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Abstract

In present study an isolated hyper producer of Aspergillus niger (MBL-1511) was treated for sodium azide
mutagenesis. Results showed 147.27 % enhanced extracellular lipase activity after 150 minutes of sodium azide treatment.
Wild and mutant hyper lipase producer strains were exploited to submerged fermentation (SmF). Brassica meal as an
additive agro waste product to the basal medium was optimized. Experimental conditions optima were 10% inoculum size,
30°C temperature, 96 h rate of fermentation and pH 6 for maximum lipases production. Molasses and Ammonium nitrate
were optimized as the best carbon and nitrogen sources (0.6% and 0.4%) wi/v respectively and sunflower oil 1% (v/v) as
better inducer. Finally, an effective mutant [MBL-15115A4(150 min)] having of 176.10% enhanced extracellular lipases

production over wild (MBL-1511) strain was acquired.
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Introduction

Lipases play vital role to facilitate hydrolysis of lipids
into glycerol, and fatty acids, also play role as
enantioselective (Salihu et al., 2012). Microorganisms not
only give high enzyme vyields, can be manipulated
genetically, cultivate rapidly on economical fundamentally
available medium and can give consistent results in terms of
product synthesis (Saxena et al., 2003). Microorganism’s
derived lipases are captivating biocatalysts due to their easy
handling and their multiple properties (Snellman et al.,
2002). A number of fungi including Aspergillus, Mucor,
Geotrichum, Penicillium, Candida and Rhizopus are
industrially exploited because of the fate to produce lipases
(Elibol & Ozer, 2000). Industrially valuable enzymes are
being obtained from genus Aspergillus so, it is regarded as a
model microorganism for synthesis of fungal enzymes
(Holker et al., 2004).

Mutagenesis is now widely employed for strains
improvement in connection to better results in terms of
industrial products both qualitatively and quantitatively. It
is considered that strains can be improved for better
lipases vyields (Iftikhar et al., 2010). So, various
techniques are used and submerged fermentation is
considered convenient because extraction and purification
of enzyme by this process is simple as well easy to handle
and control (Ito et al., 2001; Subramaniyam & Vimala,
2012). Submerged fermentation technique (SmF) is
preferred over Solid state fermentation (SSF) due to
multiple facts such as to control, mediate, recovery of
elements at any stage (Sandhyaet al., 2005).

Lipases being third major group of biocatalysts on
account of their industrial employment are widely
produced (Saxena et al., 2003). Currently to meet this
industrial demand, different enzymes are imported from
other countries. The objective of the present work is to
improve the strain through mutagenesis. Moreover, the

wild strain of Aspergillus niger (MBL-1511) was
exploited for improving its lipolytic potential using SmF.
Further, from results it was also intended that it would be
accommodating in designing the medium for commercial
production of lipases. The results will also be helpful for
establishment of industrial unit for lipases production.

Materials and Methods

Microorganism: A purified culture of Aspergillus niger
(MBL-1511) was obtained from the laboratory of
Mycology and Biotechnology, Department of Botany,
Government College University, Faisalabad. The culture
was regularly revived using 4% potato dextrose agar
(PDA) medium (Iftikhar et al., 2010).

Inoculum preparation: In the present study
concentration 10 % inoculum was used (Parveen &
Manikandaselvi, 2011). Vogel medium was prepared in
conical flask, cotton wool plugged and was sterilized at
15 Ibf/inch? pressure (121°C) for 15 min. One milliliter of
spore suspension was aseptically transferred to the flask.
The flask was incubated at 30°C in an incubator shaker at
200 rpm for 24 h (Iftikhar et al., 2010).

Media preparation: Various fermentation medium were
tested in order to check their effect on lipases potential
using submerged fermentation technique.

Mai: Peptone 2, yeast extract 0.5, NaCl 0.5, Na; COs;
0.025, and olive oil 1g/100 mL (Rajan & Nair, 2011).

Mz: (KH2PO4 2, MgS04-7H20 0.5, KCI 0.5, and yeast
extract 0.5) g/L (Hosseinpour et al., 2012).

Ms: (g LT KH,PO4 0.5, NHsNO3z 0.2, (NH4),SO4 0.4,
MgS0..7H,0O 0.02, Peptone 0.1, Trisodium citrate
0.5, Yeast Extract 0.2, Glucose 50% (w/v) and pH
5.5 (Iftikhar et al., 2010).



