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ABSTRACT

An investigation was carried out to determine the presence of amylase

producing Penicillium species in the soils of Harwan area of Srinagar city. Two study

sites were choosen from the area. Soil samples were collected from the study sites for

the isolation of Penicillium isolates. Pour plate method involving serial dilution was

used for the isolation of fungi. The media used for isolation were Potato Dextrose

Agar (PDA), Rose Bengal agar (RBA) and Malt Extract Agar (MEA). A total of 4

Penicillium isolates were obtained during the study, which showed positive alpha

amylase activity, all belonging to division Ascomycota of kingdom fungi. The highest

colony forming unit (cfu/g) of 3.5 ×103 was found for P. chrysogenum at site II in the

month of August. Certain agricultural wastes like mustard oil cake, linseed oil cake

and wheat bran were used as crude ingredients in the submerged fermentation process

for the production of amylases. The carbon and nitrogen sources were also altered in

the culture media for the production of alpha amylases from the isolated Penicillium

species. The results of this investigation show that P. chrysogenum has maximum

activity of 550.4 U/ml in medium with linseed oil cake at pH 6 and incubation period

of 6 days. P. purpurogenum showed maximum activity of 883.93 U/ml in fermented

medium with mustard oil cake as crude substrate at pH 6 incubation period of 6 days.

P. caesicolum showed maximum activity of 1834.8 U/ml in medium with glucose as

carbon source at pH 9 and incubation period of 18 days. P. funiculosum showed

maximum activity of 4254.4 U/ml at pH 6 and incubation period of 18 days with

mustard oil cake as crude substrate in the medium. The optimum conditions in the

medium which were found best to promote the production of alpha amylase from

Penicillium species were, when medium was maintained at pH 9 and incubation

period of 18 days with glucose as carbon source followed by medium maintained at

pH 9, 6 and incubation period of 18 days with yeast extract as nitrogen source and

medium maintained at pH 6 and incubation period of 18 days with mustard oil cake in

the medium.
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lot of work has been carried out with regard to the isolation, identification

and characterisation of the fungal isolates for alpha amylase production,

the world over, but no such work has been carried out here in Kashmir

Valley so far. Thus an attempt was made here to portray the importance of

isolation, identification and characterisation of the Penicillium isolates for alpha

amylase activity.

Microbes are essential components of every ecosystem, they form the

foundation of many food webs. Microbes play an important role in breaking down of

dead plant and animal material through a process called decomposition. Most

importantly, microbes are involved in the cycling of nutrients and other compounds

throughout the environment. For example, microbes in the oceans generate much of

the oxygen used by organisms throughout the world (Kennedy and Smith, 1998).

Only one percent of microbes that live in soil have been identified and these

organisms both the known and unknown ones take part in the formation of soil, and

are essential components of these ecosystems. They are responsible for the transfer of

nutrients such as carbon, nitrogen and sulphur to plants and animals through various

cycles. Some microbes convert nitrogen from a gas to a form that plants can use, like

natural fertilizer. Without the microbes, many plants would not be able to grow.
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Bacteria and fungi that live in soil feed mostly on organic matter such as other plants

and animals. They promote the decomposition of dead material, which releases useful

nutrients into the soil. This makes microbes the primary members of the soil food

web. These microbes are very sensitive to their local environment. Factors such as the

levels of carbon dioxide and oxygen, pH, moisture and temperature all affect the

growth of microbes in the soil (Piao et al., 2000).

It is estimated that there are 1.5 million fungal species on earth, of which only

about 70,000 have been described till recently (Hawksworth, 2006). Penicillium is a

large anamorphic Ascomycetous fungal genus with widespread occurrence in most

terrestrial environments and many are common soil inhabitants (Kirk et al., 2008). It

is a well-known cosmopolitan genus of moulds with more than 300 accepted species.

It is one of the dominant fungal genera in soil (Thom, 1930; Christensen et al., 2000)

where it is mainly responsible for decomposing organic matter and assists in the

maintenance of soil nitrogen fertility in concert with other organisms (Seneviratne and

Jayasinghearachchi, 2005). They function as decomposers of dead materials and are

especially important as post-harvest organisms, where they spoil various food

commodities (Janisiewicz, 1987; Pitt and Hocking, 1997; Holmes and Eckert, 1999;

Morales et al., 2007). It leads to the production of a large group of antibiotics for

pharmaceutical industries. Penicillium species produce a much diversified array of

active secondary metabolites, including antibacterial, antifungal substances,

immunosuppressants, cholesterol-lowering agents and also potent mycotoxins (Singh

et al., 2008). Penicillium and many other terrestrial moulds have been identified till

date for the production of various industrially important enzymes including alpha

amylases.

Amylases are enzymes which hydrolyze starch molecules to give diverse

products including dextrins and progressively small polymers composed of glucose

units. The history of amylases began in 1811 when the first starch degrading enzyme

was discovered by Kirchoff. The major advantage of using micro organisms for the

production of amylases is the economic bulk production capacity and easy

manipulation of microbes to obtain enzymes of desired characteristics (Lonsane et.

al., 1991). Enzymes from fungal and bacterial sources have dominant applications in

industrial sectors. Two major classes of amylases have been identified in microbes,
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alpha amylase (E.C.3.2.1.1) hydrolyze 1, 4-alpha-D glucosidic linkages between

adjacent glucose units in the amylase chain.

Amylases is the family of hydrolytic enzymes that are wide spread in nature,

being found in animals, micro-organisms and plants, with the advent of new frontiers

in biotechnology had found a potential application in a number of industrial processes

such as bread making, brewing, starch processing, pharmacy, textile, paper industries

and bioconversion of solid wastes (Pandey et al., 2000). Amylases constitute a class

of industrial enzymes representing approximately 25-33% of the world enzyme

market (Nguyen et al., 2002; Van der Maarel et al., 2002) and have almost completely

replaced chemical hydrolysis of starch in starch processing industry (Pandey et al.,

2000). They are among the most important products obtained for human needs

through microbial sources including Fungi.

Microorganisms are the most important sources for enzyme production.

Selection of the right organism plays a key role in high yield of desirable enzymes.

The Aspergillus species produces a large variety of extracellular enzymes, of which

amylases and proteases are of significant industrial importance (Pandey et al., 2000).

Fungal amylases have not only been used in fermentation processes, but also in

processed food industry and in the textile and paper industries (Ellaiah et al., 2002

and Gigras et al., 2002,). In general, data obtained in studies suggest that, amylases

are important enzymes employed in the starch processing industries for the hydrolysis

of polysaccharides such as starch into simple sugar constituents (Mitchell and

Lonsane, 1990; Akpan et al., 1999). Although amylases can be obtained from several

sources, such as plants and animals, the enzymes from microbial sources generally

meet industrial demand (Pandey et al., 2000). A large number of them are available

commercially but microbial amylases have successfully replaced chemical hydrolysis

of starch in starch processing industries.

In recent years, the new potential of using micro-organisms as

biotechnological sources of industrially relevant enzymes has stimulated renewed

interest in the exploration of extra cellular enzymatic activity in several micro-

organisms. Thus the present work dealing with the isolation, identification and

characterization of alpha amylase activity from various Penicillium species, isolated
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from soil of a local habitat from Harwan area of Srinagar district was carried out to

focus on the below mentioned objectives:

1. To isolate and characterize various Penicillium species from two diverse

habitats of Kashmir valley.

2. To study the α-amylase activity of isolated Penicillium species on different

media.

The valley of Kashmir is very well known for its snow capped peaks, forests,

lakes and springs. It lies to the north of the Indian subcontinent between 32° 20´ and

35° 5´ N latitudes and 73° 30´ and 76° 30´ E longitudes with an elevation of 5200 feet

above sea level (Bates, 2005). Traversing the valley is the River Jhelum and its

tributaries. The Jhelum (also called Vitasta/Vyeth) has been and continues to be the

key element of the ecosystem of Kashmir (Raza et al., 1978). The shielded valley of

Kashmir is characterized by distinct geographic features and snow clad peaks and

resembles the mountainous and continental parts of the temperate latitudes. In the

regions of Jammu and Kashmir the soils are loamy and there is little clay content in

them. Poor in lime but with a high content of magnesia, the soil is treated with

chemical fertilisers and enriched with green manure and legume before cultivation.

There is sufficient organic matter and nitrogen content in the alluvium of the Kashmir

valley as a result of plant residue, crops stubble, natural vegetation and animal

excretion (Dar et al., 2000). The valley of Kashmir has many types of soils like: Gurti

(clay), Bahil (Loam), Sekil (Sandy), Nambaal (Peats), Surzamin, Lemb, floating

garden soils and Karewa soils (Mahapatra et al., 2000).

Harwan area of this beautiful valley was choosen to collect the soil samples

for the research. Harwan situated at an altitude of about 1743 m above sea level , with

the geographical coordinates 34º 10' 0'' N and 74º 54' 0'' E, lying in District Srinagar,

J&K, India, is a small village set in the heart of mountains and is an ideal picnic spot.

The climate of this beautiful area is very bracing and enjoys a subtropical climate.

Here the precipitation normally occurs in the form of mild snowfall during the

winters. Summers are mild and winters are very cold. (Kausar, 2005).
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Two different sites were selected in this area to carry out the present work, the

first site was Apple orchard and the second site selected was a Fallow land area.

Site I - Apple orchard Harwan

It was that area which was not affected by the human and animal activities. The

grazing rate in this area was negligible. It is renowned for its green pasture and lies

between the geographical co-ordinates of 74o 54 40.06 E and 34o 09 45.16 N, at an

altitude of about 1687 m above sea level. The site was predominantly occupied by

large trees. The vegetation in the site was herbaceous, having Cynodon sp., Trifolium

sp. and other different herbs forming a community structure. The site area was fenced,

which prevented it from grazing (Plate I, Fig. A).

Site II - Fallow land area Harwan

The fallow land area site was a degraded site influenced heavily by human and animal

activities with huge quantity of animal excreta (dung) and carcass of grazing and non-

grazing animals. The site lies in between the geographical co-ordinates of 74o 54

64.73 E and 34o 10 01.12 N, at an altitude of about 1687 m above sea level (Plate

I, Fig. B).



Fig. (A): Site I-Apple orchard Harwan

Fig. (B): Site II-Fallow land area Harwan

Plate I: Study sites
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oil, one of the greatest gifts of nature is such a vital factor for life on which

the survival and development of living organisms including man depends. It

is the best medium not only for the growth of plants but the micro-organisms

as well. Soil is a natural body consisting of layers (soil horizons) of mineral

constituents of variable thicknesses, which differ from the parent materials in their

morphological, physical, chemical and mineralogical characteristics. Soil microbial

population is the key element in the bio-geochemical cycling of nutrients in nature

(Pelczar et al., 1993). The cycling of carbon, oxygen, sulphur and nitrogen that take

place in terrestrial and aquatic ecosystems is made possible by the different types of

microbes dwelling in these ecosystems (Griffiths et al., 2003). More recently

microbial diversity has also been recommended as biological indicator of soil quality.

Soils that are clayey often have more bacteria than sandy soils because the clay

creates lots of small pores (spaces) which offer protection for bacteria. Sandy soils

with fewer aggregates and small pores are less suitable habitats for bacteria and fungi

unless a large amount of organic matter is added to the soil (Kennedy and Papendick,

1995). Most organisms are found in the top layers of soil, usually the top 2-3

centimetres, since this is typically where most of the organic matter is present.

Organisms do occur to depths of several kilometres below the soil surface, but the

types of organisms that occur this far down are not the same as those close to the

S
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surface. The organisms in soil are often commonly found close to root surfaces in the

rhizosphere, within living and dead roots, on soil particles, or amongst aggregates of

soil particles (Fierer and Jackson, 2006).

