
INTRODUCTION

Lipases (triacylglycerol acylhydrolases,
E.C. 3.1.1.3) are ubiquitous enzymes of considerable
physiological significance and industrial potential.
Lipases catalyze the hydrolysis of triacylglycerols
to glycerol and free fatty acids. In contrast to
esterases, lipases are activated only when adsorbed
to an oil–water interface1 and do not hydrolyze
dissolved substrates in the bulk fluid. A true lipase
will split emulsified esters of glycerine and long-chain
fatty acids such as triolein and tripalmitin. Lipases
are serine hydrolases. In eukaryotes, lipases are
involved in various stages of lipid metabolism
including fat digestion, absorption, reconstitution,
and lipoprotein metabolism. In plants, lipases are
found in energy reserve tissues. How lipases and
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ABSTRACT

Lipases (triacylglycerol acylhydrolases, EC 3.1.1.3) catalyze the hydrolysis and the synthesis
of esters formed from glycerol and long-chain fatty acids. Lipases occur widely in nature, but only
microbial lipases are commercially significant. In the present study, production of extracellular lipase
in submerged fermentation of Pseudomonas sp.Lp1 isolated from oil contaminated soil has been
investigated. The lipase production was optimized in shake flask experiments. The objective of the
present investigation is to determine the activity of lipase was under varied physiochemical conditions
of incubation time, pH, temperature, lipid carbon sources, nitrogen sources, surfactants and cations.
The use of natural substrates in lipase production by Pseudomonas sp.Lp1 was also studied. The
extracellular lipase production was maximum during the incubation time of 36 to 48 hours. The
observed pH and temperature range optimum for maximum lipase production were 8.0-8.5 and 37-
42 °C, respectively. Maximum lipase production occurred when olive oil (1%) was used when
compared with Coconut oil, Sun flower oil Corn oil and Ground nut oil. Among the surfactants tested
such as Triton X-100, Tween-20, Tween-80, Sodium dodecyl sulphate, all of them showed positive
influence on lipase production,. Lipase activity was recorded to be the maximum when yeast extract
and peptone were used as nitrogen source. About 45U/ml of enzyme activity was obtained in the
medium prepared with whey as the natural substrate (2%).
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lipids interact at the interface is still not entirely clear
and is a subject of intense investigation2. Lipases
occur in animals, plants and microorganisms.
Microbial lipases have a broad spectrum of industrial
applications as they are more stable when compared
with plant and animal lipases and they can be
obtained cheaply3.

A relatively smaller number of bacterial
lipases have been well studied compared to plant
and fungal lipases. Amongst the lipase-producing
organisms, Bacillus, Candida, Penicillium,
Pseudomonas, Rhizomucor and Rhizopus spp. are
outstanding ones4. Bacterial lipases are
glycoprotein, but some extracellular bacterial lipases
are lipoproteins. Most of the bacterial lipases
reported so far are constitutive and are non-specific
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in their substrate specificity and a few bacterial
lipases are thermostable. Among bacteria,
Achromobacter, Alcaligenes, Ar throbacter,
Pseudomonas, Staphylococcus and
Chromobacterium and Serratia spp. have been
exploited for the production of lipases5.

Most of the bacterial lipases reported so far
are constitutive and are non-specific in their substrate
specificity and a few bacterial lipases are
thermostable. Due to such attributes, lipases are used
in detergents, manufacture of food ingredients, pitch
control in pulp and paper industry6, production of
aromas, production of insecticides and synthesis of
drugs such as naxopren and ibuprofen and as a
biocatalyst of stereo selective transformations. The
exponential increase in the application of lipases in
various fields in the past few years necessitated both
qualitative and quantitative improvement in enzyme
production. Bacterial lipases are mostly inducible
enzymes and require some form of oil, fatty acid, fatty
acid alcohol or fatty acid ester and surfactants for
induction7. Increased productivity of lipase during the
fermentation process is of great importance since
lower costs of production could promote new industrial
applications. The productivity of lipase is affected by
different physio-chemical parameters such as
temperature, pH, medium composition and presence
of inducers among others. Factors affecting
extracellular lipase production have been studied and
reported by many investigators. Therefore, in the
present investigation, a study was undertaken to
optimize the lipase production by locally isolated
Pseudomonas sp. Lp1 on relatively low cost media
and natural substrate media.