2540

Ma: (Glucose 10, Peptone 20, NaCl 5, Yeast extract 5)
g/L and pH 6.0 (Adinarayan et al., 2004).

Ms: (Ammonium Sulphate 0.1, potassium chloride 0.7,
olive oil 100, Urea 0.1, peptone 2) g/L and pH 8.0
(Kashmiri et al., 2006).

Mes: peptone 5g, yeast extract 3g and sodium chloride 3 g
per liter of distilled water (Imandi, 2008).

My7: (peptone 2, yeast extract 0.5, Glucose 1, NaCl 0.5)
0/100mL (Niaz et al., 2014).

Strain improvement by Sodium azide mutagenesis:
After mutagenesis the strain obtained while using sodium
azide gave better results. Spore suspension of A. niger
(MBL-1511) was prepared by using phosphate buffer pH
7.0 (Elliaiah et al., 2002). Then it was subjected to
mutagenic treatment by adding 1 mL of sterile solution of
sodium azide (250pg mL* in phosphate buffer) to 9 mL
spore suspension. The reaction was allowed to proceed.
Control tubes were also kept without any chemical
mutagen. Time interval of mutagenic treatment oscillated
from 30 to 150 min and then incubated at 30°C. Hyper
producer was then washed thrice at 5000 rpm for 10 min
with sterilized distilled water and again re-suspended in
10mL sterilized buffer. The samples were serially diluted
with the same buffer and plated on Sabouraud’s Dextrose
agar medium as it inhibits bacterial growth (Bapiraju et
al., 2004). Further screening and selection of mutants was
performed as reported by (Iftikhar et al., 2010).

Screening and selection of mutants: For the selection of
mutants, first of all concentration of Oxgall at 1% as
colony restrictor was optimized. Selection of best mutant
among various variants was done by formation of kill
curve (Petruccioli et al., 1999). Strain was subjected to
catabolite repression, 2-deoxy-D-glucose was used at 1
mg/ml (Fiedurek et al., 1987; Gromada & Fiedurek,
1997). The colonies that appeared as background growth
were picked and pursued to the lipases identification.
PDA plates [g/L Tryptone 10.0, NaCl 5.0, yeast extract
5.0, Tributyrin (Sigma) 0.5, Agar 20.0 and pH 7.0] were
used for the detection of potent lipolytic producer (Lee &
Rhee, 1993). Then large zone producing strains were
scratched, dissolved into buffer, filtered and let the
reaction for extracellular lipases activity was determined
titrimetrically (Kundu & Pal, 1970).

Production of extracellular lipases

Shake flask fermentation: The selected mutant strain of
Aspergillus niger MBL-1511544(150 min) along with
wild (MBL-1511) strain were screened for their lipolytic
potential through submerged fermentation using the best
production medium. Fifty mL of fermentation medium
was transferred to each cotton wool plugged Erlenmeyer
flask. The flasks were sterilized in autoclave at 15 Ib /
inch? pressure at 121°C for 15 min and cooled at room
temperature. 10% inoculum was transferred aseptically to
each flask. Flasks were then placed in the orbital shaking
incubator at 30°C with shaking speed of 200 rpm. After
specific incubation time the content of the flasks was used
for the estimation of lipases. All experiments were carried
out in triplicate (Iftikhar et al., 2010).
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Extracellular lipase assay

Titrimetric analysis of lipases: After specific time
interval lipase activity was assayed titrimetrically using
olive oil hydrolysis according to the method reported by
(Iftikhar et al., 2008).

Protein estimation: Protein micro-assay was performed
following Bradford (1976).

Dry cell mass determination: The mycelium was filtered
through Whatman filter # 1. Ten mL of the sample was
poured through filter paper and placed in the oven at 80°C
for 24 h for constant mass (Colen et al., 2006).

Statistical analysis: Experiments were performed in
triplicate and the results were statistically analyzed using
computer software Costat.

Results

Screening of sodium azide treated mutants: (MBL-
1511): In present studies, a selected hyper producer of
Aspergillus niger (MBL-1511) was subjected to
mutagenic treatment by adding 1 mL of sterile solution of
sodium azide (250pg mL* in phosphate buffer) to 9 mL
spore suspension. Colony formation on the petriplates,
kill curve was formulated and view of different zones as
shown (Fig. la, b & c). Results indicate 147.27%
increased extracellular lipases production after 150 min of
the mutagenic treatment with sodium azide (Table 1).
Mutation showed significant impact on lipases
production. The selected mutant was therefore assigned
the code MBL-1511544(150 min) and used for further
studies in parallel with wild strain.

