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In this work, we report the production of lipases by a Fusarium sp. isolate (FCLA-MA41) from Atlantic
Forest, using chicken fat and association of organic and inorganic nitrogen sources in submerged
fermentation to seek economically attractive bioprocess. A 2-level, 4-factor Central Composite Design
(CCD) and response surface methodology (RSM) were used to study the influence of the concentrations
of chicken fat, (NH4)2SO4, Triton X-100 and yeast extract as a nutrient supplement in Vogel minimum salt
medium. RSM defined the region with the best response as consisting of the following combination of
variables: chicken fat 15.0 mL/L, Triton X-100 15.0 g/L, ammonium sulfate 4.5 g/L and yeast extract 1.0
g/L. A validation study was performed according to the described concentrations and produced an
enzymatic activity of 4.22 ± 0.35 U/mL. Considering the cost estimates of the nutrient medium optimized
for lipase production, the production cost was $US 518.00/million Units of lipase.
Key words: Fungal enzyme, central composite design, chicken fat, ammonium sulfate, Triton X-100.
INTRODUCTION
The interest of this work is the triacylglycerol lipases
(E.C.3.1.1.3), which are enzymes, described as glycerol
ester hydrolases acting on ester bonds present in acylglycerols, releasing fatty acids and glycerol (Jaeger et al.,
1994). They constitute a special class among the carboxylic ester hydrolases (Egloff et al., 1995). The use of
lipases has increased considerably, especially in the

food, beverage, textile, pharmaceutical, cosmetic, bioenergetics, fine chemicals and pulp and paper industries.
Currently, enzymes are produced naturally from plants,
animals, fungi, yeasts and bacteria. When microorganisms are used, they can be inoculated in residues resulting from food processing, thereby reducing the production cost.
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Fungi of different genera proven to be good producers
of lipases and enzymes have been previously studied
(Singh and Mukhopadhyay, 2012). However, the costs of
production of microbial lipases have limited the use of
these enzymes. The potential of using low-cost nutrients
such as agro-industrial residues in microbial fermentation
for enzyme production is extremely important in dictating
future uses of lipases. One critical factor in producing
microbial lipases is the choice of carbon sources as
enzyme inducers. Compounds such as plant seed-oils
(triacylglycerols), free fatty acids, surfactants, bile salts
and glycerol have been included in the nutrient medium
to increase levels of lipase activity (Gupta et al., 2004).
Corn oil has frequently been cited as an inducer of
Fusarium lipases (Maia et al., 2001; Rifaat et al., 2010),
however, vegetable oils are regarded as expensive
fermentation substrates, and are mainly used as a food
stock.
Animal fat has the advantage of wide availability and
low cost, and waste product of meat processing. Chicken
fat is waste product of poultry processing industry
(Arnaud et al., 2004) which has been used to produce
biodiesel. However, as shown in this work, it can also be
used for obtaining bio-products with high added value
such as enzymes. The average cost of the disposal is of
$ 0.60/ L, 80% cheaper than olive oil, mostly used
substrate for lipase production from microorganisms
(Benjamin and Pandey, 2001; Hatzinikolaou et al., 1996;
Long et al., 1996) and 50% cheaper than corn oil, which
is frequently being cited as an inducer of Fusarium
lipases (Maia et al., 2001; Rifaat et al., 2010; “USDA
Economic Research Service,” 2013). To date, no other
work in the literature has reported the use chicken fat to
induce production of lipases. The chicken fat used in this
work was obtained from poultry slaughtering which was
discarded as waste. The fatty acid composition of the
chicken fat used for this work has 95% of long chain fatty
acids and can thus serve as a source of carbon for
inducing production of the enzyme.
Although, the carbon source is the key choice for lipase
production, due to the inductive effect and also the costs
associated with it, the N source occupies a prominent
place especially for the consequences in upstream
process (Keller et al., 2001). The organic sources often
provide higher enzymatic activity in cultures with microorganisms, but are costly in regard to inorganic salts and
complicate the purification due to the complex
composition that includes proteins and peptides. Thus,
studies to minimize or even to avoid their use as a
component in the culture medium are encouraged.
Although not well studied, lipases from Fusarium spp.
(filamentous fungi) are known to exhibit some interesting
properties, such as their stability in polar organic solvents
like ethanol, acetone and n-propanol (Camargo-deMorais et al., 2003). Recently a strain of Fusarium sp.
(Gibberella fujikuroi complex) FCLA-MA41 (Oliveira et al.,

