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ABSTRACT

Extra-cellular isoamylase was produced Bjizopus oryzad’R7 in solid-state fermentations of various agro
wastes, among which millet, oat, tapioca, and alf@ulocasia esculentashowed promising results. The highest
amount of enzyme production was obtained after ©2 growth at 28°C. The optimum pH for enzyme petida
was - 8.0. Among the various additives tested,reazyroduction increased with ions such as$'CMg’ and also
with cysteine, GSH, and DTT. The enzyme synthesigeduced in the presence of thiol inhibitors k& and
pCMB. The surfactants like Tween-40, Tween-80 aitdnTX-100 helped in enhancing the enzyme activitye
production could be further increased by using ¢tbenbinations of substrates. The ability to prodhiggh amount
of isoamylase within a relatively very short periadd the capability of degrading wastes could mtdee strain
suitable for commercial production of the enzyme.
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INTRODUCTION products, less effluent generation, requirement for
simple fermentation equipments and cost
Enzymes are among the most important producgffectiveness. Actually, SSF process takes place in
obtained for human needs through microbiathe absence and near absence of free water, thus
sources. A large number of industrial processes ipeing close to the natural environment to which
the areas of industrial, environmental and foodnicroorganisms are adapted (Pandey, 1992). In
biotechnology utilize enzymes at some stage or th@SF, since the growth is restricted to the surfdce
other. However, high cost of enzyme production irthe solid matrix (Tengerdy, 1998) and the culture
conventional submerged fermentation (SmF) hais not exposed to hydrodynamic forces, relatively
hindered their industrial applications, whichhigher amount of enzymes are expected to be
necessitates the adoption of some alternativeroduced.
method. Solid-state fermentation (SSF) usinghough historically established centuries ago, this
agricultural wastes as sole carbon source can be ta¢hnique of fermentation could gain a fresh
attractive alternative method (Pandey et al., 1993ttention from researchers since the past one
as it offers numerous advantages over submerge@cade, mainly because of a number of major
fermentation system, including high volumetricadvantages which SSF offers over liquid
productivity, relatively higher concentration oketh (submerged) fermentation (SmF), particularly in
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the areas of solid waste management, biomasd ATERIALSAND METHODS

energy conservation and its application to produce

secondary metabolites (Pandey, 1992).In recemticroorganism

years research interest in batch solid-statRhizopus oryzadPR7 MTCC 9642 (Ghosh and
fermentation (SSF) has addressed the productigRay, 2010)-, was used in this study.

of many innovative and high value produasy.

single-cell protein (SCP), protein enriched feedChemicals

ethanol, enzymes, mycotoxins, from starchyall the chemicals used were of analytical grade.
materials and a variety of wastes utilized by fungill the substrates used were collected from
(Pandey et al1999). The use of filamentous fungi expired and dampened kitchen and grocery items,
for the production of commercially important pulverized and were supplemented in the culture
metabolites has increased rapidly over the past hahedia in place of pure starch.

century and the preference of production of fungal

enzymes in submerged fermentation (SmF) hasreparation of Inoculum

been rapidly switched over to SSF. The fungus was grown in 1% PDA plates at 28-
Starch is a major storage product of nature and30°C for 48 h. The inocula were prepared by
large-scale starch processing industry has emergashking hyphal discs (0.5 cm diameter). Each disc
in the last century, where gradually came a shiffvas used to inoculate 10 ml of medium (Ray and
from the trend of acid hydrolysis of starch to theChakraverty, 1998).

use of starch-converting enzymes in the

production of maltodextrin, modified starches, orCultivation of the Strain

glucose syrups. Amylases are among the moJthe strain was cultivated in LSF (Liquid State
important enzymes used in modern biotechnologyrermentation) in 100 mL Erlenmeyer flasks each
particularly in the processes involving starchcontaining 20 mL Basal Medium (BM) composed
hydrolysis (Arlem Nascimento de et,&010) and of (g L™%): peptone 0.9; (NH), HPQ, 0.4; KCI 0.1;
currently, comprise about 30% of the world'sMgSQ,.7H,0 0.1 and starch 0.25. (pH: 8.0).
enzyme production. Besides the use in starch

hydrolysis, starch-converting enzymes are alsQultivation in Solid-State  Fermentation
used in a number of other industrial applicationsi edium

