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Abstract
Proteolytic enzymes are important enzymes for food and leather industry. Commercial proteases are almost
60% of the total industrial enzymes. Proteases are one of the three largest groups of industrial enzymes and
are used in detergents as well as in leather industry and pharmaceutical industries. Proteases are widely
distributed in nature, microbes are valuable sources of proteolytic enzymes because of their rapid growth,
limited space required for the culture and they can be easily genetically manipulated to produce new enzymes
with modified properties that are desirable for various applications. This review highlights the investigation
of the culture influence of fungal strain Penicillium digitatum using different agro-industrial residues (Apple
pomace, lemon peel) and their by-products as growth supported substrates. As microbes are cheaper source
for enzymes production due to their rapid growth. In this review a fungal strain Penicillium digitatum was
screened for protease production.
Keywords: Protease; Protein; Penicillium digitatum; Enzyme; Leather industry.

Introduction
Proteolytic enzymes are also known as
proteases. These enzymes have the capability of
hydrolyzing peptide bonds in protein molecules.
Proteolytic enzymes are everywhere and found
almost in all organisms, and these enzymes are very
important for cell differentiation and also for cell
growth (Sharma et al, 2004). Growth and enzyme
production of the body are strongly influenced by
the components of the environment as sources of
carbon and nitrogen. Further nutritional factor
cultural parameters such as temperature, pH and
incubation time also play an important role in the
production of the enzyme (Krishnaveni et al, 2012)
and optimization of components and media settings
culture is the main task in a biological process.
These proteolytic enzymes find numerous applications in pharmaceutical industry, food
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and also detergent industries (Boominadhan et al,
2009). Proteases or proteolytic enzymes are
usually found in all living organisms, like viruses,
animals and also in humans. Proteolytic enzymes
are very useful as they have the great importance in
the field of medical especially in pharmaceutical
industries. Their importance in these fields is due
to their key role in biological processes. Proteolytic
enzymes play an important role in life cycle of
many pathogens. In biotechnology and industrial
sectors the proteases or proteolytic enzymes are
extensively applied. Proteolytic enzymes play an
important role in many research applications.
These research applications include nucleic acid
purification, digestion of unwanted proteins, cell
culturing, diagnostic of many diseases and in
proteomics proteolytic digestion of proteins. In
nucleic acid purification proteases play their
important role by digestion of unwanted proteins.
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Proteases are also useful and important elements in
biopharmaceuticals such as enzymatic cleaners and
enzymatic contact lens deriders (Saleemuddin and
Anwar, 1997). Protease enzymes comprise of the
very important classes of industrial enzymes which
are widely used in waste management, pharmaceutical, food industry like in cheese making and
brewing, baking, in hydrolysis of proteins and also
in leather industries (Synowiecki 2010; Seifzadeh
et al, 2008; Dias et al, 2008). Almost 75% of
enzyme applications in industries comprise of
hydrolytic enzymes and proteases make up 60% of
it. Proteases are important class of industrial
enzymes, which are approximately 60% of the total
world-wide enzyme production. With the growing
demand for industrial biocatalysts in difficult
circumstances in all industrial processes, isolation
and characterization of new strains is performed.
Although to date over 3,000 different enzymes
approval and found biotechnological and industrial
applications, current tool box is not sufficient to
meet all demands. A major reason for this is that
many available enzymes not resist industrial
reaction conditions.

Consequently, characterization of microorganisms
that are reliable thrive in extreme environments
received much attention.
Scope of the Review
Protease enzymes are also known as
proteolytic enzymes because they can be hydrolyzed peptide bonds present in protein molecules,
they are also known as peptidases. The proteases
are vital for human, animals and microbes
including viruses due to their physiological
function. The classification of proteases is mainly
based on their origin or source of production, they
may be microbial produced from microbes like
bacteria, fungi and viruses or they may be known
as plant and animal enzymes. Proteases are also
classified as endo and exopeptidase due to their sit
of action. Endopeptidase hydrolyzes peptide bond
from the end of polypeptide chain while
exopeptidase hydrolyzes the peptide bond from Nor C- terminal of substrate.

