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Abstract 

Fungal strains isolated from poultry farm soil by Waksman serial dilution method were screened for alkaline 
protease production. Isolate PF/F/107, the most potent producer of alkaline protease was identified as 
Aspergillus versicolor. The isolate PF/F/107 showed highest activity in the optimized medium I at pH 9.0, 
temperature 35ºC, with 1% wheat bran and 1% sodium nitrate incubated for 4 days.   
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Introduction 
Proteases are degradative enzymes that catalyze the 
cleavage of peptide bonds in proteins. Currently, 
proteases are classified on the basis of three major 
criteria: the type of reaction catalyzed the chemical 
nature of the catalytic site and evolutionary relationships 
with reference structures. Alkaline proteases are referred 
as proteolytic enzymes that work optimally in alkaline pH 
range. Alkaline proteases are the main enzymes among 
known proteases which constitute 60-65% of the global 
industrial enzyme market (Amoozegara et al., 2007). 
Proteases are used in food and detergent industry as 
additive. They are also used in pharmaceuticals and 
medical diagnosis as well as in textile and photographic 
industry (Phadatare et al., 1992; Bhaskar et al., 2007; 
Sindhu et al., 2009).  
 
A variety of microorganisms such as bacteria, fungi, 
yeast and actinomycetes are known to produce alkaline 
proteases (Devi et al., 2008). Many fungi such as 
Aspergillus  species ( Hajji et al., 2008), Aureobasidium 
pullulans ( Chi et al., 2007), Candida olea (Nelson and 
Young, 1987), Cephalosporium sp.(Isogai et al., 1991), 
Conidiobolus coronatus ( Tanksale et al., 2001), 
Monascus sp. (Aso et al., 1989), Mucor microspores 
(Narzymski and Chmieinicka, 1975),  Neurospora crassa 
(Abbot and Marzluf, 1984), Penicillium sp. ( Agrawal et 
al., 2004), Rhizopus sp. ( Aikat and Bhattacharyya, 2000) 
and Beauveria feline  (Agrawal et al., 2005) have been 
reported as sources of alkaline proteases. Aspergillus 
has ideally been an organism of choice for bulk 
production of industrial enzymes, as the fungi can be 
grown on relatively inexpensive agricultural wastes 
(Bergquist et al., 2002), can produce enzymes 
conveniently in both solid state as well as submerged 

state fermentations processes (Sandhya et al., 2005), 
they have broad substrate specificity, are active over a 
wider pH range (pH 4 to 11). Most importantly they offer 
advantage of separation as the mycelium can be easily 
removed from the final product by simple purification 
(filtration) method. In recent years, several proteases 
from different species of Aspergillus have been isolated 
and characterized in detail (Tunga et al., 2003) but 
variations in molecular weights of these Aspergillus 
proteases have been reported. Thus, it may be of 
interest from a genetic and taxonomic viewpoint to 
compare the properties of proteases produced by the 
members of genus Aspergillus (Charles et al., 2008). The 
industrial demand of proteolytic enzymes stimulates the 
search of new enzyme for extended range of 
applications.  
 
Alkaline protease production in fungi is highly influenced 
by carbon-nitrogen ratio, pH, temperature and incubation 
period (Gupta et al., 2002 a & b). Proteolytic enzyme 
producers are also helpful for the health of the 
ecosystems of this earth as these microbes decompose 
the dead and decaying animal or plant tissues in water or 
land. They can create pollution free environment and 
they are responsible for the recycling of nutrients (Gupta 
et al., 2007). Several medium components such as 
nitrogen and carbon sources, physiological factors such 
as pH, incubation temperature and incubation time, and 
biological factors such as the genetic nature of the 
organism influences the metabolic and biochemical 
nature of the microbial strain  (Kumar et al., 1999; Ellaiah 
et al., 2002; Prakasham et al., 2005). Therefore, the 
optimization of medium components is one of the 
essential steps to maintain a balance between the 
various medium components to minimize the amount of 
unutilized components at the end of fermentation and 
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have cost-effective metabolite yield (Kumar et al., 1999; 
Prakasham et al., 2005). Generally, no medium is yet 
established for the best production of any metabolite as 
the genetic diversity of different microbial sources causes 
every microorganism or strain to have its own conditions 
for maximum product production (Ellaiah et al., 2002). 
 
