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ABSTRACT: Screening of bacteria and other organisms for protease production has gained momentum in
recent times. Proteases are hydrolytic enzymes capable of degrading proteins into small peptides and amino
acids for industrial applications. Proteases are widely used in food, pharmaceutical, leather, detergent
industry and other industries. This review summarizes various aspects of proteases and their conditions of
production. The enzymatic and physicochemical properties of alkaline proteases obtained from different
sources under different environmental conditions are discussed.
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I. INTRODUCTION

The metabolic processes of the cells to form different
parts under the influence of different enzymes that act
as biocatalysts to initiate various biochemical reactions
has bought new revolution in different industrial
sectors. Till date 3000 different enzymes have been
recognised and many of them are wused in
biotechnological and industrial applications. Enzymes
are commercially utilized in the different process like
detergent, food, pharmaceutical, diagnostics, and fine
chemical industries [1]. Very less efforts and little
progress have been noteworthy for commercial success
in biotechnological enzyme production processes [2].
Based on the response to different NaCl concentrations
Halophiles inhabit extreme environments and they can
be classified into three groups on the basis of their
response to NaCl. Slight halophiles which breed
optimally at 2-5% NaCl, moderate halophiles show
rapid growth at 5-20% NaCl and severe halophiles
which optimally grow at 20-30% NaCl. Halophilic
enzymes have exclusive enzymatic functions compare
to non-halophilic enzymes. It requires high salt
concentrations in the range of 1-4 M for higher activity
and longer stability [3]. Approximately 60% of the total
enzyme sales in the world account for microbial
proteases [4]. Proteases are one of the most significant
groups of industrial enzymes with wider applications
that range from meat tenderization to silver recovery
[5]. However, the production of intracellular and

extracellular enzymes on an industrial scale is
dependent on microorganisms that play a vital role in
this technology [6,7]. Hence, to get maximum benefit,
selected organisms are grown in fermenters under
optimum conditions and can be further used to make
different products [8-9].

Bacillus species are the essential producers of
extracellular proteases, and industrial sectors mostly
use Bacillus subtilis for the production of various
enzymes. However, not all the enzymes are used for
industrial process, proteases are the main enzymes
produced from microbial sources, of which only few
are recommended as commercial producers. B. subtilis
also known as hay Bacillus and grass Bacillus is found
mainly in soil and a rod-shaped organism, which can
form a tough, protective endospore and can have the
tendency to withstand severe environmental conditions.
They are obligate aerobes or facultative anaerobe and
include both free-living and pathogenic species [10,11].
Protease enzymes occupy a significant position in the
enzyme technology as they are widely used in different
industries [12]. B. subtilis is widely used for the
production of specific chemicals and industrial enzymes
[13,14,15]. Proteases have found their use in contact
lens cleaners and enzymatic debriders [16] and help in
the natural healing process in local management of skin
ulceration by efficient removal of necrotic material
[17]. These enzymes have found their use in efficient
management of waste as well.
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Bioconversion of wastes into useful biomass by
microorganisms and their enzymes is a new tool, and
new protease-producing microorganisms and perfected
fermentation technology are required to meet the
demand for this enzyme [18]. Hyperactive strains are
being sought for use in different industries [19].
Bacillus species were found highly stable to high
thermal and pH stability. Now a days, isolation and
characterization of new promising strains using cheap
carbon and nitrogen source is being tested all over the
globe [20].

Suganthi et al 2013 argued that protease producing
halotolerant bacterium was isolated from saltern pond
sediment (Tuticorin) and identified as Bacillus
licheniformis (TD4) by 16S rRNA gene sequencing.
Protease production was increased by optimizing the
culture conditions. The nutritional factors such as
carbon and nitrogen sources, NaCl and also physical
parameters like incubation time, pH, agitation,
inoculum size were optimized for the maximum yield
of protease. Studies on the effect of different carbon
and nitrogen sources revealed that xylose and urea
enhances the enzyme production. Thus, with selected
C-N sources along with 1 M NaCl the maximum
protease production (141.46 U/mg) was obtained in the
period o 24 h incubation at pH 8 under 250 rpm
compared to the initial enzyme production (89.87
U/mg).

