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al., 2011[6], Bhatnagar et al., 2010[5], Yadav et al.,
2011) [34]. On account of their broad substrate
specificity, proteases have extensive applications in
various fields (Maal et al., 2009[14], Sumantha et al.,
2006[24], Ward et al., 2009) [33]. Moreover, baking
industries use bakery dough or wheat flour and this
compound consists of an insoluble protein called
gluten which is hydrolyzed by protease (Sumantha
et al., 2006) [24]. Also, the addition of proteases
decreases the mixing time and results in the four
increased loaf volumes (Leng and Xu, 2011) [12].

Abstract
Proteases are a group of enzymes catalyze the
hydrolysis of polypeptide chains into smaller
polypeptides or free amino acids. Microbial
proteases are one of the important groups of
industrially and commercially produced enzymes.
The protease production was studied by using
shake flask fermentation using Staphylococcus
sciuri (TKMIT8) isolated from soil and water
samples
collected
from
different
halwa
manufacturing units located in Kollam and
Karunagappally, Kerala, India. The fermentation
conditions (Incubation time, pH, Temperature,
Carbon sources, Metal salts, and Nitrogen sources)
were optimized to enhance protease production and
activity by Staphylococcus sciuri (TKMFT 8). The
results showed that protease production by
Staphylococcus sciuri (TKMFT 8) was increased
under optimized conditions with a medium
containing glucose as carbon source, beef extract as
the nitrogen source, NaCl as the metal salt, and pH
8 at 20ºC for 48 h of incubation of fermentation
broth. The results in the optimization study on
different factors will be useful during further
production of protease by Staphylococcus sciuri
(TKMFT8).

Generally, proteolytic enzymes (proteases) are
categorized into peptidases and proteinases.
Proteinases catalyze protein degradation into
smaller peptide fractions; while hydrolysis of
specific peptide bonds or completely breakdown
peptides to amino acids are catalyzed by peptidases
or peptide bond hydrolase (Anita, 2010[4], Vasantha
and Subramanian, 2012) [30]. Proteases are
classified under the subgroup 4 of Group 3
(hydrolases) (International Union of Biochemistry,
1992) [8]. Based on the pH optima, there are three
different types of proteases such as acidic, neutral
and alkaline protease (Tiwari et al., 2015) [25]. The
environmental conditions of the fermentation batch
play a major role in the growth and metabolite
production of a microbial population (Miyaji et al.,
2006[15], Kim et al., 2001) [10].

Keywords: Protease, Screening, Optimization,
Staphylococcus sciuri (TKMFT8).

Proteases are seen in all forms of life such as
plants, animals and microorganisms. Vadlamani
and Percha (2011) [29] reported that proteolytic
enzymes are widely found in all living organisms.
Microorganisms represent an important source of
enzymes including protease due to their broad
biochemical diversity (Godfrey and West, 1996) [7].
Several Bacillus
sp,
Yersinia
sp,
and
Staphyloccocal sp are involved in protease
production (Josephine et al., 2012) [9].
Microorganisms are the most preferred source of
these enzymes mainly because of their rapid
growth, the limited space required for their

1.Introduction
Proteases can be defined as enzymes which
catalyze the breakdown of hydrolytic bonds in
proteins thereby releasing amino acids and peptides
(Theron and Divol, 2014) [25]. Proteases are a
distinct subgroup of hydrolytic enzymes which
catalyze the peptide bond breakdown in proteinous
substrates (Sankeerthana et al., 2013[19], Ghasemi et
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cultivation and ease with which they can be
genetically manipulated to generate new enzymes
with altered the properties that are desirable for
their various applications (Kumarasamy et al.,
2012) [11].

Protease activity was carried out using the
supernatant solution (Tsuchida et al. (1986) [28]. The
amount of protease activity was determined using a
standard graph prepared using tyrosine. One unit of
protease is defined as the amount of enzyme that
releases 1 µg of tyrosine per ml per minute under
the standard conditions of supernatant solution.
Enzyme activity was expressed as U/ml.

The study aims to optimize the culture conditions
of protease production by Staphylococcus sciuri
(TKMFT 8) isolated from soil and water samples
collected from different halwa manufacturing units
located in Kollam and Karunagappally, Kerala,
India.