Screening of fermentation medium: Fermentation
medium play key role for enhanced lipases production
by fungi. Various culture media were trialed in order to
optimize the lipolytic potential of wild (MBL-1511)
and mutant MBL-151154-4(150 min) strains of A. niger
(Fig. 2a & b). For this purpose, seven different
synthetic media i.e., M1, M2, M3, M4, Ms, Mg, and My
were evaluated. Of all the media evaluated, M3z gave
the highest units of lipases by both wild (MBL-1511)
and mutant MBL-1511544(150 min) strains of A. niger
(Fig. 2a & b). Therefore, M3 medium was selected for
further studies.

Volume of fermentation medium: Different volume
concentrations also have great impact on the lipases
production. In the present study different volume
concentrations were used by A. niger by wild (MBL-
1511) and mutant MBL-15115A4(150 min) strains of A.
niger i.e., (25mL, 50mL, 75mL, 100mL,125mL and
150mL) for the production of lipases through SmF (Fig.
3a & b). Maximum lipases production was achieved
when volume of fermentation was 50mL Fig. 3(a & b).
Therefore 50 mL volume of the fermentation medium
was used for further studies.
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Table 1. Activity of extracellular lipases produced by wild (MBL-1511) and various potent mutants of
Aspergillus niger MBL-1511544(150 min) using solid state fermentation technique.
Strain improvement by sodium azide treatment.

. Zone size Lipase activity % Increase or decrease in

Wild/mutant (mm) (IU/mL) activity
MBLSA 150 min) 12 6.70 £ 0.37 121.81
MBLS42(150 min) 10 6.60 £ 0.31 120
MBL33(150 min) 9 7.00 +1.00 127.27
MBL3**(150 min) 14 8.10 + 1.05 147.27
MBL3(150 min) 11 6.51+0.1 118.36
MBLS*(150 min) 13 6.95 +0.05 126.36
MBLS*7 150 min) 8 5.9410.02 108
MBLS*8 150 min) 9 5.75£0.2 104.54
MB L5150 min) 13 50+05 90.90
MBL*50omin) 10 4.80 +0.42 87.27

Each value is mean of triplicate and + denote the standard error value
*Incubation temperature 30°C, Incubation period 48 h and pH 7.0
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Fig. 1. a) Colony formation on the petriplates; b) Dose plot to formulate the kill curve (% of survival = 1.5/19.9 *100 = 7.53%, % of
killing=100-7.53=92.47%; c) i-iii Different zones sizes of A. niger (MBL-1511) on the PDA Petriplates.
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Fig. 2. Effect of media on the (a) Extracellular and Intracellular; (b) Dry cell mass and protein estimation by wild (MBL-1511) and
mutant (MBL-15115A4(150 min) strains of A. niger on lipases production by SmF.
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Effect of the temperature: Temperature also effect
lipases production considerably. In the present work,
different incubation temperature ranges includes 20, 25,
30, 35, 40, 45, 50 and 55°C were tested for the lipases
production (Fig. 4a & b). Results indicate lipases
production and mycelial growth were gradually increased
with the increase in temperature up to 30°C and
significantly decreased thereafter. Therefore, 30°C
temperature was optimized for further studies.

Effect of the pH: Initial pH also has great effect on the
lipases production; a slight change in pH has great impact
on the production of lipases. In present study eight
different pH including 3, 4, 5, 6, 7, 8, 9 and10 pH were
tested for the production of lipases by A. niger of wild
(MBL-1511) and mutant MBL-1511544(150 min) strains
through SmF. Maximum units were obtained at pH 6.0 by
wild (MBL-1511) and mutant MBL-1511544(150 min)
strains of A. niger (Fig. 5a & b). Therefore, pH of 6.0 was
optimized for further studies.

Selection of agro-industrial by-product as additive to
the fermentation medium: Different agro industrial
byproducts like 1% (w/v) sesame, rice husk, coconut,
soybean, sunflower, brassica, almond and wheat bran
were used as additive under submerged fermentation
medium by using wild (MBL-1511) and mutant MBL-
15115A4(150 min) strains of A. niger and the results were
recorded, (Fig. 6a & b). Brassica meal was proved a better
hyper-producer among all trialed additive substrates.