Gaurav et al 2015 reported the production of
thermostable protease and its characterization in
Bacillus species, which is a thermotolerant bacterium;
Bacillus subtilis is widely used for isolating protease
enzyme. Gelatin was used as the substrate in nutrient
agar medium for screening and showed the maximum
zone of activity (22 mm) after overnight incubation and
addition of the indicator. Under submerged
fermentation conditions, a high level of protease
production was found at 45 °C after 36 h at pH 10, with
continuous agitation (180 rpm). The presence of
galactose and peptone in the medium enhanced enzyme
production by 0.5% when compared with other carbon
and nitrogen sources. Thus, such additions can augment
protease production and their application in various
industries. The avenues in the field of protease screen
have opened new ways to commercially utilize this
natural service. Hence, the objective of the present
study was to review the applications of protease,
optimal conditions for its productions, and screening of
protease.

A. Habitat of Protease producers

Protease producers are almost found in every type of
environment. There are reports from dumping site at
Langol, Manipur, India [23]; Egyptian soda lake [24];
Alkaline lonar lake Maharastra, [25]; hot springs,

Jordan [26]. The samples collected from leather
factories [27,28], food processing industrial
effluent [29], wood factory [30], detergent

industry [31], milk processing plant [32] and industrial
waste such as tannery waste [33,34, 35], also contain
protease producers. Sugarcane molasses [36], Thai fish
sauce [37], Thua nao [38] vegetable waste [39], animal
dung [40,41,42], degraded and fresh meat [43] and
buffalo hide [44], mangrove sediment sample [45],
compost containing dead animal’s remnants [46],
vermicompost pit soil sample [47], sewage sludge
sample [48], meat waste contaminated soil [49] and soil
from poultry waste site [50], fruiting body of the edible
mushroom Pleurotus citrinopileatus [51]. Thirty-nine,
protease producing, Streptomycetes were isolated from
sewage of tanneries and soil around it, agricultural soil,
agricultural fields, water sources from a fish farm,
sediments with neutral and alkaline pH and Qaroun
lake [52].

1. Indicators for protease secretion

a. pH. The transportation of various components across
the cell membrane is dependent on the pH of the
medium. The molecular basis of pH affecting bacterial
metabolism in culture broth is difficult to understand.
However, the proton motive force in chemiosmosis is
influenced by the pH of medium, it may be feasible that
under optimum pH range, the relative metabolic
efficiency is maximum [53]. Therefore, pH needs to be
neutralised as it is reported that medium with neutral
initial pH for alkaline protease production by P.
chrysogenum IHHS [54], S. roseiscleroticus [55], B.
Cereus [56]  Bacillus  polymyxa  [57], Bacillus
aquimaris VITP4 [58] and P. Aeruginosa MCM B-
327 [59] revealed better results. However, at pH 6.3—
6.5 protease production by Bacillus sp yielded optimum
results. The results may vary from one species to the
other, MIG[60] and B. cereus SIU1 [61], slightly
alkaline medium (pH 8.0-8.5) has been reported to be
optimum for protease production by B.
licheniformis IKBC-17 [62], B. subtilis IKBS
10 [63], Bacillus macerans IKBM-11 [64], Bacillus
amovivorus [65] and Aspergillus niger [66]. The varied
results obtained by different researchers did not lead to
any solid conclusion about the reason behind this kind
of observation. It was observed that the optimum pH for
growth is 9.0 for the majority of the isolates, while the
optimum pH with regard to enzyme secretion varied
between pH 8.0-10.0 for protease production, [67].
Few bacterial species like Bacillus sp. [68], Bacillus sp.
strain APP1 [69], Bacillus proteolyticus
CFR3001 [70], V. pantothenticus
[71] and Pseudomonas fluorescens [72] showed better
results at 9 pH.
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Higher initial pH, 10.0 for A. oryzae 637 [73] and B.
licheniformis TISTR 1010 [74], 10.5 for B. circulans
[75] and 10.7 for Bacillus sp. 2-5 [76] have also been
reported for maximum protease production by the
workers.

b. Temperature. Temperature is a significant
parameter that has to be controlled and varied from
organism to organism for maximum cell growth and
enzyme production. The optimum temperature
requirement for different species for protease
production by different microorganisms varies greatly.
Maximum production of protease by A. niger was
obtained at 45 °C [77]. High optimum temperature of
50°C has been reported for Bacillus sp. strain
APP1 [78] and B. subtilis BS1 [79]. B.
licheniformis IKBC-17, B. subtilis IKBS-10.  The
optimum temperature of alkaline protease production
by B. cereus and B. polymyxa has also been reported as
60 °C [80]. The temperature of 40 °C has been also
been reported to be best for production of protease
by Bacillus sp. [81], B.  licheniformis GUSI [82], V.
pantothenticus [83] and S. Roseiscleroticus [84].