A fungus is an important group of the soil micro biota typically constituting

more of the soil biomass than bacteria, depending on soil depth and nutrient

conditions. The role of fungi in soil is extremely complex and is fundamental to the

soil ecosystem. They perform ecological services that strongly impact the quality of

human life and have enormous potential for providing economic benefits, e.g., the

isolation and identification of the soil fungus. Fungi are heterotrophic organisms,

requiring organic compounds for nutrition. When they feed on dead organic matter,

they are known as saprophytes. Saprophytes decompose complex plant and animal

remains, breaking them down into simpler chemical substances that are returned to

the soil, thereby increasing its fertility. Fungi are eukaryotic chemo-organotrophic

organisms that have no chlorophyll. The thallus or body of a fungus may consist of a

single cell as in the yeasts more typically the thallus consists of filaments which are

commonly branched (Hawksworth, 1991). Fungi perform important functions within

the soil in relation to nutrient cycling; disease suppression and water dynamics, all of

which help plants become healthier and more vigorous. The major activity of soil

fungi is to disintegrate the complex organic molecules e.g. cellulose, lignin, pectin,

hemicelluloses etc. which leads to the addition of nutrients in the soil. Fungi also play

an important role in humus formation. Some fungi associate themselves with roots of

higher plants in the form of mycorrhizae or fungus roots, which help plants to

scavenge essential minerals from nutrient poor soils (Curtis and Sloan, 2005). They

also form mutualistic associations with algae and cyanobacteria in the dual organisms

known as lichens. Fungi are found wherever there is hard, carbon-rich woody organic

matter. This could be dead rotting trees in a forest, leaf litter on the surface of orchard

soils, or plant roots. Fungi in soil are present as mycelial bits, rhizomorph or as

different spores. Their number varies from a few thousand to a few million per gram

of soil. Soil fungi possess filamentous mycelium composed of individual hyphae. The

fungal hyphae may be aseptate /coenocytic (Mastigomycotina and Zygomycotina) or

septate (Ascomycotina, Basidiomycotina and Deuteromycotina). Most

vascular plants could not grow without the symbiotic fungi, or mycorrhizae, that
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inhabit their roots and supply essential nutrients. Other fungi provide numerous drugs

(such as Penicillin and other antibiotics), foods like mushrooms, truffles and morels,

and the bubbles in bread, champagne, and beer (Dance, 2008). Fungi also cause a

number of plant and animal diseases. In human’s ringworm, athlete's foot, and several

more serious diseases are caused by fungi. Because fungi are more chemically and

genetically similar to animals than other organisms, this makes fungal diseases very

difficult to treat. Plant diseases caused by fungi include rusts, smuts, and leaf, root,

and stem rots, and may cause severe damage to crops. However, a number of fungi, in

particular the yeasts, are important "model organisms" for studying problems in

genetics and molecular biology

As observed by Jackson (1975), most commonly encountered genera of fungi

in soil are; Alternaria, Aspergillus, Cladosporium, Cephalosporium Botrytis,

Chaetomium, Fusarium, Mucor, Penicillium, Verticillium, Trichoderma, Rhizopus,

Gliocladium, Monilia, Pythium, etc. As these soil fungi are aerobic and heterotrophic,

they require abundant supply of oxygen and organic matter in soil. Fungi are

dominant in acid soils, because acidic environment is not conducive and suitable for

the existence of either bacteria or actinomycetes. The optimum pH range for fungi

lies-between 4.5 to 6.5. They are also present in neutral and alkaline soils and some

can even tolerate pH beyond 9.0 (Piao et al., 2000).

Amylases are hydrolytic enzymes that are widespread in nature, being found

in animals, microorganisms and plants. With the advent of new frontiers in

biotechnology, the amylase family enzyme finds potential application in a number of

industrial processes such as bread making, brewing, starch processing, pharmacy,

textile and paper industries. The mycelial growth and amylase production by a

mycotoxigenic strain of Fusarium moniliforme and Aspergillus flavus evaluated in

culture medium containing starch, glycerol, wheat bran or corn was studied by

Figueira and Hirooka (2000) and reported that the medium composed of milky stage

corn supernatant promoted the best mycelial growth and amylase production. Leiter et

al. (2000) studied that Penicillium chrysogenum grown in complex medium possessed

an intracellular iron concentration and reported that this iron concentration was

sufficient enough to cause growth and antibiotic production by this fungal strain.

Amylases have almost completely replaced chemical hydrolysis of starch in starch
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processing industry (Pandey et al., 2000) and constitute a class of industrial enzymes

representing approximately 25-33% of the world enzyme market (Nguyen et al.,

2002;Van der Maarel et al., 2002).

The isolation, screening, selection and mutation of Aspergillus oryzae for α-

amylase production showed that mutant strains demonstrated 2.6 fold increased

activity over the parental strain in terms of enzyme production (Abdullah, 2005).

While as, Balkan and Ertan (2005) studied the fungi and screened their ability to

produce α-amylase, Pencillium chrysogenum showed high enzymatic activity and α-

amylase production by Pencillium chrysogenum cultivated in liquid media containing

maltose (2%) reached its maximum in 6-8 days at 30oC. However, Kathiresan and

Manivannan (2006) studied the effects of pH, temperature, incubation time, salinity,

sources of carbon and nitrogen on submerged fermentation process in production of

α-amylase by Pencillium fellutanum isolated from coastal mangrove soil and reported

that the production medium without addition of sea water and with provision of

maltose as carbon source, peptone as nitrogen source, incubated for 96 hours

maintained with pH of 6.5 at 30°C, was optimal for production of α-amylase. A study

carried out by Tiwari et al. (2007) on Pencillium rugulosum isolated from a soil

sample, for production of α-amylase showed that the maximum production of amylase

by Pencillium rugulosum was observed at 3rd day of incubation with an improvement

in its production in the presence of galactose as sole carbon source. It was further

observed that the enzyme activity was inhibited in presence of EDTA and enhanced in

presence of metal ion Mn2+ and Fe2+. While as, Xu et al. (2008) worked on

optimisation of nutrient levels for the production of α-amylase by Aspergillus oryzae

in solid state fermentation (SSF) with spent brewing grains (SBG), using response

surface methodology (RSM) based on Plackett–Burman design (PBD) and Box–

Behnken design (BBD). It was found that corn steep liquor (1.8%), CaCl2 (0.22%)

and MgSO4.7H2O (0.2%) are the most compatible supplements to the substrate SBG

to influence α-amylase activity positively.

Metin et al. (2010) while studying the extracellular amylase production by

Penicillium citrinum, reported that amylase exhibited broad substrate specificity

because it acted on all the substrates tested and showed that enzyme was activated by

Mn2+, Ca2+, Co2+, Fe3+, Ba2+, NH4
+ and Al3+, the other ions and EDTA had no effect
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on its activity. It was further observed that enzyme activity was inhibited in the

presence of phenyl methane sulfonyl fluoride (PMSF), N-bromo succinimide (NBS)

and 1-cyclohexyl-3-(2-morpholinyl-4-ethyl) carbodiimide methyl p toluene

sulphonate (CMC), suggesting that serine, tryptophan residues and carboxyl groups

play an important role in the catalytic process. Similarly Raharjo et al. (2010) worked

on the thermostable α-amylase isolated from selected bacteria from Sonai Hot Spring,

South East Sulawesi using sago pith waste as substrate and observed that logarithmic

phase reached at 10th hour due to the increasing of amount of bacteria cell and

maltose concentration on growth curve. It was further observed that crude enzyme

had activity of 0.418 U/mL and the optimal pH, temperature, and substrate

concentration were 4.5, 70oC, and 1%, respectively.

Some fungal strains of each of the two filamentous fungi viz, Aspergillus

niger van Tieghem and Aspergillus flavus link ex Gray, were analysed by Shafique et

al. (2009) for their α-amylase activity and reported that all the test strains exhibited

their maximum α-amylase activity after 48 hours of incubation. The wastes from

foods and drinks industries were studied by Sidkey et al. (2010) focusing on the

possibility of using different fermented enviro-agro-industrial wastes as very cheap

and available substrates for obtaining microbial α-amylases that are of great industrial

importance and isolated seventy three fungi and bacteria from twenty different wastes,

e.g. food industrial wastes, daily home wastes, expired food stuff wastes and some

agricultural wastes from Al-Madinah, Al-Munawwarah, K.S.A. While as, Oyeleke et

al. (2010) reported that Bacillus megaterium is a good producer of extracellular

amylase at high temperatures which could be an indication that amylase produced

would be thermostable, while studying a local yam peel dumpsite in Mina, Niger

state. The loquat kernel flour (LKF) could serve as a sole source of nitrogen and

carbon for the fungus to grow and synthesize α-amylase (Erdal and Taskin, 2010) as

the feasibility of waste loquat kernels as substrate in solid state fermentation for α-

amylase production by Pencillium expansum has been evaluated for it.

The production, purification and characterization of alpha amylase from

Trichoderma harzianum grown on mandarin peel was studied by Mohamed (2011),

and suggested that the enzyme has high affinity towards high-molecular mass

substrates. It was further observed that maximum activity of enzyme against soluble



Review of Literature

11

starch was determined at pH 4.5 and 40°C. However, Khokhar et al. (2011) reported

that filamentous fungi are important due to their high enzyme production potential.

Fifteen fungal isolates of three genera, Aspergilus, Penicillium and Trichoderma were

examined for their ability to produce amylase. It was found that all isolates exhibited

enzymatic potential and reported that Penicillium, Aspergillus raperi and Aspergillus

speluneus were hyper active in starch medium and showed the increased growth in

starch medium as compared to control. Similarly, Sun et al. (2011) studied the

feasibility of using banana peel for the production of cellulase by Trichoderma viride

in solid-state fermentation, indicated that banana peel provided necessary nutrients for

cell growth and cellulase synthesis and can be used as a potential substrate for

cellulase production by Trichoderma viride under solid-state fermentation.

Ahmed (2011), during its study on the fungal strain of Aspergillus oryzae used

for the production of alpha amylase by solid state fermentation from agro-industrial

wastes reported that enzyme production was growth associated and maximum activity

(8.23 U/ml) was obtained after 120h when incubated at 30°C on wheat bran with

initial moisture content 60% and initial medium pH of 5. It was also found that

enzyme activity increased when the solid medium was supplemented with additional

nitrogen source. Nwagu and Okolo (2011) worked on the α- amylase producing

Fusarium sp. isolated from soil at 50 °C and observed that growth and enzyme

production occurred at 30, 45 and 55 oC. It was also reported that Soybean meal at 1%

concentration, supplemented with 0.2% NH4Cl and 2.5% corn starch elicited the

highest amylase yield. However, Vijayaraghavan et al. (2011) carried out solid state

fermentation using banana peel as a substrate for the production of amylase by

.Penicillium sp. and partially purified enzyme by the combination of ammonium

sulphate precipitation, Sephadex G-75 gel filtration chromatography and dialysis,

reported that the enzyme showed optimum activity at a pH of 7.0 and incubation

temperature 50°C. Similarly, Balkan et al. (2011) while studying the production of

extracellular α-amylase by Trichothecium roseum in solid state fermentation (SSF)

examined the effects of wheat bran (WB), rye straw (RS), corncob leaf (CL),

sunflower oil meal (SOM) and rice husk (RH) showed that wheat bran (WB)

exhibited the highest enzyme production. It was further observed that addition of

different metal ions (0.1M) to wheat bran (WB) resulted in better α-amylase
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production with CaCl2, while as addition of CuSO4 to wheat bran (WB) resulted in

decreased enzyme activities.