Therefore, it is essential to have a detailed investigation 
on newly isolated microbial strain for production pattern 
under different environmental conditions and to attain 
maximum production benefit in optimized way. For 
effective production of alkaline protease, it is highly 
imperative to optimize all fermentation conditions 
including medium composition, which further facilitates 
economic design of the full-scale operation system. 
However, it is impractical to optimize all parameters and 
to establish the best possible conditions by interrelating 
all parameters, as this involves numerous experiments to 
be carried out with all possible combinations (Prakasham 
et al., 2005; Sreenivas et al.,2004; Bayoumi,2007 a&b; 
2009; 2010). Against these backdrops this study was 
aimed to optimize the production medium and cultivation 
conditions for alkaline protease production by Aspergillus 
versicolor PF/F/107 isolated from soil samples of poultry 
farm of Jabalpur district. 
 
Materials and methods 
Sample collection: Soil samples were collected from 
poultry farm of Jabalpur district, Madhya Pradesh, India. 
 
Isolation of fungal strains and protease producers 
The fungal strains from the soil samples were isolated by 
serial dilution method (Waksman, 1927) on Reese Agar 
media (Reese et al., 1950). The isolated cultures were 
maintained on PDA slants at 4C (Cappuccino and 
Sherman, 2002). Protease producing strains were 
selected by spotting the fungal cultures on Reese agar 
media containing 0.5% casein as protein substrate for 
zone of clearance around the fungal colony. The strain 
that exhibited maximum clear zone was selected for 
protease production after identifying it. Based on the 
colony morphology and Lacto phenol Cotton Blue (LCB) 
test, the protease producing fungi were identified (Holt et 
al., 1994). 
 
Alkaline protease production medium 
Submerged fermentation was carried out in 150 mL 
Erlenmeyer flask using Medium I (K2HPO4-2.0 g; 
(NH4)2SO4- 1.5 g; MgSO4.7H2O- 0.3 g; CaCl2-0.3 g; 
Urea- 0.3 g; Casein-5.0 g; Glucose-2.5 g; Yeast extract-
0.5 g; Distilled water-1000 mL, pH 9.0) containing casein 
as protein substrate. 
 
Culture conditions 
Spores of the Aspergillus versicolor PF/F/107 were 
harvested from five day old culture by preparing spore 
suspension of 2×106 spores/mL. 1 mL of the spore 
suspension was used for inoculating 50 mL of media. 
The flasks were incubated at 35ºC for 4 days under 
submerged conditions in a rotary shaker at 150 rpm. 

After incubation, culture filtrate was filtered through 
Whatman No.1 filter paper. Supernatant obtained was 
used as the crude enzyme sample for further 
experiments. 
 
Protease assay 
The protease activity was assayed by casein digestion 
method (Takami et al., 1989). The reaction mixture 
contained suitably diluted enzyme and casein in 0.2 M 
glycine-NaOH buffer (pH 9.0) was incubated at 40ºC for 
20 min. The reaction was terminated by adding 2 mL of 
5% trichloroacetic acid. The absorbance of the filtrate 
was measured at 660 nm. One alkaline protease unit is 
determined as the amount of enzyme that could produce 
1 µg of tyrosine in one minute under the defined assay 
conditions. Total Protein was estimated by the method of 
Lowry et al. (1951). 
 
Biomass/growth determination of fungal isolates  
The method of Narasimha et al. (2006) was employed. 
The biomass or mycelia growth produced in the liquid 
culture medium was determined by dry weight 
measurement. Whatman No.1 filter paper was dried to 
constant weight, and the weight noted. The content of 
the flask was filtered through the filter paper to separate 
the mycelia mat and the culture filtrate. The biomass of 
the culture (residue) was dried until a constant weight 
was obtained. The growth yield per 50 mL of broth was 
determined.  
The biomass/growth was calculated as:  
Biomass (mg/50 mL) = Weight of culture + filter paper– 
initial weight of filter paper 
 
Optimization of process parameters  
Optimization of the process parameters was conducted 
in order to evaluate the effect of each individual 
parameter separately and to incorporate it as a standard 
level before optimizing the next parameters. 
 
