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Abstract
A protease producing Bacillus licheniformis was isolated from abattoir soil sample. Selection of the isolate was based
on the production of the highest zone diameter of 39 mm on skim milk agar. In a preliminary experiment, bacterial
growth was measured as increase in optical density (OD) of medium at 600nm. There were increases in OD from 0.01
at 0 h to 0.66 after 48 h. Protease production also increased from the time of incubation at which 0.11 Units /mg
protein were produced to 51.4 Units /mg protein after 48 h and decreased after 72 h. The best carbon and nitrogen
sources for enzyme production were glucose and peptone respectively, while the most effective inorganic nitrogen
source was observed to be ammonium chloride. Among the agricultural raw carbon sources used, cane sugar, corn
flour, rice flour caused the production of 51.0, 43.2, 46.1 Units/ mg protein respectively after 48 h incubation.
Agricultural raw nitrogen sources namely, soy bean meal and corn steep liquor caused the production of best enzyme
activities of 50.8 and 42.4 Units/ mg protein respectively. Best enzyme activities were observed in media containing
metal ions like Ca2+, Mg2+ and Mn2+. The organism produced protease in broad temperature range of 15-60 ºC and pH
range of 4.0 to 11.0. The optimum conditions observed for protease production were 35 ºC and pH 9.0. The above
results indicate that this isolated bacterium can be useful as a biotechnological tool for industrial purpose.
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1. INTRODUCTION
Proteases (EC 3.4.21-24 and 99; peptidylpeptide hydrolases) are enzymes that hydrolyze
proteins through the addition of water across
peptide bonds and catalyze peptide synthesis in
organic solvents and in solvents with low water
content (Raj et al., 2012). In all living
organisms, proteolytic enzymes are widely
found and are essential for cell growth and
differentiation (Vadlamani et al., 2011).
Proteases constitute the largest group of
enzymes in bio-industry with a long array of
uses. They play an invincible role in industrial
biotechnology, especially in detergent, food
and pharmaceutical industries (Jisha et al.,
2013). From plants papain and ficin are
important proteases, trypsin and chemotrypsin
from animals and alkaline proteases from
microorganisms
like
Bacillus
sp.;
Pseudomonas; Penicillium sp., Aspergillus spp.
etc. (Ellaiah et al., 2002). Among these,
Bacillus and Pseudomonas spp. are specific to
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produce extracellular and alkaline proteases
while Bacillus was found to be predominant
and a prolific source of alkaline protease (Deng
et al., 2010).
Proteases have got wide range of commercial
usage in detergents, leather, food and
pharmaceutical industries (Jellouli et al., 2009).
They are industrially important enzymes and
constitute a quarter of the total global enzyme
production (Kalaiarasi et al 2009).
Alkaline proteases are of considerable interest
in view of their activity and stability at alkaline
pH. Of all the alkalophilic microorganisms,
members of the genus Bacillus were found to
be predominant and a prolific source of
alkaline proteases. Alkaline proteases are a
physiologically and commercially important
group of enzymes used primarily as detergent
additives. B. firmus MTCC7728 produces extracellular alkaline protease, with great
potential in various industries, and several
processes like silver recovery, bioremediation
and protein hydrolysate production (Rao and
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Narasu 2007). As there is increase in demand
of industrial protease, so it is desirable to get
new sources of protease with maximum
production. Wastes particularly from dairy,
meat and poultry processing industries act as
sources for large amount of protein-rich
materials and were biologically transformed
into recoverable products (Raj et al 2012).
Owing to their high protein content, they may
serve as excellent sources for isolating
proteolytic microorganisms (Vishwanatha et
al., 2010). This research work focuses on the
isolation of proteolytic bacteria from abattoir
soil and the determination of the factors that
affect maximum protease production from the
selected isolate.
2. MATERIALS AND METHODS
Soil sample was collected at an abattoir into
sterile polyethylene bag. A 10 g sample was
dissolved in 90 mL of distilled water (pH= 6.5)
contained in 500 ml Erlenmeyer flask and
thoroughly shaken. Then, 1 mL of the sample
was serially diluted in 9 mL 0.1% peptone
water diluent. The diluted sample was plated
onto Nutrient agar (Oxoid Ltd., UK) and the
plates incubated at 35 oC for 24 h. Pure
bacterial cultures were obtained by streaking
on fresh agar plates and were assigned arbitrary
numbers. A loopfull of each culture was added
into 100 mL medium designated as ‘E’
containing in w/v; sucrose, 1.5 %; casein, 1%;
KH2P04, 0.05%; K2HP04, 0.01% and
FeSO4.7H2O, 0.01%. The medium pH was
adjusted to 8.2 using sterile sodium hydroxide.
The isolates were incubated with shaking in a
Gallenkamp orbital incubator for 24 h at 35°C.
Screening and selection of protease
producing bacteria
The individual colony was screened for
protease production according to the method
described by Dam et al., (2013) using 1% skim
milk agar plate. The plates were incubated for
24 h at 37oC and then flooded with 10% tannic
acid solution and incubated for 24 h at room
temperature. Based on the largest clear zone of
hydrolysis, the bacterial strain was selected for
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further use. The selected strain was identified
as
Bacillus
licheniformis
based
on
morphological, physiological and biochemical
characteristics as described in Bergey’s Manual
of Determinative Bacteriology (Holt et al.,