Figure 1: Mechanism of action of Endopeptidase and Exopeptidase
(http://www.mdpi.com/2218-273X/3/4/923/htm)
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Sources of Protease Production
Plants, animals and microbes are important
source for protease production (Geethanjali and
Subash, 2013). Microbial proteases are produced
from many bacterial and fungal species i.e. Bacillus
sp., Alterneria alterneta, Penicillium digitatum,
Aspergillus niger grown under submerged culture.
Microbial sources are preferred for the production
of enzymes owing primarily to several advantages
such as purity, economy, consistency, ease for
process modification, availability of cheaper substrates and easier setting up production. With
increasing industrial demands of biocatalysts, the
extractions and purification of essential enzymes
from microbial sources is becoming very popular
(Smita et al, 2012).
Table 1: Types of Protease Enzyme and Source
Enzyme
Source
Alkaline Protease
Aspergillus oryzae
Alkaline Protease
Penicillium sp. LCJ228
Metallo Protease
Bacillus sp. KG5
Invertase
Aspergillus niger
Serine Protease
Bacillus licheniformis

facilitate protease production are very different
from those conditions that facilitate cell growth
(Amrita et al, 2012). SSF is very important because
it reduces cost by using of cheap raw materials. SSF
is a very simple process because it requires less
energy than SmF. Proteases can also be produced
by using SmF due to its apparent advantages in
consistent enzyme production characteristics with
defined medium and process conditions and
advantages in downstream in spite of the cost
intensiveness for medium components. SSF has
gained renewed interest and fresh attention from
researchers owing to its importance in recent
developments in biomass energy conservation, in
solid waste treatment and in its application to
produce secondary metabolites (Rathakrishnan et
al, 2012).
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SSF Strategy for Protease Production
SSF is also known for many centuries and
it was mainly used for the production of many
useful enzymes as well as for vital foods. Now a
day’s SSF is widely used for the production of
many microbial enzymes like proteases. SSF has
many advantages as compared to SmF. Several
researches on SSF have been reported like in
production of many chemicals (Vandenberghe et
al, 2000; Roukas, 1999; Kar et al, 1998; Soccol et
al, 1994), production of useful enzymes (Pandey et
al, 2000; Suresh and Chandrasekaran, 1999),
production of antibiotics (Kota and Sridhar, 1999;
Yang & Swei, 1996; Ohno et al, 1996) and as
immune suppressants (Murthy et al, 1999; Sekhar
and Balaraman, 1998; Sekhar et al, 1997). SSF is
widely used in those countries which have agro
industrial wastes in abundance because these agro
industrial wastes are used as raw material for
enzyme production.
Many organisms have been used in SSF in
order to produce useful enzymes but it is very
necessary that optimum environmental and growth
conditions should be provided to these organisms
to enhance enzyme production. The conditions that
ISSN: 2520-7318 (Online) | 2520-730X (Print)

Figure 2: Penicillium digitatum Cultured in Department
of Biochemistry & Molecular Biology, University of
Gujrat, Pakistan

Protease enzymes not only enhance yield
but decrease the environmental pollution and also
improve leather quality. The use of proteases has
become vast in leather industries as they help in
environmental friendly processes. Like proteases,
lipases are specifically used to remove grease. As
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leather industries are main cause of air pollution
and cause many hazards to environment and human
health. Microbial enzymes like proteases are very
useful to reduce these hazards in leather processing
like dehairing, soaking and degreasing. In leather
processing dehairing by protease enzymes can be
helpful in obtaining desirable characteristics to
leather (Sinha and Satyanarayana, 1991). Some
microbial enzymes produced from microbial
sources are very beneficial in food industry as well
as in textile industries (Aleksieva and Peeva, 2000;
Benslimane et al, 1995). The free proteases are
mainly used in industries like as detergents, cheese
making and in dry cleaning as well as in medical
treatments of virulent wounds (Nout and
Rombouts, 1990) stated that protease are very
useful for improving water uptake by dry skins and
reduce processing time of protein digestion.