2013) was isolated from decaying plant matter in the
Atlantic Forest of the state of São Paulo in Brazil.
Cultivation of the strain in Submerged Fermentation, a
medium containing crambe oil (17.5 mL/L), Triton X-100
(5 g/L), ammonium sulfate (5 g/L) and yeast extract (1
g/L) was proposed, resulting in a lipase titer of 3.0 ± 0.25
U/mL. Using Solid State Fermentation, the same fungus
produced a maximum lipase titer of 5.0 ± 0.25 U/gds on
crambe meal moistened with phosphate buffer.
In this work, we report on the production of lipases by a
Fusarium sp. (GFC) isolate FCLA-MA41, using chicken
fat and association of organic and inorganic nitrogen
source in submerged fermentation to seek economically
attractive bioprocess.
MATERIALS AND METHODS
Materials
The chicken fat was kindly supplied by Fricock Frigorificação
Avicultura Indústria Comércio Ltda. (Rio Claro-SP, Brazil).
Microorganism
The fungal strain Fusarium sp. (Gibberella fujikuroi complex) FCLAMA41 was isolated from decaying plant matter in the Atlantic Forest
in the state of São Paulo (Brazil) and identified as described by
Oliveira et al. (2013). The fungal isolate was maintained on MEA
medium (malt extract agar) and stored at 4°C. For spore
production, the fungal isolate was grown at 28°C for 5 to 7 days. A
spore suspension was prepared at a concentration of 1 x 108
spores/mL and glycerol added to a final concentration of 200 mL/L.
Aliquots of this preparation was transferred into cryovials for
storage at -20°C. To ensure sterile growth of the fungal isolate,
solid medium was autoclaved at 121°C for 20 min and used for
propagation, inoculum and production purposes.
Enzyme production by submerged fermentation (SmF)
Optimization of enzyme production in SmF using factorial
design
A 2-level, 4-factor Central Composite Design (CCD) and response
surface methodology (RSM) were used to study the influence of the
concentrations of chicken fat (X1), (NH4)2SO4(X2), Triton X-100 (X3)
and yeast extract as a nutrient supplement (X4) in Vogel minimum
salt medium (VMSM) (Vogel, 1956). Table 1 shows the independent factors (Xi), their levels and the experimental design in terms
of the coded (-α, -1, 0, 1 and +α) and the non-coded (actual value)
variables. The analyses were performed using STATISTICA 8.0
software (Statsoft Inc.) to calculate the main effects of the variables
and their interactions, and to perform the analysis of variance
(ANOVA). The response of variables, Y (lipase activity, U/mL), may
be approximated by the polynomial equations:
CCD 24: Y = β0 + ∑βixi + ∑βiixi2 + ∑βijxixj
where: Y is the predicted response, β0 is the offset term, βi the
linear effect, βii the squared effect and βij the interaction effect.
The inoculum was prepared by transferring three agar discs (0.25
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cm diam.) colonized with mycelium to a 250 mL Erlenmeyer flask
containing 50 mL of nutrient medium. The flasks were kept at 28°C
and shaken at 180 rpm for 72 h (best fermentation time – data not
show). After fermentation, the culture fluid was filtered through
gauze cloth, used as the source of extracellular enzyme and the
biomass was dried and determined by gravimetry. The tests were
carried in triplicate.
Analytical methods
Lipase assay and protein determination
The lipase activity of the fermentation samples was measured by
the hydrolysis of p-nitrophenyl palmitate (pNPP) as first described
by Winkler and Stuckmann (1979), and modified by Lima et al.
(2004). One unit of lipase activity is defined as the release of 1
mmol/min of p-nitrophenol (pNP). The molar extinction coefficient of
pNP (1.5 x 104 mol/L x cm) was used to correlate the concentration
of product from the absorbance readings.