1994).
Medium E was supplemented with 1.5% (w/v)
each of the following carbon sources: fructose,
lactose, glycerol, maltose, glucose, soluble
starch, cellulose powder, mannitol, galactose,
cane sugar, corn flour and rice flour devoid of
sucrose. When sucrose was under test, it was
retained in that series of fermentation flasks.
The following nitrogen sources at 1% w/v
concentration were each added into medium E
in place of casein: yeast extract: ammonium
chloride, urea, sodium nitrate, gelatin, tryptone,
peptone, glutamate, alanine, leucine, beef
extract, soybean meal and corn steep liquor.
The flasks were autoclaved at 121 oC for 15
min. and inoculated with 1 x 108 cells/mL of
Bacillus licheniformis. Each flask was
incubated in a Gallenkamp shaker at 30oC for
72 h. Samples were withdrawn for analysis at
24 h intervals. The content of each flask was
centrifuged at 2515 x g for 15 min. and the
supernatant designated as crude enzyme.
Enzyme assay
The protease activity was estimated by the
method described by Beg et al., (2003).
Following incubation, the bacterial broth was
centrifuged at 2515 x g for 20 min. to obtain
the cell free supernatant (CFS). Aliquot of 1
mL of CFS was added to 1 mL of 1% (w/v)
casein solution in glycine-NaOH buffer of pH
10.5 and incubated for 10 min. at 60oC. The
reaction was stopped by addition of 4 mL of
5% trichloroacetic acid. The reaction mixture
was centrifuged at 2515xg for 10 min and to 1
mL of the supernatant 5 mL of 0.4 M Na2CO3
was added followed by 0.5 mL Folin-Ciocalteu
reagent. The amount of tyrosine released was
determined using a spectrophotometer at 660
nm against the enzyme blank. One unit of
protease activity was defined as the amount of
enzyme required to release 1 µg of tyrosine per
mL per min. under the assay conditions.
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Partial purification of the enzyme:
The crude enzyme was dialyzed overnight
against 0.1M Tris/HCl buffer (pH 8.2). Solid
ammonium sulphate was added to the crude
enzyme extract to 70% saturation, incubated
for 10 h with gentle mixing. The solution was
centrifuged at 2515 x g for 15 min. and the
supernatant was dissolved in 0.1M Tris/HCl
buffer (pH 8.2) and dialyzed overnight against
the same buffer. The dialysate was used as
enzyme solution.
Effect of metal ions on enzyme production:
The metal ions (0.01 % w/v) were each added
into medium E in place of FeSO4.7H2O. The
media were incubated for 24 h in a Gallenkamp
orbital incubator followed by centrifugation at
2515 x g for 15 min. The supernatant was
assayed for enzyme activity.
The effect of pH on enzyme activity
The effect of pH on activity of the protease was
determined by using buffer solutions of
different pH (citric acid/sodium citrate buffer,
pH 4.0-6.0; potassium phosphate buffer, pH 7.0
to 8.0; Tris/HCl buffer, pH 8.1-9.0 and
carbonate/bicarbonate buffer (pH 9.0-11.0) for
enzyme assay. The pH activity profile of the
enzyme was determined by incubating 1 mL of
enzyme solution with 1 mL of 1% (w/v) casein
solution prepared in buffers of different pH
values (5.0-11.0) and incubated for 2 h at 60oC.
The reaction was stopped by the addition of 4
mL of 5% trichloroacetic acid. The reaction
mixture was centrifuged at 2515 x g for 10 min
and to 1 mL of the supernatant 5 mL of 0.4 M
Na2CO3 was added followed by 0.5 mL FolinCiocalteu reagent. The amount of tyrosine
released was determined.
The effect of temperature on enzyme activity
The temperature activity profile of the enzyme
was determined by incubating 1 mL of enzyme
solution with 1 mL of 1% (w/v) casein solution
prepared in 0.1M Tris/HCl buffer (pH 8.2) and
incubated for 2 h at different temperatures (15,
20, 25, 30, 35, 40, 45, 50, 55 and 60oC) in a
thermo static water bath (Kottermann, Bremen,
Germany). The reaction was stopped by the
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addition of 4 mL of 5% trichloroacetic acid.
The reaction mixture was centrifuged at 2515 x
g for 10 min and to 1 mL of the supernatant 5
mL of 0.4 M Na2CO3 was added followed by
0.5 mL Folin-Ciocalteu reagent. The amount of
tyrosine released was determined.
Analysis
Determination of pH was done with a glass
electrode pH meter (PYE Unicam, England).
Protein content was estimated by the method of
Lowry et al., [1951] using bovine serum
albumin (Sigma-Aldrich) as a standard.
3. RESULTS AND DISCUSSION
A total of thirty-one bacterial isolates from
abattoir soil were plated on 1% skim milk agar.
The organisms showed various degrees of
hydrolysis on the agar (Table 1). The best
protease producing strain was selected for
further studies depending on the highest clear
zone on the agar. It was found that the bacterial
strain CE 21 showed largest zone clearance of
39 mm. Based on its morphological,
physiological and biochemical characteristics,
the selected strain was identified as Bacillus
licheniformis.
Results in Table 2 shows bacterial growth and
protein production in medium E. Growth
measured as increase in optical density of
medium at 600nm increased from 0.01 at 0 h to
0.66 after 48 h and decreased to 0.40 after 72 h.
Enzyme production also increased from the
time of incubation at which 0.11 Units /mg
protein was produced to 51.4 Units /mg protein
after 48 h and decreased after 72 h incubation.
Results of the effects of carbon sources on
protease activity shows that the different
carbon sources had various effects on
production of alkaline extracellular protease by
Bacillus licheniformis.
Glucose was found the optimum source and
caused the production of enzyme activity of
31.2 U/mg protein after 24 h. This level peaked
at 61.9 U/mg protein after 48 h and decreased
thereafter to 42.7 U/mg protein after 72 h
(Table 3).
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Table 1: Selection of fungal isolates based on their
protease activities

