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Abstract:

Lipases catalyze hydrolysis of fat/lipid into their components. Microbial lipases are preferred than the animal and
plant lipases because of their stability, specificity and unique properties. Microbial lipases are excreted by a variety
of bacteria, fungi and yeasts. Lipases are used in various industries (pharmaceutical, food, detergent, oil, paper
etc). At present the demand of industries for lipases are very higher, therefore we have to increase the production of
enzyme form indigenous microbial strains in order to fulfill the various applications in industries. Normally
microbial strain produces little amount of lipases to meet the cellular requirements but for the industrial purposes,
the amount of lipases can be enhanced by the optimization technique. Different parameters (carbon sources,
nitrogen sources, pH, temperature and incubation period) can be optimized in order to increase productivity of
lipase. Lipase production is normally stimulated in presence of lipidic carbon sources (oil) into the culture media,
which indicates the inducible nature of microbial lipases. By keeping the above points in mind, the present review is
focused on optimization of culture medium constituents and growth conditions for increased growth of lipolytic
fungi and productivity of extracellular lipase.
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INTRODUCTION:

Lipases belonging to the class Hydrolases catalyze
hydrolysis of insoluble triacylglycerols to generate
glycerol and monoacylglycerols, diacylglycerols and
free fatty acids [1]. Lipases are manufactured by a
variety of living organisms (bacteria, fungi, plants
and animal). But microbial lipases are more useful
for industries than other sources of lipases [2]. For
improved production of enzyme from a variety of
fungal organisms, optimization studies are of most
significance. Production of lipase depends on the
type of fungal strains, constituents of the culture
medium, culture conditions, temperature, pH and the
type of nitrogen and carbon sources [3]. As the
quantity of enzymes produced by parent strains is
low, thus excess production of the enzymes requires
optimization of culture medium. The optimization
technique is the process in which different medium
ingredients and cultivation conditions are optimized
to support the highest growth of particular microbial
strain in order to increase the production of
metabolites for biotechnological applications. The
microorganisms produce a variety of important
products but the quantity produced is useful for them
only, for that reason excess production of metabolites
hardly occurs. Hence, it is required to optimize the
culture conditions constantly for overproduction of
metabolites and to make the fermentation procedure
inexpensive [4]. The main advantages of culture
medium optimization are as follows: (i) decrease in
overall cost of fermentation process; (ii) raise in the
productivity and (iii) formulation of production
medium.

Optimization of culture conditions for lipase
production:

The majority of the microbial lipases are extracellular
in nature and their production is significantly affected
by composition of medium, sources of carbon and
nitrogen besides physic-chemical factors such as
dissolved oxygen, pH and temperature. Generally,
high productivity can be obtained by optimization of
culture medium. Submerged fermentation (SmF) is a
method of choice for the production of microbial
lipases but solid state fermentation (SSF) can be used
also [2, 5].

Impact of carbon sources on lipase production:
Carbon source has always been documented as the
main factor for the expression of lipase activity due
to inducible nature of lipases. Lipase production is
generally stimulated by lipids [6]. Lipases are
normally produced when the medium s
supplemented with lipid such as oil or any other
inducer, such as fatty acids, Tween-20, Tween-80,
hydrolysable esters, glycerol, triacylglycerols and
bile salts. Lipidic carbon sources are essential for
getting a high amount of lipase [5, 7].
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Ghasemi et al. [8] studied lipase production by A.
niger in Kilka fish oil (4.59 U ml*%) and olive oil
(5.46 U mlY). Cihangir and Sarikaya [9] reported that
the medium containing olive oil as source of carbon
exhibited both the highest production of lipase and
also the highest biomass by Aspergillus sp. when
compared to other media with different carbon
sources. Bindiya and Ramana [4] investigated the
effect of various non lipidic sources of carbon
(galactose, glucose, xylose, fructose, lactose, maltose,
sucrose and mannitol) and lipidic carbon sources
(coconut oil, palm oil, cucumber oil, olive oil,
mustard oil, sunflower oil and neem oil) on
production of lipase by A. sydowii. Among the lipidic
carbon sources, maximum activity (55 U ml?t) of
lipase was obtained in the presence of olive oil (1%
v/v). On the other hand, among the non lipidic carbon
sources highest lipase activity (40Uml?) was
achieved with sucrose (1% wi/v) and lowest activity
(18 U ml?) with fructose (1% wi/v). Further, the
enzyme production was investigated under different
concentrations of sucrose (0.50 to 3.0% wi/v).
Sucrose at 2% concentration exhibited maximum
activity of lipase (49 U miY).