such as laundry and porcelain detergents or @. oryzaewas cultured in 50 mL Erlenmeyer
anti-staling agents in baking. These starchflasks containing totally driedubstrates ( 50mg )
converting enzymes belong to a single family: theind salts (based on 10 mL medium) moistened
amylase family, of which isoamylase (glycogen-6-with distilled water/buffer (0.5ml) a28°C.Each
glucanohydrolase, E.C.3.2.1.68) hydrolyses &; 6- flask was inoculated by a disc of 0.5 cm diameter
D-glycosidic linkages of glycogen, amylopectinfrom PDA plates .The flasks were picked up at
anda andp limit dextrins, producing linear malto different time intervals. Sterile water was adted
oligosaccharides (Fang et,al994). Isoamylase each flask to make uis final volume equivalent
was used primarily in the production of foodto that of 10 mL LSF medium, followed by a
ingredients from starch like glucose, maltosethoroughcyclomixing.

trehalose and cyclodextrins (Olemposka-Beer,

2007). Although SSF of various microorganismsEnzyme Assay

were used for the production @f amylase (Kar et In SSF, after the addition of sterile water and
al., 2010),a-galactosidase (Kapnoor et,&010), thorough mixing, the broth was filtered through
glucoamylase (Zambare, 2010), endoglucanaditer paper (Whatman No. 1); the filtrate was
(Karmakar and Ray, 2010), no report is availableentrifuged at 10,000 x gfor 5 min and the
on production of microbial isoamylase from itssupernatant was used as the crude enzyme
solid-state fermentation of agro residues. ThgChimata et a).2010). To measure the activity of
objective of the present work was to study thésoamylase, the assay mixture (1 mL) containing
production of isoamylase by a strain Rhizopus an equal volume of enzyme and 1% (w/v) oyster
oryzae from the SSF of various starchy agroglycogen dissolved in 0.1(M) phosphate buffer
wastes and evaluation of various parameters fgpH5.0) was incubated at 55°C for 5 min. The
the optimization of such production. reducing sugar released was measured by the
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dinitrosalicylic acid method (Miller, 1959), taking tryptone,yeast extract, urea and potassium nitrate
glucose as standard. Blanks were prepared with09% (w/v) separately in each culture flask
inactivated enzymes. One unit of isoamylase wahimata et al., 2010). Fermentation time was
defined as that amount of enzyme that liberated dptimized by cultivating the strain in optimized

milli mole of glucose per milliliter per minute of media for various time periods (24-120h) and

reaction. assaying the enzyme produced from them. In order
to check the effect of salts, 10mM of salts
Optimization of Parameters containing N4 K*, C&*, C#', Mg* and M

The inducing effect of various agro wastes wergvere added in the fermentation media. To study
tested for isoamylase production by cultivating thehe effect of various additives on the four
strain in SSF of different starchy agro residuessubstrates used for isoamylase production, the
The preferred concentration of the substrate usedledium was supplemented with 1mM of additives
in SSF was estimated by adding variousvhich included thiol compounds and surfactants.
concentrations (0.125-1% w/w) of substrate immwo substrates were supplemented in one flask at
culture media as sole carbon source, i.e., for eaghtime to study their combined effect on enzyme
type of starch source namely oat, millet, arum angynthesis. Each experiment was carried out in
tapioca, five sets of flasks with variabletriplicate and their values were averaged.
concentrations (0.125-1% w/w) were prepared.

The inoculums size was optimized by cultivating

the strain with varied number diyphal discs RESULTSAND DISCUSSION
prepared from PDA plate containirfg. oryzae

Agro wastesupplemented cultures were incubated:ffect of Agro Waste as Inducer of 1soamylase

at 18°-48°C to check the preferreperature for Synthesis

isoamylase production. The optimum pH wasR. oryzae PR7 degraded various starchy agro
determined byadjusting the pH of the agro wastewastes in solid-state fermentation conditions (Fig
supplemented fermentation media at a range af) of which millet, oat, arum and tapioca showed
4.0-9.0 by moistening the media with the buffefyery promising results. Therefore, further

presenting the respective pH. For verification, thexperiments were carried out with millet, oat,

initial pH was checked by addlng sterile water irhrum and tapioca on|y_ A|though' starch and
the flask, followed by the measurement by a pHjextrin were used for the growth and isoamylase
meter. The initial moisture content of the medigyroduction (Spancer Martins, 1982; Takahashi et
was adjusted by moistening the substrate (50 m@). 1996, Ueda and Nanri, 1967, Olempska-Beer,
with variable amount of buffer (025m|-15m|) As 2007) by various organisms, no report was
nitrogen sources play an important role ingvailable on use of agro wastes for the production
enhancing the enzyme production, the effects aif isoamylase.