S/N

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31

Bacterial Clear zone
isolate
diameter
(mm)
CE 1
12
CE 2
4
CE 3
15
CE 4
8
CE 5
8
CE 6
18
CE 7
23
CE 8
15
CE 9
3
CE 10
6
CE 11
17
CE 12
19
CE 13
22
CE 14
28
CE 15
6
CE 16
23
CE 17
4
CE 18
16
CE 19
11
CE 20
30
CE 21
39
CE 22
28
CE 23
4
CE 24
15
CE 25
17
CE 26
9
CE 27
13
CE 28
10
CE 29
6
CE 30
29
CE 31
5

Gram
reaction
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
-

Table 2: Bacterial growth and protease production in
medium E

Time (h)

OD 600 nm

0
24
48
72

0.01
0.18
0.66
0.40

Enzyme
activity
(U/mg protein)
0.11
32.7
51.4
36.2

Cultural and environmental conditions play
important roles in microbial growth and
enzyme production. The present study was
aimed for optimization of medium components
for the maximum production of alkaline
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protease. Thumar and Singh (2007) reported
that glucose was best carbon source for growth
but protease production was optimal with
sucrose for actinomycetes.
Table 3: Effect of carbon sources on the production
of protease by Bacillus licheniformis

Carbon source
(1.5 %, w/v)
Lactose
Fructose
Glycerol
Sucrose
Maltose
Mannitol
Glucose
Soluble starch
Cellulose powder
Galactose
Cane sugar
Corn flour
Rice flour

Period of incubation (h)
24
48
72
Protease
Activity
(Units/mg protein)
16.8
37.3
18.3
17.4
37.4
26.6
29.0
46.3
40.1
32.7
51.4
36.2
18.7
41.8
35.8
17.2
40.5
36.8
34.2
61.9
42.7
14.5
28.9
21.4
8.5
21.6
14.6
16.0
29.2
14.9
28.8
51.0
40.3
26.5
43.2
30.6
19.4
46.1
37.2

