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Effect of different salts of metals on production of fungal alpha amylase
by solid state fermentation utilizing agricultural wastes
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Enzymes are among the most important products obtained for human needs through microbial
sources. Molds play an important role in producine starch degrading enzymes. Alpha amylase is one
of the most important starch hydrolyzing enzyme, which have large applications in food,
pharmaceutical, fermentation & chemical industries, can be obtained from molds. Aspergillus spp.
have 2 long history on producing those enzymes. Solid state fermentation is gaining its popularity
day by day in scientific world in production of industrially important enzymes due to its simplicity
over conventional submerged method. Considering this facts alpha amylase was produced from
Aspergillus oryvzae under solid state fermentation. House hold agro-wastes, which are considered as
one of the major pollutants due to unfavorable gas production via natural fermentation beside
creating disposal problem, were used as medium in our present study. Investigations were carried
1 out to evaluate the effect of different chemical compounds of various metals such as FeSO,. 7TH,0,
CuSO,. 5H,0. ZnS0O,. 7TH,0, MgS0,. 7H,0, KH,PO, and MnCl,. 4H,0 etc. on production of

enzyme alpha amylase obtained from Aspergillus oryzae by solid state fermentation utilizing

agricultural wastes.
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INTRODUCTION

Solid state fermentation (SSF) holds tremendous
potential for the production of enzyme.lt can be of
special interest in those processes where the crude
fermented product may be used directly as the’
enzyme sources as reported by Tengerdy (1998). In
addition to the conventional applications in food
and fermentation industries,microbial enzymes have
attained significant role in biotransformation
involving orgamic solvent media, mainly for
bioactive compounds. This system offers numerous
advantages over submerged fermentation (SmF)
system, including high volumetric productivity,
relatively higher concentration of the products, less
effluent generation. requirement for simple
fermentation equipment. etc as reported by
Tengerdy (1998), Pandey (1991, 1992, 1994) and

Doelle er al. (1992). Agro-industrial residues are
generally considered the best substrate for SSF
processes, and use of SSF for production of enzyme
is no exception to that. Sugarcane bagasses, wheat
bran, rice bran, banana waste, tea wastes, etc have
been used as substrate material in SSF by Mitra er
al. (1994). Selvakumar er al. (1994, 1998), Babu
and Satyanarayan (1994), Nigam and Singh (1994),
Pandey and Radhakrishen (1993), Pandey er al.
(1995) and Tengerdy (1996).

The processing of fruits and vegetable leads to large
amount of organic residues which are a kind of
agricultural wastes. This wastes are one of the cause
of environmental pollution.In general most of this
agricultural wastes is used as cattle feed or
converted to biogas or compost. However, greater
environmental and economic benefit could result

* Author for correspondence




226 On alpha amylase production

from the conversion of this by-products of higher
value. Bio-conversion of this wastes not only
reduces disposal problem but also environmental
pollution along with production of value added
products as reported by Bose et al. (2004).

Enzymes are among the most important products
obtained for human needs through microbial
sources as reported by Pandey er al. (1999).
Pandey et al (2000) also quoted that “microbial
amylases could be potentially useful in the
pharmaceutical and fine-chemical industries if
enzymes with suitable properties could be
prepared”. Alpha-amylases (1,4-alpha-D-glucan
glucanhydrolase, EC 3.2.1.1) is a widely distributed
secretary enzyme which is one of the most popular
and important form of industrial amylases as stated
by Gupta er al. (2003). Comparative studies have
been made on alpha-amylase production using
different substrates by DeAlmeida er al. (1997),
Shankaranand et al. (1992) and Shah er al. (1991).
Thermomyces lanuginose a thermophilic fungus has
been reported to be an efficient producer of alpha-
amylase by Jensen and Olsen (1992) and Amesen et
al. (1998). Studies on acid stable alpha amylase
also have been carried out using A. kawachii IFO
4308 by Sudo er al. (1994). Other microorganisms
like Saccharomy-copis capsularia B. coagulans etc
have also been reported as good alpha-amylase
producers by Soni er al. (1996) and Babu and
Satyanarayan (1995) simultaneously.

Metal salts play very important role in metabolic
activity of microorganisms.It can initiate or inhibit
the production rate of various enzymes and organic
acids required in our day to day life.Metal salts act
as the source for metal ions (eg. cation/anion) and
regulate the metabolic activity of the organism.
Various metal salts such as FeSO,.7H 0O, CuSO,.
5H,0, ZnSO,7H,O etc. have been used in
evaluating the production of metabolites and
enzymes from various fungal sources by
Shankaranand and  Lonsane  (1992) and
Nandakumar efr al. (1999) & plants sources by
Oboh (2005) and Rao et al. (2005).

Studies have been done to evaluate the effect of
various metal salts e.g. FeSO,.7H,0, CuSO,.5H,0,
MnCl,.4H,0, ZnSO,7H,0, MgSO,.7H,0 and
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KH,PO,.7H,O with different concentrations (which
were selected randomly) on the production of
fungal alpha amylase utilizing agricultural wastes
as the fermentation medium.

MATERIALS AND METHODS
Microorganism

Aspergillus oryzae was maintained on Czapek Dox
agar medium consisting of Glucose, 5%, NaNO,
0.2%. KCl, 0.05%, MgSO,.7TH,0, 0.05%. FeSO;.
7H,0, 0.001%, KH,PO,, 0.1%, Agar, 3% with a pH
of 5 and stored under refrigerated condition at 4°C.