2.6 Quantitative assay of protein
The total protein content was determined by the
Lowry method using Bovine Serum Albumin
(BSA) as standard (Lowry et al, 1951) [13]. OD was
measured at 660 nm and expressed in milligram per
milliliter (mg/ml).

2.Materials and Methods
2.1 Sample collection
Protease producing microbes were isolated from,
soil and water samples collected from different
halwa manufacturing units located in Kollam and
Karunagappally, Kerala, India. Soil samples for the
study were collected from different areas in halwa
production units whereas water samples collected
comprised of wastewater from the food processing
units.

2.2 Isolation
bacteria

of

Protease

2.7 Identification of Protease producing
bacteria
The isolated organisms were identified based on
their colony morphology (Aneja, 2003) [3],
microscopic observation using Gram’s staining
(Todar et al., 2005) [27], biochemical identification
using VITEK 2 compact-Biomerieux automatic
system, and molecular identification using 16S
Ribosomal RNA Sequencing (Vimal et al., 2016)
[31]
.

producing

The technique used for the isolation of bacteria
from soil and water samples was the serial dilution
agar plate technique (Sjodahl et al., 2002) [22].

2.8 Optimization of culture conditions for
maximum protease production
The culture conditions viz., incubation time, pH,
temperature, carbon sources, nitrogen sources and
metal salts were optimized to enhance protease
production by the isolate.

2.3 Screening for best strain produced
protease
A total of 87 dissimilar colonies from nutrient agar
plates were selected and each isolate was given a
reference number (TKMFT 01 to TKMFT 87) and
subjected to primary screening by plate assay using
protease specific medium where gelatin was used
as the substrate. The clear zone diameters were
measured by flooded the plates with mercuric
chloride solution (Abdel Galil, 1992) [1].

2.8.1 Effect of incubation time on protease
production
Production medium at pH 7.0 was inoculated with
12h grown selected bacterial cultures. The broth
was kept for shaker fermentation at different time
period of 24-240 hours (Day1 to Day10). At the
end of incubation, the cell free culture filtrate is
obtained and used as enzyme source.

2.4 Preparation of Crude Enzyme
The culture was inoculated in the production
medium and incubated over ten days at 37⁰ C in a
rotary shaker. The contents of the flasks were
centrifuged at 10000 rpm for 10 minutes at 4⁰ C to
get the cell-free supernatant containing the crude
enzyme. The protease assay was carried out from
the first day to 10th day to find out the day with
maximum enzyme production.

2.8.2 Optimization of Protease production
of TKMFT8 at different pH
The effect of pH on enzyme activity was determined
over a pH range of 4, 5, 6, 7, 8, 9, and 10 using 1N
HCl and 1N NaOH and culture flasks were
incubated at 37ºC for 48h. Protease activity was
determined in the supernatant.

2.5 Measurement of activity of enzyme
2
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period, the cell-free culture filtrate is used as an
enzyme source.

2.8.3 Optimization of Protease production
of TKMFT 8 at different Temperatures
Production medium was inoculated with overnight
grown selected bacterial strain. The broth was
incubated at different temperatures from 10, 20, 30,
40, 50 and 60ºC for 48h. At the end of the
incubation period, the cell-free culture filtrate is
used as an enzyme source.

2.8.4
Effect of Carbon sources on
protease production of TKMFT8
Fig1: Zone of hydrolysis of bacterial isolate
(TKMFT 8) on gelatin agar plate

The effect of different carbon sources for protease
production was determined with carbon sources
such as Glucose, Sucrose, Maltose and Lactose.
Each source was used at a concentration of 1%
(w/v). The protease assay was carried out to
determine the concentration of the enzyme.

3.2 Identification of protease producing
bacteria

2.8.5
Effect of Nitrogen sources on
protease production of TKMFT8

Identification was carried out using cultural
characteristics (presented in Table 1) followed by
biochemical identification (presented in Table 2)
and molecular identification. Summary of the
BLAST result presented in Table 3. Being highly
selective and sensitive, molecular identification
methods are currently used for the identification of
microorganisms (Vimal et al., 2016) [31]. VITEK 2
is an automated microbial identification system that
provides highly reproducible and accurate results as
shown in multiple independent studies. Wallet et al.
(2005) [32] reported the performances of VITEK 2
colorimetric cards for identification of grampositive and gram-negative bacteria. A similar
study conducted by Simgamsetty et al. (2016) [21]
found to achieve 90-95% probability of
identification. In the present study, it was found to
achieve 99% probability of identification for
Staphylococcus sciuri (TKMFT 8).

