddy husk is reported to enhanceutréent
utilization when mixed with the substrate like ribean, corn cobs, soy flour and soy meal powdeRbwpiger
CFTRI 1105 during solid state fermentation incregsiglucoamylase production. Maximum glucoamylase
production using wheat bran has been reportedeiptbsence of fructose as carbon source. The pesépeptone
in fermentation media is found to enhance the emzproduction with urea as a nitrogen supplemenmthieat bran
[31].

CONCLUSION

The A. oryzae was isolated from spoiled grapes and grown ontpadaxtrose agar medium aml cereus was
obtained from rotten potato and grown on nutrigg@ranedium containing 2% w/v soluble starch. Acawgdo the
results obtained it can be asserted tAatoryzae is suitable support to produce amylase under sstale
fermentation. Rice bran was the best substratagian average amylase activity in solid state fetateon byA.
oryzae followed by raw rice showing 43.5 ppm/g and brovaer40.2 ppm/g. With the present findings conclude
that amylase production is higher in solid statenfentation byA. oryzae with rice bran as the substrate.
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