Utilization of agricultural wastes for SSF

House hold agro-wastes (i.e. vegetable and fruit
wastes) were used as substrate in this study. These
agro-wastes were dried at 60°C in Tray drier (ICT
JIndia) for 4 h and made to powder in a Mixer
grinder (jx 5. Bajaj Electronics Ltd, India). These
agro-waste powders used as medium for SSF
throughout the study.

Utilization of metal salts

Production of enzyme alpha amylase by Aspergillus
sp. varied with the addition of different metal salts
with different concentration. Metal salt solutions
were prepared in double distilled water & the
concentrations were maintained at ppm level. The
metal salts used were as follows :

(1) FeSO,.7H,O (as a source of Fe*)
(ii) CuSO,.5H,0O (as a source of Cu®)
(ii1) MnCl,.4H O (as a source of Mn*)
(iv) ZnSO;.":’H:O (as a source of Zn*)
(v) MgSO,.7H,O (as a source of Mg?**)
(vi) KH,PO,.7H,O (as a source of PO,)

Production of alpha amylase by SSF

Production of alpha amylase by Aspergillus oryzae
was carried out using 20 g agro-waste material &
20 ml of metal salts solutions with desired
concentration in 100 ml conical flask. A set of
flasks for each metal salts were taken and plugged
with cotton wool . The fermentation was carried out
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under stationary condition at 30°C. Alpha amylase
secreted into the spent medium was monitored at
regular interval of time. After 6 day of incubation,
flasks were removed and enzyme was extracted
with double distilled water by shaking for 4 h at
30°C. The ratio of waste to water was 1:2.5 w/v.
Solid were removed by filtration followed by
ceninfusation a2t 10,000 rpm (C-24, REMI, India)
for 20 mun. Clear supernatant was used for alpha
amylase activity measurement.

Enzyme assay

Alpha amylase activity was determined at 30°C by
mining 25 ml of diluted (adequate dilution with
disulled water) enzyme solution with 0.5 ml of
I 1% soluble starch dissolved in 0.05 M Imidazole-
HC! buffer. pH 7.0. This reaction mixture was
imcubated for 1 h. After incubation the reaction was
stopped by adding 1 ml of dinitrosalicylic acid
(DNS) solution. The mixture prepared was heated
in boiling water bath for 5 min. Absorbance at 540
nm wavelength  (Spectrophotometer, U-2000,
Hitachi. Japan) was measured after cooling the
DNS-sample mixture at room temperature.

Acuvity of enzyme produced was measured in
Units (LU). One (1) unit of alpha amylase activity
is defined as the amount of enzyme that releases 1
um (micromole) of reducing sugar per minute from
soluble starch at pH 7.0 and 30°C.

RESULTS AND DISCUSSION

Acuivity of different enzymes depends on presence
of different metal ions. Thus, investigations were
carmed out 10 study the effect of metal ions for
production of alpha amylase enzyme. From the
result it was clear that maximum activity of enzyme
obtained was 24% at 0.1 ppm concentration of
FeSO_7H.O with a control showing 17% activity
(Fig. 1), 21% at | ppm concentration of CuSO,.
5H,O with a control showing 19% activity (Fig.2),
48% at 1 ppm concentration of MnCl. 4H O with a
control showing 6% activity (Fig. ?;). 28% at 10
ppm concentration of ZnSO,.7H,0 with a control
showing 3% acuvity (Fig. 4), 40% at 1 ppm
concentration of MgSO_7H,0 with a control
showing 7% activity (Fl“ 5) and 29% at 10 ppm
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concentration of KH,PO,7H,0 with a control

showing 6% activity (Fig. 6).

A comparison between the metal salts also indicate
the effectiveness of the ZnSO,.7H.O for production
of alpha amylase when compared—with other metal
salts used (i.e. FeSO,.7H,0. CuSO,.5H,0, MnCl,.
4H,0, MgSO,.7H.0 and KH PG, 7H O) (Fig.7).

Controt

10 ppm

Fig. 1 : Effect of FeSO, 7H ,O on production of Fungal Alpha

amylase,

i .
50 ppm 10 ppm

Fig. 2 : Effect of CuSO,.5H,0 on production of Fungal Alpha

amylase.
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6%

un 7
2

15%
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Fig. 3 : Effect of MnCl,.7H,O on production of Fungal Alpha
amylase.
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~ 0.1 ppm

10 ppm

Fig. 4 : Effect of ZnSO,_.7H,0 on production of Fungal Alpha
amylase.

0.1 ppom

o
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Fig. 5 : Effect of MgSO,.7H.O on production of Fungal Alpha
amylase.
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Fig. 6 : Effect of KH,PO,7H,O on production of -Fungal

Alpha amylase.
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Fig. 7 : Comparison of Effect of Various Metal salts on
production of Fungal Alpha amylase.
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Except some concentrations of FeSO,7H,O and
CuSO,5H,0 all other metal salts used in our
experiment gave an increased activity of enzyme
alpha amylase when compared with control. The
maximum activity of alpha amylase was obtained
when ZnSO,.7H,0O solution was used in medium at
a concentration of 10 ppm. Thus, it is clear that Zn**
ion helps the production of alpha amylase when
compared to other metal ions used in our present
study from Aspergillus oryzae utilizing agricultural
wastes by solid state fermentation.
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