The Aspergillus strains obtained from IMTECH Chandigarh and from

Department of Biotechnology, CDLU, Sirsa by Kumar and Duhan (2011), screened

them for their ability to produce amylase on starch agar plates, among the five strains,

A. niger, showed highest clearing zone on starch agar plates as well as amylase

activity in solid state fermentation. Different substrates like wheat bran, rice bran,

soybean meal and black gram bran were screened for enzyme production and rice

bran was found to be the best substrate for the enzyme production. However,

Adejuwon (2011) while studying the Pencillium species isolated from decaying apple

fruit grown in a synthetic medium containing starch as sole carbon source showed that

Culture filtrates exhibited amylase activity, and reported that the presence of cations

Mg++, Ca++, K+ and Na+ stimulated the activity of the enzyme. Use of dried citrus peel

and wheat bran as substrate for the production of pectin methyl esterase (PME;

EC3.1.1.11) by fungus Penicillium notatum Gayen and Ghosh, (2011) showed that

maximum enzyme activity was obtained with 1:1 (w/w) substrate ratio, which gives a

solid mass of initial pH 5.5, when incubated at 30°C for 120 h at 1:1 (w/v) initial

moisture content ratio under static condition.

Bacillus subtilis yielded maximum enzyme at pH 7 and at 37°C and the

isolate exhibited higher amylase activity in the presence of organic nitrogen source

followed by inorganic nitrogen source (Kumari et al., 2011). The Penicillium strains

from the Howzsoltan lake were studied by Abbas et al. (2011) to produce α–amylase

and reported that some filamentous fungi can survive and grow in high concentration

of salt, analyzed 100 water samples and isolated 65 samples as 9 species of

Penicillium and showed that solid state fermentation (SSF) medium could increase the

α-amylase activity to tenfold, in comparison with subaro broth as submerged

fermentation (SmF).While as, the purification and characterization of α-amylase from

Aspergillus flavus, showed that the activity of the purified α-amylase increased with

increasing enzyme concentration and incubation time and the enzyme exhibited

maximum acidity at 30oC and pH 6.4 with the optimum starch concentration of 15

mg/ml (Sidkey et al., 2011). The production of cellulase and amylase from wild and

mutated fungal isolates was studied by Sathyaprabha et al. (2011), and it was reported
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that mutated fungal strains showed highest production of amylases and cellulases than

the wild isolated fungal organisms. However, Sindhu et al. (2011) studied the

purification and characterization of α-amylase from Penicillium janthinellum and its

application in detergent industry, concluded that after 96 hours of incubation using

wheat bran as substrate for SSF, amylase got purified. The amylase production by

Aspergillus niger under solid state fermentation using agro industrial wastes was

studied by Suganthi et al. (2011), reported that Aspergillus niger showed the highest

production of amylase. They also reported that sucrose and nitrogen improved the

yield in the same medium.

Penicillium canescens was cultivated on barley straw hydrolysate as a soluble

nutrient source and as inducer for xylanase production by Bakri et al. (2012) and it

was suggested that xylanase can be produced efficiently by Penicillium canescens in

continuous culture from an inexpensive source such as barley straw hydrolysate. The

best xylanase production (54 U/ml) was observed on hydrolyzed extract from barley

straw treated with hot water (100 ºC) for 3 hours. Enzyme production was further

improved by scaling up the cultivation process to a 3-L stirred tank bioreactor.

Similarly, Ileasanmi et al. (2012), investigated the production of amylase using

Aspergillus flavus implicated in the bio-deterioration of starch-based fermented foods

and showed that 30oC incubation temperature was optimum for amylase production

by this isolate. It was further revealed that an incubation period of 6 days was

optimum for amylase production by this isolate. However, Adejuwon et al, (2012)

grew Aspergillus niger in a growth medium with rice as carbon and growth source

and in a defined synthetic medium with varying carbon and nitrogen sources at 25oC

producing amylase, reported that optimum amylase activity in rice was expressed on

the eighth day of incubation as 0.58 Units and in the synthetic growth medium with

starch as carbon source and tryptone as nitrogen source, optimum amylase activity

was expressed on the seventh day as 0.47 units. Similarly, Sundar et al. (2012)

investigated Aspergillus niger utilizing Ipomoea batatas, reported that submerged

fermentation holds tremendous potentiality in high biomass yield of alpha-amylase.

The effect of varying pH, temperature and nitrogen sources of the medium for the

productivity of α- amylase was also studied and it was reported that the maximum
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activity of α-amylase was recorded as 450 U/mg after 7 days of submerged

fermentation at pH 7.0 and room temperature 28oC.

The culture and nutrient requirements of Penicillum crysogenum for

production of α- amylase in production media containing different pH, temperature,

incubation period, inoculum size, carbon sources, nitrogen sources and metal ions

were analyzed under submerged fermentation by Vidya et al., 2012. It was found that

the optimum pH, temperature, inoculum size and incubation period for enzyme

production were 6, 50°C, 4% and 6th day of incubation. It was also found that minimal

medium can be used under submerged fermentation for the maximum production of

amylase under controlled conditions. Bhardwaj et al. (2012) reported that filamentous

fungi have been widely used for the production of amylases under solid state

fermentation, wherein certain cultural parameters may provide good growth of

microorganisms and thereby better enzyme production and studied the effect of salts

of certain metal ions on amylase production by the mangrove isolate of Aspergillus

flavus and showed that the highest yield of amylase production was obtained by the

addition of magnesium sulphate (0.1%) and calcium chloride (0.02%) respectively.

Supplementation of the enzyme production medium with non ionic surfactants in

general and Tween 80 in particular resulted in an enhanced secretion of the starch

hydrolyzing proteins in the medium. The amylase enzyme producing potential of four

different Aspergillus species was studied. The extracted amylase enzyme was purified

by diethyl amino ethyl (DEAE) cellulose and Sephadex G-50 column chromatography

and the enzyme activity was measured by using synthetic substrate starch. The

partially purified enzyme exhibits maximum activity at the optimum pH (7.0),

temperature (60 to 70°C) and substrate concentration (1.5 to 2.0%) under standard

assay conditions. Among the four different Aspergillus species examined, Aspergillus

flavipes showed maximum production of amylase (Doss and Anand, 2012).

The amylolytic enzymes produced by Aspergillus flavus isolated from mouldy

bread with the aim of establishing some factors that affect its activity shows that

Aspergillus flavus grows in synthetic medium containing starch as the sole carbon

source and synthesize enzymes which exhibited amylolytic activities. The production

of the enzyme increases with increase in days of incubation with optimum activity

occurring on the tenth day of incubation (Ayansina and Owoseni, 2012). Irshad et al.
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(2012) investigated the production of α-amylase through solid-state fermentation by

Ganoderma tsuage by using waste bread as substrate and reported that calcium

chloride (CaCl2) increases the activity of α-amylase while as all other compounds

inhibit α-amylase activity. It was showed that silver nitrate (AgNO3) was the strongest

inhibitor and therefore would not be advised for use in future research against α-

amylase production.

Very recently, Alhussaini (2013) worked on the mycobiota of wheat flour to

isolate and identify the fungal species, which contaminated the stored flour in Riyadh

region in Saudi Arabia. The study revealed that the Aspergillus genus was the most

active producer of α-amylase and P. chrysogenum, P.crustosum and P.olsonii

exhibited high activity in production of L- asparaginase. Adejuwon and Ladokun

(2013) worked on the effect of carbon source of growth medium on α-amylase

production by strains of Penicillium solitum and Aspergillus rubrum isolated from

yam (Dioscorea alata) using potato dextrose agar, rice (Oryza sativa) supported

fungal growth and α-amylase production. It was found that highest activity was

expressed by Penicillium solitum on the tenth day of inoculation of the synthetic

medium when maltose was carbon source and showed that least activity was

expressed by Aspergillus rubrum when galactose was carbon source.
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he following methodology was followed for evaluating the amylase

activity of Penicillium isolates during the present study.

A. Materials used

The following materials were used during the study:

3.1. Media used

Rose Bengal Agar (RBA), Czapek’s Dox Agar (CZ), Malt Extract Agar (MEA),

Czapek’s Yeast Agar (CYA) and Potato Dextrose Agar (PDA)

3.2. Chemicals used

Peptone, starch, Fructose, Sucrose, Lactose, Glucose, Yeast Extract, Dinitrosalicylic

acid, Acetate buffer, Phosphate buffer, Iodine solution, MgSO4, KCL, KNO3, NH4Cl,

NaNO3 etc.

B. Methods used

3.3. Sampling

Composite soil samples were collected from the sites under consideration on bi-

monthly basis for a year, by digging upto a depth of 5 inches with the help of spade,

in a sterile container and brought to the laboratory for further analysis.
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3.4. Laboratory analysis

1. Cleaning of glass ware

 All the glass ware used was cleaned with commercial lab. wash to remove oils

and organic matter from it.

 It was allowed to drain and dry in an oven at 110oC and then further

sterilization procedures were followed.

 Glass ware including test tubes and petridishes were then sterilized by

autoclaving them at 121oC and 15lb pressure.

2. Sterilization

i. Dry heat sterilization: It was used to sterilize materials that can with stand high

temperature as well as materials that get damaged by moisture such as:

a. Inoculating loops: Needles, tubes etc which are sterilized by heating in

flame before use and after use.

b. Glass ware, instruments etc. are heated/ dried in hot air ovens at 171oC: 1h;

160oC; 2h; 121oC: 6h, for sterilization.

ii. Moist heat sterilization: It was used to sterilize liquids and materials which

can’t withstand dry heat and get easily charred. Mostly it was used to sterilize

gloves, masks, aprons, glassware, instruments like needles, forceps, loops,

culture, media, water etc.

iii. Autoclaving: Sterilization of media, glassware, instruments and water was done

in an autoclave at 121oC, 15psi, for 20 min.

iv. Radiation

Ultra violet radiations were used for killing microbes in inoculation chamber

(Laminar Air flow cabinet) and due precautions were taken while using UV

radiation.

3.5. Preparation of Medium

Ingredients were first dissolved in distilled water except agar, pH was then adjusted at

7.2 followed by boiling to dissolve agar powder.
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3.6. Sterilization of medium

The medium was sterilized in an autoclave at 121o C 15lb/inch2 for 15-20 minutes.

3.7. Dispensing of media

The sterilized medium was dispensed into previously sterilized petriplates. About 15

to 20 ml of medium was poured into each petriplate on a Laminar flow cabinet. The

petriplates were incubated over night to check the contamination if any, inside the

media.

3.8. Serial Dilution Technique

Since millions of microbes can be found in a single gram of soil, suspension was

diluted serially so as to reduce the microbial population by few cells/ml. The sample

was diluted to different levels, in order to get the approximate number and density of

the fungi, the original sample was diluted upto 5 dilutions viz. (10-1, 10-2, 10-3 10-4,

and 10-5)

3.9. Inoculation

Spread plate technique was followed for inoculation of sample by spreading (0.1ml)

sample from different dilutions over the surface of prepared agar plate by means of a

sterilised spreader.

3.10. Incubation

After inoculation, the culture plates were incubated in an incubator in inverted

position at a temperature of 28oC for 3-7 days to assess the growth of colonies. Plates

containing overlapping or diffused colonies were discarded and only those plates were

selected which were showing different types of distinct, individual and well separated

colonies.

3.11. Enumeration of colonies

Colonies that develop on agar plates were counted with unaided eyes as per key given

by Jhonson and Case (1995). The number of colonies counted was expressed as cfu/g

and were calculated by using the formula.

