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ABSTRACT

Proteases are the most important industrial enzymes that execute a wide variety of functions and have
various important biotechnological applications. Commercial application of alkaline proteases is attractive
due to the relative ease of large-scale production as compared to proteases from plant and animals. Reduction
in the production cost of enzymes could greatly reduce the cost of the enzyme. Taguchi DOE methodology
revealed 51% enhanced alkaline protease production compared to average performance of the fermentation
and for improvement of biological processes. The use of a good reliable statistical model is essential to
develop better strategies for the optimization of the fermentation process
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Introduction

Proteases are produced wide spread in nature such
as by plants, animals and microorganisms (Rao et al.,
1998). More than 3000 different enzymes described
to date the majority have been isolated from meso-
philic organisms. These enzymes mainly function in
a narrow range of pH, temperature and ionic
strength. The microorganisms are an important
source of enzymes, whose specific properties are
expected to result in novel process applications
(Kumar et al., 1999).

Proteases are industrially important enzymes and
constitute a quarter of the total global enzyme pro-
duction. The role of enzymes in many processes has
been known for a long time. Their existence was as-
sociated with the history of ancient Greece where
they were using enzymes from microorganisms in
baking, brewing, alcohol production, cheese making

etc. With better knowledge and purification of en-
zymes the number of applications has increased
manifold, and with the availability of engineered
enzymes a number of new possibilities for industrial
processes have emerged (Beg et al., 2003).

Application of Alkaline Proteases

Almost all proteases are heat resistant (Mahler et al.,
1957) vary widely in their Specific activities. Pro-
tease catalyzes the hydrolysis of peptide bonds that
link Amino acids together in the polypeptide chain
forming a protein molecule. Alkaline Protease is
defined as that protease that is active in a neutral to
alkaline pH Range. They are either a serine protease
or metalloprotease. Alkaline protease occupy a piv-
otal position due to their wide application in food
processing (Pastor et al., 2001), pharmaceutical in-
dustries (Anwar et al., 1998), meat tenderization pro-
cess (Wilson et al., 1992), peptide synthesis (Kumar
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and Hiroshi, 1999), instant formula preparation
(American academy of pediatrics committee on nu-
trition, 1989), leather processing (George et al., 1995)
and in weaving processing (Helmann et al., 1995).

Molecular weight of the enzyme was 30,000 Da,
which is slightly higher than those of other alkaline
proteases. The addition of a 5mM solution of cal-
cium ions increased the activity by 70% at the opti-
mum temperature of 60 °C. Moreover, various types
of alkaline protease have been characterized and
their potential industrial applications have been ex-
plored. The major applications of these enzymes are
in detergent formulation, the food industry, leather
processing, chemical synthesis and waste manage-
ment (Gupta et al., 2002a).

Factor Affecting Enzyme Activity

The cost of Enzyme is also the most critical factor
limiting wide use of alkaline proteases for different
applications. A large part of this cost is accounted
for the production cost of the enzyme. Therefore,
reduction in the production cost of enzymes could
greatly reduce the cost of the enzyme. In submerged
fermentation up to 40% of the total production cost
of enzymes is due to the production the growth sub-
strate. In this regard, SSF which uses cheap agricul-
tural residues have enormous potential in reducing
enzyme production cost. So, studies on alkaline pro-
tease that are produced in SSF by alkaliphilic micro-
organisms are scarce in literature. As a result, it is of
great importance to pursue such studies.

Source of Protease Production

Microorganisms are the most important sources of
enzyme production. Bacillus species possess re-
markable biotechnological value due to their non-
pathogenicity, ability to produce extracellular pro-
tease in large amounts, easily to handle & down-
stream processing for enzyme purification and great
commercial value.

Agro-industrial wastes: Generation and

composition

Agro-industrial wastes, generally, include the
wastes generated during the industrial processing of
agricultural or animal products or those obtained
from agricultural activities in the form of straw,
stem, stalk, leaves, husk, shell, peel, lint, seed, pulp,
legumes or cereals (rice, wheat, corn, sorghum and
barley), bagasse from sugarcane or sweet sorghum
milling, spent coffee grounds, brewer’s spent grains,
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and many others. These wastes are mainly com-
posed of sugars, fibers, proteins, and minerals. The
chief constituents of such agro-industrial wastes in-
clude cellulose, hemicelluloses and lignin, collec-
tively being called “lignocellulosic materials”
(Mussatto et al., 2012). Individual wastes display a
range of relative of proportion of these major con-
stituents. This variability entails certain level of
specificity / preference of their use.

Sources of Major Agro-industrial By-products

The major by-products of cereal processing are the
bran and the germ obtained during both the wet and
dry milling processes. During the processing of
wheat, coarse and fine middling are also obtained as
the by-products. The major by-products arising
from the maize processing industry, besides the
germ and the bran, are the gluten meal obtained
during the wet milling. Apart from these, another
by-product obtained during the wet milling of corn
is corn steep liquor, which is used as a nutrient
source in feed and fermentation processes. It is a
complex broth composed of carbohydrates, proteins,
organic acids, minerals, etc. (Awarenet et al., 2001-
2004).