Preparation of Inoculum and Lipase Production
The inoculums for lipase production and

other studies was prepared by inoculating the isolate
in Luria Bertani (LB) broth consists of  Yeast extract
- 5 g-l ;  Peptone  - 10 g-l , NaCl - 10 g-l ;  pH - 8.0  and
was incubated at 37°C in a rotary shaker for
overnight. The fresh over night culture was used as
inoculums for production of enzyme. The enzyme
production was carried out by shake flask
fermentation using production medium comprised
of Peptone-5 g-l; Yeast extract-5 g-l; NaCl-0.5 g-l;
CaCl2-0.05 g-l; Olive oil-10 ml (emulsified with gum
acacia- 0.5%); pH-7.2 in which the olive oil was used
as substrate and carbon source. 100 ml of sterile

production broth in duplicates was prepared in 250
ml conical flasks and seeded with 3% inoculums
aseptically. The flasks were incubated overnight at
shaker incubator at 37°C, pH 7 and 150 rpm. Culture
supernatant was harvested by centrifugation at
10,000 g for 10min at 4°C. The enzyme activity was
determined in the cell free supernatant thereof.

Lipase assay
Extracellular lipase activity was measured

by photometric method of Winkler9 by measuring
the micromoles of 4-Nitrophenol released from 4-
Nitrophenyl palmitate substrate. A stock solution
(20mM) of 4-Nitrophenyl palmitate (4-NPP) was
prepared in isopropanol. The reaction mixture
contained 150 µl of 4-nitrophenyl palmitate, 100 µl
enzyme solution and 0.1M Tris buffer (pH 8.5) was
made a final volume of 3 ml was incubated at 55ºC
for 10 min in water bath. The reaction was arrested
by chilling at -20ºC for 10 min.  The absorbance was
measured at 410 nm using UV-Vis
Spectrophotometer (Elico). The reaction mixture
contained heat inactivated enzyme was used as
control. The activity of lipase was determined by
comparing the optical density value with 4-
nitrophenol standard. One unit (U) was defined as
the amount of enzyme catalyzing the liberation of 1
µM p-Nitrophenol/min under the assay conditions.

Assay of Total Protein Content
Protein analysis of the different

supernatants was determined
spectrophotometrically according to Braford10. The
protein concentrations were determined through
Bovine serum Albumin standard.

Optimization of Physico-Chemical parameters
for Lipase Production

Various parameters like incubation time,
pH, and temperature and media components were
altered to obtain the maximum production of lipase.
The lipase production was carried out by shake flask
fermentation in duplicates at appropriate conditions
with 3% fresh inoculum. The flasks were incubated
under shaking conditions at 150 rpm in a shaker
incubator. After fermentation, enzyme activity was
determined.

Effect of Incubation time
The lipase production was carried out by
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liquid state fermentation at 37°C, 150 rpm. Culture
was aseptically with drowned periodically at 12 hours
intervals up to 72 hours. The lipase activity of the
cells free culture filtrate was determined.

Effect of pH
The effect of medium pH on lipase

production was assessed at different pH values of
production medium such as 5.5, 6.5, 7.5, 8.5 and
9.5. The various pH were obtained by adjusting with
0.1N NaOH and 0.1N HCl. The flasks were incubated
overnight in shaker incubator at 150 rpm at 37°C,
pH 7. The culture filtrate was examined for lipase
the activity.

Effect of Tmperature
The influence of temperature on lipase

production was assessed by carrying out the
fermentation at different temperatures such as 28ºC,
32ºC, 37ºC, 42ºC, 47ºC, 55ºC and 60ºC for 48 hours.
The production medium with pH 8.5 were incubated
overnight in shaker incubator at 150 rpm.The culture
filtrate was examined for the lipase activity.