The 30°C optimum temperature for protease production
by P. aeruginosa PseA [85], B. Licheniformis [86], B.
Coagulans [86], B. Cereus [87], P. aeruginosa MCM
B-327  [88], P.  chrysogenum THHS [89] and A.
oryzae 637 [90] has  been  reported. =~ Optimum
temperature of 25°C has been reported for B.
circulans[91], Microbacterium sp. [92] and 28°C for B.
Cinerea [93]. P. fluorescens was competent of
producing protease in the range of 27-57 °C with yield
maximum at 37 °C [94]. A temperature of 37 °C was
found as optimal temperature for protease production
by a number of Bacillus species such as B. amovivorus
[95], B. proteolyticus CFR3001 [96], B.
aquimaris VITP4 [97] and B. subtilis strain Rand [98].
c. Incubation period. The incubation period depends
upon the type of microorganism and other culture
conditions such as inoculum size, metabolic state of cell
pH and temperature. This affects the enzyme
production considerably and it differes from 24 h to a
week. Protease production by Bacillus pumilus started
16 h after incubation, increased gradually and reached a
maximum at about 28h[99]. ForB. subtilis
[100] and B. licheniformi[101] maximum growth and
enzyme production was observed after
2 days. Bacillus sp. Pseudomonas fluorescens produced
maximum protease after 24 h of incubation, decreased
from 48 to 168 h[102]. The maximum protease
production from V. Pantothenticus [103], B. subtilis
[104] and B. licheniformis [105] was recorded after
72 h.

The enzyme production by Penicillium
chrysogenum slowly augmented with time and the
highest enzyme activity was reported after 72 h of
incubation [106]. Also, maximum protease production
by A. flavus and Aspergillus terreus was reported after
72 h [107].

B. Solid State fermentation and Protease production
The process in which solid substrate not only supplies
the nutrient to the culture but also serves as an
anchorage for the microbial cells is known as Solid
State fermentation. This is very much researched in
areas with abundance of biomass and agroindustrial
residues, as these are cheap raw materials, superior
volumetric output, simpler machinery, use of
economical substrate, low energy requirements and low
waste water output, simple technique, low capital asset
[108].

However, SSF processes present some limitations, such
as the SSF technique is mainly restricted to process
involving fungi, the restricted range of microorganisms
that are able to grow under reduced moisture levels,
control of conditions is again very complicated and
there is no defined concentration of media
components [109].

C. Substrate

The substrates can be used with little pre-treatments
that include milling and washing [110]. Cost and
accessibility are significant considerations, and hence,
the selection of an suitable solid substrate plays an vital
role in the development of efficient Solid State
Fermentation processes. Maximum protease production
was seen in watermelon rind among melon rind, rice,
lentil and corn husks used for protease production
by Bacillus sp. [111]. Wheat bran has also been used
for protease production by Beauveria feline [112]. Rice
bran was reported to be the best substrate for protease
production by a Bacillus sp. [113]. Broken rice of
different varieties was used for protease production
by A. niger [114]. Defatted soybean cake was used for
protease production by a Penicillium sp. [115]. A B.
subtilis isolate was shown to be able to produce
extracellular protease in solid-state fermentation using
soy cake as culture medium [116]. Soybean was used
for production of alkaline protease by Teredinobacter
turnirae [117]. Among the different agro-industrial
waste products and kitchen waste materials, viz.
mustered oil cake, wheat bran, rice bran, Imperata
cylindrica grass, banana leaves, potato peels and used
tea leaves screened as substrates/solid supports for the
production of alkaline protease by B. subtilis DM-04,
potato peel followed by I cylindrica grass supported
maximum protease production.
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Potato peel and I. cylindrica grass mixed in a ratio of
1:1 (w/w) significantly enhanced the protease
production as compared to individual
substrate [118]. A. oryzae NRRL 2217 was capable of
producing maximum protease on mixed substrate
coconut oil cake: wheat bran in mass ratio of 1:3 [119].
Wheat bran enriched with fish scales and egg shell in a
ratio of 1:2:0.005 (w/w) was used for protease
production by Penicillium sp [120].

Horse gram husk was used Govarthanan et al. [121] as
substrate while producing protease from Bacillus sp.
and reported maximum (240 U/ml) protease production
with maltose as a source of carbon. Pigeon pea waste,
pineapple waste, orange peel waste, sugarcane bagasse,
green gram, chick pea, red gram, black gram husks and
wheat bran, wheat bran, rice bran, raw potato starch and
raw sweet potato starch were tested for protease
production by Bacillus sp [122]. Green gram husk has
also been reported to support maximum protease
production by B. circulans [123]. The mixture of two or
even three different substrates gives better enzyme
yields than each of the substrates used in
isolation [124]. The bacteria [125] and fungus [126] has
been used widely in industrial scale to produce protease
[127].  Coffee pulp, coffee cherry husk, coffee
parchment husk, silver skin and coffee spent wastes
were tested for protease production by A. oryzae and
coffee cherry husk was found to be most
appropriate [128].