The effect of various nitrogen sources such as
peptone, yeast extract, beef extract and ammonium
citrate on protease production was determined.
Protease activity in cell-free supernatant was
determined.

2.8.6
Effect of various metal salts on
protease production
Effect of various metal ions on the production of
protease enzyme was determined by incubating the
medium with different metal ions such as NaCl,
MgSO4, BaCl2, CaCl2, and CuSO4 at a
concentration of 0.2% which contributed the metal
salts Na+, Mg2+, Ba2+, Ca2+ and Cu2+ respectively.

3. Result and Discussion
3.1 Isolation and screening of protease
producing bacteria
Protease producing bacteria were isolated and
showed a clear zone around colonies on gelatin
agar plate as shown in Fig.1. Among 87 bacterial
isolates, 27 isolates were protease producer and out
of them TKMFT 8 was selected for secondary
screening as the highest zone diameter was
observed for TKMFT 8 (26mm). Secondary
screening was carried out and the results are
inferred that bacterial strain TKMFT 8 produces
maximal protease on the second day of incubation
(215.66±1.98 U/mL). At the end of the incubation
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Table 1: Colony morphology and microscopic
observation of TKMFT 8

Table 4: The effect of period of incubation on
protease production
Incubation Day

Bacterial isolate (TKMFT8)
Gram Positive cocci
Gram
staining
Colony characters on Nutrient agar
Size
Medium
Pigmentation
Dark yellow colour
Form
Circular
Margin
Entire
Elevation
Texture

1
2
3
4
5
6
7
8
9
10

Flat
Rough

Table 2: Microbial identification using Biomerieux
VITEK 2 system
Strain
Ref. No.

Species
identified

TKMFT 8

Staphylococcus
sciuri

Test method

VITEK/GP
CARDS

817

% identity
(Accession
no.)

Identified name
of sample

99
(AB 233331)

Staphylococcus
sciuri

121.49±0.54
215.19±0.90
157.64±1.31
137.12±1.28
108.5±1.87
89.73±1.39
82.2 ±1.52
70.16±1.59
59.43 ±1.8
46.09 ±1.53

The results presented in Table 4 showed that
Staphylococcus sciuri (TKMFT 8) under study
secreted protease enzyme at varied levels. The
protease production graph proceeded at a slower
rate after which it increased sharply attaining a
maximum value at 48 hours of incubation and the
activity of enzyme gradually decreased after 48
hours of incubation. The highest protease activity
of Staphylococcus sciuri (TKMFT 8) has been
observed on the second day of incubation
(215.66±1.98 U/mL). A gradual decrease in the
production of enzyme was observed with
increasing incubation period clearly indicating the
role of the enzyme as a primary metabolite, being
produced in the log phase of the bacterial growth
and utilization of proteins in the substrate
(Alagarsamy et al., 2006) [2]. Similar to protease
production, bacterial growth increased with an
increased incubation period suggesting that the
production of enzyme was growth associated in
nature (Qader et al., 2009) [17].

Table3: Summary of the BLAST result of
TKMFT8
Sequence
length
blasted
(bp)

Protease Activity (U/ml)

3.3 Optimization of culture conditions for
maximum
protease
production
of
Staphylococcus sciuri (TKMFT 8)

3.3.2 Optimization of Protease production
of Staphylococcus sciuri (TKMFT 8) at
different pH

3.3.1 Effect of incubation time on protease
production

From the pH optimization study shown in Table 5,
it was observed that Staphylococcus sciuri
(TKMFT 8) was able to produce 239.71±0.75 U/ml
at pH 8.0. It was observed that there was a gradual
increase in protease production from pH 4.0-8.0.
Subsequently, the production capacity was shown a
downward trend after pH 8.0. A decline in the
productivity of enzyme was observed at both
higher and lower pH values. A similar study
conducted by Suganthi et al. (2013) [23] observed
most of the Bacillus sp reported has optimum pH
from 7.0 to 11.0 for protease production.

