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Abstract

The  present  study  aimed  to  optimize  culture  conditions  for  optimal  growth  and
production of extracellular lipase. Lipolytic fungal strain named as  S3St2  previously
isolated from a petrol pump soil sample of Newai Town was used for optimization
study. Among the tested carbohydrate carbon sources, polysaccharide-starch exhibited
maximum  lipase  production  (21.25±0.70  IU/ml/min)  with  highest  specific  activity
(1.47±0.06 U/mg).  Lipase activity and specific activity were higher with mustard oil 1
% (v/v) among all lipidic carbon sources. Among inorganic nitrogen source, potassium
nitrate was found best inducer of lipase activity,  malt extract supported the fungus
growth (dry weight of cell pellets was 0.467 g) and exhibited maximum lipase activity
among all organic nitrogen sources. Lipase activity was optimum at pH 8.0, indicates
alkalophillic nature of production media supports the growth of fungus.  Higher lipase
activity (27.92±0.87 IU/ml/min) was detected at 28ºC. The incubation time of 5 days was
found optimum for maximum lipase production (31.51±0.21 IU/ml/min). 
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Introduction

Lipases  (EC  3.1.1.3)  are  triacylglycerolester
hydrolases that  cleave  the  triaclyglycerol  into
glycerol and fatty acids.  They frequently exhibit
other properties such as amidase, phospholipase,
cutinase,  cholesterol  esterase  and
isophospholipase (1).

Lipases  are  mainly  found in  fungi,  yeasts,
bacteria,  plants  and  animals  (2,3,4).  At  present
microbial  lipases  plays  a  vital  role  and  potential
applications  in  industry,  mostly  in  the  dairy,
detergents, oils, fats and pharmaceutical industries
due  to  their  potential  towards  extremes  of  pH,
organic  solvents,  temperature,  chemoselectivity
and regioselectivity (5,6).
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For  last  few  decades,  qualitative  and
quantitative  improvement  demands enhanced due
to  increase  in  application  of  lipases  in  different
fields. The lipase produced by wild strains are less in
quantity therefore, medium optimization and strain
improvement required for overproduction of lipase
than produced  by  the  wild  strains  (7,8,9).  Lipases
posses  specificity  to  a  reaction  and  makes  post-
reaction simpler. 

Lipases activity is entirely associated with oil
bodies  confirmed  through  histochemical  study.
Presently, microbial lipases are mainly emphasized
on conversion of processing industry wastes (10,11).

In culture media lipases are mostly secreted
out but intracellular lipases and membrane bound
lipases have been also reported. Beginning of lipase
production  is  an  organism  precise  but  released
during  stationary  phase  or  late  logarithmic  phase
(12,13,14).

Type and concentration of carbohydrate and
lipidic  carbon  sources,  inorganic  nitrogen  and
organic  nitrogen  sources,  the  pH  of  production
media, temperature and incubation time influences
lipase  production  by  microbial  strains  (15).  Most
commonly used lipidic substrate for increased lipase
production is olive oil (16). 

Materials and Method

All glassware’s and chemicals were used from  SRL
Pvt.  Ltd.,  India,  Merck Specialities  Pvt.  Ltd.,  India,
Sigma  Aldrich  Chemicals  Pvt.  Ltd.,  India,  Riviera
Glass Private Limited, Borosil Glass Works Ltd, India
and HiMedia Laboratories Ltd., India.

Isolation and maintenance of lipolytic fungi 

The lipolytic fungal strain named as  S3St2 (Fig.  1)
was obtained from the Department of Bioscience and
Biotechnology,  Banasthali  Vidyapith  which  was
previously isolated from the petrol pump soil sample
of  Newai  Town  (Raj)  and  screened  for  lipolytic
activity  on  tributyrin  agar  (TBA)  plates.  It  was
subcultured & maintained on PDA slants and used
for  culture  conditions  optimization  under
submerged fermentation (SmF) (17). 

Optimization of culture condition

Culture  conditions  (carbohydrate  carbon  sources,
lipidic  carbon  sources,  organic  and  inorganic
nitrogen sources,  pH,  temperature  and incubation
time)  were  optimized  for  lipase  production  from
fungal isolate (S3St2).  Composition of fermentation
broth  (g/100ml)  used for optimization was  0.1 g of
(NH4)2SO4, 0.1g of MgSO4.7H2O, 0.1 g of KH2PO4, 4 g of
peptone, 0.5 g of Sucrose, 1 ml of olive oil with pH
6.5±0.2 (18).

