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ABSTRACT

Lipases are well known among the extensively used biocatalysts, because they have the ability to catalyze several
remarkable reactions in aqueous and non-aqueous media like esterification and transesterification. The present study
explores the production of lipase by Aspergillus melleus under solid-state fermentation (SSF). Screening of different
agricultural wastes such as rice bran, wheat bran, canola seed oil cake, sunflower hulls and peanut shells was carried out
and canola seed oil cake was selected as best substrate due to highest lipase activity. Various process parameters like
initial pH of basal media, moisture content, incubation time, inoculum size, incubation temperature and substrate levels
were optimized for lipase production. Effect of various carbon and nitrogen sources was also studied. Maximum lipase
activity (684.02 U/gds) was observed after 96 h of reaction in the fermentation medium with initial pH 4.0; canola seed
oil cake 10 g; moisture contents 60 % and olive oil 3% as inducer using at 30 °C. The characteristics of isolated lipase
(alkaline) indicated that this enzyme could be used in soaps and detergents manufacturing industries.
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INTRODUCTION

Utilization and recycling of renewable resources
that pose threat to the environment can be systematically
carried out to bring about resource productivity needed to
make human activity sustainable. Pakistan is an agro-
based country that produces large quantities of agro-
industrial residues which are rich in nutrients like carbon,
nitrogen, minerals, and biomass residues. These
agricultural wastes can be used as substrate for enzyme
production owing to economical feasibility, as it can help
in solving pollution problems which may be caused by
their disposal (de Azeredo et al., 2007; Arvanitoyannis
and Varzakas, 2008). Oil cakes of various agro-industrial
residues obtained from extraction of oils have been
utilized for fermentative production of lipases and other
industrial enzymes because their residual oil contents act
as inducers for lipase production.

Lipases (triacylglycerol ester hydrolases, EC
3.1.1.3) member of hydrolase family, constitute a very
important group of enzymes due to their excellent activity
and stability in both aqueous and non-aqueous media.
This property makes possible for them to execute a
number of catalytic reactions, such as alcoholysis,
acidolysis, aminolysis, esterification and
transesterification (Coradi et al., 2012; Bueno et al.,
2014; Prasad, 2014). Owing to these properties, lipases
have a broad spectrum of industrial applications such as
synthesis of biopolymers and biodiesel, synthesis of fine
chemicals, and are also important in detergents and in

paper manufacturing (Masomian et al., 2013). The
enantioselective and regioselective properties of lipases
make their utilization necessary for fat modifications and
synthesis of cocoa butter substituents, emulsifiers,
moisturizing agents, body care products and flavour
enhancers (Brooks and Asamudo, 2011). Each
application requires unique properties with respect to
stability, temperature and pH dependence or ability to
catalyze reactions in organic solvents which is fulfilled
remarkably by lipases (Kumar et al., 2005; Romero et al.,
2012).

Enzymes of industrial interest have traditionally
been obtained from submerged fermentation (SmF) due
to easy handling and control. In recent years, solid state
fermentation (SSF) has received renewed interest since
SSF can produce higher yields or better product
characteristics than SmF. SSF has been recently
reassessed, especially because of the possibility of using
low-cost agro-industrial residues as raw materials (Pérez-
Guerra et al., 2003; Malilas et al., 2013).

Lipases occur naturally in plants, animals, and
microorganisms. Among these sources, microbial lipases
are most favorable due to their industrial applications
because their production can be carried out at a very high
rate and they do not require cofactors for their action
(Dey et al., 2014). Therefore, most lipases used for
biotechnological purposes have been isolated from
bacteria and fungi (Lin et al., 2006). Fungi are mostly
preferable, because they generally produce extracellular
enzymes which facilitate recovery of the lipase from the
fermentation broth. Meanwhile fungi have several other
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advantages over unicellular microorganisms in the
colonization of solid substrates and their good tolerance
to low water activity, high osmotic pressure conditions
etc. (Yu et al., 2007). Filamentous fungi like Aspergillus,
Penicillium etc. are the most ideal and best adapted
microorganisms for SSF.