Gas chromatography (GC) analysis of fatty acids
The fatty acid derived from chicken fat were identified at Technology Laboratory of Animal Products (UNESP – Jaboticabal/SP)
by GC using a Shimadzu 14B Gas Chromatograph connected to a
OMEGAWAX250 capillary column (30 m x 0.25 mm x .25 µm). The
injector and detector temperatures were set at 250 and 280°C,
respectively. The column temperature was initially maintained at
100°C for 2 min, increased to 220°C at 4°C/min, and finally held at
300°C for 25 min. A mix of fatty acids (SIGMA) was used as
standard.

RESULTS
Fatty acid composition of chicken fat
The chicken fat oil used in this study was analyzed by GC
to assess its fatty acid composition, verifying that it was
composed of 24.61% palmitic acid (C-16:0), 9.39%
palmitoleic acid (C-16:1), 4.84% estearic acid (C-18:0),
42.93% oleic acid (C-18:1), 13.63% linoleic acid (C-18:2)
and 4.60% of othersas reported elsewhere (Arnaud et al.,
2004).
Effect of concentration of chicken fat, Triton X-100,
ammonium sulfate and yeast extract on lipase
production using CCD matrix analysis
A 24 CCD matrix was used to evaluate the process variables adopted in this experiment. The variables included
the concentration of chicken fat (X1), Triton X-100 (X2),
ammonium sulfate (X3) and yeast extract (X4) in nutrient
media containing VMSM. Time (72 h), orbital agitation
(180 rpm) and fermentation temperature (28°C) were the
fixed parameters in the experimental design. Table 1 presents the experimental matrix with the variables in their
coded forms. The responses (lipase activity) are presented
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in U/mL. Highest lipase activities were observed in runs
14 and 24 with chicken fat resulting in activities of 8.33
and 8.04 U/mL, respectively.
ANOVA indicated that there was no interaction between the variables at a confidence level of p <0.05. However, when considered in isolation, variables X2, X3 and
X4 produced statistically significant results. Triton X-100
(X2) and yeast extract (X4) showed a positive influence on
the response, and therefore increasing these variables
led to an increase in lipase activity of 1.92 and 2.37
U/mL, respectively. On the other hand, increasing the
concentration of ammonium sulfate (X3) has a negative
effect on the response, causing a decrease in lipase
activity of 1.59 U/mL.
After testing the validity, the F test, Fcalc>Ftab (Table
S1), indicated that the model was statistically significant
(valid). An empirical mathematical model of lipase production can be described by Equation 1.
Y (U/mL) = 5.1975 + 0.9600.(X2) – 0.7975.(X3) +
1.1841.(X4)
(1)
Three-dimensional response surfaces obtained for the
model are shown in Figure 1, the contour plots are shown
in Figure S1.Thus, RSM defined the region with the best
response as consisting of the following combination of
variables: chicken fat 15.0 mL/L, Triton X-100 15.0 g/L,
ammonium sulfate 4.5 g/L and yeast extract 1.0 g/L. This
combination was predicted to produce a lipase activity of
9.11 ± 5.0 U/mL. A validation study was performed according to the described concentrations and produced lower
values than expected, but still within the margin of error,
with an enzymatic activity of 4.22 ± 0.35 U/mL.
Costs of lipase production by Fusarium sp. (GFC)
FCLA-MA41
Considering the cost estimates of the nutrient medium
optimized for lipase production by SmF containing 15.0
mL/L of chicken fat ($0.60/ L), 4.5 g/L of ammonium sulfate ($15.75/ kg), 1.0 g/L of yeast extract ($173.20/ kg)
and 15.0 g/L of Triton X-100 ($80.00/ kg) in a solution
containing Vogel minimum salts ($0.73/ L) used in this
study, the production cost was $US 518.00/million Units
of lipase.
DISCUSSION
Rapp (1995) described the addition of trimyristin, olive oil,
oleic acid, and surfactant Span 85 inducing formation of
extracellular lipolytic activity in cultures from Fusarium
oxysporum sp. vasinfectum. F. oxysporum lipase was
induced by rape seed oil (Tamerler and Keshavarz, 2000)
and triolein (Camargo-de-Morais et al., 2003); sesame oil
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Table 1. CCD matrix (factorial 24) containing four repetitions at the central point for the production of lipase by Fusarium sp. (GFC) FCLAMA-41 in SmF.