Cfu/g = n x d

Where n= number of colonies and d = dilution factor
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3.12. Isolation of fungi

i. Soil plate method

One gram of soil sample was suspended in 10 ml of double distilled water to make

microbial suspensions (10-1 to 10-5). Dilution of 10-3, 10-4 and 10-5 were used to isolate

fungi. 0.1 ml of microbial suspension of each concentration were added to sterile Petri

dishes containing 15 ml of sterile Potato Dextrose Agar and Czapek,s Dox Agar. One

percent streptomycin solution was added to the medium before pouring into

petriplates for preventing bacterial growth. The Petri dishes were then incubated at

28±2 ºC in dark. The plates were observed everyday up to three days (Warcup, 1950).

ii. Soil dilution method

About 0.005g of soil was scattered on the bottom of a sterile petri dish and molten

cooled (40-45°C) agar medium (PDA) was added, which was then rotated gently to

disperse the soil particles in the medium. The Petri dishes were then incubated at 28 ±

2ºC in dark for three days (Waksman, 1922).

iii. Streak plate method

Streak plate technique was used to isolate a single species from a mixed population.

The process involved streaking of fungi across an agar plate and was then incubated at

37 ºC. It was used to get the pure cultures.

3.13. Pure Cultures

Pure cultures were obtained by platinum loop through streaking technique (A.P.H.A,

1998). Fungi were transferred from one medium to another by sub culturing for

maintaining stock cultures on potato dextrose agar medium.

3.14. Identification of fungi

Identification of fungi was performed on the basis of the micro and macro

morphological features, reverse and surface coloration of colonies grown on Czapek’s

dox Agar (CZ), Malt Extract Agar (MEA), Czapek’s Yeast Agar (CYA) and Potato

Dextrose Agar (PDA) media. Fungi were identified to genus level using the keys of

Barnett and Hunter (1999). Cultures were identified to species level using various

mycological texts like Penicillium LINK, and Pitt’s monograph (2000). These species

were grown on various differential media all prepared according to the recipes of Pitt



Material and Methods

20

(2000). Each Penicillium culture was inoculated in triplicate on each medium and

incubated at three different temperatures (5ºC, 25ºC and 37°C) for a period of 7 days

in the dark. Fungal morphology was studied macroscopically by observing colony

features (Colour and Texture) and microscopically by staining with lacto phenol

cotton blue and observed under microscope for the conidia, conidiophores and

arrangement of spores.

i. Lactophenol cotton blue staining

The lactophenol cotton blue (LPCB) wet mounts were prepared for the isolated

species and the slides were observed under microscope to study their micro

morphological features to identify them.

3.15. α-amylase activity

i. Screening of amylase producing fungi

The isolated strains of Pencillium were streaked into starch agar plate and incubated

at room temperature for 72 hours. After incubation 1% of iodine solution was layered

on the agar plates (Hols et al., 1994) and zone of clearance was observed for

screening the fungi (Pandey et al., 2006).

ii. Submerged fermentation of Amylase

Submerged fermentation was carried out in the Ehlenmeyer flasks by taking 100 ml of

amylase production medium (Bernfed, 1951); containing Peptone (6.0g/L), MgSO4

(0.5g/L), KCl (0.5g/L), Starch (1g/L). In addition to this certain agricultural waste

products like mustard oil cake, Linseed oil cake and wheat bran were used as a crude

substrate ingredient in the submerged fermentation medium. The medium was then

maintained at a pH range of 3, 6 and 9, at 30°C on a shaker with 120 rpm for 6 to 18

days (Pandey et al., 1999). The medium was also modified with 5 different carbon

sources like glucose, sucrose, fructose, lactose and starch and with 5 different

nitrogen sources like Peptone, KNO3, NH4Cl, NaNO3 and yeast extract.

iii. Enzyme extraction

Crude enzyme was extracted by mixing a known quantity of fermented substrate with

distilled water containing 0.1% tween 80 on rotator shaker at 180 rpm/1 hr. The
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suspension was then centrifuged at 7000 rpm at 4°C and the supernatant was used for

enzyme assay (Pandey et al., 2006).

iv. α- amylase assay

α-amylase activity was determined as per the method of Pandey et al. (1999). The

reaction mixture containing 1.25 ml of 1% soluble starch, 0.25 ml of 0.1 M acetate

buffer (pH 5.0), 0.25 ml of distilled water and 0.25 ml of crude enzyme extract was

incubated for 10 minutes at 50°C. After incubation the reducing sugar was estimated

by Dinitrosalicylic acid (DNS) method (Miller et al., 1959). The tubes were kept in

boiling water for 5 min to develop the colour, then cooled and absorbance was read at

540 nm. A standard curve of glucose was developed under identical conditions at 575

nm to determine the reducing sugars formed. The enzymatic activity of filtrate was

expressed as Units per ml (U/ml), which is defined as the amount of enzyme which

liberates 1 μmol of reducing sugar per ml under the assay conditions. Simultaneously

a blank without the enzyme extract was run under similar conditions.
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oil samples were collected from the study sites under sterile conditions and

processed in the laboratory for isolation of fungal isolates. The soil samples

were diluted by serial dilution method and 0.1 ml innoculum was inoculated

onto the Potato Dextrose Agar (PDA) plates and incubated for 3-7 days in an

incubator at 37º C to develop the fungal colonies. Four Penicillium isolates, which

showed positive amylase activity were isolated from the study sites. Among all the

isolates, Penicillium chrysogenum showed the colony forming units of 2.8×103 at site

I in the month of June and colony forming units of 3.5×103 at site II in the month of

August. The two sites were having a marked difference in various biotic and abiotic

factors.

The identification of Penicillium isolates was done on the basis of the micro

and macro morphological features, reverse and surface coloration of colonies grown

on Czapek’s dox Agar (CZ), Malt Extract Agar (MEA), Czapek’s Yeast Agar (CYA)

and Potato Dextrose Agar (PDA) media and the Fungal morphology was studied

macroscopically by observing colony features (Colour and Texture) and

microscopically by staining with lacto phenol cotton blue and observed under

microscope for the conidia, conidiophores and arrangement of spores.

S
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Pencillium species were isolated and selected for further study. All the

isolates were tested for alpha amylase activity on starch agar medium through iodine

test (Hols et al., 1994), but only those species of Penicillium were selected for further

study which showed apparently clear zone around the colonies on starch agar

medium when subjected to iodine test (Plate II, Fig. a&b). Submerged fermentation

(SmF) was used to investigate the effect of pH on enzyme production by these four

Penicillium species in different substrates by adjusting the pH of basal medium to 3,

6 and 9. The substrates were then incubated for 18 days at 300 C in orbital shaking

incubator at 120 rpm. The effect of incubation period on enzyme production was

investigated by checking the enzyme activity on 6th, 12th and 18th day of incubation

in the different medias at pH 3, 6, 9. Carbon and nitrogen sources were altered and

modified medium was prepared to find out the rate of production of amylase (Plate

III). The changing effect of carbon sources on enzyme production was investigated

by replacing and supplementing the medium with different carbon sources such as

glucose, fructose, lactose and sucrose in place of starch in the basal medium for all

the four strains. Similarly, the effect of nitrogen source on enzyme production was

also studied by replacing the nitrogen source of medium, with NaNO3, Yeast extract,

NH4Cl and KNO3, incubated at room temperature for 18 days. Certain agricultural

waste products like mustard oil cake, linseed oil cake and wheat bran procured from

a local market here, were used as a crude substrate ingredient in the fermentation

medium and the effect on amylase production was also studied. The 4 isolates which

showed positive amylase activity were present at both the sites (Plate IV, Fig. a-d).

During the study the morphological characteristics like appearance, colour,

elevation and margins were observed for Penicillium species and it was found that

Penicillium species showed a varied morphology, some were circular, rhizoidal and

some were filamentous in appearance. The taxonomic position of four isolated

Penicillium species indicated that they all belong to division Ascomycota and class

Trichocomaceae of kingdom Fungi (Table 1), and the colony forming units (cfu/g) of

Penicillium species obtained during the study are shown in the Tables 2-5 and Fig 1.

On optimising the cultural conditions for the production of alpha amylase from isolated

Penicillium species, the results obtained for the alpha amylase activity and amylase

production by Penicillium chrysogenum are shown in Tables 6-8 and Figs. 2-4.

Similarly the results for the alpha amylase activity and amylase production by
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Penicillium purpurogenum are shown in Tables 9-11 and Figs. 5-7. The results of

Penicillium caseicolum for alpha amylase activity and amylase production are shown in

the Tables 12-14 and Figs. 8-10 and for Penicillium funiculosum are shown in the

Tables 15-17 and Figs. 11-13, when grown with different substrates. One unit of

amylase activity was defined as the amount of enzyme which released 1µmole glucose

under assay conditions.



Plate II: Confirmation of amylase activity by
test

Fig. A: Positive amylase test

Fig. B: Negative amylase test

onfirmation of amylase activity by Penicillium species through iodinespecies through iodine



Plate III:Production

fermentation

roduction of alpha amylase in shaking incubator by submerged

fermentation

of alpha amylase in shaking incubator by submerged



(a) P. caesicolum

(c) P. funiculosum

Plate IV:

P. caesicolum (b) P. chrysogenum

P. funiculosum (d) P. purpurogenum

V: Penicillium species isolated from the soil samples

P. chrysogenum

. purpurogenum

isolated from the soil samples
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Table 1: Morphological characteristics and taxonomic position of isolated

Penicillium species

S.No. Isolated species
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Table 2: Colony count of isolated Penicillium species at Site I

S. No. Isolated species Feb. Apr. Jun. Aug. Oct. Dec.

1. P. chrysogenum 0 10 28 12 17 9

2. P. purpurogenum 0 12 21 16 12 0

3. P. caseicolum 13 0 18 19 0 5

4. P. funiculosum 14 15 16 17 3 6



Results

26

Table 3: Colony forming units (cfu/g) of isolated Penicillium species at Site I

S. No. Isolated species Feb. Apr. Jun. Aug. Oct. Dec.

1. P. chrysogenum 0 1×103 2.8×103 1.2×103 1.7×103 0.9×103

2. P. purpurogenum 0 1.2×103 2.1×103 1.6×103 1.2×103 0

3. P. caseicolum 1.3×103 0 1.8×103 1.9×103 0 0.5×103

4. P. funiculosum 1.4×103 1.5×103 1.6×103 1.7×103 0.3×103 0.6×103

.

Table 4: Colony count of isolated Penicillium species at Site II

S. No. Isolated species Feb. Apr. Jun. Aug. Oct. Dec.

1. P. chrysogenum 12 15 23 35 13 7

2. P. purpurogenum 9 22 28 30 17 10

3. P. caseicolum 8 30 34 19 13 6

4. P. funiculosum 13 24 27 29 19 14

Table 5: Colony forming units (cfu/g) of isolated Penicillium species at Site II

S. No. Isolated species Feb. Apr. Jun. Aug. Oct. Dec.

1. P. chrysogenum 1.2×103 1.5×103 2.3×103 3.5×103 1.3×103 0.7×103

2. P. purpurogenum 0.9×103 2.2×103 2.8×103 3.0×103 1.7×103 1.0×103

3. P. caseicolum 0.8×103 3.0×103 3.4×103 1.9×103 1.3×103 0.6×103

4. P. funiculosum 1.3×103 2.4×103 2.7×103 2.9×103 1.9×103 1.4×103



Figure 1: Comparison of colony forming units (cfu/gm) of

different sites
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During the study the cultural conditions were optimised for production of alpha

amylase from P. chrysogenum in fermented medium with different agricultural wastes

as crude substrate in it. It was found that at pH 6 and incubation period of 6 days P.

chrysogenum has shown the highest activity of 550.4 U/ml with linseed oil cake in the

medium while as lowest activity of 19.19 U/ml was observed for it in the medium with

mustard oil cake at pH 9, incubation period of 12 days at pH 3 and incubation period of

12 days with linseed oil cake (Table 6 and Fig. 2). Similarly on altering the carbon

source in the basal medium by replacing the starch as shown in table 7 and Fig. 3, it

was found that at pH 6, incubation period of 6 days P. chrysogenum showed the highest

amylase activity of 398.0 U/ml with glucose as carbon source in the medium followed

by 354 U/ml at pH 9 and incubation period of 6 days with same carbon source.