Substrate Particle size. The availability of surface area
play a prominent role for the attachment of microbes,
transfer of different nutrients and substrates and growth
of microbial strain and product production [129]. Very
fine substrate particles have larger surface area for
microbial attack, however, too small particles may
cause substrate agglomeration which may impede with
ventilation and may thus result in poor growth. Larger
particles provide better aeration effectiveness but
provide limited surface for microbial attack. Therefore,
it may be necessary to provide compromised particle
size [130]. The soybean coarse size (2 mm) was found
to be optimal size of the substrate for higher protease
production by T. Turnirae [131].

Moisture content. An optimal level of moisture is
required for maximum enzyme productivity. High
enzymatic titre (240 U/g) was attained when the initial
moisture level was 22.4% [132]. An augment in
moisture level may decrease the porosity of the
substrate such as wheat bran, thus limit oxygen transfer,
while lower moisture content causes decrease in
solubility of nutrients of substrate, lower degree of
swelling. An increase in moisture content causes a
decrease in the porosity of the substrate, thereby
decreasing the gas exchange. Low moisture content

leads to sub-optimal growth and a lower degree of
substrate swelling which also decreases enzyme
production [133].

II. CONCLUSION

The screening of Bacteria for Protease Production has
gained considerable attention in this biotechnological
era. There is a need to explore new areas in which the
already identified microorganisms can be utilized for
industrial scale to meet the demands of ever growing
population. The new habitats that are extreme can be
also searched for the identification of these organisms.
. The performance of protease is influenced by several
factors, such as pH of production medium, ionic
strength, temperature and mechanical handling. Further,
the genetic and protein engineering studies need to be
conducted to meet the requirements of harsh conditions
during industrial processes.

REFERENCES

[1]. J.D. Rozell, Bioorg. Med. Chem. 7(1999) 2253-2261.

[2]. L.V. Reddy, Y.J. Wee, J.S. Yun, HW. Ryu, Bioresour.
Technol. 99(2008) 2242-2249.

[3]. M.A. Amoozegar, F. Malekzadeh, K.A. Malik, J. Microbiol.
Methods 52(2003) 353-359.

[4]. RM. Banik, M. Prakash, Microbiol. Res. 159(2004) 135-
140.

[5]. R. Gupta, Q.K. Beg, P. Lorenz. Appl. Microbiol. Biotechnol.,
59(2002), pp. 15-32.

[6]. M. Moo-young, Y. Chisti. Pure Appl. Chem., 66(1994), pp.
117-136.

[7]. Y. Lin, S. Tanaka. Appl. Microbiol. Biotechnol., 69(2006),
pp. 627-642.

[8]. P.M. Schenk, S.R. Thomas-Hall, E. Stephens, U.C. Marx,
J.H. Mussgnug, C. Posten, O. Kruse, B. Hankamer. Res., 1(2008),
pp. 20-43.

[9]. S.A. Dubal, Y.P. Tilkari, S.A. Momin, 1.V. Borkar Adv.
Biotechnol., 6(2008), pp. 30-45

[10]. B.S. Sekhon Food nanotechnology—an
Nanotechnol. Sci. Appl., 3(2010), pp. 1-15.

[11]. P. Widsten, A.K. Laccase. Microb. Technol., 42(2008), pp.
293-307.

[12]. P. Esakkiraj, G. Immanuel, S.M. Sowmya, P. Iyapparaj, A.
Palavesam Food Bioprocess. Technol., 2(2009), pp. 383-390.
[13]. W.H. Chu (2007). J. Ind. Microbiol. Biotechnol., 34(2007),
pp. 241-245.

[14]. Anwar, M. Saleemuddin Alkaline protease from Spilosoma
obliqua: potential applications in bio-formulations Biotechnol.
Appl. Biochem., 31(2000), pp. 85-89.

[15]. J. Sjodahl, A. Emmer, J. Vincent, J. Roeraade
Characterization of proteinases from Antarctic krill (Euphausia
superba) Protein Expr. Purif., 26(2002), pp. 153-161.

[16]. P. Rathakrishnan, P. Nagarajan, R.R. Kannan Optimization
of process parameters using a statistical approach for protease
production by Bacillus subtilis using cassava waste Int. J. Chem.
Tech. Res., 4(2012), pp. 749-760.