Run
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25a
26a
27a
28a

Variable in coded levels
X1
-1
-1
-1
-1
-1
-1
-1
-1
+1
+1
+1
+1
+1
+1
+1
+1
-α
+α
0
0
0
0
0
0
0
0
0
0

Factor
X1 (Chicken fat, mL/L)
X2 (Triton X-100, g/L)
X3 ((NH4)2SO4, g/L)
X4 (Yeast extract, g/L)

X2
-1
-1
-1
-1
+1
+1
+1
+1
-1
-1
-1
-1
+1
+1
+1
+1
0
0
-α
+α
0
0
0
0
0
0
0
0

X3
-1
-1
+1
+1
-1
-1
+1
+1
-1
-1
+1
+1
-1
-1
+1
+1
0
0
0
0
-α
+α
0
0
0
0
0
0

X4
-1
+1
-1
+1
-1
+1
-1
+1
-1
+1
-1
+1
-1
+1
-1
+1
0
0
0
0
0
0
-α
+α
0
0
0
0

(Y, U/mL)
Predicted
Observed
0.00
2.37
2.88
3.07
1.65
0.93
4.28
4.37
5.79
4.39
8.04
6.87
3.84
5.24
5.80
5.81
2.73
3.18
5.51
5.17
1.78
4.01
4.27
6.13
5.05
6.01
7.16
8.33
0.46
0.72
2.27
0.91
2.98
3.35
2.23
0.39
2.45
0.13
6.29
7.13
4.87
4.50
1.68
0.57
2.75
0.73
7.49
8.04
5.19
5.95
5.19
4.89
5.19
1.80
5.19
1.45
-α
10.0
0.0
1.0
0.00

-1
15.0
5.0
4.5
0.25

Response
Biomass (g/L)
Observed
11.57
12.05
13.60
11.75
12.53
8.95
13.12
11.44
16.36
17.51
14.64
14.32
11.34
18.27
21.39
20.66
7.53
20.61
18.78
14.56
12.36
20.62
13.90
13.77
14.78
14.23
15.43
15.79
Real level
0
+1
20.0
25.0
10.0
15.0
10.0
15.5
0.50
0.75

At/Biomass (U/g)
Observed
204.84
254.77
68.38
371.91
350.36
767.60
399.39
507.87
194.38
295.26
273.91
428.07
529.98
455.94
33.66
44.05
444.89
18.92
6.92
489.70
364.078
27.64
52.52
583.88
402.57
343.64
116.66
91.83
+α
30.0
20.0
19.0
1.00

a

α = 2.0; Central point runs.

was used to induce lipase from Fusarium solani (Maia et
al., 2001). The chicken fat used in this study, according to
analysis, is composed of long-chain fatty acids, primarily
oleic (18:1, 42.93%), palmitic (16:0, 24.61%) and linoleic
(18:2, 13.63%). With this composition, this foodprocessing residue could induce lipase production from
Fusarium sp. (GFC). In fact this was observed, because
enzyme activity was not detected in runs conducted in
the absence of chicken fat (data not show). When com-

paring the runs 17 and 18, it is clear, the importance of
chicken fat for microorganism growth, but the increase in
its concentration has little influence on the extracellular
lipase activity.
In the literature it is common to justify the reduction of
extracellular activity with increasing addition of oil due to
the aeration difficulty of the culture medium, which affect
cell metabolism (Li et al., 2006). However, even with the
adding of surfactant Triton X-100 as a variable in this
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Table S1. Analysis of variance of enzymatic activity (U/mL) obtained for the 24CCD matrix with
chicken fat (X1), Triton X-100 (X2), ammonium sulfate (X3) and yeast extract (X4).