Table 6: Amylase production

medium at

S.No. Medium used

1 Mustard oil

Cake

2 Linseed oil

cake

3 Wheat bran

Figure 2: Comparison of amylase activity of
fermentation mediums
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Amylase activity at pH 3

production (U/ml) by P. chrysogenum on different

at variable pH

Incubation

period

(Days)

Amylase activity (U/ml) at variable pH

pH 3 pH 6

6 37.05 ± 1.26 188.8 ± 3.26

12 45.98 ± 1.64 68.30 ± 1.66

18 32.58 ± 1.21 108.4 ± 2.53

6 162.0 ± 3.83 550.4 ± 4.46

12 19.19 ± 0.89 126.3 ± 2.67

18 184.3 ± 3.42 224.5 ± 3.26

6 54.91 ± 1.38 282.5 ± 4.26

12 68.30 ± 1.66 81.69 ± 1.86

18 81.69±1.57 188.8±3.35

Comparison of amylase activity of P. chrysogenum
fermentation mediums

12 18 6 12 18 6

Mustard oil cake Linseed oil cake Wheat bran

Incubation period(days)

Amylase activity at pH 3 Amylase activity at pH 6 Amylase activity at pH 9
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different fermentation

at variable pH

pH 9

3.26 327.2 ± 3.70

1.66 19.19 ± 0.82

2.53 220.0 ± 2.43

4.46 5.80 ± 0.21

2.67 255.8 ± 3.75

3.26 470.0 ± 4.45

4.26 63.83 ± 1.23

1.86 505.8 ± 5.24

±3.35 162.0±2.65

chrysogenum in different

12 18

Wheat bran

Amylase activity at pH 9



Table 7: Amylase production
carbon source

S.No. Medium used

1 Sucrose

2 Fructose

3 Glucose

4 Lactose

5 Starch

Figure 3: Comparison of amylase activity of
carbon source
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Amylase production (U/ml) by P. chrysogenum at variable pH and
carbon source

Medium used Incubation
period
(Days)

Amylase activity (U/ml)
pH 3 pH 6

6 32.58 ± 2.06 90.62 ± 4.84
12 255.8 ± 3.02 291.0 ± 4.02
18 99.55 ± 1.08 153.0 ± 2.24
6 90.62 ± 2.20 104.0 ± 3.41
12 166.0 ± 3.30 144.0 ± 2.65
18 41.51 ± 2.56 23.66 ± 2.44
6 19.19 ± 1.85 398.0 ± 5.29
12 242.0 ± 1.36 278.0 ± 4.25
18 5.80 ± 2.09 121.0 ± 1.10
6 41.51 ± 2.07 90.62 ± 1.25
12 224.0 ± 2.58 179.0 ± 2.22
18 19.19 ± 3.30 6.38 ± 3.89
6 86.16 ± 4.01 112.9 ± 2.09
12 295.0 ± 1.22 166.0 ± 1.02
18 41.50 ± 1.32 95.0 ± 2.88

Figure 3: Comparison of amylase activity of P. chrysogenum
carbon source
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Sucrose Fructose Glucose Lactose

Incubation period(days)

Amylase activity at pH3 Amylase activity at pH6 Amylase activity at pH9
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at variable pH and

(U/ml) at variable pH
pH 9

± 4.84 206.6 ± 5.08
± 4.02 309.0 ± 5.19
± 2.24 5.80 ± 2.96
± 3.41 278.1 ± 2.35
± 2.65 202.0 ± 5.32
± 2.44 130.8 ± 1.06
± 5.29 354.0 ± 4.26
± 4.25 162.0 ± 3.25
± 1.10 14.73 ± 4.23
± 1.25 121.0 ± 4.36
± 2.22 278.0 ± 1.03
± 3.89 19.19 ± 1.32
± 2.09 202.2 ± 2.03
± 1.02 162.0 ± 4.32
± 2.88 86.16 ± 3.32

chrysogenum at variable pH and

18 6 12 18

Starch

Amylase activity at pH9



On altering the nitrogen source in the basal medium by replacing the peptone

in the medium as shown in table 8 and Fig. 4, it was found that from amongst the

different mediums prepared, basal medium at pH 6 and incubation period of 12 days

chrysogenum showed the highest activity of 183.3U/ml with peptone as nitrogen source

in the medium followed by 144.1U/ml at pH 9 and incubation period of 18 days with

potassium nitrate as nitrogen source in the medium

Table 8: Amylase production
nitrogen source

S.No. Medium used

1 NaNO3

2 KNO3

3 Peptone

4 Yeast Extract

5 NH4Cl

Figure 4: Comparison of amylase activity of
nitrogen source
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On altering the nitrogen source in the basal medium by replacing the peptone

in the medium as shown in table 8 and Fig. 4, it was found that from amongst the

different mediums prepared, basal medium at pH 6 and incubation period of 12 days

howed the highest activity of 183.3U/ml with peptone as nitrogen source

in the medium followed by 144.1U/ml at pH 9 and incubation period of 18 days with

potassium nitrate as nitrogen source in the medium.

Amylase production (U/ml) by P. chrysogenum at variable pH and
nitrogen source

Medium used Incubation period
(Days)

Amylase activity (U/ml)
pH 3 pH 6

6 86.16 ± 4.00 77.23 ± 2.11
12 19.19 ± 3.53 77.23 ± 3.02
18 10.26 ± 2.32 90.62 ± 3.63
6 54.91 ± 1.23 90.62 ± 2.65
12 77.23 ± 2.45 10.26 ± 5.32
18 50.44 ± 2.12 32.58 ± 4.02
6 1.33 ± 3.22 99.55 ± 2.36
12 32.58 ± 2.14 184.3 ± 1.21
18 99.55 ± 5.23 5.80 ± 2.63

Yeast Extract 6 81.69 ± 4.34 10.26 ± 2.06
12 32.58 ± 1.32 58.03 ± 1.02
18 126.3 ± 3.02 10.26 ±1.11
6 5.80 ± 2.36 14.73 ± 5.36
12 72.76 ± 1.02 45.98 ± 4.21
18 14.73 ± 4.07 95.08 ± 1.09

Comparison of amylase activity of P. chrysogenum
nitrogen source

18 6 12 18 6 12 18 6 12 18

Incubation period (days)

Amylase activity at pH 3 Amylase activity at pH 6 Amylase activity at pH 9
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On altering the nitrogen source in the basal medium by replacing the peptone

in the medium as shown in table 8 and Fig. 4, it was found that from amongst the

different mediums prepared, basal medium at pH 6 and incubation period of 12 days P.

howed the highest activity of 183.3U/ml with peptone as nitrogen source

in the medium followed by 144.1U/ml at pH 9 and incubation period of 18 days with

at variable pH and

(U/ml) at variable pH
pH 9

2.11 32.58 ± 4.89
3.02 10.26 ± 4.26
3.63 41.51 ± 4.32
2.65 10.26 ± 3.26
5.32 95.08 ±5.09
4.02 144.1 ± 1.07
2.36 10.26 ± 4.10
1.21 14.73 ± 4.23
2.63 77.23 ± 3.20
2.06 37.05 ± 5.23
1.02 92.27 ± 4.01
1.11 14.73 ± 2.25
5.36 68.30 ± 2.03
4.21 77.23 ± 1.06
1.09 10.26 ±2.14

P. chrysogenum at variable pH and

18 6 12 18

Amylase activity at pH 9



During the study

through iodine test, this was also grown in different fermented medias in order to

optimise the cultural conditions for alpha amylase production from it. It wa

mediums at three different pH

different incubation periods for 18 days

growing it in medium fermented with different agricultural wastes as crude substrate, it

has shown a highest activity of 883.93

with mustard oil cake as crude substrate in the medium as shown in table 9 and Fig. 5

followed by 776.14 U/ml at p

Table 9: Amylase production
fermentation medium at variable pH

S.No.
Medium

used

Incubation

1 Mustard oil

Cake

2 Linseed oil

cake

3 Wheat bran

Figure 5: Comparison of amylase activity of
fermentation mediums
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During the study, P. purpurogenum also showed positive amylase activity

this was also grown in different fermented medias in order to

optimise the cultural conditions for alpha amylase production from it. It wa

at three different pH’s 3, 6 and 9 and the activity was monitored at three

different incubation periods for 18 days on 6th, 12th and 18th day of incubation

growing it in medium fermented with different agricultural wastes as crude substrate, it

has shown a highest activity of 883.93 U/ml at pH 6 and incubation period of 6 days

with mustard oil cake as crude substrate in the medium as shown in table 9 and Fig. 5

U/ml at pH 9 and incubation period of 18 days.

Amylase production (U/ml) by P. purpurogenum
fermentation medium at variable pH

Incubation period

(Days)

Amylase activity (U/ml)

pH 3 pH 6

6 388.39 ± 4.04 883.93 ±

12 187.50 ± 3.23 13.39 ± 4.86

18 40.18 ± 3.20 102.68 ±

6 66.96 ± 1.023 348.21 ±

12 200.89 ± 1.04 508.93 ±

18 169.64 ± 2.69 406.25 ±

6 35.71 ± 2.35 89.28 ± 3.03

12 214.28 ± 3.56 80.35 ± 2.36

18 147.32 ± 5.02 120.53 ±

Comparison of amylase activity of P. purpurogenum
fermentation mediums

12 18 6 12 18 6

Mustard oil Linseed oil cake

Incubation period (days)

Amylase activity at pH 3 Amylase activity at pH 6 Amylase activity at pH 9
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also showed positive amylase activity

this was also grown in different fermented medias in order to

optimise the cultural conditions for alpha amylase production from it. It was grown in

the activity was monitored at three

day of incubation. On

growing it in medium fermented with different agricultural wastes as crude substrate, it

6 and incubation period of 6 days

with mustard oil cake as crude substrate in the medium as shown in table 9 and Fig. 5

.

urpurogenum on different

(U/ml) at variable pH

6 pH 9

5.13 316.96 ± 5.03

4.86 803.57 ± 5.06

3.88 125.00 ± 2.03

2.06 276.78 ± 3.25

2.36 607.14 ± 4.28

1.08 776.78 ± 3.36

3.03 281.25 ± 4.55

2.36 40.18 ± 2.11

3.23 102.68 ± 1.02

urpurogenum in different

12 18

Wheat bran

Amylase activity at pH 9



The effect of different carbon sources on this

Fig. 6 showed that at pH 9 and incubation period of 6 days, it has shown the highest

activity of 366.0 U/ml with glucose as carbon source in the medium followed by 330.3

U/ml at pH 6 and incubation period of 12 days. Similar

altering its medium with different nitrogen sources as shown in table 11 and Fig. 6, it

was found that at pH 9 and incubation period of 6 days, highest activity of 174.7 U/ml

was exhibited by this strain with yeast extract as n

followed by 169.6 U/ml at pH 3 and incubation period of 6 days with potassium nitrate

as nitrogen source.