The accessibility of lipases holding the suitable
characteristics for a particular application is still a
limiting factor. The remarkable potential of lipases in
biotechnological applications shows the need to develop
novel cost-effective technologies for increased
production of this versatile enzyme. The industrial
demand for new sources of lipases with different catalytic
characteristics stimulates the isolation and selection of
new strains. In this regard, the present research paper
reports the production of lipases from a new fungal strain,
Aspergillus melleus using agro-industrial residues under
SSF.

MATERIALS AND METHODS

Microorganism and inoculum preparation: Fungal
strain used in this study was obtained from the Fungal
Bank, University of The Punjab, Lahore. Spores of A.
melleus were maintained on PDA slants. The slants were
inoculated with the spores of the fungus under aseptic
conditions in laminar air flow and were incubated at 30
ºC till sporulation and stored at 4 ºC for further use. Kirk
basal medium was used to prepare the inoculum. For
sterilization purpose, medium was autoclaved at 121 ºC
for 15 minutes. Inoculum was prepared by inoculating a
loop full of three days old culture from the slants to the
autoclaved medium under aseptic conditions, followed by
incubation at 30 °C and agitation at 120 rpm. The 72 h
old culture with spore count of 1×108 spores/mL was used
as inoculum.

Lipase production in SSF: Five different agro-industrial
wastes (canola oilseed cake, peanut shells, wheat bran,
rice bran and sunflower hulls) were collected from the
local market of Faisalabad Pakistan and used as
substrates. All the substrates before use were dried,
ground in an electric mill and then sieved. Ten grams of
each substrate was transferred in a series of 250 mL
Erlenmeyer flasks, moistened with water (50 %), and
sterilized at 15 lbs/in at 121 °C for 15 minutes.
Afterwards the flasks were inoculated with 2 mL of spore
suspension and incubated for fermentation at 30 °C for 72
hours.

Optimization studies: The fundamental factors
influencing the lipases production studied were moisture
content (%), pH, incubation time (h), amount of substrate
(g), inoculum size (mL), incubation temperature (°C) and
olive oil concentration (%). Effect of supplementary
carbon and nitrogen sources was also investigated. At the
end of fermentation, crude enzyme was extracted by

mixing the fermented substrate with 100 mL of phosphate
buffer (0.1 M; pH 7) and then shaking the mixture in an
orbital shaker at 100 rpm. The obtained extract was
filtered and the supernatants were used for lipase assay.

Enzyme assay: Lipase activity was determined by
following the method of Yagizet al. (2007), using para-
nitrophenylpalmitate (PNPP) as substrate. Crude enzyme
extract (100 μL) was mixed with 0.9 mL (900 μL) of
solution which contains 3 mg PNPP substrate dissolved
in 1 mL of propane-2-ol diluted in 9 mL of the 50 mM
Tris-HCl, pH 8, having 40 mg triton X-100 and 10 mg of
Gum Arabic. This mixture was incubated at 37 ºC for 30
minutes and liberated para-nitrophenol was recorded at
410 nm.

Activity units were determined by the following formula

One unit of lipase activity is defined as the
amount of enzyme liberating 1μmol of para-nitrophenol
per mL per minute under standard assay conditions.

Protein estimation: Total protein was estimated by using
Bradford method (Bradford, 1976). Bovine serum
albumin (BSA) was used as standard.

Statistical analysis: The data represents the mean of
three independent trials. The results are presented as
mean ± SD values.