[17]. L.L. Fu, ZR. Xu, W. Li, J.B. Shuai, P. Lu, C.X. Hu (2007).
Biotechnol. Adv., 25, pp. 1-12.

overview.



Rebekkah Shanthakumari and Boominathan 298

[18]. M.B. Rao, A.M. Tanksale, M.S. Ghatge, V.V. Deshpande
Molecular and biotechnological aspects of microbial protease
Microbiol. Mol. Biol., 62(1998), pp. 597-635.

[19]. Suganthi, C., Mageswari, A., Karthikeyan, S., Anbalagan,
M., Sivakumar, A., & Gothandam, K. M. (2013). J
Genetic Eng and Biotech, 11(1), 47-52.

[20]. Gaurav Pant, Anil Prakash, J.V.P. Pavani Sayantan Bera
G.V.N.S. Deviram Ajay Kumar Mitali Panch puri Ravi Gyana
Prasuna (2015) J Taibah UniSci. 9, 50-55.

[21]. P. Kshetri, O. Ningombam, D.S. Ningthoujam Appl.
Microbiol., 2(2) (2016), pp. 1-8.

[22]. A.S.S. Ibrahim, N.M.A.E. Shayeb, S.S. Mabrouk J. Appl.
Sci. Res., 3(2007), pp. 1363-1368.

[23]. Mothe, V.R. Sultanpuram Biotechnology, 6(53) (2016), pp.
2-10.

[24]. H. Akel, F. Al-Quadan, T.K. Yousef Eur. J. Sci. Res.,
31(2009), pp. 280-288.

[25]. K. Rao, M.L. Narasu Afr. J. Biotechnol., 6(2007), pp. 2493-
2496.

[26]. P. Chellapandi Eur. J. Chem., 7 (2010), pp. 479-482.

[27]. R. Sangeetha, A. Geetha, 1. Arulpandi J. Biosci., 65(2010),
pp. 61-65.

[28]. N. Shafee, S.N. Aris, RIN.Z.A. Rahman, M. Basri, A.B.
Salleh J. Appl. Sci. Res., 1(2005), pp. 1-8.

[29]. K.S.B. Naidu, K.L. Devi Afr. J. Biotechnol., 4(2005), pp.
724-726.

[30]. W.H. Chu J. Ind. Microbiol. Biotechnol., 34(2007), pp. 241-
245.

[31]. Y. Ellouz, B. Ghorbel, N. Souissi, S. Kammoun, M. Nasri
World J. Microbiol. Biotechnol., 19(2003), pp. 41-45.

[32]. S. Almas, A. Hameed, D. Shelly, P. Mohan Afr. J.
Biotechnol., 8(2009), pp. 3603-3609.

[33]. T.R. Srinivasan, S. Das, V. Balakrishnan, R. Philip, N.
Kannan Recent Res. Sci. Technol., 1(2009), pp. 63-66.

[34]. MLAM. Younis, F.F. Hezayen, M.A.N. Eldein, M.S.A.
Shabeb Global J. Biotechnol. Biochem., 4(2009), pp. 132-137.
[35]. S. Yossan, A. Reungsang, M. Yasuda Sci. Asia, 32(2006),
pp- 379-385.

[36]. K. Dajanta, S. Wongkham, P. Thirach, P. Baophoeng, A.
Apichartsrangkoon, P. Santithum, E. Chukeatirote Maejo Int. J.
Sci. Technol., 3(2009), pp. 269-276.

[37]. R.K. Jaswal, G.S. Kocher, M.S. Virk Indian J. Biotechnol.,
7(2008), pp. 356-360.

[38]. Sharmin F, Rahman M.
characterization of protease producing
CIGR E J 9: Manuscript FP 06 009.
[39]. M.L. Alves, G.M.D.C. Takaki, K. Okada, I.L.F. Pessoa, A.L
Milanez Rev. Iberoam Micol., 22(2005), pp. 114-117.

[40]. S. Shankar, M. Rao, R.S. Laxman Process Biochem.,
46(2011), pp. 579-585.

[41]. Gupta, B. Joseph, A. Mani, G. Thomas World J. Microbiol.
Biotechnol., 24(2008), pp. 237-243.

[42]. V.P. Zambare, S.S. Nilegaonkar, P.P. Kanekar World J.
Microbiol. Biotechnol., 23(2007), pp. 1569-1574.

[43]. M. Venugopal, A.V. Saramma Indian J. Microbiol.,
47(2007), pp. 298-303.

[44]. M. Nadeem, J.I. Qazi, S. Baig, Q.U.A. Syed Turk J.
Biochem., 32(2007), pp. 171-177.