Rate of the fermentation: Incubation period plays
crucial role in the enzyme production. In the present work
different incubation time i.e., 12-144 hours were
experimented for obtaining maximum lipases productivity
(Fig. 7a & b). Lipases production were recorded
maximum at the fermentation time period of 96 h by wild
(MBL-1511) and mutant MBL-1511544(150 min) strains
of A. niger. It might also be possible that in the beginning,
micro-organism was adapting to the environmental
conditions. Therefore, incubation time of 96 h was
optimized for further studies.

Effect of additional carbon sources: Several additional
carbon sources i.e., glucose, sucrose, maltose, lactose,
dextrose, tween 80, fructose, starch and molasses were tested
(1% wl/v) with regard to their effect on lipases yield by
wild (MBL-1511) and mutant MBL-1511544(150 min)
strains of A. niger (Fig. 8a, b, ¢ & d). Among additional
organic carbon sources the molasses showed best lipase
activity in both wild (MBL-1511) and mutant MBL-15115%
4150 min) strains of A. niger. Further, concentration of
molasses i.e., 0.2, 04, 06, 0.8 and 1 % (w/v) were
experimented by wild (MBL-1511) and mutant MBL-
1511544150 min) strains of A. niger through SmF.
Molasses at 0.6 % (w/v) gave the maximum units both by
wild (MBL-1511) and mutant MBL-1511544(150 min)
strains of A. niger. Therefore, Molasses at 0.6% (w/v) was
used for further studies.

Effect of additional organic and inorganic nitrogen
sources: In the present work, different organic and
inorganic nitrogen sources including peptone, urea, yeast
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extract, casein, nutrient broth, malt extract, ammonium
chloride, ammonium nitrate, sodium nitrate and
ammonium acetate were tested (1% w/v) for hyper
production of lipases and results showed in (Fig. 9a, b, ¢
& d). Ammonium nitrate gave the maximum production
both by wild (MBL-1511) and mutant MBL-15115*
4(150 min). Further concentration of ammonium nitrate
at 0.4% w/v gave maximum units of lipases (Fig. 9¢ &
d). Therefore 0.4% (w/v) Ammonium nitrate was
optimized for further use.

Effect of additional oils as organic carbon sources:
Organic carbon sources (various oils) were used for hyper
lipases productions. In the present work different organic
carbon sources (1% v/v) i.e., brassica oil, almond oil,
coconut oil, sunflower oil, olive oil, cotton seed oil,
sesame oil, castor oil, soybean oil and canola oil were
tested for enhanced production of lipases (Fig. 10a & b).
Results endorsed sunflower oil at 1% (v/v) for the
maximum lipases production. Therefore, sunflower oil at
1% (v/v) was optimized for further studies.

Discussion

Screening of sodium azide treated mutants: (MBL-
1511): Mutation has great impact on the lipases production.
Similar findings are reported by (Bapiraju et al., 2004) who
stated that the UV and chemically treated fungal strains of
Rhizopus sp. showed 133% to 232% higher production of
lipases than the wild strain. The mutant strains of
Aspergillus niger and Aspergillus fumigatus by sodium
azide mutagenesis reported two folds increased enzyme
production over wild strain, Penicillium sp. by UV
radiation and Penicillium sp. by sodium azide showed 1.5
folds increased enzyme production over wild strain
(Rajeshkumar & llyas, 2011). Mala et al. (2001) reported
that mutant strains of Aspergillus niger showed 5 to 7 fold
enhanced productivity of lipases over the wild strain. The
selected mutant was therefore assigned the code MBL-
15115A4(150 min) and used for further studies in parallel
with wild strain.

Screening of fermentation medium: Fermentation
medium play key role for enhanced lipases production by
fungi. Different media components have different effect on
product production. It might be due to the reason that
glucose and peptone are easily metabolizable carbon and
nitrogen sources respectively, while KH,PO4 proved readily
available source of potassium and phosphorous. In the
present studies Ms medium gave the maximum production,
therefore M3 medium was selected for further studies.