Optimization of carbohydrate carbon source for
lipase production

The  effect  of  different  carbon  source  on  lipase
production  was  assessed  by  culturing  the  fungal
isolate  (S3St2)  in  fermentation  broth.  Original

carbohydrate  source  (sucrose)  was  replaced  by
different  carbohydrate  sources  (glucose,  maltose,
fructose,  lactose  and  starch).  Rest  composition  of
production media was retained same. One flask was
kept as control containing sucrose as original carbon
source  (19).  One  ml  of  spore  suspension  was
inoculated  in  each  flask  containing  production
media  with  different  carbon  source.  Flasks  were
incubated at 28ºC at 120 rpm for 5 days in shaking
incubator. 

Optimization of lipidic carbon source for lipase
production

Optimized  carbohydrate  carbon  source  from
previous  experiment  was  used  for  preparation  of
culture  medium  for  further  optimization  study.
Original  lipidic  source  (olive  oil  1%  v/v)  of
production  media  was  replaced  by  other  lipidic
sources such as amla oil, mustard oil, coconut oil and
almond oil at the same concentration. One flask was
kept as control containing olive oil as original carbon
source  (20).  Lipase  activity  and  protein  contents
(21,22) were determined after 5 days of incubation
(23).  Flaks  were  inoculated  with  one  ml  of  spore
suspension from slant culture.  Lipase activity  and
protein  content  were  determined  after  5  days  of
incubation.  One  unit  of  lipase  was  defined  as
amount (µM) of product (p-nitrophenol) released by
one ml of crude lipase in 1 min of reaction time at
standard assay conditions.

Optimization  of  inorganic  nitrogen  source  for
lipase production 

Optimized carbohydrate and lipidic carbon sources
from previous  experiments  were  used  for  further
optimization  of  culture  conditions.  Original
inorganic  (NH4)2SO4 nitrogen source  (0.1% w/v)  of
production  media  were  replaced  by  different
inorganic nitrogen sources such as KNO3, (NH4)NO3

and NaNO3. One flask was kept as control containing
(NH4)2SO4 as original carbon source (24). Flasks were
inoculated and activity was determined.

Optimization  of  organic  nitrogen  source  for
lipase production

Previously optimized carbon and inorganic nitrogen
sources  were used for  further  optimization  study.
Original  organic  nitrogen  source  i.e. peptone  (4%
w/v) of production media was replaced by different
organic nitrogen sources such as beef extract, malt
extract,  yeast  extract,  urea  and  tryptone  at  a
concentration of 4% w/v. Flaks were inoculated with
1  ml  of  spore  suspension  from  8  days  old  slant
culture.  Lipase  activity  and  protein  content  were
determined after 5 days of incubation (23).

Optimization of pH for lipase production

Previously optimized culture conditions were used
to further study the effect of different pH for lipase
production  in  production  media.  The  pH  of
production media was changed from 7 to 4, 5, 6, 8, 9,
10, 11 and lipase production was estimated at fifth
day of incubation (20).
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Optimization  of  temperature  for  lipase
production

Previously  optimized  culture  conditions
(carbohydrate  carbon  source,  lipidic  carbon
source,  inorganic  nitrogen  source,  organic
nitrogen  source  and  pH)  were  used  for  media
preparation to optimize the suitable temperature
for  growth.  Fermentation  broth  was  prepared
(starch 0.5% w/v, mustard oil 1% v/v, KNO3 0.1% w/
v, malt extract 4% w/v, pH 8) and inoculated with 1
ml of spore suspension. Flasks were incubated at

28ºC and 37ºC followed by determination of lipase
activity (25). 

Optimization  of  incubation  period  for  lipase
production

Previously optimized culture conditions were used
for  preparation  of  culture  media.  1  ml  of  spore
suspension  was  inoculated  in  production  media
and incubated for 7 days at optimized temperature
(28ºC).  Lipase  activity  and  protein  content  were
determined at following days of incubation 2, 3, 4,
5, 6, 7 and 8 (26).