This present investigation is in line with the
findings of (Boominadhan et al., 2009) who
reported maximum protease enzyme activity in
glucose medium among other carbon sources
and beef extract among other nitrogen sources
for Bacillus spp. Also, glucose supported the
maximum production of protease while the best
nitrogen source for protease production was
beef extract (Ariole and Ilega 2013).
The best carbon source for enzyme production
in Bacillus pumilus SG 2 was glucose and the
best nitrogen sources were yeast extract and
casein (Sangeetha et al. 2008). Bacillus cereus
strain 146 which used glucose for maximum
amount of alkaline protease production (Shafee
et al., 2005). The study of alkaline protease
production showed that glucose and casein
were the best carbon and nitrogen sources
respectively (Basavaraju et al., 2014). Afify et
al [2009] reported that glucose resulted in the
reduction in protease production which they
attributed to catabolite repression by high
glucose available in the medium. Increased
yields of alkaline proteases were reported by
several other workers who used lactose,
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sucrose and fructose (Nejad et al., 2010). Yang
et al. (2000) reported that lactose or arabinose
enhanced protease production by Bacillus
subtilis.
There is an increasing interest in the use of
agricultural raw materials and wastes products
because they are cheap carbon and energy
sources not only to cultivate microorganisms,
but also to obtain valuable products which have
different
applications
with
economic
significance (El-Enshasy et al., 2008). In this
present investigation, cane sugar, corn flour
and rice flour were used as carbon sources in
medium E for protease production. Highest
protease levels of 51, 43.2 and 46.1 Units/ mg
protein respectively produced from these
substrates after 48 h and these levels were
comparable to the ones produced with pure
carbon sources (Table 3).
Testing the effect of various nitrogen sources
on protease production (Table 4), it was found
that peptone gave the highest enzyme activity
of 58.6 Units/ mg protein after 48 h. Another
notable finding of the study was that the
inorganic nitrogen sources namely ammonium
chloride, sodium nitrate and urea proved to be

inferior compared to the organic nitrogen
sources for protease production. We tried
combination
of
glutamate+peptone,
alanine+peptone and leucine+peptone as
nitrogen sources. The combinations were
better than single nitrogen sources (Table 4).
Roughly the same amount of extracellular
protease was produced as compared to peptone
when soy bean meal and corn steep liquor were
individually used as nitrogen sources. The
production of the enzyme with these substrates
would be cheap and economically attractive.
Many studies used natural sources such as rice
bran, soy bean, wheat flour, wheat bran, corn
bran, corn starch and orange peels as medium
constituents to support protease production by
bacteria (Joo and Chang, 2005). Study by
Sehar and Hameed (2011) concluded that
organic nitrogen sources such as casein,
gelatin, peptone, yeast extract and beef extract
had significant effects on extracellular protease
production by a halophilic Bacillus sp, whereas
simple inorganic nitrogen sources in the form
of ammonium compounds showed reduced
growth and protease production.

Table 4: Effect of nitrogen sources on the production of protease by Bacillus licheniformis

Nitrogen source
(1 %, w/v)
Ammonium chloride
Urea
NaNO3
Tryptone
Yeast extract
Peptone
DL-glutamate
DL-alanine
DL-leucine
Beef extract
Soybean meal
Corn steep liquor
Gelatin
Casein
DL-glutamate+peptone
DL- alanine+peptone
DL-leucine+peptone

Available on-line at www.afst.valahia.ro

Period of incubation (h)
24
48
72
Protease activity (Unit/mg protein)
20.9
36.1
22.8
14.7
19.8
8.9
10.5
22.9
20.6
25.2
40.1
34.3
20.9
53.4
26.9
28.1
58.6
49.3
29.3
55.6
30.9
20.0
49.8
41.2
34.8
56.1
41.8
22.5
49.0
36.7
33.9
50.8
46.4
29.6
42.4
36.0
18.4
41.6
30.1
32.7
51.4
36.2
43.2
84.8
58.5
39.5
71.6
49.6
49.8
75.9
50.5
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Table 5: Effect of metal ions on the production of protease by Bacillus licheniformis

Metal salt
(0.01 % w/v)
Unsupplemented medium E
CuSO4 .7H2O
MgSO4.7H2O
CaCl2
EDTA
AgNO3
CoCl2
BaCl2
FeSO4.7H2O
ZnSO4
MnCl2

Specific activity
(Units/mg protein)
36.8
36.1
79.5
97.9
4.1
30.7
10.3
28.3
32.7
26.1
76.9

Specific activity (Units/mg protein)

Beef extract among the different organic
nitrogen sources and ammonium carbonate
among the different inorganic nitrogen sources
led to a high proteolytic activity by Bacillus sp.
at 48 h incubation (Rajkumar et al., 2010). Raj
et al., (2012) tested the effect of various
nitrogen sources on protease production, and
found that yeast extract gave the highest
enzyme activity. Atalo and Gashe (1993)
showed that yeast extract and peptone induced
the alkaline protease production.
The addition of CaCl2 in the growth medium
resulted in the best accumulation of proteolytic
activity (Table 5). The metal chelator ethylene
diamine tetra acetic acid (EDTA) led to rapid
enzyme inactivation. Calcium was found to be
required for the stability of several extracellular

% Relative activity
100
98
216
266
11
83
28
77
89
71
209

proteases including neutral protease (Kumar
and Takagi 1999) and alkaline protease (Smita
et al., 2012). The most commonly used metal
ions are Ca2+, Mg2+ and Mn2+. Ca2+ ion is also
known to play a major role in enzyme
stabilization by increasing the activity and
thermal stability of alkaline proteases at higher
temperatures (Kumar 2002). Other metal ions
such as Ba2+, Mn2+, Mg2+, Co2+, Fe3+ and Zn2+
are also used for stabilizing proteases (Rattray
et al., 1995). Hg2+; Cu2+, Ag2+, Fe2+ and Zn2+
were found inhibitory to majority of proteases
(Moallaei, et al., 2006; Pena-Montes et al.,
2008).
The influence of initial pH on protease
production was tested over a wide range from
pH 4.0 to 11.0 (Fig. 1).