Effect of incubation period: The effect of incubation 
period was studied by incubating the inoculated flasks 
with the production medium for 24, 48, 72, 96, 120 and 
144 h. Enzyme activity and biomass was measured after 
each interval to determine the most suitable incubation 
period for maximum alkaline protease production by 
Aspergillus versicolor PF/F/107. 
 
Effect of initial pH: The pH of medium has shown effect 
on alkaline protease activity and the growth of biomass. 
Thus, the effect of Ph on alkaline protease activity and 
biomass growth was studied. The initial pH of the 
production medium to was adjusted to different levels 
(6.0-11.0) with 1N HCl/NaOH before sterilization at 
121ºC for 15 min. The alkaline protease activity and 
biomass growth was determined as earlier. 

 
Effect of temperature: To study the effect of inoculation 
temperature for maximum protease activity and biomass, 
the flask with production medium were inoculated and 
incubated at a range 25ºC, 30ºC, 35ºC, 40ºC, 45ºC and 
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50ºC. Enzyme activity and cell biomass were determined 
at each temperature. 
 
Effect of carbon source: To study the effect of carbon 
source on enzyme production, enzyme fermentation was 
carried out using  simple and complex carbon sources 
such as sucrose, starch, maltose, lactose, fructose, 
cellulose, mannitol and wheat bran (1% w/v) by replacing 
glucose in production medium. 
 
Effect of nitrogen source: Enzyme fermentation was 
carried out using various nitrogenous sources such as 
(NH4 )2 SO4 , NaNO2 , NaNO3 , peptone, casein, gelatin, 
soybean meal and yeast extract incorporated at (1% w/v) 
in the medium keeping the other conditions constant to 
study the effect of nitrogen source on enzyme 
production. 
 
Results and discussion 
Fifty soil samples were collected from different habitats 
that included 9 samples of Garden soil, 9 of crop fields 
and 7 samples of poultry farm soils of district Sagar, M.P. 
and 7 of garden soil, 8 of crop field and 10 samples of 
poultry farm soils of district Jabalpur, M.P. Out of these, 
a total of 38 samples were found positive for the 
occurrence of fungi. The percentage distribution of 
positive samples in different habitats was found to be 
64.7, 75 and 88.23% percent in samples collected from 
crop fields, gardens and poultry farm soils respectively 
(Table 1). 
 
A total of 141 fungal forms were obtained from the 
positive samples. These include 56 fungal forms from 
poultry farm soils, 47 from garden soil and 38 from crop 
field soils. The soil samples of poultry farms yielded 
maximum number of fungi. These were identified and 
found to belong to 16 species of 11 genera including 
Absidia, Alternaria,, Aspergillus, Chrysosporium, 
Curvularia, Fusarium., Humicola, Malbranchea, Mucor, 
Penicillium and Rhizopus. Alkaline protease activity of 
141 test fungi was determined using 0.5% casein as 
protein substrate in solid Reese media. Out of these only 
108 test fungi were found to produce alkaline protease 
activity as indicated by production of zone of casein 
hydrolysis around the fungal colonies grown pH 9.0 after 
5 days of incubation at 28C. Other 33 test fungi were 
found to grow on casein containing medium (pH 9.0) but 

were unable to produce zone of hydrolysis. Maximum 
percentage of alkaline protease positive fungi were found 
among those collected from samples of Poultry farm 
(80.7%), followed by Garden soils (78.72%) and Crop 
field soils (60.52%) (Table 2). 
 
Ten fungal isolates out of 108 were selected for further 
studies on the basis of Relative Enzyme activity (REA). 
The culture fluid obtained from cultures of Aspergillus 
versicolor PF/F/107 showed 119.48 U/mL activity of 
alkaline protease. Thus, Aspergillus versicolor PF/F/107 
was identified as the most potential strain, since it 
showed the maximum zone (REA-3.00) and maximum 
enzyme activity (119.48 U/mL) in its culture fluid (Table 3 
and 4). 
 