Volume of fermentation medium:  Volume
concentrations also have great impact on the lipases
production. In the present studies 50 mL of the medium
gave the maximum production. The improper agitation
and inadequate aeration which consequently decreased
enzyme production (Martinez et al., 1993). Maximum
production was also reported to be achieved at 45 mL as
mentioned (Niaz et al., 2014). Our finding is in line with
previous research (Ebrahimpour et al., 2008). So, 50 mL
of the medium was selected for further studies.
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Effect of the temperature: Temperature also effect
lipases production considerably. In the present work,
results indicate lipases production and mycelial growth
are gradually increased with the increase in temperature
up to 30°C and significantly decreased thereafter. It has
been suggested that higher temperatures may cause
enzyme deactivation leading to lower lipase activity. It
might be due to the reason that higher temperature alters
the cell membrane structure and stimulates protein
catabolism, thus causes cell death (Amin et al., 2014).
Our results correlate with the findings of (Anbu et al.,
2011; Hosseinpour et al., 2012; Amin et al., 2014) who
reported optimal activity at 30°C. Therefore, 30°C
temperature was optimized for further studies.

Effect of the pH: Initial pH also has great effect on the
lipase production; a slight change in pH has great impact
on the production of lipases. In the current finding
maximum units were obtained at pH 6.0. Maximum
activity was achieved at pH of 6.8 (Hosseinpour et al.,
2012). It might be due to the necessity of acidic pH for
lipase production and as a result the increase in pH
resulted in decrease of lipases activity. Literature
indicated maximum lipase production was achieved at the
acidic pH ranges from (4.0- 5.0) Peter, (1995). Iftikhar et
al., (2015) obtained the maximum lipase production at pH
of 5. Again maximum units were obtained at pH 7.0 (Niaz
et al., 2014). Our results are in line with the findings of
Mohanasrinivasan et al., (2009), Anbu et al., (2011),
Iftikhar et al., (2014). Therefore, pH of 6.0 was used for
further studies.

Selection of agro-industrial by-product as additive to
the fermentation medium: Different agro industrial
byproducts also play a vital role in lipases production.
Brassica meal was proved a better hyper-producer among
all trialed additive substrates. Qil cakes contain significant
amount of oil along with the seed proteins that become
available to the lipolytic organisms as carbon and nitrogen
source for their growth. Apart from this some essential
nutrients and minerals are also found in meals. Our results
are in line with findings of other workers (Dharmendra &
Parihar, 2012). Therefore, brassica meal was optimized as
the best substrate and further studies were conducted with
this substrate.

Rate of the fermentation: Incubation period plays
crucial role in the enzyme production. In the present work
maximum production was recorded at the fermentation
time period of 96 h by wild and mutant strains. It might
also be possible that in the beginning, micro-organism
was adapting to the environmental conditions. It might
also be possible that in the beginning, micro-organism
was adapting to the environmental conditions. It might be
due to the reason that exhaustion of nutrients in substrate,
which resulted in the inactivation of enzyme after specific
incubation period. Decline in exponential curve might be
due to the exhaustion of nutrients or loss of moisture after
specific incubation period. Our results are in line with
other researchers (Sethi et al., 2013; Amin et al., 2014).
It is also noted that further incubation after 96 h did not
enhance lipases production, but a steep decrease in lipase
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activity. Therefore, incubation time of 96 h was

optimized for further studies.

Effect of additional carbon sources: Several additional
carbon sources have great influence on the lipases
production. Among additional organic carbon sources the
molasses showed best lipases production in both wild
(MBL-1511) and mutant MBL-1511544(150 min) strains
of A. niger. High enzymatic production was obtained
when the microorganism was cultured in the medium
supplemented with 1% sucrose as organic carbon source
(Anbu et al., 2011). Molasses gave the higher
productivity (Potumarthi et al., 2008). In the present study
molasses fulfill the nutritional requirement of the medium
as well as it is economical source that contains sucrose.
Molasses at 0.6 % (w/v) gave the maximum units both by
wild (MBL-1511) and mutant MBL-1511544(150 min)
strains of A. niger. Therefore, Molasses at 0.6% (w/v) was
used for further studies.

Effect of additional organic and inorganic nitrogen
sources: Nitrogen sources greatly affect the lipase
production. Microorganisms generally produce higher
lipase levels on organic N sources (Sharma et al., 2001).
Inorganic N sources, such as (NH4)2SOs and NHsNO3
were reported for maximum production (Dekker et al.,
2007). It might be due to the reason it fulfilled the
nutritional requirement of the medium and best for the
growth of fungus as compared to other nitrogen
components. Further increase the concentration didn’t
increase the enzyme production. Our results are in line
with results of (Sujatha & Dhandayuthapani, 2013).
Further concentration of ammonium nitrate at 0.4 % gave
maximum units of lipases. Therefore 0.4% (w/v)
Ammonium nitrate was optimized for further use.