RESULTS AND DISCUSSION

Screening and selection of substrate: Solid substrate in
SSF has a key role in the enzyme production. Most of the
lipases of microbial origin are extracellular and excreted
through the cell membrane into the culture medium
consisting of a suitable solid substrate. Among all the
wastes tested for lipase production, canola oilseed cake
holds the best capacity for lipase production by A.
melleus (Fig. 1, a), which indicates that it contains all the
basic nutrients for the fungal growth and lipase
production. At moisture level 50 %, pH 5.5 and 72 h of
incubation period, canola oilseed cake produced 373.88
U/gds lipase by A. melleus. Canola oilseed cake proves to
be a good lipase producer because it is rich in lipid
contents than any other source used in the present study.
Other four wastes are mainly composed of carbohydrates
with little lipid contents and are the rich source of
insoluble fibre. Therefore, canola oilseed cake was used
as a substrate in the subsequent study.

Effect of moisture content: The substrate used in SSF
should have enough moisture content to meet the
microorganism’s requirements for the liberation of value-
added products such as enzymes (Vaseghi et al., 2013).
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The water which exists as such or is absorbed within the
solid substrate is important for fungal growth on the
substrate due to efficient oxygen transport process. To
examine the effect of moisture content on lipase
production by A. melleus, solid substrate (canola oil seed
cake) was moistened with distilled water from 30-80 %
(V/W). Figure (1, b) depicts that lipase activity reached to
its maximum value (402.08 U/gds) at 60 % moisture level
and further increase in moisture content caused a gradual
decrease in lipase production. The minimum lipase
activity (228 U/gds) was shown with 80 % moisture
level.

It has been reported that higher moisture
contents lead to decrease porosity, promote development
of stickiness and increase the chances of contamination,
while lower moisture contents reduce the nutrients
solubility in the substrate (Mahanta et al., 2008). So the
low enzyme production by A. melleus at very high or low
moisture levels during this study might be related to the
low diffusion of nutrients and metabolites in lower
moisture contents whereas compaction of substrate at
higher moisture contents. Our findings are in agreement
with Kamini et al. (1998) who reported the requirement
of 60 % initial moisture content for maximum lipase
production by Aspergillus niger with gingelly oilseed
cake.

Effect of incubation time: The optimum incubation time
was monitored by assessing the lipase activity and fungal
biomass till 146 h after every 24 h time interval. After
first interval of 24 h, significant production of lipase was
commenced but maximum lipase activity (447.44 U/gds)
was obtained after 96 h. Further incubation after 96 h did
not lead to an increase in lipase activity, but a steep
decrease in lipase activity reached up to 155.68 U/gds
after 146 h (Fig. 2, a).

It is suggested that decline in lipase yield after
prolonged incubation times might be due to production of
proteases leading to inactivation of enzyme (Sanchez et
al., 1999). It might also be possible that in the beginning,
micro-organism was adapting to the environmental
conditions. Lipase activity was at its maximum during the
exponential growth phase, gradually decreased at the late
logarithm phase of growth due to the production of citric
acid in the medium (Kamzolova et al., 2005). Similar
results were documented by Hiol et al. (2000) who
observed maximum lipase activity after 4 days of
incubation by Rhizopus oryzae. Hamdy and Abo-Tahon
(2012) and Sethi et al. (2013) also reported maximum
lipase production after 4 days of fermentation at 30 °C.

Effect of pH: The initial pH of the culture medium is one
of the most important environmental factors affecting the
fungal growth and enzyme production. Optimum pH was
examined for lipase production conducting the
experiment at different pH values ranging from 3.0-8.0.
Figure 2 (b) revealed that maximum lipase production

(494.02 U/gds) was obtained at pH 4.0. It is clearly
indicated from the figure that the organism had the ability
to grow well in a pH range of 3.0-8.0. Lipase activity was
declined significantly at the alkaline pH which
represented that lipase produced by A. melleus was more
active in acidic range of pH.

Our results are in agreement with Coradi et al.
(2012) who observed that lipase activity was highest at
pH 6.0, but it was also significant at pH 4.0 and 5.0. But
other researchers had reported optimum pH values higher
than optimal value for A. melleus: pH 9 for Penicillium
candidum (Ruiz et al., 2001); pH 8 for Bacillus sp. FH5
(Hasanet al., 2006); pH 9 for Pseudomonas sp. 7323
(Zhang and Zeng, 2008).