10
9
8
7
6
5
4
3
2
1
0
0

2

4

6

8

10

12

pH

Fig 1: Effect of pH on the production of protease by Bacillus licheniformis
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Fig 2: Effect of temperature on the production of protease by Bacillus licheniformis

Optimal pH for the enzyme production was 9.0
at which enzyme activity of 8.6 Units/mg
protein was produced. This activity level was
followed closely by pH 8.0 at which enzyme
activity of 8.1 Units/mg protein was produced.
Lowest activity of 2.6 Units/mg protein was
produced at pH 4.0. The pH of the production
medium play a critical role for the optimal
physiological performances of the bacterial cell
and the transport of various nutrient
components across the cell membrane aiming
at maximizing the enzyme yields (Smita et al.,
2012). Bacterial alkaline proteases were
characterized by their high activity at alkaline
pH and broad substrate specificity (Mukesh
Kumar et al., 2012). The optimum pH for
maximum protease production from Bacillus
SNR01 was pH 7.0 (Josephine et al., 2012).
Pseudomonas aeruginosa showed maximum
protease activity at pH 9.5, temperature 37oC
and 48 h incubation time (Samanta et al.,
2012). Kobayashi et al. (1996) reported that
optimal activity of bacterial protease at pH 11
while Kumar (2002) reported that the
production of an alkaline protease was best at
pH 11.5 for Bacillus sp. High protease
production was recorded after an incubation
time of 96 h by Bacillus subtilis. Raj et al.,
(2012) detected protease production over a
broad pH range from 4.0 to 9.0, and the
maximum enzyme production was noted at
neutral pH. Maximum protease activity was
Available on-line at www.afst.valahia.ro