Effect of Lipid Carbon Sources
The effect of  lipid carbon sources on lipase

production was investigated by using different
carbon sources namely Olive oil, Coconut oil, Sun
flower oil, Corn oil and Ground nut oil at the
concentration of 1%(v/v) and incubated at 40ºC, at
pH  8.5, for 48 h under shaking conditions (150 rpm)
and lipase activity was determined.

Effect of Nitrogen sources
In order to determine the effects of different

nitrogen sources on lipase production the production
medium was replaced with different nitrogen sources
such as Yeast extract, peptone, potassium nitrate,
ammonium nitrate and ammonium sulphate at the
concentration of 0.5% (w/v). The samples were
incubated at 40ºC, at pH 8.5, for 48 h under shaking
conditions (150 rpm) and lipase activity was
determined.

Effect of Surfactants
The following detergents viz.,(0.2%v/v or

w/v) Sodium Dodecyl Sulphate, Triton X-100, Tween-
20 and  Tween-80 were added to the production
medium in order to find out the effect of surfactants
over the production of lipase. These mixtures were

incubated at 40ºC, at pH 8.5 for 48 h under shaking
conditions (150 rpm) and lipase content was
determined.

Effect of Metal ions
The metal ions like Na2+, K+,   Ca2+ ,Cu2+,

Mg2+, Mn2+, Zn2+, Fe2+ and Fe3+  were added to the
production medium at a concentration of 0.2%(w/v)
and were incubated at 40ºC, at pH 8.5 for 48 h under
shaking conditions(150 rpm) and the culture filtrate
was analyzed for lipase activity.

Production of Lipase using natural substrates
Various natural oil cakes such as Coconut

oil cake, Sesame oil cake, Ground nut oil cake,
Cotton seed oil cake and Whey medium were used
as substrates for effective enzyme production. The
crude substrates were collected from edible oil
industries. 2% (w/v) natural oil cakes were prepared
by grinding them using distilled water and sterilized
by autoclaving.  The Whey medium 2% (v/v) was
prepared from whey collected from milk industry and
was steam sterilized. The pH was adjusted to 8.5
and fermentation was carried out in standard
conditions.  The amount of lipase produced in
different substrates was estimated.

RESULTS AND DISCUSSION

Isolation, Screening and Identification of
Potential Strain

Microbiological analysis of soil samples
from edible oil contaminated sites showed high
bacterial count. The isolates obtained from the
samples were screened for lipase production in
Tween Agar. Among the total 52 isolates, 8 isolates
showed positive towards lipase production by
showing white precipitate around the colony. The
isolate that showed comparatively more precipitation
zone was considered as most potent strain and
selected for the present study.  Based on
biochemical, cultural, and morphological
characteristics, the isolate was identified as
Pseudomonas sp. and designated as strain Lp1.
(Figure.1).

Optimization of physico-chemical parameters for
lipase production
Effect of Incubation time on Lipase Production

The incubation time is an important factor
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for the production of extracellular lipase by the
microorganisms11. The amount of lipase produced
by Pseudomonas sp. Lp1 was observed after every
12 hours of incubation till 72 hours. The maximum
lipase activity of about 68U/ml was observed after
48 h of fermentation .The maximum lipase
production occurred during the late log phase of the
organism. (Figure.2). After 48 h, the growth showed
divergence from the exponential because in place
of homogeneous growth, bacterial pellets began to
form in which nutrients and oxygen supply became
the growth limiting.

After that lipase yield got reduced due to
the depletion of nutrients, accumulation of toxic end
products, and the change in pH of the medium.
Several researchers have repor ted different
incubation periods for optimal lipase production.
Maximum lipase was produced after 72 h and 96 h
of incubation, respectively, in the case of the
Pseudomonas spp P. fragi and P. fluorescens BW
96CC12,13. The lipase production of lipase by
Pseudomonas sp. was maximum after 48 hrs of
incubation14. Pseudomonas fluorescens B68
catalyzed the transesterification reaction after 120
hours of incubation15. Bacillus sp. showed maximum
lipase activity after 48 h of incubation16.