Proteases assist chemical process in leather
dehairing. Proteases are most important group of
industrial enzymes (Ahmed et al, 2007). Proteases
are used in a variety of industrial application like
textile industry, laundry and in health care centers.
Due to ecofriendly nature of neutral proteases have
vast applications in food processing like baking and
brewing. Proteases are also used in therapy of many
diseases. They can be helpful in immune regulation
and in inflammatory conditions (Coelho et al,
1978). Mohan et al, 2005 stated that proteases find
major applications in detergents, medical treatments and in virulent wounds. Extracellular
proteases can digest insoluble nutrients like
cellulose and proteins and these digested products
then transported in cells where they can be used as
essential source of growth (Gibb and Strohl, 1987;
Oh et al, 2000).
Proteases can be purified by using different
methods. After separation from fermentation broth
culture supernatant concentrated by ultrafiltration
(Kang et al., 1999; Smacchi et al., 1999), salting
out by ammonium sulphate precipitation (Kumar et
al, 2002), or by acetone in solvent extraction
method (Kumar et al, 1999; Thangam and
Rajkumar, 2002) and ethanol (EI-Shanshoury et al,
1995). Enzymes can also be beneficial as
therapeutic agents for many fatal diseases like
cancer and AIDS (Rao et al, 1998). Microbial
proteases are of great interest for treatment of
cancer, cardiovascular disorders and inflammation
(Chanalia et al, 2011; Hellgren and Vincent, 1986).
Proteases can also be used as immune
stimulatory agents (Biziulenvicius, 2006).
ISSN: 2520-7318 (Online) | 2520-730X (Print)

Proteases are widely used in pharmaceutical
industries for preparation of many medicines and
drugs.
Proteases are also used in cleaners and in
detergent industry (Gupta et al, 2002). Patil and
Shastri (1985) carried out a work on a fungal strain
Alternaria alternate. The main purpose of this
study was the purification of alkaline proteases.
Wheat bran was used as substrate for Alternaria
alternate. Alternaria alternate secreted neutral as
well as alkaline proteases. Neutral protease was
found to be cysteine protease and alkaline protease
was serine protease. Production of alkaline
proteases was enhanced by fructose. This study
also demonstrated that fructose can enhance
characteristics of alkaline protease with respect of
Vmax.
In 1994 Venkata & Goli studied the effect
of different parameters such as substrate
concentration, moisture content, inoculum size,
incubation temperature, nitrogen sources, pH,
incubation period and carbon sources in SSF for
maximum yield of proteases by Bacillus Cereus.
This protease was fibrinolytic protease. The
substrate used in this experiment was apple
pomace. The optimal culture conditions were
investigated. Optimum pH 8, moisture content
70%, temperature 37°C and incubation period was
3 days. Fructose was found to be best carbon source
for the production of fibrinolytic protease. El-Safey
and Raouf (2004) studied the production and
purification of protease enzyme by Bacillus
subtilis. This organism was grown in broth culture
for the purpose of protease production as well as
purification. The optimum conditions were
provided to Bacillus subtilis for enzyme production
like an optimum substrate concentrations 1 %;
optimum incubation period of 32 h; optimum
incubation temperature was 35 ºC; the optimum pH
was 6.5; and the buffer for the production of
enzyme was phosphate buffer of pH 7.0 and
optimum inoculum size used for protease
production was 2 mL. The carbon source was
glactose. The purification of protease enzymes was
carried out by ammonium sulfate precipitation and
sephadex G 100 by gel filtration. The activity of
purified protease increased while increasing the
enzyme concentration and substrate concentration.
They emphasized the production and purification
of proteases for industrial scale application.
In 2006 Gullon et al, Studied that the apple
pomace can be used as potential raw material for
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the production of many useful industrial enzymes.
They measured the potency of apple pomace for the
production of enzymes and other food products.