observed at pH 9 (Ariole and Ilega 2013).
Akujobi, et al., (2012) reported a maximum
alkaline protease production at pH 9 for
Pseudomonas aeruginosa isolated from
abattoir soil. The optimum pH for activity of
protease produced by Bacillus sp. SP5 was 9.0.
This observation is comparable with the
findings of (Geethanjali et al. 2011) using
Bacillus subtilis where the optimum pH of the
medium was 9.0. The alkaline proteases
produced from Bacillus sp. showed maximum
activity at pH 8.0 to 9.0 (Nascimento and
Martins, 2004).
The enzyme was incubated over the
temperature range from 15 to 60°C (Fig. 2). It
was found that temperature of 35 °C was best
for enzyme production. At 15 °C, protease was
produced while at higher temperature of 55 and
60 °C only were produced. Temperature
regulates the synthesis and secretion of
extracellular proteases by microorganisms
(Balaji 2012). Temperature significantly
regulates the synthesis and secretion of
bacterial extracellular proteinase by changing
the physical properties of the cell membrane
(Balaji et al., 2012). Therefore, temperature is
an important parameter that should be
controlled in order to obtain an optimal enzyme
production. The incubation temperature of a
fermentation process has a profound role to
play on the growth and in turn on the metabolic
activities of the microbial cells (Sharma et al.,
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1980). The optimum temperature for alkaline
protease by Bacillus sp. MIG was found to be
30 °C (Mohapatra et al. 2003). Many reports
showed bacterial and fungal alkaline protease
production at lower and moderate temperatures
(25-50°C) (Kumar and Takagi, 1999).
Studies report that different species of
Penicillium including P. citrinum, P.
perpurogerum and P. funculosum gave highest
yield of protease when incubated at 30°C
(Sharma et al., 1980). Haq et al. (2004) have
also reported that maximum production of
protease by P. griseoroseum was obtained at an
incubation temperature of 30°C and the
enzyme production was reduced when the
incubation temperature was increased above
30°C. Ariole and Ilega (2013) found
temperature of 37°C to be optimum for
maximum protease activity. An increase in
protease production with increase in
temperature up to the temperature of 37°C for
Pseudomonas aeruginosa from abattoir soil has
been reported by (Kalaiarsi and Sunitha, 2009)
and [Akujobi et al., 2012] respectively. The
optimum temperature for alkaline protease
production by Bacillus isolates was found to be
37°C (Basavaraju et al., 2014) although it
grew and produced alkaline protease in the
range of 30 to 40°C). In concurrence to our
result are the previous findings, where the
bacterial isolates like Pseudomonas aeruginosa
MTCC 7926, Serratia liquefaciens preferred 37
°C for maximum production of protease (Patil
et al., 2011). The production of alkaline
protease by Bacillus halodurans was
investigated, wherein the maximal cell growth
was seen at 50 and maximum enzyme
production was found at 37oC (Ibrahim and AlSalamah 2009).
4. CONCLUSIONS
Bacterial strains from the albattoir effluent
were screened for extracellular alkaline
protease production. The isolates were
inoculated on using 1% skim milk agar plate
and produced clear zone around the colony
indicating protease activity. Isolate CE 21
produced highest activity and was identified as
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Bacillus licheniformis by biochemical,
physiological and cultural characterization.
Cultural environment for protease production
was optimized using submerged fermentation
and it was found that glucose and peptone were
the best carbon and nitrogen substrates
respectively
for
enzyme
production.
Agricultural raw materials when used as carbon
or nitrogen also caused the production of
significant amounts of protease. Overall best
yields were obtained when amino acids were
combined with peptone as sources of nitrogen.
The pH 9.0, temperature of 35oC and the
addition of CaCl2 enhanced protease
production.
5. REFERENCES
[1] Afify, A.E.M.R., Aboul Soud, M.A.M., Foda, M.S.,
Sadik, M.W.A., Kahil, T., Asar, A.R., Al-Khedhair,
A.A. (2009). Production of alkaline protease and
larvicidal biopesticides by an Egyptian Bacillus
sphaericus isolate. Afr. J. Biotechnol., 8(16), 38643673.
[2] Akujobi, C.O., Odu, N.N., Okorondu, S.I., Ike, E.N.,
(2012). Production of protease by Pseudomonas
aeruginosa and Staphylococcus aureus isolated
from abattoir environment. J. Research in Biology,
2, 077-082.
[3] Ariole, C.N., E. Ilega (2013). Alkaline protease
production by Pseudomonas aeruginosa isolated
from the gut of Pila ovata. J. Global Biosc., 2(5),
126-131
[4] Asokan, S., Jayanthi, C. (2010). Alkaline protease
production by Bacillus licheniformis and Bacillus
coagulans. J. Cell Tissue Res., 10(1), 2119-2123.
[5] Atalo, K., Gashe, B.A. (1993). Protease production
by a thermophilic Bacillus sp. (P-001A) which
degrades various kinds of fibrous proteins.
Biotechnol. Lett., 11, 1151-1156.
[6] Balaji, N., Rajasekaran, K.M., Kanipandian, N.,
Vignesh, V., Thirumurugan R. (2012). Isolation and
screening of proteolytic bacteria from freshwater
fish Cyprinus carpio. Int. Multidiscipl Res. J., 2(6),
56-59.
[7] Beg, Q.K., Sahai, V., Gupta, R. (2003). Statistical
media optimization and alkaline protease production
from Bacillus mojavensis in a bioreactor. Process
Biochem., 39(2), 203-209.
[8] Dam, P., Das, M.P., Rebecca, L.J., Sharmila, S.
(2013). Production and optimization of extracellular
alkaline proteases from Bacillus Sp. isolated from
marine soil. Res. J. Pharm. Biological Chem. Scs.,
4, 1-8.
[9] Deng, A., Wu, J., Zhang, Y., Zhang, G.Q., Wen,
T.Y. (2010). Purification and characterization of a