Effect of substrate level: Maintaining the pH and
moisture contents of culture broth at their optimum level,
amount of substrate was standardized for lipase
production by A. melleus. It was carried out by varying
the level of substrate i.e. canola oil seed cake from 5 to
25 g. Maximum lipase (556.54 U/gds) was synthesized
by A. melleus with 5 g of substrate (Fig. 3, a). Lipase
activity with 25 g of canola oilseed cake was
195.65U/gds. Results revealed that lipase activity per
gram dry substrate was declined by increasing the amount
of substrate. This might be due to easy diffusion of
mycelial mass in small amount of substrate which yielded
more lipase owing to high growth rate with 5 g canola
oilseed cake as a substrate. Similar results were obtained
by Singh et al. (2010) and Amin and Bhatti (2014).

Effect of inoculum size: In SSF, inoculum size must be
distributed in sufficient amount for the micro-organism to
grow well. The fungal spores firstly attach on the outer
surface of the substrate particles. They slowly grow,
multiply and then penetrate into the substrate for their
action. Therefore, a suitable inoculum size is required to
attain the reasonable lipase production. Different
inoculum levels i.e. 1 to 6 mL were used to describe their
effect on lipase activity. Figure 3 (b) revealed that lipase
production was increased by increasing the inoculum size
and attained the maximum lipase activity (567.57 U/gds)
with 3 mL of inoculum after 96 h of fermentation. Higher
inoculum sizes affected the lipase production negatively.

It has been recommended that lower inoculum
size is not able to proliferate quickly the microbial
biomass. Thus, with lower inoculum size, the degradation
of the substrates is slow that influences the production of
metabolites. However, higher inoculum sizes are
inhibitory in nature. It may be correlated to the fact that
amount of available oxygen and nutrients are depleted in
the culture medium due to higher inoculum size
(Ramachandran et al., 2004).

In various studies, different levels of inoculums
have been used for lipase production employing different
microorganisms. Our results are in agreement with
previous reports of Kumar et al. (2010) and Sethi et al.
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(2013) who also observed that higher inoculum size had
produced too much biomass and depleted the nutrients
that necessary for enzyme production.

Effect of incubation temperature: Incubation
temperature significantly affects the fermentation
process. To optimize the incubation temperature,
experiments were conducted at different temperatures
ranging from 25 to 45 °C with the increment of 5 °C
keeping other parameters constant (Fig. 4, a). Lipase
production and mycelial growth were gradually increased
with the increase in temperature up to 30 °C and
significantly decreased thereafter. This negative effect of
high temperature on the lipase production might be due to
the enhanced production of proteases at higher
temperatures. 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 composition
and stimulates protein catabolism, thus causes cell death.

Our results correlate with the findings of Rajesh
et al. (2010) who reported maximum lipase production by
Trichoderma reesei at 30 °C. Similarly Kashmiri et al.
(2006) and Zhang and Zeng (2008) also reported
optimum temperature, 30 °C for the production of lipase
by Trichoderma viride and Pseudomonas sp. 7323
respectively.

Effect of carbon source: The culture medium was
supplemented with nutrients to observe their effect on
lipase production. Although carbon sources are required
for microbial growth and production of biochemical
materials, their efficiencies for production of any target
material can differ among microbial species and under
different fermentation conditions. The fungi are usually
able to produce lipases using the carbohydrates as carbon
sources. Simple and complex carbon sources (glucose,
sucrose, fructose, maltose, lactose, trisodium citrate and
sodium acetate) were added at 1 % (w/w) to consider
their effects on lipase production. For comparison,
experiment was also conducted without carbon source
saying as control, and the results are presented in figure
(4, b). Results revealed that all the carbon sources
enhanced the lipase production but the addition of lactose
resulted in the highest activity (639.89 U/gds). Similar
results were obtained by Sethi et al. (2013) who had
reported the enhanced lipase activity in the presence of
lactose as a carbon source.