Effect of additional oils as organic carbon sources:
Organic carbon sources (various oils) produce the lipases
at higher level. In the present work sunflower oil at 1%
(v/v) gave the maximum lipase production. This might be
due to the fact that sunflower did not affect the nutrient
uptake from fungus (Martinez et al., 1993). It might be
due to the conversion of the oil to fatty acids and then to
alkyl esters with acids catalysis. Literature indicates
maximum lipases production by olive oil 1% (v/v) in the
medium (Wang et al., 2008). The results of the present
findings are in accordance with studies of researchers (dos
Santos et al., 2014).

Conclusion

In the present study, Aspergillus niger (MBL-1511)
strain yields lipases efficiently in Submerged fermentation
(SmF). SmF is an efficient, less costly, simple and directly
applicable technique for the optimization of different
parameters and resulted in considerably increased lipases
production. Lipases activity is significantly influenced by
10% inoculum, pH 6.00, and incubation temperature 30°C,
at 96 h, molasses, ammonium nitrate and sunflower oil
respectively. There was 176.10% increased lipase
production by mutant strain of Aspergillus niger over the
wild strain when 1% (v/v) sunflower oil was used. These
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observations suggested that every fungus requires different
nutrients and physicochemical parameter for growth and
yield of enzyme and each fungal strain needs optimization.
Therefore, the recurrent strain of wild (MBL 1511) and
mutant MBL-1511544(150 min) strain of Aspergillus niger
were optimized. It will help in designing industrial scale
medium that can interchangeably be used for lipases
production.

Acknowledgements

The authors wish to thank Higher Education
Commission of Pakistan for financing this research work
under project # 20-1565/R&D/10/5248 and for the award
of Indigenous PhD scholarship of Ms. Sidra.

References

Adinarayan, K., K.V.V.S.N.B. Raju, M.l. Zargar, R.B. Devi, P.J.
Lakshmi and P. Ellaiah. 2004. Optimization of process
parameters for production of lipase in solid state
fermentation by newly isolated Aspergillus species. Indian
J. Biotechno., 3(1): 65-69.

Amin, M., H.N. Bhatti, M. Zuber, I.A. Bhatti and M. Asgher.
2014. Potential use of agricultural wastes for the production
of lipase by Aspergillus melleus under solid state
fermentation. J. Animal & PI. Sci., 24(5): 1430-1437.

Anbu, P., M.J. Noh, D.H. Kim, J.S. Seo, B.K. Hur and K.H.
Min. 2011. Screening and optimization of extracellular
lipases by Acinetobacter species isolated from oil-
contaminated soil in South Korea. Afr.J. Biotechno.,
10(20): 4147-4156.

Bapiraju, K.V.V.S.N., Sujatha, P. Ellaiah and T. Ramana. 2004.
Mutation induced enhanced biosynthesis of lipases. Afr. J.
Biotechno., 3(11): 618-621.

Bradford, M.M. 1976. A rapid and sensitive method for the
quantitation of microgram quantities of protein utilizing the
principle of protein_dye binding. Analytical Biochemistry,
72: 248-254

Colen, G.R., G. Junqueira and T.M. Santos. 2006. Isolation and
screening of alkaline lipase-producing fungi from Brazilian
savanna soil. World J. Micro. & Biotechno., 22: 881-885.

Dekker, R.F.H., A.M. Barbosa, E.C. Giese, S.D.S. Godoy and
L.G. Covizzi. 2007. Influence of nutrients on enhancing
laccase production by Botryosphaeria rhodina MAMB-05.
Inter. Microbio., 10(3):177-185.

Dharmendra, K and Parihar. 2012. Production of lipase utilizing
linseed oilcake as fermentation substrate. Inter. J. Sci.,
Envir. & Technol., 1: 135-143.

dos Santos, R.R.D., N.M.N. Muru, L.M.C.T. Damaso, J.P.L.D.
Silva and L.O. Santos. 2014. Lipase Production by
Aspergillus niger 11T53A14 in Wheat Bran Using
Experimental Design Methodology. J. Food & Nutr. Res.,
2(10): 659-663.