ISSN: 2348-1900           Horizon e-Publishing Group

Table 1. Influence of different sources on specific activity and lipase production by fungal isolate (S3St2)

Different sources Lipase activity
(IU/ml/min)

Specific activity
(U/mg)

Dry weight of fungal cell
pellets (g)

Day 4 (Carbon Source)

Glucose 5.30±0.08 0.35±0.02 0.291
Starch 21.25±0.70 1.47±0.06 0.232
Fructose 8.88±0.57 0.58±0.04 0.494
Maltose 5.65±0.46 0.40±0.04 0.672
Lactose 9.40±0.86 0.71±0.08 0.368
Sucrose 7.40±0.79 0.52±0.06 0.317

Day 4 (Lipidic Source)
Amla oil 0.88±0.13 0.05±0.08 -
Mustard oil 13.93±0.38 0.85±0.02 0.298
Almond oil 0.90±0.13 0.05±0.07 -
Coconut oil 1.41±0.60 0.08±0.03 0.145
Olive oil 0.43±0.09 0.02±0.05 0.102

Day 6 (Inorganic Source)
KNO3 14.04±0.87 0.95±0.10 0.366
(NH4)NO3 10.22±0.75 0.58±0.04 0.308
(NH4)2SO4 1.58±0.28 0.09±0.00 0.398
NaNO3 9.18±0.74 0.56±0.07 0.578

Day 4 (Organic Source)
Beef extract 0.64±0.29 1.15±0.02 -
Malt extract 15.29±0.96 1.19±0.02 0.467
Tryptone 10.85±0.32 0.78±0.03 0.234
Yeast extract 8.29±0.45 0.77±0.08 0.287
Peptone 0.64±0.22 0.06±0.02 0.186
Urea 0.72±0.38 0.06±0.03 -

Day 5 (pH)
4 2.95±0.42 0.70±0.09 0.193
5 3.56±0.57 0.99±0.20 0.563
6 2.55±0.89 0.60±0.26 0.983
7 6.95±0.22 2.06±0.09 0.678
8 7.74±0.42 1.90±0.27 0.908
9 5.11±0.36 0.87±0.08 0.797
10 3.40±0.16 0.70±0.10 1.589
11 1.24±0.16 0.10±0.01 0.187

Day 5 (Temperature)
28ºC 27.92±0.87 2.65±0.06 0.984
37ºC 8.82±0.27 1.83±0.11 0.543

Day 2-8 (Incubation Time)
Day 2 3.61±0.57 1.88±0.35 0.194
Day 3 11.03±0.89 3.79±1.22 0.246
Day 4 14.07±0.59 2.16±0.34 0.482
Day 5 31.51±0.21 3.91±0.03 0.694
Day 6 15.87±0.22 3.20±0.61 0.367
Day 7 5.71±0.63 1.53±0.23 0.548
Day 8 5.82±.062 1.59±0.17 0.652
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Fig 1. PDA Petri plate culture of fungal isolate S3St2 Fig 2. Effect of different carbon sources on lipase
production by S3St2

Fig 3. Effect of different lipidic sources on lipase
production by S3St2

Fig 4. Effect of different inorganic nitrogen sources on
lipase production by S3St2

Fig 5. Effect of different organic nitrogen sources on lipase
production by S3St2 Fig 6. Effect of different pH on lipase production

by S3St2

Fig 7. Effect of different temperature on lipase production
by S3St2

Fig 8. Effect of different incubation days on lipase
production by S3St2
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Determination  of  dry  weight  of  fungal  cell
pellets

After incubation flasks were filtered and cell pellets
free  supernatant  was  recovered  from production
media and it was used to check lipase activity and
protein  content.  After  filtration  cell  pellets  were
collected in glass petri plate and kept at 80ºC to dry.
The dry weight of fungal cell pellets was observed.

Results

Effect of carbon sources on lipase production

Among the different carbon sources tested, starch
exhibited maximum growth and lipase production
than rest  of  sources (Table  1).  The lipase  activity
(21.25±0.70  IU/ml/min)  and  specific  activity
(1.47±0.06  U/mg)  was  higher  in  starch  carbon
source  followed  by  lactose,  fructose,  sucrose,
maltose  and  glucose.  Starch  is  a  kind  of
polysaccharide  supported  lipase  production  by
fungus,  therefore,  used  in  further  optimization
studies. Very few reports are available where starch
was  found  an  efficient  carbon  source  for  lipase
production. The  dry  weight  of  cell  pellets  in
presence  of  starch  was  0.232  g  lower than other
carbon  sources  depicts  more  growth  does  not
reflect  more  production  of  lipase.  Lipase  activity
was lower in presence of glucose. It was probably
due  to  that  glucose  was  not  efficiently  used  by
fungus for growth (Fig 2). 