Effect of pH on Lipase Production
As pH is the important parameter required

for the growth of bacterial culture in respective media
lipase activity got affected with basic pH, which
indicates that suitable pH is responsible for bacterial
growth in the media. The data obtained clearly
indicated that there was a strong influence of pH on
lipase production (Figure.3) .The maximum lipase
activity about 72U/ml by Pseudomonas sp. Lp1 was
reported at pH 8.5.  P. aeruginosa MB prefers neutral
pH17. S. rubidaea requires alkaline pH (7). Lipase
activity by Serratia grimesii was high at pH 8–95.

Effect of Temperature on Lipase Production
Experiments on effect of temperature

indicated that the lipase production by
Pseudomonas sp. Lp1 was maximum between the
temperatures of 37°C - 42°C at the optimum
temperature of 42°C. But in low temperatures (25 to
35°C) as well as high above 47°C, the lipase
production recorded was low (Figure. 4 ). Lipase
production by S. marcescens was higher at the

temperature of 25°C as compared to 30 and 35°C18.
Similar ly, lipase production observed in P.
aeruginosa MB was higher at 30°C17. But in the
present study, lipase activity showed gradual
increase with the increase of temperature from 25
to 45°C and further increase of temperature, beyond
45°C the production decreased. Such type of result
was also been reported in S. rubidaea7.  The lipase
activity of Bacillus strains was high (0.0029 ìg/ml/
min) when grown at the medium temperature of
37°C19. Lipase activity of Staphylococcus sp. Lp12
showed gradual increase with the increase of
temperature from 25 to 45°C20.

Effects of Lipid Carbon Sources on Lipase
Production

Carbon is a main component of cells and
carbon sources are important substrates for energy
production in microorganisms. Thus, bacterial
lipases are generally produced in the presence of
oil or any other lipid substrate viz., fatty acid esters,
fatty acids, glycerol as carbon sources in the
presence of any complex nitrogen source .In order
to investigate the effects of carbon sources on lipase
production various vegetable oils were tested as
carbon source viz., Olive oil, Coconut oil, Sun flower
oil, Corn oil and Ground nut oil. Maximum lipase
production (58U/ml) occurred when olive oil was
used and other oils like Corn oil and Coconut oil
also have yielded comparatively considerable
productions of about 38U/ml and 31U/ml
respectively. (Figure.5). Triglycerides are important
substrates for lipase production as they can act as
an inducer as well as an inhibitor.

In the present study, all the tested
triglycerides were found to induce the lipase
synthesis by Pseudomonas sp. Lp1 with different
level of enzyme production. This study is in
agreement with the previous work on castor oil-
induced lipase production by Pseudomonas
aeruginosa KKA-521. Vegetable oil-induced lipase
production was observed in Candida rugosa (DSM
203122 and sunflower oil and olive oil-induced
extracellular lipase production by Yarrowia lipolytica23

and however, the thermostable Bacillus sp. has been
reported to produce thermostable alkaline lipase
with corn oil and olive oil (1%) as carbon sources24,

25. The lipase production was more when vegetable
oil, olive oil, soya bean oil, sunflower oil and gingelly
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Fig. 1: Lipase producing Pseudomonas sp. Lp1 i) Growth on Nutrient agar ii) Microscopic
view of Gram stained Pseudomonas sp. iii) Pseudomonas sp.Lp1 showing precipitation zone

Fig. 3: Effect of pH on lipase productionFig. 2: Effect of incubation time on lipase
production

oil were used as the carbon source in the lipase
producing strains26. Similar reports were shown in
Pseudomonas sp. lipase production with various
vegetable oils27.

