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Abstract

Industrially important amylase producer was isolated from soil samples of S.R.T.M.
University campus in Nanded district of Maharashtra and identified based on its
morphological and microscopic characters as Penicillium sp. AFS3. Production of amylase
was carried out by using wheat and soybean husks in solid state fermentation. 81.80 U/mL
production of amylase was recorded after 96 h. AFS3 amylase has shown remarkable
catalytic efficiency at pH range 4-6 and temperature range 30-50 °C as well. Therefore
amylase from Penicillium sp. AFS3 can be used in different biotechnological industries

where hydrolysis of starch is carried out at low pH and elevated range of temperature.
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1. Introduction

Amylases are classified into acidic, neutral and alkaline amylases based on their
optimal pH for activity. Amylases have industrially important applications in detergent,
agricultural, starch liquefaction, saccharification, textile, paper, food and baking industries

(Sharma and Satyanarayana, 2012).
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Utilization of agro-industrial residues has become popular to achieve cost effective
production of industrially important enzymes like amylases, proteases, cellulases, lipases etc.
and in waste management. Some previously reported agro-industrial residues used for
amylase production are wheat bran, rice bran, fruit stalks, husks of cereals and oil seeds and
deoiled cakes of coconut, sesame, groundnut, palm kernel and olive. At present agro-
industrial residues are considered to be good substrates for the enzyme production in solid
state fermentation (SSF). Fungi are suitable microorganisms for SSF according to the
theoretical concept of water activity. Moreover fungal biomass is easy to separate from
fermented media. Some advantages of SSF over submerged fermentation are superior
productivity, simpler technique, lower capital investment, lower energy requirement, less
water input and output, better product recovery and lack of foam build up (Sharma and
Satyanarayana, 2012; Sharma, 2013; Sharma and Satyanarayana, 2013; Sharma et al., 2015).

Therefore, in present investigation we have selected agricultural residues for
production of amylase in SSF from a newly isolated efficient amylase producing fungi.

2. Materials and Methods
2.1. Isolation, screening and identification

Soil samples were collected from S.R.T.M. University campus and mixed in equal
proportion to form a composite soil sample. pH of composite soil sample was recorded.
Aliquots of diluted soil samples were spread on yeast extract peptone dextrose (YEPD) agar,
potato dextrose agar and Czapek Dox agar supplemented with streptomycin at 10 mg/mL
concentration to suppress the growth of bacteria and plates were incubated at 30 °C for 5 days
in an incubator (Kumar make, Mumbai). Morphologically distinct colonies were isolated and
further spot inoculated on starch agar (pH 7) plates to screen for extracellular amylase
production. These plates were incubated at the same temperature and incubation period. After

incubation, Grams iodine solution was poured on the surface of agar and the plates were
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observed either for presence or absence of zone of clearances around the grown cultures. The
efficient amylase producer fungi was selected based on the size of zone formed. Efficient
amylase producer was further identified by recognition of its morphological and microscopic
features (Sharma et al., 2009; Khairnar et al., 2012; Kolekar et al., 2013; Visagie et al., 2014;
Sardar and Pathak, 2014; Dastager et al., 2015; Gavali and Pathak, 2015; Pathak and Rathod,
2015; Polkade et al., 2015; Pathak et al., 2015a,b,c; Pathak et al., 2016).
2.2. Production and extraction of amylase

Fresh culture of selected isolate was wetted by adding 10 mL of nutrient salt solution
(KH2PO4 3 g/L, ammonium nitrate 5 g/L, NaCl 1 g/L and MgSO,40.5 g/L). The spores were
scratched and 5 mL of homogeneous spore suspension was inoculated in fermentation
medium prepared in a Petri dish containing each 10 g of powdered form of wheat and
soybean husks (pH adjusted to 7). The spore suspension was mixed thoroughly in medium to
form cake. Solid state fermentation was carried out at 30 °C for 96 h. After incubation, the
pieces of cake were transferred in a conical flask and 150 mL of distilled water was added.
The flask was shaken in orbital shaking incubator (Remi make, Mumbai) for 2 h at 200 rpm.
The contents from the flask were filtered and centrifuged at 10,000 rpm and 4 °C for 10 min.
The supernatant was used as source of crude amylase from the selected isolate (Rathod and

Pathak, 2014a).