Effect of lipidic sources on lipase production

Five different media containing amla oil, mustard
oil,  coconut  oil,  almond  oil  and  olive  oil  lipidic
sources were tested in order to optimize the lipase
production.  Among  the  various  lipidic  sources
tested highest lipase activity (13.93±0.38 IU/ml/min)
and specific activity (0.85±0.02 U/mg) was observed
with mustard oil followed by coconut oil, almond
oil,  amla  oil  and  olive  oil  (Table  1).  Mustard  oil
supported  the  growth  of  fungus,  hence  used  for
further optimization of culture conditions (Fig 3).
Dry weight of cell  pellets  was higher (0.298 g)  in
presence  of  mustard  oil  lipidic  source  than  dry
weight in presence of other lipidic sources.

Effect  of  inorganic  nitrogen  sources  on  lipase
production

Table  1  represents  that  among  the  various
inorganic  nitrogen  sources,  potassium  nitrate
exhibited  highest  lipase  activity  (14.04±0.87
IU/ml/min)  and  specific  activity  (0.95±0.10  U/mg)
followed by ammonium nitrate, sodium nitrate and
ammonium  sulphate.  Potassium  nitrate  was  the
best inorganic nitrogen source for lipase production
(Fig 4) and is used in further studies. Ammonium
sulphate  was  found  to  be  less  effective  and  it
declined  lipase  activity.  Ammonium  nitrate  and
sodium nitrate also supported a desirable level of
lipase production. Dry weight of fungal cell pellets
was higher (0.578 g) in presence of sodium nitrate

than  dry  weight  in  presence  of  other  inorganic
nitrogen sources.

Effect  of  organic  nitrogen  sources  on  lipase
production

Table 1 represents that among the various organic
nitrogen  sources,  malt  extract  exhibited  highest
lipase  activity  (15.29±0.96  IU/ml/min)  and specific
activity  (1.19±0.02  U/mg)  followed  by  tryptone,
yeast  extract,  urea  extract,  peptone  and  beef
extract. Malt extract was found optimum source of
nitrogen for the lipase production (Fig 5) and was
used for further studies. More growth of cell pellets
(0.467 g) was observed in malt extract than other
organic nitrogen sources. Beef extract and urea did
not support the growth of fungus.

Effect of pH on lipase production

Lipase production was maximum at pH 8 indicating
the alkalophilic nature of the fungal isolate (Table
1).  Lipase  production  under  alkaline  condition  is
desirable since this is the most common condition
in  industrial  applications.  Fig  6  represents  the
maximum lipase activity (7.74±0.42 IU/ml/min) and
specific  activity  (1.90±0.27  U/mg)  at  day  5  of
incubation  when  pH  of  fermentation  broth  was
adjusted to 8.0 and is used in further studies. Lipase
activity  was declined when the pH of  production
medium was further increased to pH 9.0 and 10.0.
The activity and cell pellets dry weight was lower in
acidic pH range (4.0-5.0) than in alkaline pH range
(8.0-9.0),  indicating  the  alkalophillic  environment
promotes  the  growth  of  the  fungus  and
accumulation of lipase. The present results suggest
that  lipase  production  is  affected  by  pH
fluctuations. The order of lipase activity was pH 8>
pH 7> pH 9> pH 5> pH 10> pH 4> pH 6> pH 11. At
pH 10 highest dry weight (1.589 g) of cell pellets was
observed but activity was less than at pH 8.

Effect of temperature on lipase production

Table  1  represent  that  highest  lipase  activity
(27.92±0.87  IU/ml/min)  and  specific  activity
(2.65±0.06 U/mg) was obtained at 28ºC as compared
to lipase activity (8.82±0.27 IU/ml/min) and specific
activity (1.83±0.11U/mg) at 37ºC. This indicates that
fungus is capable  of synthesizing high amount of
lipase at  28ºC.  Dry weight  of cell  pellets  was less
(0.543  g)  at  37ºC,  indicating  that  37ºC  is  not
optimum temperature for growth of fungus (Fig 7).
More weight of cell pellets (0.984 g) was observed at
28ºC than 37ºC.