Effects of Surfactants on Lipase Production
In order to determine the effects of

surfactants on lipase production, Sodium Dodecyl
Sulphate (SDS), Triton X-100, Tween 20 and Tween
80 were tested. All the surfactants tested showed
positive influence on lipase production by

Pseudomonas sp. Lp1 compared to the control.
Medium containing Tween 20 showed highest lipase
production after 48 h of incubation (Figure. 6). Very
low lipase production was observed when SDS was
used. From the present study it is also evident that
the lipase production by microorganisms could be
induced by the addition of surfactants. Similarly, the
studies of lipase production by P. aeruginosa EF2
indicated the positive influence of Tween 8028. Higher
levels of lipase production were observed when the
substrate formed an emulsion, thereby presenting

Fig. 4: Effect of Temperature on
lipase production

Fig. 5: Effect of Lipid carbon sources on
lipase production

1. Olive oil 2.Coconut oil 3.Sun flower oil 4.Groundnut oil 5.Corn oil
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an interfacial area to the enzyme29.  The maximum
lipase production by S. rubidaea was induced by
Tween 20 ((27.10±0.01) U/ml), followed by
polyethylene glycol 300 ((26.00±0.06) U/ml) (7).
Tween 80 in the medium of Staphylococcus sp.Lp12
was shown to enhance lipase production after 48 h
of incubation20.

Effects of Nitrogen sources on Lipase
Production

Figure.7 shows the effect of nitrogen
sources on lipase production. Both organic and
inorganic nitrogen sources play an important role
in the synthesis of the enzyme by Pseudomonas
sp. Lp1. Different nitrogen sources were
incorporated in the production medium viz., Yeast
extract, and peptone, potassium nitrate,

ammonium nitrate and ammonium sulphate at the
concentration of 0.5% (w/v)).  Lipase activity was
recorded to be the maximum when yeast extract
and peptone were used, whereas in the medium
with the inorganic nitrogen salts, the lipase
production was comparatively less. Peptone
contains cofactors and amino acids which match
strains physiological requirements of lipase
production30. Complex nitrogen sources such as
yeast extract, peptone and corn steep liquor have
traditionally been used for lipase production31, 32.
Peptone has also been shown to support lipase
production in the case of Aspergillus sp.33 and
Fusar ium sp.34.  Pseudomonas sp. strain 5
evidenced higher degrees of lipase production
(0.335 U/ml) in cases in which peptone was added
to the basal medium14. Bacillus strain produced a

Fig. 6: Effect of Surfactants on
Lipase Production

1. Yeast extract    2. Peptone    3. Ammonium sulphate
4. Potassium nitrate    5. Ammonium nitrate

Fig. 7: Effects of Nitrogen sources on
Lipase Production

1. Cotton seed oil cake 2.Sesame oil cake
3.Groundnut oil cake 4.Coconut oil cake 5.Whey

Fig. 8: Effects of Metal ions on
Lipase Production

1. Cotton seed oil cake 2.Sesame oil cake
3.Groundnut oil cake 4.Coconut oil cake 5.Whey

Fig. 9: Production of Lipase using
Crude Substrates
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maximal lipase activity in a medium that contained
yeast extract (3.0%) as the nitrogen source16.
Peptone was found to be the best organic nitrogen
source for lipase production in Staphylococcus
sp.Lp1220. The presence of organic nitrogen
sources increased the lipase production in the
cultures of Pseudomonas and Bacillus species27.

Effects of Metal ions on Lipase Production
Divalent cations stimulate or inhibit enzyme

production in microorganisms The effect of a variety
of inorganic salts Na2+, K+,   Ca2+ ,Cu2+, Mg2+, Mn2+,
Zn2+, Fe2+ and Fe3+ on lipase production was
evaluated. The production of extracellular lipase by
Pseudomonas sp. Lp1 was enhanced in the medium
supplemented with Ca2+ K+ and Mg2+ at the
concentration of 0.2%   (Fig. 8).The metal ions like
Mg2+ and Na2+   also significantly increased the
extracellular lipase production in Pseudomonas sp.
Lp1.  The medium with the ions like Cu2+ and Zn2+

there was reduction in the lipase production than
the control medium. The metal ions like Fe2+ and
Fe3+ inhibited the lipase production completely. Ca2+
was determined to stimulate lipase, thereby
suggesting that Pseudomonas sp. Lp1 lipase was a
metal-activated enzyme, in which the ions often
function in a structural, rather than a catalytic, and
role. The ions bind to the enzyme and alter the
conformation of the protein to counter greater
enzyme stability.