2.3. Qualitative amylase assay

Crude amylase (1 mL) was added to the test tube containing 1 mL of 1 % starch
solution prepared in 0.2 M phosphate buffer (pH 7.0). This mixture was incubated at 30 °C
for 10 min. The produced reducing sugar was measured using the dinitrosalicylic acid method

(Ghorbel et al., 2009). One unit activity of amylase was defined as the amount of enzyme
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required to liberate 1 umol min™ mL™ of reducing sugar expressed as maltose equivalent,
under the assay conditions (Pathak and Sardar, 2014).
2.4. Characterization of partially purified amylase
2.4.1. Effect of temperature on catalytic activity of amylase

Catalytic activities of crude amylase from the selected isolate were recorded at
temperature range 20-60 °C with an interval of 10 °C under standard assay conditions as
described previously (Bhunia et al., 2013; Pathak and Rathod, 2014).
2.4.2. Effect of starch concentration on catalytic activity of amylase

Catalytic activities of crude amylase from the selected isolate were recorded by
performing assay at starch concentrations 2-20 mg/mL at pre-determined temperature (Pathak
et al., 20144, b; Rathod and Pathak, 2014b; Pathak and Rathod, 2016).
2.4.3. Effect of pH on catalytic activity of amylase

Catalytic activities of crude amylase from the selected isolate were recorded by
performing assay at pH range 4-8 with an interval of 1 pH unit by using 0.1 M citrate buffer
and phosphate buffer at pre-determined temperature and starch concentration (Pathak and

Sardar, 2012, 2014; Pathak and Rathod, 2013; Sonalkar et al., 2015).

3. Results and Discussion
3.1. Isolation, screening and identification of amylase producer

pH of composite soil sample was recorded as 7.3. Two fungal colonies were appeared
on yeast extract peptone dextrose (YEPD) agar and designated as AFS1 and AFS2. Eight
fungal colonies were appeared on potato dextrose agar and designated as AFS3 to AFS10.
Five fungal colonies were appeared on Czapek Dox agar and designated as AFS11 to AFS15.
After screening, AFS3 has shown luxuriant growth and a largest zone of clearance on starch
agar (Fig. 1). Therefore AFS3 was selected for its identification and production of amylase.

AFS3 was identified as Penicillium sp. by comparing its morphological and microscopic
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characteristics with the standard description as given in A manual of soil fungi, by Gilman
(1957), Industrial mycology by Onions et al. (1981) and Compendium of soil fungi by

Domsch et al. (1980).

Fig. 1: Screening of AFS3 isolate for
amylase production

3.2. Production of amylase

Production of crude amylase from Penicillium sp. AFS3 was recorded 81.80 U/mL
after 96 h of incubation period.
3.3. Characterization of crude amylase
3.3.1. Effect of temperature on amylase activity

Crude amylase from Penicillium sp. AFS3 exhibited maximum catalytic efficiency at
40 °C (84.72 U/mL) temperature followed by at 30 °C (81.80 U/mL), 50 °C (78.88 U/mL), 60

°C (75.95 U/mL) and 20 °C (49.66 U/mL) (Fig. 2).
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Fig. 2: Effect of temperature on catalytic activity of
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3.3.2. Effect of different starch concentrations on amylase activity

Crude amylase from Penicillium sp. AFS3 exhibited maximum catalytic efficiency at
18 mg/mL starch concentration (292.14 U/mL) followed by at 16 mg/mL (233.71 U/mL), 14
mg/mL (178.21 U/mL), 12 mg/mL (87.64 U/mL), 20 mg/mL (84.72 U/mL), 10 mg/mL
(35.05 U/mL), 8 mg/mL (29.21 U/mL), 6 mg/mL (17.52 U/mL), 4 mg/mL (14.60 U/mL) and

2 mg/mL (5.84 U/mL) (Fig. 3).
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Fig. 3: Effect of different concentration of starch on
catalytic activity of Penicillium sp. AFS3 amylase

3.3.3. Effect of pH on amylase activity
Crude amylase from Penicillium sp. AFS3 exhibited maximum catalytic efficiency at
pH 5 (934.87 U/mL) followed by at pH 4 (904.65 U/mL), pH 6 (262.93 U/mL), pH 7 (233.71

U/mL) and pH 8 (175.28 U/mL) (Fig. 4).

pH —

Fig. 4: Effect of different pH on catalytic activity of
Penicillium sp. AFS3 amylase
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4. Conclusions
Efficient amylase producer was isolated and identified as Penicillium sp. AFS3.

Remarkable production of amylase (81.80 U/mL) was recorded by using soybean and wheat

husks. Penicillium sp. AFS3 amylase exhibited maximum catalytic efficiency at pH 5, 40 °C

and 18 mg/mL starch concentration. Therefore amylase from Penicillium sp. AFS3 can be

used for starch liquefaction where the native pH of starch slurry is 3.2-4.5 in different

biotechnological industries.
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