Production medium was inoculated with 12h grown
selected bacterial cultures. The broth was kept for
shaker fermentation at different time period of 24240 hours (Day 1to Day10) at 37ºC. At the end of
incubation period the cell free culture filtrate is
used as enzyme source. The results are presented in
Table 4.
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Table 5: The effect of PH on protease production

3.3.5 Effect of Nitrogen sources on
protease production of Staphylococcus
sciuri (TKMFT 8)

Protease activity (U/ml)

PH
4
5
6
7
8
9
10

103.63±0.54
13.59±1.95
168.15±1.09
203.27±1.8
241.55±0.68
136.45±0.56
94.43±1.19

Results given in Table 8 showed that among the
various nitrogen sources tested, beef extract was
found to be the excellent nitrogen source for the
highest protease activity by Staphylococcus sciuri
(TKMFT 8) under previously optimized conditions.
The beef extract was found to be the best organic
nitrogen source for the production of alkaline
protease for the Bacillus species (Pedge et al.,
2013) [16].

3.3.3 Optimization of Protease production
of Staphylococcus sciuri (TKMFT 8) at
different Temperatures

Table 8: The effect of Nitrogen sources on protease
production
Nitrogen sources

Enzyme activity recorded at different temperatures
revealed that between a range of 20ºC-60ºC, the
enzyme production was found to be maximum at
20ºC (235.23±0.98 U/mL).
Table 6: The effect of temperature on
production
Temperature
10
20
30
40
50
60

Peptone
Yeast Extract
Beef extract
Ammonium citrate

protease

152.21±1.2
235.74±0.44
212.70±0.36
112.84±0.54
81.75±0.38
72.74±0.46

The various metal ions tested in the present study
showed considerable variation concerning their
effect on enzyme production. Among the various
metal salts evaluated, NaCl increases protease
production followed by CaCl2, MgSO4, BaCl4, and
CuSO4. The results are depicted in Table 9.

3.3.4 Effect of Carbon sources on protease
production of Staphylococcus sciuri
(TKMFT 8)

Table 9: The effect of metal salts on protease
production
Metal salts

Results presented in Table 7 showed that glucose
was found to be the best carbon source when
compared to other carbon sources. Protease
production was 195.21±1.3 U/mL on 48 h
incubation at pH 8. Shafee et al. (2005) [20]
observed that protease production increased as the
concentration of glucose as the carbon source
increased.

NaCl
CaCl2
MgSO4
BaCl2
CuSO4

Glucose
Sucrose
Maltose
Lactose

194.5±0.95
148.8±0.57
94.76±0.43
122.05±0.83

Protease activity(U/ml)
212.73±0.37
198.57±0.34
153.19±0.46
98.16±0.90
23.16±0.16

The culture grew in the pH range 4-10, with
optimum protease secretion at pH 8 at specific
incubation time (48 h) and temperature (20°C) and
glucose and beef extract as the carbon and nitrogen
source respectively. Among the various metal salts
evaluated for their effect on protease productivity,
NaCl increases protease production. These
observations are comparable with the findings of
Revathi and Palanisamy (2015)[18] using

Table 7: The effect of Carbon sources on protease
production
Protease activity(U/ml)

146.86±0.43
182.23±0.92
227.26±0.67
111.49±1.42

3.3.6 Effect of various metal salts on
protease production of Staphylococcus
sciuri (TKMFT 8)

Protease activity (U/ml)

Carbon sources

Protease activity(U/ml)

5
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Staphylococcus sp where the optimum pH,
temperature, incubation time, carbon and nitrogen
sources of the medium were 8, 20°C, 48h, glucose
and beef extract respectively. Protease yields vary
considerably with temperature and pH which may
be attributed to other components of the medium
and their combined influence on the metabolism of
the bacterial species.

production. Asian Jr of Microbiolo Biotech Env
Csi, 12:71-77, (2010).
[5] Bhatnagar D, Joseph I, Paul Raj R. Amylase
and acid protease production by solid state
fermentation using A. niger from mangrove
swamp. Indian J Fish, 57:45-51,(2010).
[6] Ghasemi Y, Rsoul-Aminib S, Ebrahiminezhad
A, Kazemi A, Shahbazi M, Talebnia N,
Screening and Isolation of Extracellular
Protease Producing Bacteria from the Maharloo
Salt Lake .Iranian Journal of Pharmaceutical
Sciences Summer, 7: 175-180, (2011).