Table 10: Amylase production
carbon source

S.No.
Medium

used
Incubation

1 Sucrose

2 Fructose

3 Glucose

4 Lactose

5 Starch

Figure 6: Comparison of amylase activity of
and carbon source
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The effect of different carbon sources on this strain as shown in table 10 and

Fig. 6 showed that at pH 9 and incubation period of 6 days, it has shown the highest

activity of 366.0 U/ml with glucose as carbon source in the medium followed by 330.3

U/ml at pH 6 and incubation period of 12 days. Similarly, it has been observed, by

altering its medium with different nitrogen sources as shown in table 11 and Fig. 6, it

was found that at pH 9 and incubation period of 6 days, highest activity of 174.7 U/ml

was exhibited by this strain with yeast extract as nitrogen source in the medium

followed by 169.6 U/ml at pH 3 and incubation period of 6 days with potassium nitrate

Amylase production (U/ml) by P. purpurogenum at variable pH and
source

Incubation period
(Days)

Amylase activity (U/ml)

pH 3 pH 6

6 53.57 ± 2.57 75.89 ± 3.89
12 236.60 ± 2.56 285.7 ± 4.48
18 22.32 ± 3.02 8.920 ± 2.21
6 80.35 ± 4.03 93.75 ± 3.20

12 191.96 ± 5.23 125.0 ± 2
18 4.464 ± 1.14 40.17 ± 3.21
6 35.71 ± 2.21 330.3 ± 5.25

12 281.2 ± 3.22 330.3 ± 5.25
18 102.6 ± 1.23 125.0 ± 2.07
6 49.10 ± 2.01 107.1 ± 1.18

12 223.2 ± 5.21 183.0 ± 3.24
18 31.25 ± 4.23 49.10 ± 2.01
6 93.75 ± 2.32 125.0 ± 2.07

12 303.5 ± 1.15 272.3 ± 2.36
18 40.17 ± 1.03 26.78 ± 3.47

Comparison of amylase activity of P. purpurogenum
and carbon source

18 6 12 18 6 12 18 6 12 18

Sucrose Fructose Glucose Lactose

Incubation period (days)

Amylase activity at pH3 Amylase activity at pH6 Amylase activity at pH9
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strain as shown in table 10 and

Fig. 6 showed that at pH 9 and incubation period of 6 days, it has shown the highest

activity of 366.0 U/ml with glucose as carbon source in the medium followed by 330.3

ly, it has been observed, by

altering its medium with different nitrogen sources as shown in table 11 and Fig. 6, it

was found that at pH 9 and incubation period of 6 days, highest activity of 174.7 U/ml

itrogen source in the medium

followed by 169.6 U/ml at pH 3 and incubation period of 6 days with potassium nitrate

at variable pH and

(U/ml) at variable pH

pH 9

3.89 227.6 ± 5.22
4.48 316.9 ± 4.32
2.21 35.71 ± 2.36
3.20 303.5 ± 3.23
2.20 250.0 ± 1.50
3.21 80.35 ± 4.15
5.25 366.0 ± 4.02
5.25 312.5 ± 3.01
2.07 156.2 ± 2.32
1.18 120.5 ± 3.32
3.24 272.3 ± 1.32
2.01 66.96 ± 5.02
2.07 205.3 ± 4.02
2.36 294.6 ± 1.06
3.47 53.51 ± 2.22

P. purpurogenum at variable pH

18 6 12 18

Starch

Amylase activity at pH9



Table 11: Amylase production
nitrogen source

S.No.
Medium

used

Incubation

1 NaNO3

2 KNO3

3 Peptone

4 Yeast

Extract

5 NH4Cl

Figure 7: Comparison of amylase activity of
and nitrogen source
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Amylase production (U/ml) by P. purpurogenum at variable pH and
nitrogen source

Incubation period

(Days)

Amylase activity (U/ml)

pH 3 pH 6

6 13.39 ± 1.32 71.42 ± 1.71

12 66.96 ± 2.10 31.25 ± 1.80

18 102.6 ± 3.20 22.32 ± 1.48

6 169.6 ± 3.23 98.21 ± 1.55

12 71.42 ± 1.52 49.10 ± 1.49

18 125.0 ± 1.51 151.7 ± 2.54

6 17.85 ± 1.39 71.42 ± 1.55

12 75.89 ± 1.46 84.82 ± 1.74

18 116.0 ± 3.33 35.71 ± 1.52

6 58.03 ± 1.65 66.96 ± 2.13

12 111.6 ± 2.98 40.17 ± 1.25

18 13.39 ± 1.32 89.28 ± 1.02

6 26.78 ± 1.63 80.35 ± 1.42

12 93.75 ± 1.85 71.42 ±1.70

18 17.85 ± 1.42 98.21 ±1.55

Comparison of amylase activity of P. purpurogenum
and nitrogen source

18 6 12 18 6 12 18 6 12 18

Sodium nitrate Potassium
nitrate

Peptone Yeast Extract

Incubation period (days)

Amylase activity at pH3 Amylase activity at pH6 Amylase activity at pH9
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at variable pH and

(U/ml) at variable pH

pH 9

± 1.71 80.35 ± 2.68

± 1.80 102.67 ± 1.12

1.48 26.78 ± 1.55

1.55 44.64 ± 1.62

1.49 58.03 ± 1.32

2.54 102.67 ± 1.18

1.55 53.57 ± 1.35

1.74 98.21 ± 2.30

1.52 151.6 ± 3.21

2.13 174.7 ± 4.08

1.25 26.78 ± 1.85

1.02 133.9 ± 1.32

1.42 102.6 ± 1.06

1.70 151.7 ± 1.07

1.55 89.28 ± 1.65

P. purpurogenum at variable pH

18 6 12 18

Yeast Extract Ammonium
chloride

Amylase activity at pH9



P. caseicolum showed the highest activity of

of 18 days when grown with wheat bran as crude substrate in the medium as shown in

table 12 and Fig. 8, followed by 366.0 U/ml at p

with the same crude substrate in the medium

the medium as shown in table 13 and Fig. 9, indicates that the

pH 9 and incubation period of 18 days showed the highest alpha amylase activity of

1834.8 U/ml followed by 1776.7 U/ml at pH 6 and 9 with incubati

in the same medium and the effect of nitrogen source on the strain is shown in the table

14 and Fig. 10, indicates that

exhibited by this strain in medium with yeast extract as nitrogen

incubation period of 12 days followed by the activity of 705.3 U/ml at pH 9 and

incubation period of 18 days with the same nitrogen source

Table 12: Amylase production
medium at variabl

S. No. Medium
used

1 Mustard oil Cake

2 Linseed oil cake

3 Wheat bran

Figure 8: Comparison of amylase activity of
fermentation mediums
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showed the highest activity of 397.3 U/ml at pH 6 and incubation period

of 18 days when grown with wheat bran as crude substrate in the medium as shown in

table 12 and Fig. 8, followed by 366.0 U/ml at pH 3 and incubation period of 12 days

with the same crude substrate in the medium. The changing effect of carbon source in

the medium as shown in table 13 and Fig. 9, indicates that the glucose in the medium at

9 and incubation period of 18 days showed the highest alpha amylase activity of

1834.8 U/ml followed by 1776.7 U/ml at pH 6 and 9 with incubati

and the effect of nitrogen source on the strain is shown in the table

14 and Fig. 10, indicates that the highest amylase activity of 709.82 U/ml was

exhibited by this strain in medium with yeast extract as nitrogen

incubation period of 12 days followed by the activity of 705.3 U/ml at pH 9 and

incubation period of 18 days with the same nitrogen source.

Amylase production (U/ml) by P. caseicolum on different fermentation
medium at variable pH

Incubation
period
(Days)

Amylase activity (U/ml)
pH 3 pH 6

Cake
6 169.6 ± 1.31 187.5 ± 1.95

12 147.3 ± 1.23 334.8 ± 2.31
18 272.3 ± 2.60 357.1 ± 3.12

Linseed oil cake
6 13.39 ± 1.23 58.03 ± 1.02

12 80.35 ± 1.62 303.5 ± 2.10
18 187.5 ± 1.65 214.2 ± 2.26
6 227.6 ± 3.23 178.5 ± 2.12

12 366.0 ± 3.06 258.9 ± 2.36
18 272.3 ± 2.65 397.3 ± 4.03

Comparison of amylase activity of P. caseicolum
fermentation mediums

12 18 6 12 18 6

Mustard oil cake Linseed oil cake

Incubation period (days)

Amylase activity at pH 3 Amylase activity at pH 6 Amylase activity at pH 9
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6 and incubation period

of 18 days when grown with wheat bran as crude substrate in the medium as shown in

3 and incubation period of 12 days

t of carbon source in

glucose in the medium at

9 and incubation period of 18 days showed the highest alpha amylase activity of

1834.8 U/ml followed by 1776.7 U/ml at pH 6 and 9 with incubation period of 12 days

and the effect of nitrogen source on the strain is shown in the table

the highest amylase activity of 709.82 U/ml was

exhibited by this strain in medium with yeast extract as nitrogen source at pH 9 and

incubation period of 12 days followed by the activity of 705.3 U/ml at pH 9 and

on different fermentation

(U/ml) at variable pH
pH 9

1.95 245.5 ± 2.25
2.31 330.3 ± 1.25
3.12 218.7 ±4.02
1.02 147.3 ±3.78
2.10 312.5 ±4.32
2.26 227.6 ± 2.04
2.12 196.4 ± 1.14
2.36 312.5 ± 4.37

± 4.03 303.5 ± 1.78

aseicolum in different

12 18

Wheat bran

Amylase activity at pH 9



Table 13: Amylase production
source

S.No.
Medium

used

Incubation

1 Sucrose

2 Fructose

3 Glucose

4 Lactose

5 Starch

Figure 9: Comparison of amylase activity of
carbon source

0

500

1000

1500

2000

2500

6 12

Sucrose

A
m

y
la

se
a
ct

iv
it

y
(U

/m
l)

Amylase activity at pH3

Amylase production (U/ml) by P. caseicolum at variable pH and carbon

Incubation period

(Days)

Amylase activity (U/ml) at variable

pH 3 pH 6

6 727.6 ±2.35 950.8 ±2.16

12 1031.2 ±3.39 1089.2 ± 3.36

18 1080.0 ± 3.40 1165.1 ± 3.01

6 776.7 ± 2.21 875.0 ± 4.06

12 897.3 ± 2.23 1107.1 ± 1.22

18 1017.8 ± 4.10 1196.4 ± 3.40

6 1223.2 ± 3.32 1575.8 ± 2.18

12 1477.6 ± 3.35 1776.7 ± 1.77

18 1656.2 ± 3.39 1669.6 ± 1.39

6 705.3 ± 2.36 794.6 ± 2.62

12 727.6 ± 2.89 1133.9 ± 3.25

18 794.6 ± 3.20 950.8 ± 5.02

6 750.0 ± 3.21 772.3 ± 3.02

12 616.0 ± 4.02 660.7 ± 4.03

18 767.8 ± 4.65 772.3 ± 4.07

Comparison of amylase activity of P. caseicolum at variable pH and
carbon source

18 6 12 18 6 12 18 6 12 18

Sucrose Fructose Glucose Lactose
Incubation period (days)

