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Abstract This study reports the use of different inducing agents (olive, soybean, and used frying oils) and culture mediums
[synthetic medium (SM), whey protein, and corn steep liqueur (SL)] to optimize the production of lipase by Fusarium oxysporum. A
relationship among the inoculum size, presence of a fat source, fungal growth, and lipase production was evident during the
fermentation. The best results were achieved when the inoculum was grown in SM or SL and the fermentation was developed in SM
with frying oil as the inducing agent. The maximum activity (about 15 U/mL) was obtained after a 72 hr cultivation.
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Introduction

Alkaline lipases are a particular lipase group that has
received special attention in recent years due to its wide
potential for industrial use, particularly in detergents. They
have the ability to remove fatty acids from machinery under
mild conditions, avoiding injuries, and energy wastefulness
(1). Some alkaline lipases with high activity levels at higher
pH values have been obtained from several microorganisms
such as Pseudomonas sp. (2), Acinetobacter radioresistens
(3), Bacillus sp. (4, 5), Penicillium sp. (6), and Aspergillus
carneus (7).

Many Fusarium species are responsible for numerous
plant, animal, and human diseases (8). They are distributed
in the soil and on subterranean and aerial plant parts, plant
debris, and other organic substrates. Various publications
have reported the production of this enzyme by Fusarium
sp. members such as F. graminearum (9), F. solani (10),
and F. oxysporum (11). Recently, the strain F. oxysporum
152b was selected, based on its high extracellular alkaline
lipase production in liquid mediums and its applications in
detergents (12), as well as its concentration and purification
by foam fractionation (13). Other reports have described
the biotransformation of R-(+)-limonene into R-(+)-α-
terpineol by the same strain (14,15).

The use of agro-industrial residues in bioprocesses
seems to be a rising trend to overcome high manufacturing
costs (16). This might explain the recent and intense search
for alternative mediums for biotechnological applications
(15,17). Olive oil, commonly employed as an inducing
agent for lipase, has been replaced by other fat sources,
such as soybean oil (18), sunflower oil (7), and other oils
(5,19-21). Similarly, the replacement of synthetic culture
mediums by unconventional mediums such as corn steep
liqueur (22), olive-mill wastewater (23), oil cakes (24),

wheat bran (25), and sugarcane bagasse (20) for solid state
fermentation have been reported as nitrogen sources for
enzyme production. In this paper, the production of an
alkaline lipase by F. oxysporum using different fat sources
and industrial residues is reported.

Materials and Methods

Microorganism, samples, and chemicals Fusarium
oxysporum was isolated from fruits of the Northeast region
of Brazil (12). Olive and soybean oils were of commercial
grade. The used frying oil and corn steep liqueur were
supplied by McDonalds and Corn Products Brazil,
respectively. Whey protein powder (ALACENTM895) and
p-nitrophenyl laurate were supplied by, respectively, New
Zealand Milk Products and ICN Biomedicals Inc (Irvine,
CA, USA).

Pre-culture Four agar pieces (1.5 cm2), each one with a
96 hr culture of F. oxysporum, were homogenized in 200
mL of synthetic medium (SM) (w/v, 1.5% peptone, 0.5%
yeast extract, 0.3% K2HPO4, 0.04% MgSO4·7H2O, pH 6.0)
under sterile conditions in an Ultra-Turrax (T18 basic, IKA
Works, Inc., Wilmington, DE, USA) until complete disruption
of the solid matter. The spore suspension (50 mL) was
equally distributed among 4 conical flasks (250-mL)
containing 1%(w/v) of, respectively, distilled water (DW),
olive oil (OO), soybean oil (SO), and frying oil (FO). The
flasks were incubated at 30°C and 160 rpm for 24 hr.

In the second trial (culture medium replacement), 20
agar pieces (1.5 cm2), each one with a 96 hr culture of F.
oxysporum, were homogenized in 50 mL of distilled
water as described above. Aliquots of 2.5 mL of this
spore suspension were aseptically transferred to 3 conical
flasks (250-mL) containing 50 mL of, respectively, SM, a
2% solution (final concentration) of whey protein pH 6.0
(WP) and an 8%(m/m) solution (final concentration) of
corn steep liqueur pH 6.0 (SL) and 1%(w/v) of frying oil
(FO). The flasks were incubated at 30oC, 160 rpm for
24 hr.
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Enzyme production A thousand µL aliquots of the pre-
culture (about 1.106 CFU/mL), prepared as described above,
were transferred to 250-mL conical flasks containing
50 mL of culture medium and the inducer agent. Fifteen
trials were considered, as described in Table 1. The flasks
were incubated at 30oC and 160 rpm, and 1,000 µL
samples were taken aseptically after 0, 24, 48, 72, and
100 hr, centrifuged at 20,000×g (Allegra 64-R; Beckman
Coulter, Fullerton, CA, USA) for 15 min and the
supernatant (crude enzyme extract) was used for the
enzymatic activity determination. Each trial was performed