475

Volume 18, Issue 3, 2017

Annals. Food Science and Technology
2017

surfactantstable high alkaline protease from Bacillus
sp. B001. Bioresour. Technol., 101, 7100-7106.
[10] El-Enshasy, H.A., Mohamed, N.A., Farid, M.A., ElDiwany, A.I. (2008). Improvement of erythromycin
production by Saccharopolyspora erythraea in
molasses based medium through cultivation medium
optimization. Bioresour. Technol., 99(10), 42634268.
[11] Ellaiah, P., Adinarayana, K., Bhavani, Y., Padmaja,
P., Srinivasulu, B. (2002). Optimization of process
parameters for glucoamylase production under solid
state fermentation by a newly isolated Aspergillus
species. Process Biochem., 38, 615- 620.
[12] Haq, I., Mukhtar, Z.A., Riaz, N. (2004). Protease
biosynthesis by mutant strain of Penicillium
griseoroseum and cheese formation. Pakistan J.
Biol. Sci., 7, 1473–1476.
[13] Holt, J.G., Krieg, N.R., Sneath, P.H.A., Staley, J.T.,
Williams, S.T. (1994). Bergey’s Manual of
Determinative Bacteriology. Ninth edition. Williams
and Wilkins, Baltimore.
[14] Jellouli, K., Bougatef, A., Manni, L., Agrebi, R.,
Siala, R., Younes, I., Nasri, M. (2009). Molecular
and biochemical characterization of an extracellular
serine-protease from Vibrio etschnikovii. Microbiol.
Biotechnol., 36, 939-948.
[15] Jisha, V.N., Smitha, R.B., Pradeep, S., Sreedevi, S.,
Kizhakkepawothail N. Unni, K.N. Sajith, S., Priji,
P., Josh, M.S., Benjamin, S. (2013). Versatility of
microbial proteases. Adv. Enzyme Res., 1, 39-51.
[16] Joo, H.S., Chang, C.S. (2005). Production of
protease from a new alkalophilic Bacillus sp. I312
grown on soybean meal: Optimization and some
properties. Proc. Biochem., 40, 1263-1270.
[17] Josephine, F.S., Ramya, V.S., Devi, N., Ganapa,
S.B., Siddalingeshwara, K.G., Venugopal, N.,
Vishwanatha, T. (2012). Isolation, production and
characterization of protease from Bacillus sp.
isolated from soil sample. J Microbiol Biotech Res.,
2(1): 163-168.
[18] Kalaiarsi, K., Sunitha, P.U., (2009). Optimization of
alkaline protease production from Pseudomonas
fluorescens isolated from meat waste contaminated
soil. Afr. J. Biotechnol., 8(2), 7035-7041.
[19] Kobayashi, T., Hakamada, Y., Hitomi, J., Koike, K.,
Ito, S. (1996). Purification of alkaline proteases
from a Bacillus strain and their possible
interrelationship. Appl. Microbiol. Biotechnol., 45,
63.
[20] Kumar,
C.G.
(2002).
Purification
and
characterization of a thermostable alkaline protease
from alkalophilic Bacillus pumilus. Lett. Appl.
Microbiol.,
34,
13-17.
doi:10.1046/j.1472765x.2002.01044.x
[21] Kumar, C.G., Takagi, H. (1999). Microbial alkaline
Proteases: From a bioindustrial viewpoint.
Biotechnol. Adv., 17, 561-594.
[22] Kumar, D.J.M., Venkatachalam, P., Govindarajan,
N., Balakumaran, M.D., Kalaichelvan, P.T. (2012).

Available on-line at www.afst.valahia.ro

Production and purification of alkaline protease
from Bacillus sp. MPTK 712 isolated from dairy
sludge. Global Veterinaria, 8(5), 433-439.
[23] Kumar, G.A., Nagesh, N., Prabhakar, T.G.,
Sekharan, G. (2008). Purification of extracellular
acid protease and analysis of fermentation
metabolites
by
Synergistes
sp.
utilizing
proteinaceous solid waste from tanneries. Bioresour.
Technol, 99(7), 2364-2372.
[24] Lowry, O. H., Rosenbrough, N. J., Farr, A. L.,
Randall, A. (1951). Protein measurement with the
folin phenol reagent. J. Biol. Chem., 193, 265-275.
[25] Mohapatra, B.R., Bapuji, M., Sree A. (2003).
Production of industrial enzymes (amylase,
carboxymethylcellulase and protease) by bacteria
isolated from marine sedentary organisms. Acta
Biotechnol., 23, 75-84.
[26] Mukesh
Kumar,
D.J.,
Krishnaveni,
K.,
Balakumaran, M.D., Ramesh, S. and Kalaichelvan,
P.T., (2012). Production and optimization of
extracellular alkaline protease from Bacillus subtilis
isolated from dairy effluent, Der Pharmacia Lett.,
4(1), 98-109.
[27] Nascimento, W.C.A., Martins, M.L.L. (2004).
Production and properties of an extracellular
protease from thermophilic Bacillus sp. Braz. J.
Microbiol., 35, 91-96.
[28] Nejad, Z.G., Yaghmaei, S., Hosseini, R.H. (2010).
Production
of
extracellular
protease
and
determination of optimise condition by Bacillus
licheniformis BBRC 100053. Chem. Eng. Trans.,
21, 1447-1452.
[29] Niadu, K.S.B., Devi, K.L. (2005). Optimization of
thermostable alkaline protease production from
species of Bacillus using rice bran. Afr. J.
Biotechnol. 4, 724-726.
[30] Patil, U., Chaudhari, A. (2011). Optimal production
of alkaline protease from solvent- tolerant
alkalophilic Pseudomonas aeruginosa MTCC 7926.
Indian J. Biotechnol., 10, 329-339.
[31] Pena-Montes, C., González, A., Castro-Ochoa, D.,
Farres, A. (2008) Purification and biochemical
characterization of a broad substrate specificity
thermostable alkaline protease from Aspergillus
nidulans. Appl. Microbiol. Biotechnol., 78, 603-612.
doi:10.1007/s00253-007-1324-y
[32] Radha, S., Nithya, V.J., Himakiran, R., Babu,
Sridevi, A., Prasad, N.B.L., Narasimha, B. (2011).
Production and optimization of acid protease by
Aspergillus spp under submerged fermentation.
Arch. Appl. Sci Res., 3(2): 155-163.
[33] Raj, A., Khess, N., Pujari, N., Bhattacharya, S., Das,
A., Rajan, S.S. (2012). Enhancement of protease
production by Pseudomonas aeruginosa isolated
from dairy effluent sludge and determination of its
fibrinolytic potential Asian Pacific J. Trop. Biomed.,
S1845-S1851.
[34] Rajkumar, R., Jayappriyan, K.R., Kannan, R.P.,
Rengasamy, R. (2010). Optimization of culture