Ebrahimpour, A., R.N.Z.R.A. Rahman, D.H.E. Ch'ng, M. Basri
and A.B. Salleh. 2008. A modeling study by response
surface methodology and artificial neural network on
culture parameters optimization for thermostable lipase
production from a newly isolated thermophilic Geobacillus
sp. strain ARM. BMC biotechnology, 8(1): 1.

Elibol, M and D. Ozer. 2000. Influence of oxygen transfer on
lipase production by Rhizopus arrhizus. Process
Biochemistry, 36: 325-329.

Ellaiah, P., T. Prabhakar, B. Ramakrishna, A.T. Taleb and K.M.
Adinarayana. 2002. Strain improvement of Aspergillus
niger for the production of lipase. Indian J. Microbiol., 4:
151-153.

2547

Fiedurek, J., A. Paszczynski, G. Ginalska and Z. llczuk. 1987.
Selection of amylolytic active Aspergillus niger mutants to
2-de-oxy-D-glucose. Zentralbl Microbiolo., 142(5): 407-412.

Gromada, A. and J. Fiedurek. 1997. Selective isolation of
Aspergillus niger mutants with enhanced glucose oxidase
production. J. Appl. Microbiol., 82: 648-652.

Holker, U., M. Hofer and J. Lenz. 2004. Biotechnological
advantages of laboratory scale solid state fermentation with
fungi. Appl. Microbiol. & Biotechnol., 64(2): 175-186.

Hosseinpour, M.N., J.D. Najafpour, H. Younesi, M. Khorami
and Z. Vaseghi. 2012. Lipase production in solid state
fermentation using Aspergillus niger: response surface
methodology. Inter. J. Engineer., 25(3): 151-1509.

Iftikhar T., R. Abdullah, M. Igtedar, A. Kaleem, M. Aftab, M.
Niaz, Sidra, B. Tabassum and H. Majeed. 2015. Production
of lipases by Alternaria sp. (mbl 2810) through
optimization of environmental conditions using submerged
fermentation technique. Inter. J. Biosciences, 7(2):178-186.

Iftikhar, T., M. Niaz, H. Hussain, S.Q. abbas, I. Ashraf and M.A.
Zia. 2010. Improvement of selected strains through gamma
irradiation for potential. Pak. J. Bot., 42(4): 2257-2267.

Iftikhar, T., M. Niaz, M, Afzal, I.U. Hag and M.I. Rajoka. 2008.
Maximization of intracellular lipase production in a lipase-
overproducing mutant derivative of Rhizopus oligosporus
DGM 31: A Kinetic Study. Food Technol. & Biotechnol.,
46(4): 402-412.

Iftikhar, T., M. Niaz, M.Z. Haider, Sidra, D.R. Nayyab. R.
Abdullah and M.A. Zia. 2014. Morpho-molecular
identification of a novel aspergillus spp. and its cultural
optimization for lipases production. Pak. J. Bot., 46(6):
2297-2304.

Imandi, SB. 2008. Studies on the production of lipase in solid
state fermentation using Artificial Neural Networks and
Genetic Algorithms. Ph.D. Thesis, Andhra University,
Visakhapatnam, India.

Ito, T., H. Kikuta, E. Nagamori, H. Honda, H. Ogino, H.
Ishikawa and T. Kobayashi. 2001. Lipase production in two
step fed batch culture of organic solvent tolerant
Pseudomonas aeroginosa LST-03. J. Biosci. Bioeng.,
91(3): 245-250.

Kashmiri, M.A., A. Ahmad and B.W. Butt. 2006. Production,
purification and partial characterization of lipase from
Trichoderma viride. Afri. J. Biotechnol., 5(10): 878-882.

Kundu, A.K. and N. Pal. 1970. Isolation of lipolytic fungi from
the soil. J. Pharmacy Ind., 32(4): 96-97.

Lee, S.Y. and J.S. Rhee. 1993. Production and partial
purification of a lipase from Pseudomonas putida 3SK.
Enzyme Microbiol. Technol., 15(7): 617-623.

Mala, J.G.S., N.R. Kamini and R. Puvanakrishnan. 2001. Strain
improvement of Aspergillus niger for enhanced lipase
production. J. General Applied Microbiol., 47(4): 181-186.

Martinez, C.P., P. Christen and A. Ferrers. 1993. Optimization
of conditions by factorial design for the production of
lipase by Rhizopus delemar. J. Fac. Quim., 76(2): 94-97.