Amylase activity at pH3 Amylase activity at pH6 Amylase activity at pH9
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at variable pH and carbon

at variable pH

pH 9

2.16 803.5 ±2.51

3.36 1089.2 ± 1.88

3.01 1165.1 ± 6.04

4.06 1084.8 ± 3.21

1.22 1107.1 ± 4.25

3.40 1196.4 ± 2.09

2.18 1714.2 ± 5.02

1.77 1776.7 ± 3.07

1.39 1834.8 ± 3.06

2.62 861.61 ± 5.33

3.25 1133.9 ± 1.35

5.02 1196.4 ± 4.21

3.02 808.04 ± 2.36

4.03 776.79 ± 1.02

4.07 861.61 ± 1.06

at variable pH and

18 6 12 18

Starch

Amylase activity at pH9



Table 14: Amylase production
nitrogen source

S.No. Medium

used

Incubation

1 NaNO3

2 KNO3

3 Peptone

4
Yeast

Extract

5 NH4Cl

Figure 10: Comparison of amylase activity of
nitrogen source
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Amylase activity at pH3

Amylase production (U/ml) by P. caseicolum at variable pH and
source

Incubation period

(Days)

Amylase activity (U/ml)

pH 3 pH 6

6 31.25 ± 2.74 80.36 ± 2.68

12 49.11 ± 2.82 53.57 ± 5.23

18 80.36 ± 3.65 13.39 ± 2.02

6 80.36 ± 3.65 98.21 ± 3.21

12 62.50 ± 3.25 75.89 ± 1.01

18 8.93 ± 3.33 58.04 ± 2.01

6 49.11 ± 2.52 13.39 ±4.55

12 13.39 ± 2.01 272.32 ± 3.64

18 53.57 ± 3.21 125.00 ± 1.06

6 258.9 ± 2.36 316.96 ± 2.36

12 290.18 ± 2.65 450.89 ± 4.60

18 321.4 ± 4.08 500.00 ± 3.21

6 22.32 ± 3.09 44.64 ± 1.63

12 8.930 ± 4.02 40.18 ± 2.30

18 53.57 ± 1.90 276.7 ± 4.01

Comparison of amylase activity of P. caseicolum at variable pH and
nitrogen source

18 6 12 18 6 12 18 6 12 18

Incubation period (days)

Amylase activity at pH3 Amylase activity at pH6 Amylase activity at pH9
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at variable pH and

(U/ml) at variable pH

pH 9

2.68 53.57 ± 3.37

5.23 84.82 ± 4.24

2.02 49.11 ± 2.20

3.21 169.6 ± 3.23

1.01 138.3 ± 1.11

2.01 98.21 ± 1.15

4.55 35.71 ± 2.32

3.64 80.36 ± 3.35

1.06 187.5 ± 6.60

2.36 415.1 ± 2.30

4.60 709.82 ± 5.30

3.21 705.3 ± 1.20

1.63 40.18 ± 1.85

2.30 35.71 ± 1.69

4.01 205.3 ± 1.65

at variable pH and

18 6 12 18

Amylase activity at pH9
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Penicillium funiculosum, like other three species of Penicillium isolated

during the study also exhibited alpha amylase activity on starch agar medium through

iodine test. On optimising the cultural conditions for the production of alpha amylase

from this strain by growing it in different fermented mediums, it was found that at pH 6

and incubation period of 18 days, alpha amylase activity of 4254.4 U/ml was observed

with mustard oil cake as crude substrate in the medium followed by 4209.8 U/ml at pH

9 and incubation period of 6 days with wheat bran as crude substrate in the medium as

shown in table 15 and Fig. 11. Glucose as a carbon source was found to be best for the

alpha amylase activity by this strain among other sources as shown in table 16 and Fig.

12, at pH 9 and incubation period of 18 days, highest alpha amylase activity of 477.6

U/ml was recorded followed by 450.8 U/ml at pH 6 and incubation period of 18 days in

medium with same carbon source. The nitrogen source which promoted alpha amylase

production for this strain was yeast extract as shown in table 17 and Fig. 13 and it was

found that at pH 9 and incubation period of 18 days, activity of 330.36 U/ml was

recorded for the strain followed by the amylase activity of 308.0 U/ml at pH 6 and

incubation period of 18 days.



Table 15: Amylase production
medium at variable pH

S.No.
Medium

used

Incubation

1 Mustard

oil

Cake

2 Linseed

oil cake

3 Wheat

bran

Figure 11: Comparison of amylase activity of
fermentation mediums
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Amylase activity at pH 3

Amylase production (U/ml) by P. funiculosum on different fermentation
medium at variable pH

Incubation period

(Days)

Amylase activity (U/ml)

pH 3 pH 6

6 316.9 ± 3.44 816.9 ±4.03

12 348.21 ± 4.22 147.3 ±4.23

18 3361.6 ± 3.21 4254.4 ± 4.32

6 80.36 ± 2.02 35.71 ± 2.31

12 843.7 ± 3.14 933.0 ± 3.21

18 2781.2 ±1.02 3674.1 ± 1.17

6 31.25 ± 1.32 357.14 ± 1.06

12 1727.6 ± 2.42 549.11 ± 1.88

18 776.79 ± 4.07 325.8 ± 1.96

Comparison of amylase activity of P. funiculosum
fermentation mediums

12 18 6 12 18 6

Mustard oil cake Linseed oil cake

Incubation period (days)

Amylase activity at pH 3 Amylase activity at pH 6
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on different fermentation

(U/ml) at variable pH

pH 9

±4.03 526.7 ± 5.19

±4.23 187.50 ± 3.89

± 4.32 348.2 ± 3.21

± 2.31 178.5 ± 3.02

± 3.21 754.46 ± 1.02

± 1.17 3808.0 ± 2.02

± 1.06 4209.8 ± 1.21

± 1.88 459.82 ± 4.20

± 1.96 4165.1 ± 4.09

funiculosum in different

6 12 18

Wheat bran

Amylase activity at pH 9



Table 16: Amylase production
and carbon source

S.No.
Medium

used

Incubation

1 Sucrose

2 Fructose

3 Glucose

4 Lactose

5 Starch

Figure 12: Comparison of amylase activity of
carbon source
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Amylase activity at pH3

Amylase production (U/ml) by P. funiculosum
and carbon source

Incubation period

(Days)

Amylase activity (U/ml)

pH 3 pH 6

6 35.71 ±1.19 58.04 ±1.51

12 80.36 ±3.39 4.46 ± 4.32

18 49.11 ± 2.24 31.25 ±5.31

6 80.36 ± 4.36 102.6 ± 4.02

12 93.75 ± 5.24 35.71 ± 1.22

18 102.6 ± 1.25 120.5 ± 1.32

6 370.5 ± 3.31 406.2 ± 5.32

12 383.9 ± 3.65 415.1 ± 4.03

18 437.5 ± 4.25 450.8 ± 1.01

6 13.39 ± 4.89 13.39 ± 1.08

12 31.25 ± 3.39 22.32 ± 2.36

18 26.78 ± 6.31 71.43 ± 3

6 227.6 ± 1.35 281.2 ± 2.54

12 236.6 ± 2.69 267.8 ± 2.65

18 316.9 ± 2.12 339.2 ± 4.35

Comparison of amylase activity of P. funiculosum
carbon source

18 6 12 18 6 12 18 6 12 18

Sucrose Fructose Glucose Lactose

Incubation period (days)

Amylase activity at pH3 Amylase activity at pH6 Amylase activity at pH9
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funiculosum at variable pH

(U/ml) at variable pH

6 pH 9

±1.51 71.43 ±1.08

± 4.32 26.79 ± 2.21

±5.31 17.86 ± 4.38

± 4.02 116.0 ± 4.68

± 1.22 66.96 ± 3.12

± 1.32 151.7 ± 2.03

± 5.32 428.5 ± 1.32

± 4.03 397.3 ± 2.33

± 1.01 477.6 ± 4.37

± 1.08 35.71 ± 4.35

± 2.36 44.64 ± 1.36

3.56 13.39 ± 5.64

± 2.54 316.9 ± 6.36

± 2.65 308.0 ± 1.04

± 4.35 366.0 ± 2.33

P. funiculosum at variable pH and

18 6 12 18

Starch

Amylase activity at pH9



Table 17: Amylase production
nitrogen source

S.No.
Medium

used

Incubation per

1 NaNO3

2 KNO3

3 Peptone

4 Yeast

Extract

5 NH4Cl

Figure 13: Comparison of amylase activity of
nitrogen source
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Amylase activity at pH3

Amylase production (U/ml) by P. funiculosum at variable pH and
nitrogen source

Incubation period

(Days)

Amylase activity (U/ml)

pH 3 pH 6

6 17.86 ± 1.09 40.18 ±3.33

12 84.82 ± 1.03 8.93 ± 2.10

18 138.4 ± 3.21 71.43 ± 2.36

6 66.96 ± 2.32 53.57 ± 1.32

12 129.4 ± 3.25 80.36 ± 4.04

18 187.5 ± 4.38 102.7 ± 1.30

6 26.79 ± 5.56 31.25 ± 5.21

12 80.36 ± 1.94 22.32 ± 1.21

18 147.3 ± 2.36 214.3 ± 3.34

6 178.5 ± 1.04 218.8 ± 3.98

12 209.8 ± 2.36 276.7 ± 4.25

18 205.3 ± 1.35 308.0 ± 1.44

6 142.8 ± 5.36 62.50 ± 4.12

12 40.18 ± 4.36 44.64 ± 2.55

18 125.0 ± 5.32 31.25 ± 3.25

Comparison of amylase activity of P. funiculosum
nitrogen source

18 6 12 18 6 12 18 6 12

Incubation period (days)

Amylase activity at pH3 Amylase activity at pH6 Amylase activity at pH9

Results
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at variable pH and

(U/ml) at variable pH

pH 9

3.33 26.79 ± 2.01

2.10 35.71 ± 2.36

2.36 111.6 ± 1.21

1.32 49.11 ± 4.96

4.04 22.32 ± 5.36

1.30 49.11 ± 3.33

5.21 80.36 ± 4.01

1.21 62.50 ± 2.31

3.34 31.25 ± 5.32

3.98 272.3 ± 1.11

4.25 294.6 ± 1.021

1.44 330.36 ± 2.44

4.12 116.0 ± 1.36

2.55 26.79 ± 2.82

3.25 89.29 ± 3.73

P. funiculosum at variable pH and

18 6 12 18

Amylase activity at pH9
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ungal cultures were isolated from soil sample by serial dilution on Potato

Dextrose Agar medium (PDA). Four cultures of Penicillium species isolated

from soil at the two sites showed positive amylase activity. All the

Penicillium isolates were tested for positive amylase production by starch hydrolysis

through iodine test. When starch agar medium was inoculated with the organism and

subsequently flooded with iodine solution, the zone of clearance around the microbial

growth indicated the production of amylase. On the basis of the area of clearance, all

the four Penicillium isolates were selected for further studies on amylase production.

The monthly population (cfu/gm) was found highest for P. chrysogenum as

2.8×103 and 3.5×103 in the months of June and August respectively at the two sites

under consideration and the diversity of Penicillium species was highest at Site II.

This may be attributed to the difference in various biotic and abiotic factors like pH

and temperature that have been found to influence the composition and diversity of

soil microbial communities and the results obtained are in consonance with the

findings of Piao et al., 2000; Fierer and Jackson, 2006, who worked on various biotic

and abiotic factors influencing the microbial communities. Since the temperature is

found to be highest in the months of June and August in Kashmir valley, which might

have increased the reproductive rate of microbial communities. These results are in
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accordance with the studies of Murphy, 2000, who evaluated a correlation between

temperature changes and microbial communities. The total count (cfu/g) was highest

at site II which was dominated by cattle activities. The cattle activities thus might

have induced changes in the microbial community structure which is in concurrence

with the study carried out by Kohler et al., 2005 in which he has reported the effects

of cattle grazing on microbial communities in pastures and has shown that microbial

community changes due to simulated effects of cattle grazing.

