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ABSTRACT

Stringent government regulations and increasing public awareness is forcing chemical industries
to incorporate environment friendly products and processes. Biotechnological applications, in industries,
thus, hold great future. Microorganisms and their metabolites/enzymes provide a number of eminent-
economic as well as environment friendly solutions for such industries. Amylases are one of the most
important industrial enzymes. Commercial production of amylases requires selection of the best of
production conditions. This study evaluates the influence of varying concentration of Ferrous sulphate
(Fe?*) on microbial growth and amylase production for Aspergillus, Aspergillus fumigatus NTCC1222.
Ferrous sulphate enhanced growth (concentration of 100mg/L) by 1.83%, compared to the control. In
contrast, it decreased amylase activity at all concentrations tested. As the concentration of ferrous
sulphate increased, the amylase activity decreased. Amylases are metalloenzymes and the inhibition
in amylase activity observed in the presence of ferrous ions may be due to competition between the
exogenous cation and the protein associated cation, resulting in reduced metalloenzyme activity.
Further studies will aim to evaluate the effect of different ferrous salts and different forms of iron on
amylase production by Aspergillus fumigatus NTCC1222.
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INTRODUCTION

Amylase breaks down starch by
hydrolysing the alpha bond such as a-1,4 and a-1, 6
yielding glucose, maltose etc or a mixture of these
small carbohydrates. It can be obtained from sources
like plants, animals, bacteria, fungi etc (Pandey et al.,

2000). Alpha-amylase is used in various industries
like, in bread making, production of alcohol, production
of chocolate syrup (Couto et al., 2006). Alpha amylase
is also used as a textile desizing agent (Ahlawat et
al., 2009), starch modification on coated paper in pulp
and paper industry (Gupta et al., 2003), component
in detergents to remove tough stains and makes the
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detergent environmentally safe, etc. (Mukherji etal.,
2009).

The sources of a-amylase are plants,
animals and micro-organisms; where microbial a-
amylases are of great importance. The major
advantage of using microorganisms for the amylase
production is their economical bulk production
capacity. Also microbes associated with microbial
amylase production are also easy to manipulate to
obtain enzymes of desired characteristics (Lonsane
and Ramesh, 1990).

The Aspergillus species produce a large
variety of extracellular enzymes. The fungus is
capable of growth at 37 °C and can grow at
temperatures up to 50 °C with conidia surviving at
70 °C conditions which it regularly encounters in self-
heating compost heaps (Hernandez et al., 2006).
Planchot (1995) observed that high amylase activity
was shown by the amylase produced by Aspergillus
fumigatus as compared to the amylase from the pig
pancreas and Bacillus sp.

The present study evaluates the influence
of ferrous sulphate on a-amylase production by
indigenously isolated strain of Aspergillus fumigatus
NTCC 1222 (Singh et al., 2014,2013a,b, c, d, €).

MATERIALS AND METHODS

Materials

Allthe chemical reagents and nutrient culture
media were of analytical grade. Starch soluble, 3, 5-
dinitrosalicylic acid (DNS) reagent were procured from
Himedia Pvt. Ltd. India. All the other reagents and
nutrient media were procured from LobaChemie Pvt.
Ltd., India. Solid substrate (wheat bran) was procured
from the local market of Jalandhar, Punjab, India.

Micro-organism

The test fungal strain, Aspergillus fumigatus
NTCC1222 was maintained by subculturing on potato
dextrose agar (PDA) medium, incubated at 37°C for 3
days and subsequently stored at 4°C. For long term
preservation, the test fungal strain was inoculated on
15% glycerol slants and subsequently stored at -20°C.
The test fungal strain produced amylase under
optimized conditions of SSF i.e. incubation period (6
days), pH (6), temperature (37°C), nitrogen source
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(beef extract), nutrient salt solution (NSS) added at a
substrate to moistening agent in the ratio of 1:3 (Singh
etal 2014).

Pre-treatment of solid substrate

Wheat bran was washed with water for 3-4
times and then squeezed to remove water. It was dried,
ground and, sieved through fine mesh of pore size
0.5 mm to obtain powdered form of the substrate.

Effect of ferrous sulphate on growth and amylase
production for the test fungus

The growth medium (wheat bran agar
medium) containing 2% w/v wheat bran and 2% w/v
agar agar, was supplemented with 40mg/L-140 mg/L
of ferrous sulphate. The growth medium was
autoclaved, inoculated and incubated for 6 days at
37°C. The growth was measured by measuring the
diameter of the fungal colony. Simultaneously, control
growth medium (without ferrous sulphate
supplementation) was inoculated with the test fungal
strain and the growth was compared with that for
ferrous sulphate-supplemented growth medium.