Lima et al. [10] investigated impact of various lipidic
carbon sources (soyabaen oil, sunflower oil and olive
oil, 1% v/v) on the efficiency of lipase production by
P. aurantiogriseum. Highest lipase activity (25 U ml-
1y was achieved using olive oil. Lipid source as well
as its concentration both significantly influences the
microbial lipase production [11, 12]. Therefore, the
influence of various concentrations of olive oil was
investigated on the production of lipase and
maximum  production was achieved at a
concentration of 3% v/v. Sumathy et al. [13]
investigated the effect of various concentrations
(0.5% and 1.0% v/v) of lipidic inducers (olive oil,
gingely oil and mustard oil) on efficiency of lipase
activity by three different fungi, A. niger, R. oryzae
and F. oxysporum. Amongst all, highest activity (6 U
mlt) was achieved by A. niger with olive oil (1%
v/v). Costa et al. [14] reported highest activity of
lipase (12.50 U mlY) by Penicillium wortmanii using
olive oil (5% v/v). Nwuche and Ogbonna [15]
reported production of lipase by twelve fungal
isolates  belonging to genera  Trichoderma,
Aspergillus, Mucor and Penicillium using SmF in the
presence of palm oil as source of carbon. Tichoderma
sp. (8.24 U mlt) and Aspergillus sp. (7.54 U ml?)
were the maximum lipase producers, while the least
activity (5.72 U ml?) was obtained by Mucor sp.
Shukla and Desai [16] investigated influence of
various oils on the activity of lipase by Pseudomonas
sp. isolated from samples of oil mills. Olive oil was
the excellent inducer of lipase activity (2.6 U ml?
min?), followed by coconut oil (2.3 U ml* min?),
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sunflower oil (2.2 U mI*t min'), ground nut oil (1.6
U mlt min?t) and mustard oil (1.30 U ml** min?).
Bhavani et al. [17] tested extracellular lipase
production by eight lipolytic bacterial isolates in
liquid media and reported that bacterial isolate named
B1 exhibited the highest lipase activity of 14 U ml?
at 30 °C after 48 h of incubation.

Ghosh et al. [18] previously reported that activity of
lipase from R. nigricans was significantly increased
by the addition of glucose and triglycerides into the
medium which reveals that beside glucose, an
inducer is also required for lipase production. Falony
et al. [19] reported activity of lipase by A. niger using
SmF in the presence of various carbon sources
(sunflower oil, olive oil, coconut oil, glycerol and
starch). The lipase activity was 0.53 U ml with olive
oil (2% v/v) but it was increased to 0.99 U ml* when
glucose (2% wi/v) and olive oil (2% v/v) were added
into the medium. Sarkar and Laha [20] reported
production of lipase by A. niger using SmF in the
presence of various concentrations (0.5-2.0%) of two
carbon sources olive oil and glucose together.
Maximum activity of lipase (1.46 U ml?) was
observed when olive oil (2% v/v) and glucose (2%
w/v) were added into the medium. Similar results
were also obtained by Sharma et al. [21], where
mixture of glucose and olive oil supported highest
production of lipase by a wild and a mutant strain of
A. niger.