The culture can be used for large-scale production
of alkaline protease to meet present-day needs in
the industrial sector. It is also determined the
optimum growth parameters for cultivating the
organism. As alkaline protease has more
applications than another protease in industry,
alkaline protease production is recommended.

[7] Godfrey T, West S Introduction to industrial
enzymology. In: Godfrey T, West S (eds)
Industrial enzymology, 2nd edn. Macmillan
Press, London pp: 1–8,(1996).

4. Conclusion

[8] International Union of Biochemistry. Enzyme
nomenclature. Orlando, Fla: Academic Press,
Inc, (1992).

The fermentation conditions (Incubation time, pH,
Temperature, Carbon sources, Metal salts and
Nitrogen sources) were optimized in order to
enhance protease production and activity by
Staphylococcus sciuri (TKMFT 8). The results
showed that protease production by Staphylococcus
sciuri (TKMFT 8) was increased under optimized
conditions with a medium containing glucose as
carbon source, beef extract as nitrogen source,
NaCl as the metal salt, and pH 8 at 20ºC for 48 h of
incubation of fermentation broth. The results in the
optimization study on different factors will be
useful during further production of protease by
Staphylococcus sciuri (TKMFT8).

[9] Josephine SF, Ramya VS, Neelam D, Suresh
BG, Siddalingeshwara KG, Venugopal N,
Vishwanatha TJ Isolation, production and
characterization of protease from Bacillus Sp
isolated from soil sample. Microbiol Biotech
Res, 2:163-168, (2012).
[10] Kim SS, Kim YJ, Rhee IK, Purification and
characterization of a novel extracellular
protease from Bacillus cereus KCTC 3674.
Arch Micro, 175: 458-461, (2001).
[11] Kumaraswamy M, Kashyap SSN, Vijay R,
Tiwari R, Anuradha M. Production and
optimization of extracellular protease from
Bacillus sp. Isolated from soil. Int J Adv Bio
Res, 3:564-569, (2012).
[12] Leng Y, Xu Y, Improvement of acid protease
production by a mixed culture of Aspergillus
niger and Aspergillus oryzae using solid-state
fermentation technique. Afr J Biotechnol, 10:
6824-6829,(2011).

Acknowledgment
I gratefully acknowledge the research facility given
by The Cashew Export Promotion Council of India
(CEPCI), Kollam, and Kerala, India.

Reference
[1] Abdel Galil OA. Fermentation of protease by
Aspergillus fumigates and Penicillium sp. J
King Saud Univ, 4:127-136, (1992).
[2] Alagarsamy S., Christian L, Ashok P,
Microbiology and Industrial Biotechnology of
Food-Grade Proteases: A Perspective. Food
Technology and Biotechnology, 44:211–220,
(2006).

[13] Lowry OH, Rosebrough NJ, Farr AL, Randall
RJ. Protein measurement with Folin phenol
reagent. J Biol Chem, 193: 265-275, (1951).
[14] Maal KB, Emtiazi G, Nahvi, I. Production of
alkaline protease by Bacillus cereus and
Bacillus polymyxa in new industrial culture
mediums and its immobilization. African J
Microbiology Research, 3: 491-497, (2009).

[3] Aneja KR, Experiments in Microbiology Plant
Pathology and Biotechnology, 4th edition. New
Age International Publishers, New Delhi, India,
(2003).

[15] Miyaji T, Otta Y, Nakagawa T, Watanabe T,
Niimura Y, Tomizuka N. Purification and
molecular characterization of subtilisin-like
alkaline protease BPP-A from Bacillus pumilus
strain MS-1. Lett Appl Micro, 42:242247,(2006).

[4] Anita A, Rabeeth M, Isolation, purification and
characterization of protease enzyme from
Bacillus sp., possible use in biodiesel

6

International Journal of Advanced Scientific Research and Management, Volume 4 Issue 3, Mar 2019
www.ijasrm.com
ISSN 2455-6378

[16] Pedge SS, Ahirrao DS, Garad VB.
Optimization on protease enzyme production
using Bacillus subtilis SSD-I (JQ747516)
isolated from Londar meteorite crater in India,
Int. J Bio and Pharma Res, 4: 885-890, (2013).