For determining the effect of ferrous sulphate
on amylase production, the basal fermentation
medium (containing nutrient salt solution, NSS and
wheat bran) was supplemented with variable
concentration of ferrous sulphate. NSS contained 5
g/L of beef extract, 1 g/L of NaCl, 1 g/L of MgSO,.H,0
and 5 g/L of KH,PO,. 5 g of solid substrate was taken
into 250 ml Erlenmeyer flasks. To this, 15 mL of Nutrient
salt solution, NSS was added so as to maintain a
substrate to moistening agent ratio of 1:3 (Shalini et
al., 2013). These flasks were autoclaved, cooled,
inoculated with two 5 mm diameter discs of test fungal
strain grown on PDA medium and incubated at 37°C.
After an incubation of 6 days, 15 mL of distilled water
was added to each Erlenmeyer flasks and the contents
were crushed with a glass rod. The flasks were placed
on rotary shaker for 10 minutes at 200 rpm. The slurry,
so obtained, was squeezed through 3-4 layers of
cheese cloth and the extract was then centrifuged at
5000 rpm for 15 minutes. The supernatant was treated
as crude enzyme (Singh et al., 2009). The amylase
activity was determined using DNS method (Miller et
al., 1989).

Statistical analysis
All experiments were carried out in triplicates.
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The results for enzyme activity were mean ‘+’ standard
deviation (SD) of the values and those for microbial
growth were reported as an average of the values.

RESULTS AND DISCUSSION

Effect of ferrous sulphate on growth and amylase
production for test fungus

Ferrous sulphate was found to decrease
amylase activity at all concentrations tested, as
compared to the control (unsupplemented fermented
medium). At a concentration of 120 mg/mL, ferrous
sulphate drastically decreased the amylase activity
by 71.5% while a drop of 31.71% in enzyme activity
was observed for ferrous sulphate concentration of
80 mg/mL. Ferrous sulphate enhanced (1.83%)
growth of the test fungus only at a concentration of
100 mg/mL as compared to unsupplemented growth
medium. Thus, for ferrous sulphate, higher decrease
in amylase activity was observed as the concentration
of the metal salt increased. Similarly, a higher
decrease in growth was observed for increasing
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concentration of the metal salt. In contrast, Alaria et
al., (2013), Mishra et al., (2014), Suri Babu and
Hemlata (2014) has reported an increase in amylase
activity in the presence of ferrous sulphate for bacterial
cultures tested. Zhang et al., (1983) reported that
ferrous ions were essential for the amylase production
though its absence hardly affected the growth of the
culture. At the same time, Pandey et al. (2000), Lo et
al., (2001) and Dey et al. (2003) has reported variable
influence of Fe2+ ions on amylase activity. On the
other hand, Sindhu et al., (2011) reported inhibitory
action of ferrous ions on amylase activity produced
by Penicillium janthinellum. Most amylases are metallo
enzymes containing at least one metal atom per
molecule of enzyme. This metal plays a role in catalytic
activity. The inhibition observed in the presence of
ferrous ions may be due to competition between the
exogenous cation and the protein associated cation,
resulting in reduced metalloenzyme activity (Sindhu
et al., 2011). Nwagu and Okolo (2011) reported
increase in amylase activity in the presence of Fe?
for Aspergillus fumigatus.

Table 1: Effect of metal salts on growth and amylase production for test fungus

Metal Salts Concentration Growth Amylase
(mg/L) Diameter(cm) Full plate growth activity (U/mL)
Ferrous Control 5.762 (day-1) Received till 2™ 338.0+1.6
sulphate day of incubation
40 3.910 (day-1) dense, uniform 233.1+0.9
growth-day of
incubation;
60 3.991 (day 1) - 235.0+1.4
80 4.651 (day-1) - 230.8+1.0
100 5.870 (day-1) Received till 2™ 120.6+1.3
120 4.870 (day-1) Received till 2™ 101.0+1.2
day of incubation;
discrete growth
140 1.102 (day-1) - 96.1+0.9
Fermentation conditions:
Wheat Bran: NSS : 1:3
Incubation period, days : 6
Temperature, ° C : 37

pH : 6.0
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