Factor
X1 (L)
X1 (Q)
X2 (L)
X2 (Q)
X3 (L)
X3 (Q)
X4 (L)
X4 (Q)
X1 x X2
X1 x X3
X1 x X4
X2 x X3
X2 x X4
X3 x X4
Error
Total SS

Ss
0.8438
10.0233
22.1184
1.0209
15.2642
5.5296
33.6540
0.0074
12.3904
6.9696
0.0196
13.2860
0.4556
0.0870
40.7706
159.6361

df
1
1
1
1
1
1
1
1
1
1
1
1
1
1
13
27

Ms
0.84375
10.02334
22.11840
1.02094
15.26415
5.52960
33.65402
0.00735
12.39040
6.96960
0.01960
13.28603
0.45562
0.08703
3.13620
-

Fcalc
0,26904
3.19601
7.05261
0.32553
4.86708
1.76315
10.73082
0.00234
3.95077
2.22231
0.00625
4.23634
0.14528
0.02775
-

p-Value
0,612695
0.097140
0.019797
0.578030
0.045975
0.207076
0.006022
0.962125
0.068333
0.159890
0.938193
0.060195
0.709245
0.870264
-

Ss: Sum of squares;df: degrees of freedom; Ms: mean square; R² = 0.738; R = 0.859; Ftab (1;13; 0.05) =
4.67.

experiment, increasing the concentrations of chicken
fat is not important for increasing the extracellular lipolytic
activity.
On the other hand, the runs varying the concentration
of Triton X-100 showed a significant effect for increasing
the extracellular lipolytic activity, though at a reduced
biomass (runs 19, 20 and 25). Rapp (1995) reported
inducing effect of another surfactant, Span 85, in the
formation of extracellular lipase from F. oxysporum sp.
vasinfectum. Messias et al. (2009), Silva et al. (2005) and
Mahadik et al. (2002) also reported increased production
of lipase with different concentrations of Triton X-100
from Botriosphaeria ribis, Metarhizium anisopliae and
Aspergillus niger, respectively. The mechanism for this
effect, however, is not yet understood. The increased
activity in cultures of Fusarium sp. (GFC) FCLA-MA41
with Triton X-100, reported in this study, is not due to the
influence of the surfactant on the structure of the lipase.
This statement is based on experimental observation
after incubation of the lipase from Fusarium sp. (GFC) at
different concentrations of Triton X-100 (0.0016 to 0.80
mM). It was observed that increase in activity of max 3%
for concentrations below 0.22 mM, critical micelle concentration (CMC) for Triton X-100. Above the CMC, there
was inhibition of activity at 0.5, 3.5, 9.5 and 13.5% for
surfactant concentration of 0.32, 0.48, 0.64 and 0.80 mM,
respectively.
Yeast extract is a complex nutrient, with peptides, amino
acids and vitamins, being expected and its addition to the
culture medium would provide more biomass. It is interesting to note, however, that the increase in the con-