Table 1. Distribution of soil samples in different habitats 

of surveyed districts. 
Source of 

soil 
samples 

No. of 
samples 

examined 

No. of 
samples 
positive 

Positive 
samples (%) 

Garden 
Soil 16 12 75.00 

Crop field 
soil 17 11 64.70 

Poultry 
farm soil 17 15 88.23 

Total 50 38 76.00 
 
The most significant outcome of the present study was 
optimization of the fermentation process parameters for 
alkaline protease production by Aspergillus versicolor 
PF/F/107. It is well know that proper optimization of 
process parameters plays an important role in improving 
enzyme yield thus, making enzyme production cost-
effective and economically feasible for industrial 
applications. 
                     
From the industrial viewpoint, it is necessary to select a 
strain with high yield of alkaline protease in a short 
fermentation. The study of the time course for alkaline 
protease revealed that Aspergillus versicolor PF/F/107 
produced maximum level of alkaline protease on 4th day 
(100.27 U/mL) (Fig. 1). The biomass of the fungus 
reached to a maximum of 0.690 mg/50 mL after fourth 
day of incubation at 28C and thereafter significant 
decrease in biomass was noticed after 5th and 6th day.  

Table 2. Categorization of alkaline protease activity of fungi from different habitats. 

 
Habitat 

No. of fungi Protease 
positive 

fungi  
(%) 

No. of fungi 

Tested Protease 
positive 

Grading of proteolytic activity based on REA٭ 

Excellent Good Fair Poor Nil 
Garden soil  (GS) 47 39 82.97 2 7 11 19 8 

Crop field Soil (CFS) 38 23 60.52 2 6 5 10 14 
Poultry farm soil (PFS) 56 46 82.14 2 7 9 28 10 

Total 141 108 76.59 6 20 25 57 32 
  ;Proteolytic activity: Excellent: REA ≥ 2.5 to < 3.0; Good: REA ≥ 2.0 to < 2.5 ٭

Fair: REA ≥ 1.5 to <2.0; Poor: REA ≥ 0.5 to <1.5. 
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Most of the Aspergillus spp. and Penicillium fellutanum 
showed maximum enzyme production on 4th day of the 
fermentation process (Ali, 1992; Manivanan and 
Kathiresan, 2007). 
 
The pH of the culture strongly affects many enzymatic 
processes and transport of compounds across the cell 
membrane. Maximum protease production was achieved 
at pH 9.0 by Aspergillus versicolor PF/F/107 (Fig. 2). The 
production of protease increased as pH of the medium 
increases and reaches maximum at pH 9.0. The fungus 
showed best biomass yields at pH 9.0 (0.691 mg/50mL). 
This indicates the alkalophilic nature of isolate. Similar, 
results were reported by Sutar et al. (1986) who found 
pH 8.0 is best for protease production by Conidiobolous 
coronatus. Sindhu et al. (2009) found maximal protease 
production at pH 8.0 by Penicillium godlewskii SBSS25 
in his study. 
 
Temperature is an important environmental factor 
affecting the growth and production of metabolites by 
microorganisms. Temperature is one of the most critical 
parameter to be controlled in any bio-process (Chi et al., 
2003). The effect of temperature on alkaline protease 
production by Aspergillus versicolor PF/F/107 revealed 
that maximum yield was obtained at 35ºC (Fig. 3).  
A decrease in enzyme yield was observed with increase 
in temperature. The maximum biomass growth of 0.705 
mg/50 mL was observed at 35ºC. Similar, reports were 
recorded in Aspergillus flavus, A. oryzae and Penicillium 
godlewskii (Nasuno and Onara, 1972; Sindhu et al., 
2009). The addition of carbon source in the form of either 
monosaccharides or polysaccharides could influence the 
production of enzyme (Sudharshan et al., 2007). Among 
the carbon sources, wheat bran and maltose were found 
to support protease production. The isolated strain 
showed high enzyme yield (294.41 U/mL), when wheat 
bran was used as carbon source (Fig. 4). Wheat bran 
(294.41 U/mL) was found to be best carbon source for 
production of alkaline protease by Aspergillus versicolor 
PF/F/107 while maltose (287 U/mL) was the second best 
source of carbon.  
 