Samples of this raw material were assayed for
enzymatic digestibility. Oven dry apple pomace
contained 30-40% of monosaccharide and oligosaccharides. The main components of pomace were
glactose and fructose. 60-70% mass of pomace was
comprised of alcohol-insoluble compounds. Apple
pomace showed the high potency for microbial
enzyme production.
Sumantha et al, (2006) studied the use of
rice bran as a substrate in SSF for the production of
proteases. Rhizopus microsporus was used for
enzyme production as well as for optimizing the
culture conditions. The moisture content for
fermentation process was almost 45%, temperature
was 35 °C for 75 h. These conditions were found
optimum for protease production in SSF. Casien
addition resulted into a significant increase in
protease production. Then SSF was carried out
under control conditions for obtaining crude
enzyme extract and then this crude enzyme was
purified by filtration and precipitation. The
protease obtained from this method was found as
metalloprotease which has maximum activity at
temperature 65 °C and pH 7.0.
In view of the large industrial
applications protease, this review highlights the
influence of culture conditions on the potential of
locally isolated new strain of Penicillium digitatum
taking technique SSF generation protease present
its potential application in an industrial environment. In this study, a new approach has been
applied fully focused on the use of different
residues (lemon peel and apple pomace) for the
production of useful microbial enzyme, protease.
This study also focuses on providing a potential
solution for managing large-scale solid waste.
Chutmanop et al, (2008) carried out a work
to demonstrate that cheaper agro industrial wastes
can be used to produce commercially valuable
enzymes such as protease. Aspergillus oryzae can
produce valuable commercial enzymes in SSF by
utilizing cheaper agro industrial wastes. Rice bran
was found to be best substrate for Aspergillus
oryzae to produce protease. Morphology of rice
bran can be improved by using certain amount of
wheat bran. The result of this study demonstrated
that Aspergillus oryzae can produce valuable
amount of protease at pH 8 and moisture content of
55%. Dias et al, (2008) studied that among the
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various proteases, microbial proteases play a
fundamental role in various biotechnological
processes. Alkaline proteases production has much
importance because alkaline proteases can be used
in many industries like detergents, food industry,
pharmaceutical industry and as well as leather
industry. In recent years a number of reports have
been published to characterize alkaline protease
from different microorganisms. Many alkaline
proteases which are applied for industrial purposes
have to face some limitations such as low stability
towards surfactants and production cost of the
enzymes arisen from growth medium.
Paranthaman et al, (2009) studied that the
proteases production by bioprocesses has a good
value in respect to agro industry residues. A
comparative study was carried out by them on the
production of protease enzymes. They studied that
by using different varieties of Rice from waste of
rice mills as a substrate in SSF by Aspergillus niger
proteases can be produced in valuable yield. The
proteases produced from this waste can be used in
various industries like food and leather industry.
Jayasree et al, (2009) studied the production of
protease enzyme from Streptomyces pulvereceus in
submerged fermentation by using malt extract and
soybean as substrates. The enzyme production was
investigated during different growth phases and it
was demonstrated that the maximum yield of
protease was during stationary phase. Optimum
culture conditions were provided and different
parameters were investigated during enzyme production such as pH was 9.0, inoculums size 3 and
the optimum temperature was 33°C. The carbon
sources were xylose, fructose, maltose and starch.
Among all these carbon sources starch found to be
best carbon source for optimum enzyme
production. The protease produced can be used as
good source for a number of various industrial
applications.
Mussatto et al, (2010) demonstrated by
their research that a large amount of agro industrial
wastes is produced from many industrial processes.
Some of these wastes can be burned for alternation
of elimination and some wastes can be utilized as
animal feed. However, these wastes are usually
comprised of large amount of sugars and proteins
therefore; these wastes cannot be considered as
“wastes” but as raw materials for other commercial
industrial processes. Microorganisms use these raw
materials as residue in SSF because solid support
and nutrient source is provided by these agro
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industrial wastes. They demonstrated that solid
state fermentation can give high yield of enzymes
and other valuable industrial products. In addition,
SSF is cost effective because reuse of industrial
wastes.