centration of yeast extract favored the increase of
extracellular lipase activity, but had no effect on biomass
(runs 9, 10, 23 and 24). Ammonium sulfate, instead,
favored growth but had no effect on enzyme production
(runs 14 and 15). Rapp (1995) found the necessity of
adding peptone for formation of extracellular lipase by F.
oxysporum sp. vasinfectum. To biomass production there
was no interaction between the variables at a confidence
level of p <0.05. However, when considered in isolation,
chicken fat (X1) and ammonium sulfate (X3) showed a
positive influence on the biomass production, and therefore increasing these variables led to an increase in
biomass production of 5.47 and 2.40 g/L, respectively.
The production of enzyme has been associated, in the
literature, with cell growth (Ghosh et al., 1996; Zarevúcka
et al., 2005). However, runs 6 and 22 (Table 1), for example, show opposite relation of Lipase Activity/Biomass
(767 and 27.6, respectively). As the factorial design was
carried out at a fixed time of 72 h, to confirm the
difference in activity was due to experimental condition
and not because of the time of cultivation, runs 6 and 22
were repeated with analysis every 24 h (Figure 2). In both
cases, the maximum activity was found in the stationary
phase of cell growth. However, the results confirmed that
despite higher biomass in condition 22, the extracellular
lipolytic activity is lower compared to run 6 in t he condition in which growth is reduced at higher lipolytic
activity. It was found that the lipase production from
Fusarium sp. (GFC) FCLA-MA41 is not directly related to
the increased number of cells, but due to the metabolic
effect or transport (Table 2). Rapp (1995) found that
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Figure 1. Three-dimensional response surface of lipase activity (U/mL) obtained by submerged fermentation of Fusarium sp. (GFC)
FCLA-MA-41 in function of X2 and X3 (A), X2 and X4 (B) and X3 and X4 (C), on medium with various concentrations of chicken fat (X1),
Triton X-100 (X2); ammonium sulfate (X3) and yeast extract (X4).

during growth of F. oxysporum f. sp. vasinfectum in
shake flasks, a small amount of lipase activity was found
to be associated with the mycelium.
The authors suggested that lipase activity is associated
for some time with the cell wall in the course of its
secretion into the culture medium. The assumption was
made for the secretion of lipase activity from Geotrichum
candidum (Tsujisaka et al., 1973), Serratia marcescens
(Winkler and Stuckmann, 1979) and F. oxysporum f. sp.
lini SUF.8 (Hoshino et al., 1991). Therefore, the increase
in activity with the addition of Triton X-100, with no

increase in biomass, may be due to the detergent effect
by increasing the permeability of the cell wall, and consequently increasing the secretion of the enzyme by the
cell.
Although, the cost of culture medium is an important
parameter to determine the economic viability of a bioprocess, the upstream process are more expensive and
may represent up to 80% of the total costs of enzyme
production (Keller et al., 2001). Thus, the priorities are
nutrients that contribute to increased production but preferably do not result in difficulties in recovering, purifying
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Figure S1: Contour plots of lipase activity (U/mL) obtained by submerged fermentation of Fusarium sp. (GFC) FCLA-MA-41 in function
of X2 and X3 (A), X2 and X4 (B) and X3 and X4 (C), on medium with various concentrations of chicken fat (X1), Triton X-100 (X2);
ammonium sulfate (X3) and yeast extract (X4).

and applying the enzyme by increasing the number of
upstream process. In the present study, VSMS represents 33.46% of the production cost and it is essential for
the production of lipase (activity is 98% lower in its
absence – data not show), is comprised only of inorganic
salts whose residues are easily separated at the end of
fermentation. Yeast extract, in contrast, are very expensive and have a complex composition including proteins
and peptides, which complicate the purification. The results are important because they demonstrate the possi-

bility of combining organic and inorganic sources for the
production of lipase from Fusarium sp. (GFC) FCLAMA41 reducing the concentration of yeast extract. The
production was optimized through the use of ammonium
sulfate, this way; a cheaper ecologic culture medium for
lipase production is feasible.
Previous study with the same Fusarium sp. (GFC)
FCLA-MA41 strain in SmF with culture medium containing crambe oil (17.5 mL/L), Triton X-100 (5 g/L),
ammonium sulfate (5 g/L) and yeast extract (1 g/L) was
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Figure 2. Curve of growth and extracellular lipase activity in cultures of Fusarium sp. (GFC) FCLA MA-41.
Run 6: (■) Lipase activity, (□) Biomass. Chicken fat 15.0 mL/L, Triton X-100 15.0 g/L, ammonium sulfate 4.5
g/L and yeast extract 0.75 g/L. Run 22: (●) Lipase activity, (○) Biomass. Chicken fat 20.0 mL/L; Triton X-100
10.0 g/L, ammonium sulfate 19.0 g/L and yeast extract 0.5 g/L.