nitrogen sources were tested by adding peptone,

Wheat
Tamarind

ArrOWTaploca

root

Corn cob

Corn Rice
pow der

0 1 2 3 4 5
Isoamylase activity (L¥ml)

Figure 1 - Inducing effect of various starchy wastes ommimglase production from the SSFRbryzae.
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Effect of Substrate Concentration production, but increase in the concentration of
The concentration of all the four agro wastemillet, oat and tapioca in the fermentation media
substrates that could best induce the growth anéduced the enzyme production probably doe
isoamylaseproduction varied with the nature of the adverse effect of higher load of nutrient
the substrates used (Fig. 2).The optimunsupplements present in thesesubstrates
concentration for enzyme production of arum wagOmojasola et al., 2008), or as a result of
1% (w/v), millet and oat at 0.25%(w/v) and hindrance of massransfer of oxygen by higher
tapioca at 0.125%(w/v). Higher concentration ofamount of solid substrate.

arum could restore the amount of enzyme
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Figure 2 - Effect of substrate concentration on the productibisoamylase biR.oryzae.

Effect of Inoculum size drastic reduction in isoamylase synthesis.
Inoculum size also affected the isoamylasélthough a lower temperature of 25°C was
production, as highest enzyme production wapreferred by Lipomyceskononenkoae(Spancer
achieved (Fig. 3) when the culture mediaMartins, 1982), the cultivation temperature for
supplemented with all the four types of agroalmost all of the reported isoamylase producer
wastes individually were inoculated with two discsranged between 28°-30°C (Ueda and Nanri, 1967;
of 0.5cm diameter. Increase in initial size ofAra et al., 1993; Fang et al., 1994; Yamada et al.,
inoculum decreased the enzyme production, which994; Takahashi et al., 1996; Olempska Beer,
might be due to the presence of higher load d?2007).

fungal massn the mediunthat in turnreduced the

extent of enzyme production (Acharya et al. Effect of pH

2008). Optimization of pH on enzyme production
indicated that best pH -was 8.0 for all types of
Effect of Temperature starchy wastes used (Fig. 5), which was higher

The production of extra-cellular isoamylase bythan that from the mould Hendersonula
R. oryzaePR7 was maximum at 28°C (Fig 4).At toruloidea cultivated at pH 5.5 (Odibo et al.,
this temperature; it took up the filamentous form1992), Xanthomonas maltophilahowing a broad
But with the increase in temperature, under theange of pH preference 6-8 (Yamada et al., 1994),
influence of thermal dimorphism (Morrow and but lower tharBacillussp (Ara et al., 1993).

Fraser, 2009) it was converted to pellet form with
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Figure 3 - Effect of inoculum size on the production of isodasg byR.oryzae.
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Figure 4 - Effect of temperature on the production of isoarsglayR.oryzae.
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Figure5 - Effect of pH on the production of isoamylaseRyryzae.
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Effect of moisture content source for enzyme production in case of oat and
It was found that best production occurred if thamillet. Tryptone gave the best result in case of
SSF media was moistened with 10% water (Fig 6grum and tapioca. Yeast extract enhanced the
increase of which drastically reduced the enzymenzyme activity in case of tapioca, an observation

yield. similar to that of Gomes et al., (2003). Enzyme
production was remarkably increased in the
Effect of Nitrogen Sour ces presence of urea, for substrates like arum and

Among the nitrogen sources tested, the resultapioca, which was in accordance to a report by
varied according to the agro wastes supplementdsspergillus nigefAcharyaet al., 2008).
(Fig. 7). Peptone proved to be the best nitrogen

Isoamylase activity (Uiml)
)

0 T T T
0 10 20 30 40

Moisture content (%)