Saxena and Singh (2010) carried out a work
on protease enzyme produced from isolated
Bacillus strain. High stability by this protease was
exhibited even in the presence of ions such as many
divalent as well as monovalent ions. Agroindustrial wastes used in this work were Gram
Husk, Mustard Oil Cake and Wheat Bran in SSF.
Among all these substrates rice bran was found to
be best for optimum enzyme production. The
optimum pH was 8 and temperature was 60°C.
Some metal ions, K+, Zn++, Ca++, Mg++ Cu++,
Na+ Mn++, and Hg++ can enhance the protease
activity produced by this work.
Ire et al, (2011) carried out a work for the
evaluation of Aspergillus carbonarius for enzyme
production such as protease by using different
standard methods. This fungus was cultured and it
produced a valuable amount of protease. Protease
production by Aspergillus carbonarius can be
influenced by using different carbon as well as
nitrogen sources. Glucose was found to be best
carbon source for protease production. Aspergillus
carbonarius produced maximum yield of protease
by applying optimized culture conditions i.e. pH
6.0, incubation period 9 days and 5% glucose. The
results demonstrated that Aspergillus carbonarius
can produce appreciable value of protease by using
cheaper raw materials from industries.
Sevinc and Demirkan (2011) carried out a
work on different strains of Bacillus for protease
production. Almost fifty-four strains of Bacillus
were isolated from soil and these strains were tested
for valuable enzymes production such as proteases.
One strain which gave the maximum protease yield
was selected. Different medium ingredients such as
nitrogen and carbon source as well as metal ions
were investigated in order to enhance the protease
production. Many carbon sources were used and
among all these carbon sources fructose showed
greatest potential for protease production. Skim
milk found to be best nitrogen source. Organic
nitrogen sources are very affective as compared to
inorganic nitrogen sources. Combination of metal
ions enhanced the enzyme production such as
combination of Mg2+ and Ca2+ found to be best
because these two ions could not be effective alone.
Optimum pH for enzyme activity was 7.0 and
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optimum temperature was 55°C. This study
demonstrated that enzyme is very stable in alkaline
condition. This purified enzyme was also
thermostable. Muthulakshmi et al, (2011) carried
out a work to investigate the protease production
using Aspergillus flavus by SSF. This study
evaluated different agro industrial wastes for
protease production by Aspergillus flavus. Wheat
bran was found to be best substrate for Aspergillus
flavus to produce protease. The results of this study
demonstrated that Aspergillus flavus can give
maximum yield of protease at different optimal
conditions e.g. pH 5.0, substrate concentration 4%
and temperature 35 °C. Purified protease had
molecular weight of 46kDa. Results demonstrated
that enzyme activity can be enhanced by some
metal ions such as Cu2+ and Zn2 and it can be
inhibited by some metal ions such as Ca2+ and Mg
2+
.
Sharmila et al, (2012) stated that proteases
are fundamental components for all living
organisms. Proteases are found almost in all living
bodies. Microorganisms like bacteria, yeast as well
as fungus are major sources for proteases.
Proteases account for 60 % of total worldwide
enzymes as they are very important in various
industries. This work carried out for isolation of
protease enzyme from leaves of various plants.
Then activity and pH level for this enzyme was
checked. Leaves of different plants were tested but
results demonstrated that leaves of Nicotiana
tobaccum Protea was found to be best for optimum
protease production. The optimum pH was 7.2 for
this purified enzyme. Josephine et al, (2012)
carried out a work on Bacillus sp. for production of
various extracellular enzymes mainly proteases.
Optimized conditions were applied e.g. pH 7.0,
incubation period 24h and optimum temperature
was 37 °C. Crude protease was purified by
ammonium sulphate. This study revealed that
Bacillus sp. can produced substantial amount of
protease by using cheaper and easily available agro
industrial wastes. Alnahdi (2012) studied the
protease production from a bacterial strain Bacillus
sp. Bacteria are known to have potency of enzyme
excretion in environment. Bacillus sp. is known to
be very important organism for production of a
variety of extracellular enzymes such as proteases.