proposed, resulting in a lipase titer of 3.0 ± 0.25 U/mL
(Oliveira et al., 2013). Although providethis provides
lower activity than that obtained with chicken oil, the cost
per unit of enzyme activity was also lower ($US 183.00
and $US 518.00/million Units of lipase with crambe oil
and chicken fat, respectively). Still, the economic viability
of the bioprocess is also related to other factors such as
availability of raw materials. The crambe oil has the advantage of being a non-food oil seed, however, currently
is cultivated as an oil-seed on a large scale in Mexico,
New Zealand, Russia, United States, but most crambe oil
processing occurs in Europe (Warwick and Gugel, 2003)
for industrial uses. The poultry processing, by contrast,
has a worldwide distribution and the oil/fat is an inexpensive residue.

to a cost of $US518.00/million units of lipase. Moreover,
the use of chicken oil as an inducer for lipase production
is unprecedented.
Conflict of Interests
The author(s) have not declared any conflict of interests.
ACKNOWLEDGEMENTS
The authors gratefully acknowledge financial support
from the Foundation for Research Support of São Paulo
State (FAPESP2010/07998-9), Brazil. B.H. Oliveira is
also grateful for CNPq Masters’ scholarships.
REFERENCES

Conclusion
The findings of this work have demonstrated good results
of lipase production from Fusarium sp. (GFC) FCLAMA41 by SmF. The fungal isolate was found to be a
producer of lipase with market potential, as lipase activity
was obtained on nutrient medium containing low-cost
nutrients, such as ammonium sulfate and chicken fat.
The lipase activity obtained was 4.22 U/mL and equated

Arnaud E, Relkin P, Pina M, Collignan A (2004). Characterisation of
chicken fat dry fractionation at the pilot scale. Eur. J. Lipid Sci.
Technol. 106:591-598.
Benjamin S, Pandey A (2001). Isolation and Characterization of Three
Distinct Forms of Lipases from Candida rugosa Produced in Solid
State Fermentation. Braz. Arch. Biol. Technol. 44:213-221.
Camargo-de-Morais MM, Maia MMD, Borba FFS, Melo KG, Santos
CMSO, Reis ERA, Morais Jr MA, Lima-Filho JL (2003). Oil/mineralsalts medium designed for easy recovery of extracellular lipase from
Fusarium oxysporum AM3. World J. Microbiol. Biotechnol. 19:17–20.