P. funiculosum and P. chrysogenum were obtained in the present study

which were also reported by Bandh et al., 2011, from Dal lake and reported that P.

funiculosum was the most abundant (28.7%) followed by P.

chrysogenum (27.04%), which also concurs with the present study.

P. chrysogenum showed maximum activity of 550.4 U/ml in fermented

medium with linseed oil cake as crude substrate at pH 6 and incubation period of 6

days followed by 398.0 U/ml at pH 6 and incubation period of 6 days with glucose as

carbon source and 184.3 U/ml at pH 6 and incubation period of 12 days with peptone

as nitrogen source. Similar results were shown by Balkan and Ertan (2005) who

studied the fungi and screened their ability to produce α-amylase, P. chrysogenum

showed high enzymatic activity and α-amylase production by P. chrysogenum

cultivated in liquid media containing maltose reached its maximum in 6-8 days at

30oC. The study is also in consonance with the study of Vidya et al., 2012 who

worked on the culture and nutrient requirements of P. chrysogenum for production of

α- amylase in production media containing different pH, temperature, incubation

period, carbon sources and nitrogen sources under submerged fermentation and found

that the optimum pH, temperature and incubation period for enzyme production were

6, 50°C, and 6th day of incubation and showed that minimal medium can be used

under submerged fermentation for the maximum production of amylase under

controlled conditions.

P. purpurogenum showed maximum activity of 883.93 U/ml in medium

fermented with crude substrate, mustard oil cake at pH 6 and incubation period of 6

days, while as P. caesicolum showed maximum activity of 1834.8 U/ml in medium

with glucose as carbon source at pH 9 and incubation period of 18 days and P.
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funiculosum showed maximum activity of 4254.4 U/ml at pH 6 and incubation period

of 18 days. These results are in consonance with the study of Adejuwon et al. (2012)

who grew Aspergillus niger in a growth medium with rice as carbon and growth

source and in a defined synthetic medium with varying carbon and nitrogen sources at

25oC and reported that optimum amylase activity in rice was expressed on the eighth

day of incubation as 0.58 Units and in the synthetic growth medium with starch as

carbon source and tryptone as nitrogen source.

The effects of pH, incubation time, sources of carbon and nitrogen on enzyme

activity by four Penicillium isolates in different agricultural wastes are also in

concurrence with the study of Kathiresan and Manivannan (2006) who studied the

effects of pH, incubation time, sources of carbon and nitrogen on submerged

fermentation process in production of α-amylase by Pencillium fellutanum isolated

from coastal mangrove soil and reported that the production medium without addition

of sea water and with provision of maltose as carbon source, peptone as nitrogen

source, incubated for 96 hours maintained with pH of 6.5 at 30°C, was optimal for

production of α-amylase. The present study also confirms the results of Tiwari et al.

(2007) on a fungal strain P. rugulosum isolated from a soil sample, for production of

α-amylase and showed that the maximum production of amylase by P. rugulosum was

observed on 3rd day of incubation with an improvement in its production in the

presence of galactose as sole carbon source. Similarly, Sidkey et al. (2010) focused on

the possibility of using different fermented enviro-agro-industrial wastes as very

cheap and available substrates for obtaining microbial α-amylases that are of great

industrial importance.

Various agricultural wastes and the alteration of different carbon and nitrogen

sources were brought in the culture medium during the present study The results

obtained are in consonance with the studies of various researchers who also used

various agricultural wastes and different carbon, nitrogen sources like Adejuwon

(2011) who while studying the Pencillium species isolated from decaying apple fruit

grown in a synthetic medium containing starch as sole carbon source showed that

culture filtrates exhibited amylase activity. Similarly, Gayen and Ghosh, (2011)

studied the use of, dried citrus peel and wheat bran as substrate for the production of

pectin methyl esterase by fungus P. notatum and showed that maximum enzyme
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activity was obtained at pH 5.5, when incubated at 30°C for 120 h. The prolonged

incubation period has also been found to influence the enzyme activity during the

present study. Similar results were shown by Sindhu et al. (2011) who studied the

purification and characterization of α-amylase from Penicillium janthinellum and its

application in detergent industry concluded that after 96 hours of incubation using

wheat bran as substrate for SSF, amylase got purified and the amylase production by

Aspergillus niger under solid state fermentation using agro industrial wastes was

studied by Suganthi et al. (2011), and reported that Aspergillus niger showed the

highest production of amylase and also observed that sucrose and nitrogen improved

the yield in the same medium which is also confirmed by the present study.

In order to study the alpha amylase activity of Penicillium species, the fungal

cultures were incubated with different medias for 18 days in orbital shaking incubator

and the activity was observed after 6th, 12th, and 18th day of incubation and it was

found that amylase activity obtained was highest at 6th day of incubation followed by

the 18th day of incubation. Therefore it is clear that, each substrate was utilized better

in different days of incubation. The enzyme production varied with incubation period.

In the present study, six days of incubation gave promising results for the production

of amylase by Penicillium species. These results are in consonance with Sonjoy et al.,

1995 who reported that short incubation period offers potential for inexpensive

production of enzyme who studied the Cellular activity of Trichoderma ressei on

municipal solid waste. Similarly, Ely et al., 2002 showed that the mycelial growth on

starch reachs a maximum after five days and maximum amylase activity is produced

after two days of cultivation. The decreased activity in the later phase of growth was

probably due to catabolite repression by glucose released from starch hydrolysis, that

is in agreement with the results reported by Gupta et al., 2008 in Humicola grisea and

H. Brevis, but different from Papulasporia thermofilia in which the maximum

amylase activity was recorded during the period of fungus autolysis and reported the

maximum production of amylase enzyme at five days of incubation period at 30ºC.

The present study also confirms the study carried by Ileasanmi et al., 2012 who

investigated the production of amylase using Aspergillus flavus implicated in the bio-

deterioration of starch-based fermented foods and showed that 30oC was optimum for
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amylase production by this isolate and also revealed that an incubation period of 6

days was optimum for amylase production by this isolate.

Penicillium species were inoculated into different substrates and incubated for

18 days maintained at different pH. The enzyme was extracted and the activity of the

amylase produced at different pH and in different substrates was recorded. The

maximum yield of amylase was found in the medias with pH 6 followed by medias

with pH 9. Gupta et al., 2008 reported that amylase production is high at pH 5, thus

the present study is confirmed. P. caesicolum showed maximum activity of 1834.8

U/ml in medium with glucose as carbon source at pH 9. These results are in

consonance with the study of Varalakshmi et al., (2009) who reported the maximum

enzyme activity of 75 U/mg of protein at pH 9.5. In the present study the effect of pH

on the enzyme activity indicates that the amylase is active in the pH range 6-9, both

neutral and alkaline. This suggests that the enzyme would be useful in processes that

requires wide range of pH change from neutral to slightly alkaline range and vice

versa. Similarly multiple pH optima were observed for amylolytic activities in the

crude amylase preparation in various literatures (Yamasaki et al., 1997; Bergmann et

al., 1998; Hayashida et al., 1998).

Addition of different carbon sources like glucose, maltose, lactose, and starch

did not show much remarkable change in the yield. Among all, glucose showed a

better activity (1834U/ml). As reported by Varalakshmi et al., 2009, the glucose and

sucrose supplementation resulted in the repression of enzyme production. Similar

results of catabolite repression of enzyme production by glucose for A. Niger and for

Aspergillus sp. (Alva et al., 2007; Mukerjee and Majumdar, 1993).

NaNO3, Yeast extract, peptone, NH4Cl and KNO3 were used as nitrogen

source in the basal medium. There was remarkable increase in the production of

amylase in medium with yeast extract as nitrogen source (709.82 U/ml at pH 9 and

incubation period of 12 days). Similarly the supplementation with nitrogen sources

(organic or inorganic) to amylase production by fungi was done with successfully

increasing the yield of the enzyme in SSF (Pandey, 2005). The results are also in

agreement with the study of Anupama and Ravindra, 2001, who found that the

nitrogen supplementation enhances the production of the organism and increased the
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biomass production. During the study, peptone was found to increase the enzyme

activity which is in consonance with some previous findings where it has been

observed that peptone, sodium nitrate and casein hydrolysate are good nitrogen

supplements for amylase production in A. Fumigates (Got et al., 1998), A .niger

(Pandey et al., 1994) and A. oryzae (Pederson and Neilson, 2000).

P. funiculosum was found to be the best amylase producer and activity of

amylase produced by this strain was 4254 U/ml in submerged fermentation with

mustard oil cake as substrate in the medium. Similar values of enzyme production

have been reported for Aspergillus niger isolates by Varalakshmi et al., 2009. Balkan

et al. (2011) while studying the production of extracellular α-amylase by

Trichothecium roseum in solid state fermentation (SSF) examined the effects of wheat

bran (WB), rye straw (RS), corncob leaf (CL), sunflower oil meal (SOM) and rice

husk (RH) showed that wheat bran (WB) exhibited the highest enzyme production,

which proves the highest activity of 397.3 U/ml at pH 6 and incubation period of 18

days with wheat bran as substrate in the medium by P. caesicolum in the present

study.

Thus in the present study, the isolated Penicillium species when grown with

different culture medias for the production of alpha amylases, the optimum conditions

evaluated for the production of alpha amylases were at pH 9 and incubation period of

18 days with glucose as carbon source. This study can be employed to set up Textile

industries, Paper industries, Pharmaceutical industry, and Starch degrading industry in

Kashmir valley, which will not only boost our economy but will also generate

employment opportunities.
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he study carried out with respect to the alpha amylase activity of some

Penicillium species lead to following conclusions:

 Four Penicillium isolates were obtained from soil samples during the study,

which showed positive alpha amylase activity, all belonging to division

Ascomycota of kingdom fungi.

 The highest cfu/gm of 3.5 ×103 was found for P. chrysogenum at site II in the

month of August.

 P. chrysogenum showed maximum activity of 550.4 U/ml in medium with

linseed oil cake at pH 6 and incubation period of 6 days followed by 398.0

U/ml at pH 6 and incubation period of 6 days with glucose as carbon source

and 184.3 U/ml at pH 6 and incubation period of 12 days with peptone as

nitrogen source.

 P. purpurogenum showed maximum activity of 883.93 U/ml in medium

fermented with mustard oil cake at pH 6 incubation period of 6 days followed

by 366.0 U/ml with glucose as carbon source at pH 9 and incubation period of

6 days and 174.7 U/ml at pH 9 and incubation period of 6 days with yeast

extract as nitrogen source.

 P. caesicolum showed maximum activity of 1834.8 U/ml in medium with

glucose as carbon source at pH 9 and incubation period of 18 days followed by
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709.82 U/ml at pH 9 and incubation period of 12 days with yeast extract as

nitrogen source and 397.3 U/ml at pH 6 and incubation period of 18 days with

wheat bran as substrate in the medium.

 P. funiculosum showed maximum activity of 4254.4 U/ml at pH 6 and

incubation period of 18 days with mustard oil cake as substrate in the medium

followed by 477.6 U/ml at pH 9 and incubation period of 18 days with glucose

as carbon source and 330.36 U/ml at pH 9 and incubation period of 18 days

with yeast extract as nitrogen source in the medium.

 Among all the species isolated activity showed this order P. funiculosum>P.

caesicolum>P. chrysogenum>P. purpurogenum

 The optimum conditions in the medium which were found best to promote the

production of alpha amylase from Penicillium species were when medium was

maintained at pH 9 and incubation period of 18 days with glucose as carbon

source followed by medium maintained at pH 9, 6 and incubation period of 18

days with yeast extract as nitrogen source and medium maintained at pH 6 and

incubation period of 18 days with mustard oil cake in the medium.
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