[26] Tiwari ON, Devi TB, Devi KS, Oinam G,
Indrama T, Ojit K, Avijeet O, Ningshen L.
Isolation and optimization of alkaline protease
producing Bacteria from undisturbed soil of
NE-region of India falling under Indo-Burma
biodiversity hotspots. Journal of Applied
Biology and Biotechnology, 3:25-31, (2015).

[17] Qadar SA, Erum S, Samina I, Abida A.
Optimization of protease production from
newly isolated strain of Bacillus sp. PCSIR EA3. Indian J Biotech, 8:286-290, (2009).

[27] Todar K, Ubukata M, Hamada M.
Microbiology of human Perspective. Mc Graw
Hill Publisher, London. (2005).

[18] Revathi D, Palanisamy A. Production,
Purification and
Characterization of Protease
from Yersinia sp and Staphylococcus sp.
International Journal of Advanced Research, 3:
424-434, (2015).

[28] Tsuchida O, Yamagota Y, Ishizuka J, Arai J,
Yamada J, Takeuchi M, Ichishima E. An
alkaline protease of an alkalophilic Bacillus sp.
Curr. Microbiol, 14:7-12, (1986).
[29] Vadlamani S, Parcha SR. Studies on
industrially important
alkaline protease
production from locally isolated superior
microbial strain from soil microorganisms.
Int.J.Biotechnol.Appl, 3:102-105, (2011).

[19] Sankeerthana C, Pinjara S, Jambagia RT,
Bhavimania S, Anupama S, Sarovar
B,
Inamdar
SR.
Production
and
Partial
Characterization of Protease from Aspergillus
flavus using Rice Mill Waste as a Substrate and
its Comparison with Aspergillus Niger Protease.
International Journal of Current Engineering
and Technology, 1:143-147, (2013).

[30] Vasantha ST, Subramanian AT. Optimization
of cultural conditions for the production of an
extracellular protease by Pseudomonas species.
International Current Pharmaceutical Journal,
2:1-6, (2012).

[20] Shafee N, Aris SN, Rahman RZA, Basri M,
Salleh AB. Optimization of Environmental and
Nutritional Conditions for the Production of
Alkaline Protease by a Newly Isolated
Bacterium Bacillus cereus Strain 146. Journal
of Applied Sciences Research, 1:1-8, (2005).

[31] Vimal J, Venu A, Joseph J. Isolation and
identification of cellulose degrading bacteria
and optimization of the cellulase production.
International Journal
of Research
in
Biosciences, 5:58-67, (2016).

[21] Simgamsetty S, Yarlagadda P, Yenigalla
BM, Myneni, R.B. Ease with VITEK 2 systems,
biomerieux in identification of non-lactose
fermenting bacteria including their antibiotic
drug
susceptibility:
our
experience.
International Journal of Research in Medical
Sciences, 4:813-817,(2016).

[32] Wallet F, Lorez C, Renaux E, Lemaitre N,
Courcol RJ. Performances of VITEK 2
Colorimetric Cards for Identification of GramPositive and Gram-Negative Bacteria. Journal
of Clinical Microbiology, 43: 4402–4406,
(2005).

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

[33] Ward OP, Rao MB, Kulkarni A. in
Proteases, Production, Encyclopedia of
Enzymes, Schaechter, M., Ed., New York:
Elsevier Inc, pp. 495–511, (2009).

[23] Suganthi C, Mageshwari A, Karthikeyan S,
Anbalagan M, Sivakumar A, Gothandam KM.
Screening and optimization of protease
production from a halotolerant Bacillus
licheniformis isolated from saltern sediments. J
Gen Eng and Biotech, 11: 47–52, (2013).

[34] Yadav SK, Deepali B, Shikha, Nandan SD.
Oxidant and solvent stable alkaline protease
from Aspergillus flavus and its characterization.
African J. Biotechnol, 10: 8630-8640, (2011).

[24] Sumantha A, Larroche C, Pandey A.
Microbiology and industrial biotechnology of
food-grade proteases: a perspective. Food
Technol Biotechnol, 44: 211–220, (2006).
[25] Theron LW, Divol B. Microbial aspartic
proteases: current and potential applications in
industry. Appl Microbiol Biotechnol, 98: 8853–
8868, (2014).

7