Beside olive oil, several investigators [22, 23, 24]
reported Tween 80 as the excellent carbon source for
production of lipase. Similarly, Bussamara et al. [25]
reported increase in the efficiency of lipase activity
up to 150% from the yeast Pseudozyma hubeiensis
HBB85A in presence of Tween-80 into the medium.
Iftikhar et al. [24] reported that among all the
concentrations of Tween-80 (0.2% to 1.0% v/v),
maximum lipase activity was achieved by both the
parent (5.68 + 0.01 U ml!) and mutant (22.62 + 0.01
U ml?) strain of R. oligosporus 11B-63 at 0.6%
concentration as it gave optimum quantity of Tween-
80 for the lipase production. However, Lianghua and
Liming [26] reported that Tween-80 decreased the
production of lipase by B. coagulans as compared
with the other sources of carbon. Another
investigator [27] studied the impact of glycerol and
Tween-20 on lipase production by three different
Aspergillus sp. Highest lipase activity (5.6 U ml?)
was achieved from A. niger followed by A. aculeatus
(5.3 U mlY) and A. paraciticus (4.5 U ml?) using
Tween-20 as source of carbon.

Impact of nitrogen sources on lipase production:
Cihangir and Sarikaya [9] reported optimum lipase
activity (14.83 U mI%) by novel isolate of Aspergillus
sp. when medium was supplemented with peptone
(1% wi/v) followed by yeast extract (12.76 U ml?),
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(NH4)2804 (883 U ml'l), NH4NO3 (7.50 U mI'l),
soyabean meal (6.87 U ml'%) and urea (5.48 U ml?).
Lowest activity in urea may be attributed to its
toxicity to the cells. Lipase activity was also
influenced by mixture of organic nitrogen sources as
described by Ulker et al. [28] where maximum lipase
activity by T. harzianum was achieved in a medium
containing glucose and peptone as source of carbon
and nitrogen, respectively, while minimum activity
was obtained with glucose and yeast extract medium.
However, Pimentel et al. [29] previously reported
highest activity of lipase (409 U ml*) by P. citrinum
when yeast extract (0.5% w/v) was supplemented to
the medium as nitrogen source. Naz and Jadhav [27]
also reported maximum lipase activity (6.8 U ml%) by
A. aculeatus using yeast extract as source of nitrogen.
Similarly, lipase activity was enhanced by
Ophiostoma piceae when (NH4);SO4 and peptone
were added into production medium [30].

Recently, Aruna and Khan [31] reported that
maximum activity of lipase (47.49 U ml** min™) was
obtained by Staphylococcus pasteuri SNA59 when
yeast extract was the source of nitrogen into the
fermentation broth. Veerapagu et al. [5] reported that
among ten various organic sources of nitrogen,
proteose peptone (168.7 U mlt) and peptone (132.5
U ml?) increased the productivity of lipase by P.
gessardii, whereas production of lipase was very
little with soy peptone, casein and soyabean meal.
Lima et al. [10] investigated the influence of various
nitrogen sources (yeast extract, peptone, meat
peptone, casein, (NH4):SOs and KNOs) on the
efficiency of lipase  production by P.
aurantiogriseum; (NH4)2SO4 being the most efficient
one with 13 U ml?! lipase activity. Bindiya and
Ramana [4] used various nitrogen sources (1% wi/v)
to investigate their influence on production of lipase
by A. sydowii. The nitrogen sources used in the study
were NaNOs, KNOs, NHsNO3, NH4CI, (NH4)2SOa,
urea, beef extract, malt extract, yeast extract, tryptone
and peptone. Highest activity (49 U ml') was
observed using NH4CI. Further, enzyme production
was studied under different concentrations of NH4CI
(0.50 to 5.0% w/v) and the optimum concentration
was found to be at 3.5% w/v. Similarly, NH.CIl was
reported as the excellent source of nitrogen for
optimum lipase activity by Candida cylindracea [32].
Salihu et al. [33] reported optimum activity of lipase
by A. niger when medium was fortified with Tween-
80 (1% v/v), (NH4)2SO4 (0.35% wi/v) and NayHPO4
(0.40% wi/v). Papaparaskevas et al. [34] reported that
inorganic nitrogen source, (NH4)2SOs stimulated
lipase production by the yeast Rhodotorula glutinis.
Abdel-Fattah and Hammad [35] reported highest
lipase production by A. niger and A. terreus when the
medium was supplemented with KNOs.
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Impact of temperature on lipase production:
Mahmoud et al. [36] investigated impact of
temperatures on production of lipase by incubating
the cultures of A. terreus at various temperatures viz.
10 °C, 20 °C, 30 °C and 45 °C. Highest activity of
lipase was obtained at 45 °C (15 U ml?), which was
followed by 30 °C (12 U mlI%), 20 °C (9.5 U mlI) and
10 °C (3.0 U ml%). Similarly, Mukhtar et al. [37]
studied the impact of various incubation temperatures
ranging from 25 to 55 °C on the productivity of lipase
by A. niger. Highest production was achieved at 30
°C, followed by 35 °C, 40 °C, 45 °C, 25 °C, 50 °C and
55 °C. Sumathy et al. [13] reported that cultures of A.
niger were incubated at 25 °C, 30 °C and 37 °C,
followed by estimation of activity of lipase after 48 h,
72 h, 96 h and 120 h. Highest activity of lipase was
achieved in the culture incubated at 30 °C after 96 h
of incubation. Bindiya and Ramana [4] investigated
lipase production by A. sydowii at various incubation
temperatures. Highest activity (64 U ml') was
obtained at 32 °C, followed by 30 °C, 28 °C, 26 °C,
24 °C, 22 °C, 20 °C and 34 °C, respectively. Reshma
and Shanmugam [38] reported that highest activity of
alkaline lipase was obtained when the culture of A.
brasiliensis was incubated at 27 °C with pH of 7.0.
The majority of lipolytic microrganisms are
mesophilic in nature (growing at moderate
temperature range from 25 to 40 °C) [39].