First of all Bacillus sp. was isolated from marine
samples for protease production. The main purpose
of this work was to investigate the protease
production from various bacterial strains isolated
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from marine. Six bacterial strains were isolated and
screening of these strains was performed for
protease production. Among all these strains
Bacillus sp. was found to be best strain for
maximum protease production.
Nadeem et al, (2013) carried out a work for
purification of protease produced from B.
licheniformis for various industrial applications.
Produced protease was purified by ammonium
Sulphate precipitation and by gel filtration
chromatography using sephadex G-100. Specific
activity of purified protease was increased up to
36.83 fold. Molecular weight of purified protease
was 36.12 kDa which was determined by SDSPAGE. The Vmax value was found to be
61.58ìM/mL/min. The optimal conditions for
purified proteases were pH 11, incubation time 24
hrs and temperature to 50°C. The protease purified
in this study was found to be serine protease. Metal
ions such as Mg2+ and Ca2+ enhanced the activity
of purified protease. This purified protease had
many applications as laundry detergent.
Ali and Vidhale (2013) studied that agro
industrial wastes are very valuable for microbial
enzyme production. Protease production was
carried out in SSF by Fusarium oxysporum. Agro
industrial Rice bran was used as substrate. This
substrate was found to be best for maximum
protease production by Fusarium oxysporum in
SSF. Maximum protease production was achieved
by optimum conditions such as moisture content of
50%, temperature 30°C, incubation period of 70h
and pH 7.0. This study revealed that maximum
protease production can be achieved by optimized
conditions in SSF by Fusarium oxysporum. Yadav
(2013) studied different aspects of SSF for protease
production by Bacillus sp. and its advantages over
other types of fermentation. SSF is very useful in
industries for production of various microbial
enzymes. SSF is cost effective, low energy
consumption, higher yield and low bacterial
contamination. Bacillus sp. produced valuable
amount of protease by low energy consumption and
optimum pH level.
Ahmed et al, (2014) studied the optimum
conditions applied in SmF for the production of
various industrial and microbial enzymes. Three
industrial enzymes, Invertase, α-Amylase and
Glucose isomerase were produced from
Aspergillus niger by using agricultural wastes like
cotton stalk, rice husk and sunflower waste. These
wastes were the source of carbon for organism and
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the sources of nitrogen were Corn steep, Nitrate
Albumin and Sulphate Urea Yeast. Various factors
were also investigated for the optimum production
of enzyme like the time period which was 24-240
hours, pH was 4-9 and temperature was 40-60°C. It
was investigated that Aspergillus niger gave the
highest yield of invertase in that culture medium
whose nitrogen source was yeast extract. Thermo
stable strains of Aspergillus niger can also be used
for enzyme production in industries. But the
activity of various enzymes was very low for
industrial applications although their activity can
be enhanced by using nitrogen sources.
Vanitha et al, (2014) carried out a work to
isolate suitable soil bacteria for production of
alkaline protease. Identification of optimized
conditions i.e. pH, incubation period, inoculum
size and carbon source for this bacterium for
protease production is another important point.
Agro industrial wastes from different industries
were used as substrates. Bacillus subtilis was used
for protease production by maintaining optimal
conditions. Crude enzyme was purified by
ammonium sulphate. The purified enzyme had
molecular weight of 55 kDa. Maltose and yeast
extract were found to be best carbon and nitrogen
source respectively for protease production.
Purified protease has many industrial applications.
Sawant and Nagendran (2014) focused on
the important industrial applications of proteases.
They play a vital role in a number of industries like
food, detergent and pharmaceutical industries.
Microbial Proteases are of great interest in this
regard because they are ecofriendly and have many
commercial applications.
Thakur et al, (2015) studied that the use
of agro industrial waste in SSF is very useful for
microbial enzyme production as well as for solving
pollution problems. They emphasized on the
biochemical conversion of agro-industrial waste of
soybean seed after extraction of oil. While
extraction of oil from these seeds excessive heat is
supplied so the quality of fodder is reduced and
cannot be used for animal feed. Aspergillus oryzae
shows excellent potential for this soybean meal as
a substrate in SSF for the production of protease
enzyme. Protease activity was measured by using
different parameters like pH, moisture content and
incubation time.