[45]. V. Zambare, S. Nilegaonkar, P.K. Anovel New Biotechnol.
(2011), 10.1016/j.nbt.2010.10.002.

[46]. X.G. Chen, O. Stabnikova, J.H. Tay, J.Y. Wang, S.T.L. Tay
Extremophiles, 8(2004), pp. 489-498.

(2007) Isolation and
Bacillus strain  FS-1.

[47]. K. Kalaiarasi, P.U. Sunitha Afr. J. Biotechnol., 8(2009), pp.
7035-7041.

[48]. S. Gaur, S. Agrahari, N. Wadhwa Open Microbiol. J.,
4(2010), pp. 67-74.

[49]. L. Cui, Q.H. Liu, HX. Wang, T.B. Ng Appl. Microbiol.
Biotechnol., 75(2007), pp. 81-85.

[50]. H.M. Rifaat, O.H.E.S. Said, S.M. Hassanein, M.S.M. Selim
J. Cult. Collect., 5(2007), pp. 16-24.

[51]. S.K. Singh, V.K. Tripathi, R.K. Jain, S. Vikram, S.K. Garg
Microb. Cell Fact., 9(2010), p. 59.

[52]. I.U. Haq, H. Mukhtar, H. Umber J. Agric. Soc. Sci,
2(2006), pp. 23-25.

[53]. G. Vonothini, M. Murugan, K. Sivakumar, S. Sudha Afr. J.
Biotechnol., 7(2008), pp. 3225-3230.

[54]. K.B. Maal, G. Emtiazi, I. Nahvi Afr. J. Microbiol. Res.,
3(2009), pp. 491-497.

[55]. M Prakash, Banik RM, Koch-Brandt. Appl Biochem
Biotechnol. 2005 Dec; 127(3):143-55.

[56]. P. Shivanand, G. Jayaraman Process Biochem., 44(2009),
pp. 1088-1094.

[57]. V. Zambare, S. Nilegaonkar, P.K. Anovel New Biotechnol.
(2011), 10.1016/j.nbt.2010.10.002.

[58]. M.K. Gouda Pol. J. Microbiol., 55(2006), pp. 119-126.

[59]. S.K. Singh, V.K. Tripathi, R.K. Jain, S. Vikram, S.K. Garg.
Microb. Cell Fact., 9(2010), p. 59.

[60]. F.M. Olajuyigbe, J.O. Ajele Afr. J. Biotechnol., 4(2005), pp.
776-779.

[61]. SK Singh, Tripathi VR, Jain RK, Vikram S, Garg SK.
Microb Cell Fact. (2010) 21;9, 59.

[62]. K M Sharma, Rajesh Kumar,
AshwaniKumar.  Journal of Genetic
Biotechnology. 15(1), 115-126.

[63]. S. Sharmin, M.T. Hossain, M.N. Anwar J. Biol. Sci.,
5(2005), pp. 358-362.

[64]. M.K. Devi, A.R. Banu, G.R. Gnanaprabhal, B.V. Pradeep,
M. Palaniswamy Indian J. Sci. Technol.,1 (2008), pp. 1-6.

[65]. M.S. Dodia, R.H. Joshi, R.K. Patel, S.P. Singh Braz. J.
Microbiol., 37(2006), pp. 276-282.

[66]. R.S. Prakasham, C.S. Rao, P.N. Sarma. Bioresour. Technol.,
97(2006), pp. 1449-1454.

[67]. W.H. Chu J. Ind. Microbiol. Biotechnol., 34(2007), pp. 241-
245.

[68]. N. Bhaskar, E.S. Sudeepa, H.N. Rashmi, A.T. Selvi
Bioresour. Technol., 98(2007), pp. 2758-2764.

[69]. Gupta, B. Joseph, A. Mani, G. Thomas World J. Microbiol.
Biotechnol., 24(2008), pp. 237-243.

[70]. K. Kalaiarasi, P.U. Sunitha Afr. J. Biotechnol., 8(2009), pp.
7035-7041.

[71]. G. Srinubabu, N. Lokeswari, K. Jayaraju E. J. Chem.,
4(2007), pp. 208-215.

[72]. P. Vaithanomsat, T. Malapant, W. Apiwattanapiwat.
Kasetsart J., 42(2008), pp. 543-551.

[73]. R.K. Jaswal, G.S. Kocher, M.S. Virk. Indian J. Biotechnol.,
7(2008), pp. 356-360.

[74]. K.K. Darani, H.R. Falahatpishe, M. Jalali Afr. J.
Biotechnol., 7(2008), pp. 1536-1542.