Lima et al. [10] investigated production of lipase by
P. aurantiogriseum under different incubation
temperatures (26-32 °C). Lipase production was
highest at 29 °C. Another investigator [40] studied
optimization of lipase production by P. citrinum.
Highest production of lipase was achieved at pH 7.0
and temperature of 22 °C. Falony et al. [19] reported
that lipase production by A. niger was highest at 40
°C. Thakur et al. [41] recently investigated lipase
production by P. stutzeri MTCC5618 at different
incubation temperatures (25°C,30 °C and 37 °C) and
maximum activity was reported at 30 °C with 1.34
fold with respect to control. Shukla and Desai [16]
reported highest activity of lipase (2.6 Uml* min?t)
by Pseudomonas sp. at 30 °C. An optimum
temperature of 30 °C has been documented by Pagori
et al. [42] for the activity of R. chinensis lipase.
However, Naz and Jadhav [27] reported an optimum
temperature of 55 °C for the growth and lipase
production (6.5 U ml) by A. niger followed by 45 °C
(5.6 U mlt), 35 °C (3.5 U mlI'Y) and 25 °C (4.9 U ml-
1

).

Impact of intial pH on lipase production:

Potent lipolytic fungi such as Aspergillus sp.,
Geotrichum sp., Rhizopus sp., Rhizomucor sp.,
Mucor sp. and Penicillium sp. are able to grow and
secret extracellular lipases within the pH range of 6.0
to 8.0 [43]. Rai et al. [44] studied lipase production
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by A. niger at different pH ranging from 4.0-9.0.
Highest activity of lipase (2.4 U ml) was obtained
using organic nitrogen source at pH 7.0 after 144 h of
incubation. Abdel-Fattah and Hammad [35] studied
the effect of various pH (2.0-8.0) on production of
lipase by A. niger and A. terreus. Highest production
was achieved at pH 6.0 and it decreased above pH
6.0 in this experiment. Bindiya and Ramana [4]
investigated activity of lipase by A. sydowii at
different pH of fermentation broth. pH 8.0 was the
best for high yield of lipase, followed by pH 7.5, 8.5,
7.0, 9.0, 6.5 and 6.0. Similarly, Mahmoud et al. [36]
investigated influence of various pH on production of
lipase by growing A. terreus at various pH ranging
from 2.0-12.0. An optimum pH of 8.0 was found for
highest lipase activity (15 U ml?). A. terreus
demonstrated the lipase activity of 12 U ml* at pH
12.0, while the activity was not found at pH 2.0,
which indicates that alkaline conditions promotes
growth and lipase production by the fungus.