—e—Oat —o—Millet ——Arum —O—Tapiocal

Figure 6 - Effect of moisture content on the production ofistylase byR.oryzae.
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Figure 7 - Effect of nitrogen source on the production of ingiase byR.oryzae.
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Effect of metal ions response towards different surfactants (Fig10).
The effect of various metal ions on the fourTriton X-100 induced enzyme activity in all the
starchy wastes for isoamylase production byour substrates. Tween-20 gave best result only in
R. oryzae PR7 in SSF was investigated bycase of millet; while Tween-40 and Tween-80
supplementing the medium with 10mM of theenhanced enzyme activity in oat, millet and
respective cations. Results showed that differertapioca. On the other hand, SDS reduced the
metal ions had different effect on the fourenzyme production on all the four substrates used.
substrates. Kenhanced the enzyme activity in the

case of millet and tapioca; €aand Mif* in the  Effect of Cultivation Time

case of oat and arum; while KMgenhanced ir for Highest isoamylase production was achieved in 72
arum only (Fig 8). Loss of enzyme activity in theh of cultivation in case of SSF of the four agro
presence of Cii was probably due to the wastes used. This rapid rate of growth conferred
inactivation of thiol groups present at the activewith the similar growth rate of 70-72 h taken by

site of the enzyme produced. other isoamylase producer suchBagillussp (Ara
et al, 1993), Flavobacteriumsp, Micrococcussp
Effect of additives and Arthrobacter sp (Yamada et al.1994).

To study the effect of various additives on therfouEnzyme production did not further increase after
substrates for isoamylase production, the medium2 h of growth in SSF (Fig. 11), probably due to

was supplemented with 1mM of GSH, DTT,exhaustion of nutrient.

pCMB, histidine and cysteine. Results showed that

cysteine had the best effect on isoamylas&ffect of substrate combination

production in millet, arum and tapioca; GSH gaveSSF of two mixed substrates (0.25% each) was
the best result in arum; while DTT and histidinetested which showed that except tapioca, the
gave the best result only in case of millet (Fignducing power of all the substrates was increased
9).The complete and partial reduction of enzymevhen applied with other substrate. Although oat
activity in the presence of pCMB, a potent thioland arum individually at a concentration of 0.25%

inhibitor and increase in the presence of exteynallshowed isoamylase activity of 4.3 and 2.9U/ml,

added thiols like DTT, GSH and -cysteinerespectively (Fig 2), the combination of these two
confirmed the presence of thiol group at the activeesulted in the production of 7.1U/ml (Fig 12).

site of the enzyme. This level of production could not be achieved
from the SSF of 0.5% oat or arum, or even from
Effect of surfactants the combined SSF of 0.5% oat and 0.5% arum

All the four waste substrates showed differen{data not shown).

Isoamylase activity (U/ml)
£

000”“0\ W W W

O Oat | Millet O Arum Tapioca ‘

Figure 8 - Effect of metal ions on the production of isoamglhyR.oryzae.
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Figure 9 - Effect of additives on the production of isoamylagdr.oryzae.
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Figure 10 - Effect of surfactants on the production of isoaraglayR.oryzae.
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Figure 11 - Effect of cultivation time on the production of &@uylase byR.oryzae.
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Figure 12 - Effect of combined substrates on the producticisadmylase byR.oryzae.

CONCLUSION Ara, K; Saeki, K; Ito, S. (1993), Purification and
characterization of an alkaline isoamylase from an

; alkalophilic strain ofBacillus. J. General Microbiol,
From the results it could be concluded that fungus 130 781.786.

strain of R erzaeqould be suc'cessfully U$e‘?' forArlem Nascimento de O; Luiz Antonio de O; Jerusa
the production of isoamylase in SSF. This is the gq 75, A, (2010),Partial characterization of amsgas
first report on the production of isoamylase by of two indigenous Central Amazonian rhizobia
Rhizopus oryzashowing the ability to synthesize strains.Braz. Arch. Biol. Technql53, 35-45.

high amount of extra-cellular isoamylase in SSKastro, G. R; Garcia, G.F; Sineriz, F. (1992),
within a relatively short period of time, utilizing Extracellular isoamylase produced bgacillus
agro wastes such as oat, millet, arum and tapiocacirculans MR-137. J. App. Microbiol.,73, 520-523.
that would otherwise cause environmental 10.1111/j.1365-2672.1992.th05015.x

pollution. Obviously, the properties of the presenflimata, M.P; P. Sasidhar; C. Suresh (2010),
strain, found to be more advantageous from Production of extracellular amylase from agricudtur

; . . . . residues by a newly isolatefispergillus species in
industrial point of view could be used for rapid solid state fermentatiom\frican J. Biotech.9, 5162-

and commercial production of isoamylase. 5160.
Ellaiah, V; Adinarayana, K; Bhavani, Y; Padmaja, P;
Srinivasulu, B. (2002), Optimization of process
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