Benluvankar et al, (2015) studied the SSF
for the production of protease by Penicillium sp.
using agro industrial wastes. Agro industrial wastes
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like cotton seed, peanut shells were used as
substrates in SSF. Among all these substrates
peanut shell was found to be best substrate for
protease production at industrial scale. The culture
conditions, for maximum yield of protease were
investigated and various factors were measured.
The best carbon source found for maximum
protease production was glucose and the best
nitrogen source for maximum yield of proteases
was yeast extract. The suitable protease production
inducer was casein. Optimum pH was 9.5. A
moisture content of 90% was found to be optimumĪ
for protease production and purification. From this
study it was proved that Penicillium sp. is best for
high yield protease under SSF by using cheap agro
industrial wastes. Racheal et al, (2015) carried out
a work for protease purification and characterization from Aspergillus niger by using yam
peels. Purification of protease was carried out by
ion exchange column and gel filtration. Effect of
different parameters like pH, temperature and
incubation time on the production of protease was
investigated. Physicochemical characteristics of
purified protease were also investigated. Optimized
conditions for production and purification of
protease were temperature 37oC, pH 7.0 and
incubation period of 42 hrs. The results of this
study showed that enzymatic activity of purified
protease is more than crude enzyme. The specific
activity of purified protease was 8.51 (U/mg) as
compared to specific activity of protease which was
0.51 (U/mg). The enzyme showed its maximum
activity by using casein as substrate. Metal ions
such as Cu2+, Fe2+ and Mg 2+ inhibited protease
activity while Na+ enhanced protease activity. The
molecular weight of purified protease was found to
be 46.90 kDa.
Malik and Shinde (2016) studied the
comparison of SSF and SmF. Those enzymes
which are produced from microorganisms are very
useful for industrial applications and can be survive
under extreme alkaline conditions. This worked
carried out for comparative of SmF and SSF to find
which type of fermentation is better for optimum
microbial enzyme production. In this work four
fungal strains were isolated and screened. These
fungal isolates were screened by clear zones
formed due to protein hydrolysis by protease
production. The strain which gave maximum clear
zone was selected for protease production in
comparative study of SSF and SmF. Standard
culture conditions were applied for enzyme
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production. The protease produced by this work
was very active at pH 9.5 and 10. At pH 11, the
enzyme activity was started to decline. By this
work, it was proved that between two types of
fermentation the SSF showed double activity as
compared to SmF. So SSF can be used at
commercial level due to its high activity and cost
effective.
Future Scope
Protease enzymes are known as one of the
most important class of enzymes because these
enzymes have large commercial applications in
industries as well as in therapeutics. Protease
enzymes have synthetic as well as degradative
properties. Proteases are found in animals,
microbes as well as in plants. Among all these
sources microbes are considered to be best source
for protease due to their several properties
including rapid growth and limited planetary for
cultivation. Microbial proteases are widely used in
many industries including food, leather and
detergent industries since earliest times. Many
researches had proved that protease can be used as
targets for the development of therapeutic agents
for treatment of many deadly diseases such as
AIDS and cancer. Microbial proteases can be
considered as ideal for many biotechnological
researches. Biotechnologists mainly focus on
development and improvement of microbial strains
used in industries for the production of microbial
enzymes.
Conclusion
In conclusion, the present study describes
the protease production, purification and
characterization from agro residues (lemon peel
and apple pomace) in term of SSF. Pakistan is an
agricultural country and a lot of agro industrial
waste is produced every year so, it is a good step to
produce useful products including microbial
enzymes from this waste. It will be very beneficial
for economy of country. This study focused on
production of protease by using a fungal strain
Penicillium digitatum. This work will also be
beneficial for many industrial applications because
protease produced from Penicillium digitatum can
be used in detergent industry as detergent additive
and also in cosmetic industries in hair removing
creams.
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