Effect of olive oil concentration: Lipases are generally
produced in the presence of a lipid such as oil or any
other inducer, such as fatty acids, triglycerols,
hydrolysable esters, bile salts, tweens, and glycerol.
Although few authors have reported good yields in the
absence of fats and oils but Fadiloglu and Erkmen
(1999); Rohit et al. (2001); Gupta et al. (2004); Mohan et
al. (2008) and Anbu (2014) reported that high level of
lipase activity had been obtained when olive oil was used
as the substrate. That’s why in present study the
concentration of olive oil was optimized for the enhanced
production of lipase by supplementing the growth
medium with 1-5 % olive oil. Control experiments were
also conducted to evaluate the influence of olive oil
clearly. Olive oil was found to have a significant effect
on the lipase production leading to optimum
concentration at 3 % of olive oil, boosting up the lipase
activity up to 684.02 U/gds (Fig. 5, a). It was observed
that further increase in olive oil concentration had no
positive effect on the lipase activity. It might be due to
poor oxygen transfer at higher level which could modify
the microbial metabolism leading to less lipase
production.

Effect of nitrogen source: The choice of nitrogen source
is of crucial importance for the reduction of catabolite
repression and induction of lipase production. Both
organic and inorganic nitrogen sources have been
traditionally used for enhanced lipase production. The
basal medium consisting of canola oilseed cake was
supplemented with different nitrogen sources
(ammonium sulfate, urea, peptone, ammonium nitrate,
yeast extract, sodium nitrate and diammoniumtartarate) to
determine the effect of nitrogen on lipase production. All
of these nitrogen sources promoted the lipase production
with the exception of yeast extract (Fig. 5, b).
Diammoniumtartarate was found to be an excellent
nitrogen source giving lipase activity as 679.65 U/gds.
Similar results were reported by Sun and Xu (2008).

Protein estimation: Lipase activity with optimized
growth conditions by A. melleus led to 1.83 folds
enhancement that means from 373.88 U/gds to 684.02
U/gds. Total lipase units and total protein contents
calculated in crude extract were 38614.27 U and 171.788
mg respectively. Specific activity of crude enzyme
extract was found 224.779 U/mg.
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Fig.1. Lipase production by A. melleus: (a) Screening of substrates and (b) Effect of moisture content. Reaction
time 72 h, T = 30 °C, substrate amount 10 g, inoculum size 2 mL and pH 5.5.

Fig. 2. Lipase production by A. melleus: (a) Effect of incubation time and (b) Effect of pH. Moisture content 60 %,
T 30 °C, substrate amount 10 g, inoculum size 2 mL.

Fig. 3. Lipase production by A. melleus: (a) Effect of substrate level and (b) Effect of inoculum size. Moisture
content 60 %, reaction time 96 h, T 30 °C, and pH 4.0.

(a) (b)

(a) (b)

(a)
(b)
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Fig.4. Lipase production by A. melleus: (a) Effect of temperature and (b) Effect of additional carbon sources.
Moisture content 60 %, reaction time 96 h, substrate amount 10 g, inoculum size 3 mL and pH 4.0).

Fig. 5. Lipase production by A. melleus: (a) Effect of olive oil concentration and (b) Effect of nitrogen sources
(right). Moisture content 60 %, reaction time 96 h, T = 30 °C, substrate amount 10 g, inoculum size 3 mL
and pH 4.0).

Conclusion: The present study explores an agro-
industrial residue (canola oil seed cake) which has the
potential to produce lipase in an economically feasible
process by a new promising fungal strain of A. melleus.
Such a high level of lipase activity (684.02 U/gds) was
achieved in 96 h of solid state fermentation at 30 °C
when supplemented the basal medium with 3 % olive oil
as an inducer. Lipase activity with optimized growth
conditions by A. melleus led to 1.83 folds enhancement in
lipase biosynthesis. It is concluded from the results that
lipase produced by A. melleus was stable in acidic pH and
even at higher temperatures. In conclusion, this work will
be of great value for production of lipase commercially
by A. melleus with high enzyme activity.
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