476

Volume 18, Issue 3, 2017

Annals. Food Science and Technology
2017

conditions for the production of protease from
Bacillus megaterium. J Ecobiotechnol., 2(4): 40-46.
[35] Rao, K., Narasu, L. (2007) Alkaline protease from
Bacillus firmus 7728. Afr. J. Biotechnol. 6, 24932496.
[36] Rao, R. S. P., Sarma. P.N. (2006). Green gram husk
– An inexpensive substrate for alkaline protease
production by Bacillus sp. in solid-state
fermentation. Bioresour. Technol., 97, 1449-1454.
[37] Rattray, F.P., Bockelmann, W., Fox, P.F. (1995)
Purification and characterization of an extracellular
proteinase from Brevibacterium linens ATCC 9174.
Appl. Environ. Microbiol., 61, 3454-345.
[38] Samanta, A., Pal, P., Mandal, A., Sinha, C., Lalee,
A., Das, M., Kaity, S., Mitra, D. (2012). Estimation
of biosurfactant activity of an alkaline protease
producing bacteria isolated from municipal solid
waste. Cent Eur J Exp Biol. 1(1): 26-35.
[39] Sangeetha, R., Geetha, A., Arulpandi, I. (2008).
Optimization of protease and lipase production by
Bacillus pumilus SG2 isolated from an industrial
effluent. The Internet J. Microbiol. 5 (2). DOI:
10.5580/2126.
[40] Sathees Kumar, R., Prabhu, D., Shankar, T.,
Sankaralingam, S. and Anandapandian, K.T.K.,
(2011). Optimization of alkalophilic protease
production by Pseudomonas aeruginosa isolated
from the gut of Penaus monodon. World J. Fish
Marine Sci., 3(5), 371-375.
[41] Sehar, S., Hameed, A. (2011). Extracellular alkaline
protease by a newly isolated halophilic Bacillus sp.
Global J Biotechnol. Biochem., 6(3): 142-148.
[42] Shafee, N., Aris, S.N., Rahman, N.R.A., Basri, M.,
Salleh, A.B. (2005). Optimization of environmental
and nutritional conditions for the production of
alkaline protease by newly isolated bacterium
Bacillus cereus strain 146, J. Appl. Sci. Res., 1, 1-8.

Available on-line at www.afst.valahia.ro

[43] Sharma, O.P., Sharma, K.D., Nath, K. (1980).
Production of proteolytic enzyme by fungi. Rev.
Roum. Biochem., 17, 209–215.
[44] Smita, G.S., Ray, P., Mohapatra, S. (2012).
Quantification and optimization of bacterial isolates
for production of alkaline protease. Asian J Exp.
Biol. Sci., 3(1):180-186.
[45] Sreedevi, B., Chandrasekhar, K., Pramoda, K. J.
(2014). Induction of Alkaline Protease Production
by Bacillus Mutants Through U.V. Irradiation Int. J.
Pharm. Sci. Rev. Res., 26, 78-83.
[46] Thumar, J., Singh, S.P. (2007). Secretion of an
alkaline protease from salt tolerant and alkaliphilic
Streptomyces clavuligerus strain MIT-1, Braz. J.
Microbiol., 38, 766-772.
[47] Vadlamani, S., Parcha, S.R. (2011). Studies on
industrially important alkaline protease production
from locally isolated superior microbial strain from
soil microorganisms. Int. J. Biotechnol. Appl. 3(3):
102-105.
[48] Vishwanatha, T., Jain, S.N., Reena, V., Divyashree,
B.C., Siddalingeshwara, K.G., Karthic, J., Sudipta,
K.M. (2010). Screening of substrates for protease
production from Bacillus licheniformis. Int J Eng
Sci Technol., 2(11): 6550-6554.
[49] Yang, J.K., Shih, I.L., Tzeng Y.M., Wang, S.L.
(2000). Production and purification of protease by
Bacillus subtilis that can deproteinase crustacean
wastes. Enzyme Microb. Technol. 26, 406-413.

477

Volume 18, Issue 3, 2017