[75]. M.K. Devi, A.R. Banu, G.R. Gnanaprabhal, B.V. Pradeep,
M. Palaniswamy. Indian J. Sci. Technol., 1(2008), pp. 1-6.

[76]. W.H. Chu J. Ind. Microbiol. Biotechnol., 34(2007), pp. 241-
245.

Surbhi Panwar,
Engineering  and



Rebekkah Shanthakumari and Boominathan 299

[77]. M. Shaheen, A.A. Shah, A. Hameed, F. Hasan Pak. J. Bot.,
40(2008), pp. 2161-2169.

[78]. K.B. Maal, G. Emtiazi, I. Nahvi Afr. J. Microbiol. Res.,
3(2009), pp. 491-497.

[79]. K.K. Darani, H.R. Falahatpishe, M. Jalali. Afr. J.
Biotechnol., 7 (2008), pp. 1536-1542.

[80]. S. Seifzadeh, R.H. Sajedi, R. Sariri Iran J. Biotechnol.,
6(2008), pp. 214-224.

[81]. Gupta, B. Joseph, A. Mani, G. Thomas World J. Microbiol.
Biotechnol., 24(2008), pp. 237-243.

[82]. G. Vonothini, M. Murugan, K. Sivakumar, S. Sudha Afr. J.
Biotechnol., 7(2008), pp. 3225-3230.

[83]. Gupta, S.K. Khare Enzyme Microb. Technol., 42(2007), pp.
11-16.

[84]. G Vonothini, M Murugan, K Sivakumar, S Sudha. African
Journal of Biotechnology. 7(18); 2008 13-14

[85]. S. Asokan, C. Jayanthi J. Cell Tissue Res., 10(2010), pp.
2119-2123.

[86]. O. Kebabci, N. Cihangir Afr. J. Biotechnol., 10(2011), pp.
1160-1164.

[87]. V. Zambare, S. Nilegaonkar, P.K. Anovel New Biotechnol.
(2011), 10.1016/j.nbt.2010.10.002.

[88]. I.LU. Haq, H. Mukhtar, H. Umber J. Agric. Soc. Sci.,
2(2006), pp. 23-25.

[89]. G. Srinubabu, N. Lokeswari, K. Jayaraju E. J. Chem.,
4(2007), pp. 208-215.

[90]. R.K. Jaswal, G.S. Kocher, M.S. Virk Indian J. Biotechnol.,
7 (2008), pp. 356-360.

[91]. R.C.S. Thys, S.O. Guzzon, F.C. Olivera, A. Brandelli
Process Biochem., 41(2006), pp. 67-73.

[92]. F. Abidi, F. Limam, M.M. Nejib Process. Biochem.,
43(2008), pp. 1202-1208.

[93]. K. Kalaiarasi, P.U. Sunitha Afr. J. Biotechnol., 8 (2009), pp.
7035-7041.

[94]. S. Sharmin, M.T. Hossain, M.N. Anwar J. Biol. Sci,
5(2005), pp. 358-362.

[95]. N. Bhaskar, E.S. Sudeepa, H.N. Rashmi, A.T. Selvi
Bioresour. Technol., 98(2007), pp. 2758-2764.

[96]. P. Shivanand, G. Jayaraman Process Biochem., 44(2009),
pp. 1088-1094.

[97]. R.A. Abusham, R.N.Z.R.A. Rahman, A.B. Salleh, M. Basri
Microb. Cell Fact. (2009), 10.1186/1475-2859-8-20.

[98]. Q. Huang, Y. Peng, X. Li, H. Wang, Y. Zhang Curr.
Microbiol., 46(2003), pp. 169-173.

[99]. K. Adinarayana, P. Ellaiah, D.S. Prasad AAPS Pharm. Sci.
Technol., 4(2003), pp. 1-9.

[100]. F.M. Olajuyigbe, J.O. Ajele Global J. Biotechnol.
Biochem., 3(2008), pp. 42-46.

[101]. K. Kalaiarasi, P.U. Sunitha Afr. J. Biotechnol., 8(2009),
pp. 7035-7041.

[102]. Gupta, B. Joseph, A. Mani, G. Thomas World J. Microbiol.
Biotechnol., 24(2008), pp. 237-243.

[103]. P.K.P. Kumar, V. Mathivanan, M. Karunakaran, S.
Renganathan, R.S. Sreenivasan Indian J. Sci. Technol., 1 (2008),
pp. 1-4.

[104]. I.U. Haq, H. Mukhtar, H. Umber J. Agric. Soc. Sci.,
2(2006), pp. 23-25.