in triplicate.
Enzyme activity determination The substrate employed
in the assay was 161 mg of p-nitrophenyl laurate dissolved
in 80 mL of 50 mM sodium acetate buffer pH 5.6 plus 1%
Triton X-100, maintained at 55oC. The reaction mixture
consisted of 500 µL substrate, 450 µL of 50 mM Tris-HCl
buffer pH 8.0 and 50 µL sample (crude enzymatic extract).
After 12 min at 55oC, the reaction was stopped by adding
2 mL of 99% ethanol, the temperature was lowered to
25oC and the absorbance was read 10 min later (2). One
enzymatic unit (U/mL) was defined as the µmols of p-
nitrophenol produced/min/mL of crude enzyme extract
added. The results were based on a standard curve of p-
nitrophenol constructed under the same conditions.

Results and Discussion

Effect of the inducing agents In order to evaluate the
induction in the pre-culture effect, fermentations with non-
induced pre-cultures (trial A and C) were compared with
pre-cultures containing olive oil (trial B and D) or other fat
sources (trial E to H) (Fig. 1). Differently from Chahinian
et al. (26), who described the production of an extracellular
triacyl hydrolase in the absence of an inducing agent, it
was shown that the production of lipase by F. oxysporum
was strongly related to fat source. When the culture phase
contained no inducing agent (trial A and B), practically no
lipase activity was evident. The presence of a fatty source
only during the culture phase (trial C) was sufficient to
promote lipase production. In fact, regardless of the fatty
source present in the pre-culture, the results obtained with
olive oil in the culture phase (trial C to F) were statistically
equivalent (p<0.05), except for trial D and F at 48 hr.
These results suggest that, although enzyme induction is
essential to promote lipase production, the presence of a fat
source during the pre-culture phase is unnecessary.

Effect of replacing the inducing agent in the culture
phase In this experiment, the trials containing olive oil
(trial D), soybean oil (G), and frying oil (H) in both pre-
culture and culture phases were compared with each other.

Fig. 1. Time-course of lipase production by F. oxysporum cultivated at 30°C and 160 rpm in SM using different inducing agents.

A: trial C (■, continuous line), D (□, dashed line), and E (▲, continuous line), B: F (△, dashed line), G (◆, continuous line), and H (◇,
dashed line), as described in Table 1. Trial A and B (Table 1) showed virtually no lipase activity. Vertical bars represent the standard error
and points with the same letter are not significantly different (p<0.05) in the Tukey test (SAS® System for Windows).

Table 1. Medium composition and inducing agents applied in
each trial

Experiment Trial

Pre-culture Culture

Medium1) Inducing 
agent

Medium
Inducing 

agent

Replacement 
of

inducing 
agent

A SM -2) SM -2)

B SM OO SM -2)

C SM -2) SM OO

D SM OO SM OO

E SM SO SM OO

F SM FO SM OO

G SM SO SM SO

H SM FO SM FO

Replacement 
of

culture 
medium

I -3) FO -3) FO

J SM FO -3) FO

K -3) FO SM FO

H SM FO SM FO

L WP FO SM FO

M SL FO SM FO

N WP FO WP FO

O SL FO SL FO

1)SM, synthetic medium (1.5% peptone, 0.5% yeast extract, 0.3%
K2HPO4, and 0.04% MgSO4·7H2O, pH 6.0); WP, whey protein
(2%-solution, pH 6.0); SL, corn steep liqueur (8%-solution, pH
6.0); OO, olive oil; SO, soybean oil; FO, frying oil.

2)No inducing agent, 1% distilled water.
3)Distilled water as the culture medium.
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As seen in Fig. 1, the lipase production obtained with
soybean oil (trial G), when compared to the standard
process (trial D), showed a similar profile and no statistical
differences were evident (p>0.05) in the maximum lipase
production. When frying oil was used (trial H), the
maximum enzyme activity (close to 15 U/mL) was almost
50% higher than that obtained with the standard olive oil
(trial D). Thus, the frying oil used was the most suitable
inducing agent for lipase production by F. oxysporum. In
previous papers, different oils, such as sunflower oil (7),
corn oil (21), sardine oil, and soybean oil (27) have also
been tested successfully.