 
The biomass growth of 0.700 mg/50mL was observed for 
Wheat bran and 0.767 mg/50mL for maltose. Although 
the biomass growth for maltose was found higher than 
wheatbran but the alkaline protease production for wheat 
bran is higher than maltose. Commercial wheat bran was 
reported to be an efficient carbon source for alkaline 
protease production by Aspergillus flavus (Malathi and 
Chakraborty, 1991) where as glucose was reported to be 
effective carbon source for Conidiobolous coronatus 
(Laxman et al., 2005). 
 
The effect of different nitrogen sources on the growth 
and enzyme production of A. versicolor PF/F/107 using 
wheat bran as the sole carbon source is shown in Figure 
5. The various nitrogen sources (sodium nitrite, sodium 
nitrate, ammonium sulphate, casein, gelatin, peptone, 
soybean meal, yeast extract) stimulated the growth of the 
fungus and the production of alkaline protease in varying 
degrees. Aspergillus versicolor PF/F/107 grew best in 
media containing NaNO2 as nitrogen sources with 
mycelia growth of 0.990 mg/50 mL. Casein was found to 
be effective inducer for production of protease by 
Aspergillus oryzae (Batalingo et al., 1991; Nehra et al., 
2002). 
 

Table 4. Alkaline protease activity of the test isolates. 
Test isolate Enzyme activity (U/mL) 

Aspergillus versicolor 
GS/F/018 112.97 

Aspergillus fumigatus 
GS/F/029 104.83 

Penicillium sp. III CF/F/050 116.23 
Aspergillus fumigatus 

CF/F/051 109.72 

Aspergillus fumigatus 
CF/F/060 104.83 

Malbranchea sp. II CF/F/084 98.32 
Aspergillus flavus PF/F/096 95.06 

Aspergillus versicolor 
PF/F/107 119.48 

Aspergillus flavus PF/F/139 106.46 
Penicillium sp. III PF/F/140 96.69 

 

Table 3. Alkaline protease activity of fungi grown on Reese alkaline medium. 

Test Organism Zone of alkaline protease activity 
(mm) Relative Enzyme Activity (REA) (mm) 

Aspergillus versicolor GS/F/018 38 2.58 
Aspergillus fumigatus GS/F/029 36 2.50 

Penicillium sp. III CF/F/050 40 3.00 
Aspergillus fumigatus CF/F/051 38 2.53 
Aspergillus fumigatus CF/F/060 36 2.50 

Malbranchea sp. II CF/F/084 33 2.34 
Aspergillus flavus  PF/F/096 30 2.29 

Aspergillus versicolor PF/F/107 41 3.00 
Aspergillus flavus PF/F/139 34 2.52 
Penicillium sp. III  PF/F/140 30 2.29 

REA = Diameter of zone of enzyme activity in mm/Diameter of 
the fungal colony in mm 
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Conclusion 
An alkaliphilic fungus isolated from soils of poultry farm 
was identified as Aspergillus versicolor PF/F/107 which 
showed its efficiency to produce alkaline protease. 
Optimum pH, temperature, incubation time, carbon and 
nitrogen source for alkaline protease production were 
determined as 9, 35°C, 4d, wheat bran and NaNO2 
respectively. Maximum alkaline protease activity of 
141.77 U/mL was obtained after optimization of the 
fermentation process. The data in this study has 
provided an evidence for alkaline protease producing 
ability of Aspergillus versicolor PF/F/107.  

 
 

 
 
This study has given a hint that microbial wealth of 
alkaline protease producing fungi isolated from poultry 
farm can be harnessed for biotechnological processes. 
The appreciable high enzyme activity at alkaline pH (pH 
9.0) suggested that Aspergillus versicolor PF/F/107 is a 
potential producer of alkaline proteases which can find 
application in detergent and textile industries. 
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