Sources of Alkaline Proteases

Alkaline proteases are obtained from various micro-
bial sources such as bacteria, fungi and certain
yeasts. Of all the microbial sources, bacterial pro-
teases are of particular interest due to their various
applications in industries such as detergent, textile,
leather food and feed industry. A major source of
bacterial alkaline proteases is Bacillus species, which
has been studied extensively. Some fungal species
are also known to produce alkaline proteases of in-
dustrial use of which Aspergillus species has been
extensively studied. A very few studies exist on
yeast species.

Recently, alkaline proteases from mushrooms
have also been studied and purified. Some halo-
philic sources have also been screened for the secre-
tion of alkaline proteases. Halophilic enzymes find
rapidly increasing use in biotechnological applica-
tions owing to their halotolerance, thermostability
for long incubation periods and capability to retain
activity in presence of high levels of organic solvents
(Madern et al., 2000 and Jerry et al., 2001). Extracel-
lular alkaline proteases from halophilic bacteria
with high pH and thermostability, organic solvent
stability and compatibility with detergents have
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been reported.
Production of Alkaline Proteases

The Taguchi approach of orthogonal array experi-
mental design for bioprocess optimization is a good
reliable statistical model. Taguchi experimental de-
sign for alkaline protease production by Bacillus
clausii and reported that this experiment design pro-
vided basic information to improve the efficiency of
protease production and also supported the analysis
of the main effect of each constituent of the medium
and concluded that his study would serve as an-
other example for the application of the Taguchi
methodology for improvement of biological pro-
cesses (Seyedeh et al., 2007).

Pseudomonas aeruginosa was used to produce alka-
line protease by utilizing available agricultural resi-
dues (wheat bran) via solid state fermentation (SSF).
Taguchi (DOE—Design of Experiment) was success-
fully applied to test the relative importance of me-
dium components and environmental factors on al-
kaline protease production. The optimized condi-
tions showed an enhancement in alkaline protease
activity by 28.8% (from 450.0 to 582.2579.2 U/ml).
The experimental data showed 97.24% resemblance
with the expected data (Meena et al., 2013).

Inability of Plant and Animal Proteases

Current world demands have led to an increased
interest in microbial proteases. Proteases of bacteria,
fungi and viruses are increasingly studied due to its
importance and subsequent applications in industry
and biotechnology. Commercial application of mi-
crobial proteases is attractive due to the relative ease
of large-scale production as compared to proteases
from plant and animals (Rao et al., 1998).

Most of the alkaline proteases that play a role in
industries are thermostable as their optimal activity
lies between 500°C to 700°C. The recently used sta-
tistical methods have given way to a more rapid
optimization process for alkaline protease produc-
tion. Other than traditional industrial uses, alkaline
proteases have promising application in feather deg-
radation and feather meal production for animal
feed.

Screening and Isolation of Alkaline Proteases

All the alkaliphilic bacteria that have been screened
for use in various industrial applications, members
of the genus Bacillus, mainly strains B. subtilis and B.
licheniformis were found to be predominant and a
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prolific source of alkaline proteases (Kumar and
Takagi et al., 1999).

Production of alkaline protease employing the
laboratory isolates, Bacillus sp. under solid state
fermentation. The effect of wheat bran and lentil
husk was examined. Wheat bran showed highest
enzyme production. Maximum yields of 429.041
and 168.640 U g were achieved by employing
wheat bran and lentil husk as substrates in 0.1 M
carbonate/bicarbonate buffer at pH 10 with 30 and
40% initial moisture level at 24 h. Inoculum size and
buffer solution level were found to be 20 and 25%
and 0.5:1 for wheat bran and lentil husk, respec-
tively (Uyar et al., 2004).

Alkaline protease production using isolated Bacil-
lus circulans under solid-state fermentation environ-
ment was optimized by using Taguchi DOE meth-
odology. The software-designed experiments with
an OA worksheet of L-27 was selected to optimize
fermentation (temperature, particle size, moisture
content and pH), nutrition (yeast extract and mal-
tose) and biomaterial-related (inoculum size and
incubation time) factors for the best production
yields. DOE methodology revealed 51% enhanced
protease production compared to average perfor-
mance of the fermentation (Prakasham et al., 2005).

The use of a good reliable statistical model is es-
sential to develop better strategies for the optimiza-
tion of the fermentation process (Ghaley et al., 2005).

Taguchi experimental design for alkaline pro-
tease production by Bacillus clausii and reported that
this experiment design provided basic information
to improve the efficiency of protease production and
also supported the analysis of the main effect of each
constituent of the medium and concluded that his
study would serve as another example for the appli-
cation of the Taguchi methodology for improvement
of biological processes (Seyedeh et al., 2007).

Conclusion

Alkaline proteases with keratinolytic activity are
finding an interesting application in the feather deg-
radation for reducing poultry waste and feather
meal production for fertilizers, glues, biodegradable
films, and foils. Through this review, an attempt has
been made to highlight the recent advances in the
field of alkaline proteases and their applicability.
The utilization of agro-industrial wastes for mi-
crobial fermentation not only improves the process
economics, but can also reduce the environmental



MEENA AND SINGH

issues related with their disposal. Although various
microbial sources have been used for enzyme pro-
duction, yet new and efficient microbial sources are
needed for the optimal utilization of agro-industrial
wastes to achieve higher yields of the enzymes. Fur-
thermore, the biotechnological techniques such as
genetic engineering of the micro-organisms, enzyme
engineering, and other techniques would play an
important role in the near future.
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