Mohanasrinivasan, V., P. Dhrisya, P.K. Dipinsha, M.C. Unnithan,
M.K. Viswanath and S.C. Devi. 2009. A comparative study
of the lipase yield by solid state and submerged
fermentations using fungal species from biopharmaceutical
oil waste. Afr. J. Biotechnol., 8(1): 73-76.

Niaz, M., T. Iftikhar, F.F. Qureshi and M. Niaz. 2014.
Extracellular lipase production by Aspergillus nidulans
MBL-S-6 under submerged fermentation. Inter. J. Agric. &
Biol., 16: 536-542.

Parveen, B.T.N. and S. Manikandaselvi. 2011. Production of
Lipase enzyme by Aspergillus flavus using Groundnut
waste. Inter. J. Pharm. Tech. Res., 3(3): 1299-1302.

Peter, R. 1995. Production, regulation and some properties of
lipase activity from Fusarium oxysporium. f. sp. vasinfectum.
Enzyme & Microbial. Technol, 17(9): 832-838.


http://www.sciencedirect.com/science/journal/00032697

2548

Petruccioli, M., U.F. Federici, U.C. Bucke and T.R. Keshavarz.
1999. Enhancement of glucose oxidase production by
Penicillium variabile. P16. Enzyme & Microbial. Technol.,
24(7): 397-401.

Potumarthi, R., C. Subhakar, J. Vanajakshi and A. Jetty. 2008.
Effect of Aeration and Agitation Regimes on Lipase
Production by Newly Isolated Rhodotorula mucilaginosa
MTCC 8737 in Stirred Tank Reactor Using Molasses as
Sole Production Medium. Appl. Bioch. & Biotechnol.,
151(2-3): 700-710.

Rajan, A and A.J. Nair. 2011. A comparative study on alkaline
lipase production by a newly isolated Aspergillus fumigatus
MTCC 9657 in submerged and solid-state fermentation
using economically and industrially feasible substrate.
Turk. J. Biol., 35: 569-574.

Rajeshkumar, J. and M.H. llyas. 2011. Strain improvement of
Phosphate solubilizing fungal strains for the production of
lipase. Inter. Multidisciplinary Res. J., 1/7: 15-23.

Salihu, A., M.Z. Alam, M.l. Abdul Karim and H.M. Salleh.
2012. Lipase production: An insight in the utilization of
renewable agricultural residues. Resou., Conser. &
Recycling, 58: 36-44.

Sandhya, C., A. Sumantha, G. Szukacs and A. Pandey. 2005.
Comparative evaluation of neutral protease production by
Aspergillus oryzae in submerged and solid state
fermentation. Process Biochem., 40(8): 2689-2694.

SIDRAET AL,

Saxena, R.K., A. Sheoran, B. Giri and W.S. Daidson. 2003.
Purification strategies for microbial lipase. J. Microbiol.
Methods, 52(1): 1-18.

Sethi, B.K., J.R. Route, R. Das, P.K. Nanda and S.L. Sahoo.
2013. Lipase production by Aspergillus terreus using
mustard seed oil cake as a carbon source. Annual
Microbiol. 63: 241.

Sharma, R., Y. Chisti and U.C. Banerjee. 2001. Production,
purification, characterization, and applications of lipases.
Biotechnol. Advances, 19(8): 627-662.

Snellman, E.A., E.R. Sullivan and R.R. Colwell. 2002.
Purification and properties of the extracellular lipase, LipA,
of Acinetobacter sp. RAG-1. Eur. J. Biochem., 269(23):
5771-5779.

Subramaniyam, R and R.Vimala. 2012. Solid state and
submerged fermentation for the production of Bio active
substances: a comparative study. Inter. J. Sci. & Nature,
3(3): 480-486.

Sujatha, K and K. Dhandayuthapani. 2013. Optimization of
lipase production media parameters by a newly isolated
Bacillus licheniforms KDP from oil mill soil. Inter. J.
Pharma. & BioSci., 4(2): 645-652.

Wang, D., Y. Xu and T. Shan. 2008. Effects of oils and oil-
related substrates on the synthetic activity of membrane-
bound lipase from Rhizopus chinensis and optimization of
the lipase fermentation media. J. Biochemical Engineer.,
41(1): 30-37.

(Rerecied for publication 15 October 2015)