Effect of the culture medium composition The trials
with different culture mediums were carried out using
frying oil due to its better performance as an inducer agent.
The culture mediums evaluated in this study were the
standard synthetic medium, a 2%-solution of whey protein
whose final protein content is similar to that found in the
synthetic medium, and an 8% solution of corn steep liqueur
according to Maldonado (22). Distilled water was also
tested as a culture medium since some enzymes were
produced by F. oxysporum in a water-limonene medium
(14).

It was evident that lipase production was limited by the
fungal biomass. When distilled water was employed in the
culture phase (trial I and J), practically no lipase activity
was noticed, reflecting the absence of biomass (data not
shown). On the other hand, the fungal growth in synthetic
culture medium (culture phase) promoted lipase production
even when the pre-culture was cultivated in distilled water
(trial K). The positive relationship between biomass and
lipase activity has already been reported for Candida
cylindracea (23).

The growth of F. oxysporum for 24 hr in distilled water
(2.53±0.47 g/L) and whey protein solution (1.41±0.32 g/
L) was very poor when compared to growth in synthetic
medium (5.64±0.59 g/L) or corn steep liqueur (7.80±0.86
g/L), all containing frying oil (data not shown). Thus, it
was evident that the inoculum size was related to the final

lipase production. When distilled water (trial K) or whey
protein solution (trial L) were employed in the pre-culture,
the maximum lipase activities observed (9 to 11 U/mL)
were slightly lower than the maximum activity (about 15
U/mL) of trial H and M, pre-cultivated in, respectively, the
synthetic medium and corn steep liqueur solution (Fig. 2).
These data are in accordance with the fact that the presence
of an inducing agent during the pre-culture phase is not a
determinant for final lipase activity, corroborating the
assumption that the pre-culture phase is only necessary to
standardize the inoculum size. In their study, Kamini et al.
(24) found evidence that lipase activity was enhanced by
an increase in inoculum size. Above a determined critical
spore count, the lipase activity could not be further
improved.

When whey protein solution was used as the culture
medium in both pre-culture and culture phases (trial N), no
lipase production was apparent, reflecting the absence of
significant biomass production (data not shown). However,
when corn steep liqueur solution was employed in the
culture phase (trial O), lipase was produced with an
enzymatic profile similar to that obtained in trials D to G,
although with a lower maximum activity (50% lower than
trial D). Thus it was confirmed that the best lipase
performance was associated with cultivation in the
synthetic medium, formerly used to increase lipase activity
of F. oxysporum (12). Therefore, it was evident that corn
steep liqueur could be efficiently used for biomass
production (pre-culture). This residue has already been
employed as a nitrogen source for the production of lipase
by Cryptococcus sp. S-2, where the maximum activity,
close to 10 U/mL, was reached after 96 hr (27). Other
unusual culture mediums, such as olive mill wastewater,
have been successfully used in the production of fungal
lipases (23).

In summary, this paper represents the use of industrial
residues for biotechnological purposes, following the
increasing trend to apply environmentally friendly alternatives
to overcome high manufacturing costs. It is suggested that
the inoculum (pre-culture) might be prepared in virtually

Fig. 2. Time-course of lipase production by F. oxysporum cultivated at 30°C and 160 rpm in different culture mediums using

frying oil as the inducing agent. A: trial K (■, continuous line), and H (□, dashed line); B: L (▲, continuous line), M (◆, continuous
line), and O (◇, dashed line), as described in Table 1. Trial I, J, and N (Table 1) showed virtually no lipase activity. Vertical bars
represent the standard error and points with the same letter are not significantly different (p<0.05) in the Tukey test (SAS® System for
Windows). 
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any culture medium. The most efficient process was
obtained with a biomass grown in an 8% solution of corn
steep liqueur and frying oil (pre-culture) and cultivated in
a synthetic medium with the same fatty source. In this case,
the enzyme activity (about 15 U/mL) was approximately
50% higher than the one with the traditional method
(synthetic medium and olive oil). Moreover, F. oxysporum
has shown great biotechnological potential, not only on
account of its lipase production but also in the
biotransformation of R-(+)-limonene. Thus, a combined
process is under development for the co-production of
lipase and R-(+)-α-terpineol by this strain.
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