Effect of incubation time on lipase production

Lipase  production  and  growth  of  S3St2 were
determined by growing the fungus in medium with
pH 8.0. The lipase activity gradually increases from
the 2nd day of incubation to 5th day of incubation.
Maximum  lipase  activity  (31.51±0.21  IU/ml/min)
and specific activity (3.91±0.03 U/mg) was obtained
at 5th day of incubation (Table 1).  The production of
lipase starts to decline from 6th day till 8th day (Fig
8). At 5th day of incubation, dry weight of fungal cell
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pellets was higher (0.694 g) than dry weight of cell
pellets collected from other days of incubation. The
present results indicate that lipase production was
associated with the growth phase.

Discussion

Similar  to  present  result,  maximum  growth  of
fungus  and production  of  lipase  was  reported  in
starch  containing  media  and  stated  starch  as  an
important  component  of  medium (19).  Maximum
production  of  lipase  (21.25±0.70  IU/ml/min)  with
soluble starch as a carbon source among all seven
sources (27).

Similar to present study, the highest lipase
(1.3 U/ml) production was observed when mustard
oil  cake  was  used  (28).  Among  different  tested
lipidic  carbon  sources  as  a  substrate  the  highest
lipase activity was reported with mustard oil lipidic
source  (29).  Different  lipidic  sources  were  tested
(linseed,  soyabean,  amla,  mustard,  coconut,  olive,
sunflower,  til,  ricinus).  Among  all  these,  linseed
exhibited  maximum  lipase  activity  (17.3  U/ml).
Soyabean,  coconut  and  amla  oil  supported  the
growth of  fungus (30).  The highest  lipase activity
(12.1 U/ml) was observed with coconut oil (1% v/v)
as a substrate (21).

The  maximum  lipolytic  activity  was
demonstrated  using  potassium  nitrate  as  a
substrate  and  considered  it  for  formulation  of
production  media.  It  was  stated  that  lipase
production  increased  with  inorganic  nitrogen
sources  in  fermentation  broth.  Concentration  of
potassium  nitrate  and  ammonium  sulphate  were
remained  constant  (24).  Lipase  activity  was
optimum  with  yeast  extract  as  organic  nitrogen
source (31).

Similar  to  present  result,  the  maximum
lipase activity was also demonstrated at pH 8  i.e.
therefore  alkali  condition  was  further  used  for
industrial  production of lipase (20).  In agreement
with present results, highest lipase production from
fungus was observed at pH 8 (26,32). The optimum
lipase production was reported from  Fusarium  sp.
when  pH  of  fermentation  broth  was  adjusted  in
acidic  range  pH  2.5  (33).  Moderate  lipase
production was at pH 5.0-6.0, while lipase activity
was declined in alkaline pH above 8.0. An optimum
pH of 7.0 was reported for  Aspergillus  sp. and for
Penicillium sp. 

Similar to present findings, maximum lipase
activity  (19.2  U/ml)  was  obtained  by  Aspergillus
terreus at 30ºC (34). The highest lipase activity (3.5
U/ml) was reported at 30ºC from Trichoderma reesei
(35). An optimum temperature of 30ºC was reported
for  lipase  production  from  Aspergillus
heteromorphus (25).

Similar  to  present  findings,  the  highest
lipase activity was obtained from Fusarium sp. after
72 h of incubation (26). An optimum lipase activity
was demonstrated from Penicillium sp after 7 days

of incubation. An optimum incubation period of 96
h was reported for  Aspergillus sp. and  Aspergillus
carbonarius.  Lipase  production  was  highest  from
Fusarium sp. after 120 h of incubation (33).

Conclusion

Growth  of  the  fungus  and  lipase  production  is
affected by culture conditions and type of nutrients,
therefore  lipase  activity  can  be  increased  by
providing  optimum  culture  conditions  to  the
growing  fungus.  From  the  present  study  it  is
apparent  that  the  fungal  cell  pellets  growth  and
consequent  lipase  production  was  increased with
the change of culture conditions and nutrient type.
Among  the  carbon sources,  starch  & mustard  oil
and among the nitrogen sources, potassium nitrate
& malt  extract  were  found suitable  for  optimum
lipase production by natural lipolytic fungl isolate
S3St2  under  SmF.  The  composition  of  optimized
media (g/100 ml) is 0.5 g of starch, 1 ml of olive oil,
0.1 g of potassium nitrate, 4 g of malt extract with
pH 8 at 5 days of incubation. Further, the optimized
media can be used for optimum lipase production.
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