[105]. P. Chellapandi Eur. J. Chem., 7(2010), pp. 479-482.

[106]. M. Elibol, A.R. Moreira. Process Biochem., 40(2005), pp.
1951-1956.

[107]. V.F. Soares, L.R. Castilho, E.P.S. Bon, D.M.G. Freire
Appl. Biochem. Biotechnol., 121-124(2005), pp. 311-320.

[108]. C.N. Aguilar, G.G. Sanchez, P.A.R. Barragan, R.R.
Herrera, J.L.M. Hernandez, J.C.C. Esquivel. Am. J. Biochem.
Biotechnol., 4 (2008), pp. 354-366.

[109]. K.K. Darani, H.R. Falahatpishe, M. Jalali Afr. J.
Biotechnol., 7 (2008), pp. 1536-1542.

[110]. D. Agrawal, P. Patidar, T. Banerjee, S. Patil. Process
Biochem., 40 (2005), pp. 1131-1136.

[111]. K.G. Siddalingeshwara, J. Uday, C.H. Huchesh, H.P.
Puttaraju, J. Karthic, K.M. Sudipta, T. Pramod, T. Vishwanatha
Int. J. Appl. Biol. Pharm. Technol., 1(2010), pp. 575-581.

[112]. R. Paranthaman, K. Alagusundaram, J. Indhumathi World
J. Agric. Sci., 5(2009), pp. 308-312

[113]. S. Germano, A. Pandey, C.A. Osaku, S.N. Rocha, C.R.
Soccol. Enzyme Microb. Technol., 32(2003), pp. 246-251.

[114]. V.F. Soares, L.R. Castilho, E.P.S. Bon, D.M.G. Freire
Appl. Biochem. Biotechnol., 121-124 (2005), pp. 311-320.

[115]. M. Elibol, A.R. Moreira Process Biochem., 40 (2005), pp.
1951-1956.

[116]. A.K. Mukherjee, H. Adhikari, S.K. Rai. Biochem. Eng. J.,
39 (2008), pp. 353-361.

[117]. Sumantha, Szakacs.G. SandhyaC, C.R. Soccol, A. Pandey
Food Technol. Biotechnol., 43(2005), pp. 313-319.

[118]. H.M. Hamzah, A.H.L. Ali, H.G. Hassan J. Eng. Sci.
Technol., 4 (2009), pp. 81-89.

[119]. M. Govarthanan, S.H. Park, J.W. Kim, K.J. Lee, M. Cho,
S.K. Kannan, B.T. Oh Prep. Biochem. Biotechnol., 44(2014), pp.
119-131.

[120]. B. Johnvesly, B.R. Manjunath, G.R. Naik Bioresour.
Technol., 82(2002), pp. 61-64.

[121]. R.S. Prakasham, C.S. Rao, R.S. Rao, P.N. Sarma
Biotechnol. Prog., 21(2005), pp. 1380-1388.

[122]. Sumantha, C. Larroch, A. Pandey Food Technol.
Biotechnol., 44(2006), pp. 211-220.

[123]. O.S. da Silva, R.L. de Oliveira, Porto A.L.F. Motta CMS,
T.S. Porto Adv. Enzyme Res., 4(2016), pp. 125-143.

[124]. M.M. Macchione, C.W. Merheb, E. Gomes, R.D. Silva
Appl. Biochem. Biotechnol., 146(2008), pp. 223-230.

[125]. M. Elibol, A.R. Moreira Process Biochem., 40(2005), pp.
1951-1956.

[126]. P.S. Murthy, M.M. Naidu World Appl. Sci. J., 8(2010), pp.
199-205.

[127]. R.S. Prakasham, C.S. Rao, P.N. Sarma Bioresour.
Technol., 97(2006), pp. 1449-1454.

[128]. Pandey, C.R. Soccol, D. Mitchell Process Biochem.,
35(2000), pp. 1153-1169.

[129]. M. Elibol, A.R. Moreira Process Biochem., 40(2005), pp.
1951-1956.

[130]. S. Shivakumar Arch. Appl. Sci. Res., 4(1) (2012), pp. 188-
199.

[131]. N.D. Mahadik, U.S. Puntambekar, K.B. Bastawde, J.M.
Khire, D.V. Gokhale Process Biochem., 38(2002), pp. 715-721.
[132]. P. Nithyanand, S. Karutha Pandian, FEMS Microbiol.
Ecol. 69(2009) 384-394.

[133]. R. Patel, M. Dodia, S.P. Singh, Process Biochem. 40(2005)
3569-3575.