The metal ions function as electrophiles,
which seek the opportunity to share electron pairs
with other atoms, such that a bond or charge-charge
interaction might be formed35. This effect was
attributable to the interaction between salt ions and
the enzyme surface charge, which might markedly
affect the ionization of some amino acid residues,
thus changing the enzyme conformation and altering
enzyme activity13. The preference for metal ions of
the crude enzyme differed from that of the purified
lipase36.  The stimulation of lipase production
occurred in Burkholderia sp. in the presence of Ca2+

and Mg2+37. The stimulation of lipase production was
observed in Bacillus sp. RSJ1 in the presence of
calcium chloride38. However, most other metal ion
salts were inhibitory to lipase production. Iron was
found to play a critical role in the production of lipase
by Pseudomonas sp. G639. In addition to the various
chemical constituents the production of extracellular

lipase by P. aeruginosa S5 was enhanced in cases
in which the peptone medium was supplemented
with Na2+. Lipase production by Bacillus sp. (Pa2)
was increased when Mg2+ (0.25%) was added in
the production medium16. Lipase production by P.
pseudoalcaligenes F-111 was enhanced when a
phosphate containing medium was provided with
Mg2+40. Maximal lipase production by P.
pseudoalcaligenes KKA-5 occurred at Mg2+

concentration of 0.8 M21.

Production of Lipase using Crude Substrates
The real and beneficial production of

enzyme is the production from the natural sources
and industrial wastes. In this study, several natural
oil cakes after de oiling and whey were used as
substrates for lipase production by Pseudomonas
sp. Lp1. The wastes like Coconut oil cake, Sesame
oil cake, Ground nut oil cake, Cotton seed oil cake
and Whey were used. The results revealed that the
maximum production was observed in whey medium
of about (45 U/ml) (Figure.9). Cultural conditions for
the production of lipase by Aspergillus niger strain
MTCC 2594 by solid state fermentation using gingly
oil cake were standardized. A lipase activity of 363.U/
g of dry substrate was obtained after 72h under
optimal conditions41. Similar result was reported42.

The almond meal is the best crude medium
for the higher production of lipase by Bacillus sp
which provides all required carbon, nitrogen and
contained sucrose, gum, asparagines and proteins43.
Similarly in the present study whey medium also
supplied the nutrients needed for the growth and
lipase production by Pseudomonas sp. Lp1. (Fig.9).

CONCLUSION

The present study revealed that
extracellular lipase production by Pseudomonas sp.
Lp1 isolated from oil contaminated soil samples was
found to be enhanced at optimized culture conditions
such as medium incubation time, pH, temperature
and various substrate concentrations. From the
results, it could be concluded that the medium pH
of 8.0 and temperature range of 37-42 °C when
incubated up to 48 hours was optimum for
maximizing lipase production by Pseudomonas sp.
Lp1. The assessment of various substrates for
optimizing the production of lipase by Pseudomonas
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sp. Lp1 revealed that the medium components
contained Corn oil - 1%(emulsified with gum acacia-
0.5%) ,Peptone -0.5%,Yeast extracts 0.5%,Tween
20 - 0.2% Nacl - 0.2% and CaCl2 - 0.2%. The natural
substrate medium [Whey medium (Whey - 2.0%v/

v)] also supported the growth of Pseudomonas sp.
Lp1and induced the production of lipase significantly.
Thus Pseudomonas sp. Lp1is a potential strain to
produce lipase in both chemically defined medium
and natural medium extracellularly.
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