Oliveira and Lima

Egloff MP, Ransac S, Marguet F, Rogalska E, Van Tilbeurgh H, Buono
G, Cambillau C, Verger R (1995). Les lipases : cinétiques, spécificités
et aspects structuraux. OCL. Oléagineux, corps gras, lipides. 2:5267.
Ghosh PK, Saxena RK, Gupta R, Yadav RP, Davidson S (1996).
Microbial lipases: production and applications. Sci. Prog. 79:119-157.
Gupta R, Gupta N, Rathi P (2004). Bacterial lipases: an overview of
production, purification and biochemical properties. Appl. Microbiol.
Biotechnol. 64:763-781.
Hatzinikolaou DG, Macris JB, Christakopoulos P, Kekos D, Kolisis FN,
Fountoukidis G (1996). Production and partial characterisation of
extracellular lipase from Aspergillus niger. Biotechnol. Lett. 18:547552.
Hoshino T, Mizutani A, Shimizu S, Hidaka H, Yamane T (1991).
Calcium ion regulates the release of lipase of Fusarium oxysporum.
J. Biochem. 110:457-461.
Jaeger KE, Ransac S, Dijkstra BW, Colson C, Van Heuvel M, Misset
O(1994). Bacterial lipases. FEMS Microbiol. Rev. 15:29-63.
Keller K, Friedmann T, Boxman A (2001). The bioseparation needs for
tomorrow. Trends Biotechnol. 19:438-441.
Li D, Wang B, Tan T (2006). Production enhancement of Rhizopus
arrhizus lipase by feeding oleic acid. J. Mol. Catal. B. Enzym. 43:4043.
Lima VMG, Krieger N, Mitchell DA, Fontana JD (2004). Activity and
stability of a crude lipase from Penicillium aurantiogriseum in
aqueous media and organic solvents. Biochem. Eng. J. 18:65-71.
Long K, Ghazali HM, Ariff A, Bucke C (1996). Mycelium-bound lipase
from a locally isolated strain of Aspergillus flavus Link: Pattern and
factor involve in its production. J. Chem. Technol. Biotechnol. 67:157163.
Mahadik ND, Puntambekar US, Bastawde KB, Khire JM, Gokhale DV
(2002). Production of acidic lipase by Aspergillus niger in solid state
fermentation. Process Biochem. 38:715-721.
Maia MM, Heasley A, Camargo-de-Morais MM, Melo EH, Morais MA,
Ledingham WM, Lima-Filho JL (2001). Effect of culture conditions on
lipase production by Fusarium solani in batch fermentation.
Bioresour. Technol. 76:23-27.
Messias JM, Costa BZ, Lima VMG, Dekker RFH, Rezende MI, Krieger
N, Barbosa AM (2009). Screening Botryosphaeria species for lipases:
Production of lipase by Botryosphaeria ribis EC-01 grown on soybean
oil and other carbon sources. Enzym. Microb. Technol. 45:426-431.
Oliveira BH, Coradi GV, Attili-Angelis D, Scauri C, Luques AHPG,
Barbosa AM, Dekker RFH, Neto PO, Lima VMG (2013).Comparison
of lipase production on crambe oil and meal by Fusarium sp.
(Gibberella fujikuroi complex). Eur. J. Lipid Sci. Technol. 115:14131425.

1401

Rapp P (1995). Production, regulation, and some properties of lipase
activity from Fusarium oxysporum f. sp. vasinfectum. Enzym. Microb.
Technol. 17:832-838.
Rifaat HM, El-Mahalawy AA, El-Menofy HA, Donia SA (2010).
Production, optimization and partial purification of lipase from
Fusarium oxysporum. J. Appl. Sci. Environ. Sanit. 5:39-53.
Silva WOB, Mitidieri S, Schrank A, Vainstein MH (2005). Production and
extraction of an extracellular lipase from the entomopathogenic
fungus Metarhizium anisopliae. Process Biochem. 40:321-326.
Singh AK, Mukhopadhyay M (2012). Overview of fungal lipase: a
review. Appl. Biochem. Biotechnol. 166:486-520.
Tamerler C, Keshavarz T (2000). Lipolytic enzyme production in batch
and fed-batch cultures of Ophiostoma piceae and Fusarium
oxysporum. J. Chem. Technol. Biotechnol. 75:785-790.
Tsujisaka Y, Iwai M, Fukumoto Y, Okamoto Y (1973). Induced formation
of lipase by Geotrichum candidum. Agric. Biol. Chem. 37:837-842.
USDA
Economic
Research
Service
(2013).
URL
http://www.ers.usda.gov/ (accessed 8.20.13).
Vogel HJ (1956). A convenient growth medium for Neurospora crassa
(medium N). Microb. Genet. Bull. 13:42-43.
Warwick SI, Gugel RK (2003).Genetic variation in the Crambe
abyssinica – C. hispanica – C. glabrata. Genet. Resour. Crop Evol.
50:291-305.
Winkler UK, Stuckmann M (1979). Glycogen, hyaluronate, and some
other polysaccharides greatly enhance the formation of exolipase by
Serratia marcescens. J. Bacteriol. 138:663–670.
Zarevúcka M, Kejík Z, Šaman D, Wimmer Z, Demnerová K (2005).
Enantioselective properties of induced lipases from Geotrichum.
Enzyme Microb. Technol. 37:481-486.