Activity of extracellular lipase was increased by
NCIM 1207 strain of A. niger when cultivated at pH
2.5 [45]. Similarly, Naz and Jadhav [27] reported
increased production of lipase (62.7 U ml?) by A.
niger when cultivated at pH 5.0, followed by pH 4.0
(54.6 U mlY), pH 6.0 (11.8 U ml?), pH 7.0 (5.6 U mI-
D, pH 8.0 (5.1 U mlY) and pH 9.0 (45 U ml?Y).
Selvamohan et al. [46] reported highest activity of
lipase by B. amyloliquefaciens at pH 9.0 at 48 h of
incubation. Bhosale et al. [47] recently reported pH
9.0 for highest lipase activity by thermo-alkalophilic
Bacillus sp. 8C after investigating the influence of
various initial pH of fermentation broth on lipolytic
efficiency. Aruna and Khan [31] observed maximum
lipase production by Staphylococcus pasteuri SNA59
when pH of the fermentation broth was adjusted to
10.0. Geon-Ho et al. [48] noticed optimum
production of lipase from Yarrowia lipolytica under
alkaline conditions at pH 9.0. Highest activity of
lipase at pH 9.0 suggests that organism requires
slightly alkaline pH for its metabolic processes and
for the production of lipase [49]. However, Shukla
and Desai [16] reported highest lipase activity (1.9 U
mlt min?') by Pseudomonas sp. at pH 7.5. The
bacterium was able to produce high quantity of lipase
within the alkaline pH range (7.5-9.0) than in the
acidic pH range (5.0-6.5).

Impact of incubation period on lipase production:
The impact of incubation time on production of
lipase by different microorganisms has been studied
by many workers. An optimum activity of lipase by
Fusarium solani was reported by Maia et al. [50] at
25 °C after 72 h of incubation. The high yield of
lipase was also reported by the fungus P.
simplicissimum and Vibrio fischeri at same
incubation period of 3 days by Gutarra et al. [39] and
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Ranjitha et al. [51], respectively. Recently, Mukhtar
et al. [37] investigated lipase production by A. niger
at various incubation periods ranging from 24-120 h.
Highest activity of lipase (5.0 U ml) was achieved at
72 h which gradually declined and reached to 2.0 U
mlt at 120 h due to exhaustion of nutrients and
accumulation of toxic metabolic waste products.
Another investigator [27] reported maximum activity
of lipase by A. paraciticus (35.5 U ml), A. aculeatus
(15.0 U mIY) and A. niger (14.2 U mlY) after 2 days
of incubation. Thereafter, declining trend in lipase
activity was observed with the rise of incubation
period beyond 72 h.

There are studies which showed the best lipase
activity at 4-5 days of incubation. Costa and Peralta
[14] found the highest activity of lipase (16.66U ml™?)
at 4 days of incubation by a novel strain of P.
wortmanii in SmF, followed by decrease in activity
with the increase of incubation period. Similarly,
Bindiya and Ramana [4] reported that highest
enzyme production (64 U ml?) by A. sydowii was
achieved at 96 h of incubation. The activity increased
from 48 h to 96 h of incubation, thereafter declined
and reached to minimum at 168 h of incubation. The
highest increase in 5 days cultures of A. niger and A.
terreus have been reported by Abdel-Fattah and
Hammad [35], thereafter the gradual decline was
observed up to 192 h of incubation.

Higher incubation periods have also been
documented occasionally by many investigators such
as Cihangir and Sarikaya [9] found lipase activity by
novel isolate of Aspergillus sp. over a 10 days period
and Ulker et al. [28] reported optimum lipase activity
(0.24 U mlIY) by T. harzianum in a 168 h culture of
the organism. In an another report, Shu et al. [52]
showed the increase of activity in lipase by Antrodia
cinnamomea lipase using glucose (3% wi/v) and olive
oil (0.01% v/v) in aerated bioreactor after 18 days of
fermentation.

CONCLUSION:

Lipases are very important enzymes among the other
hydrolytic enzymes for industrial applications.
Lipases are efficiently synthesized by
microorganisms but its amount is low. Its amount can
be increased by optimization of culture conditions
(carbon and nitrogen sources) and growth conditions
(pH, temperature and incubation period). Optimized
culture media and conditions support the growth of
the microbes and productivity of enzymes.
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