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HIGHLIGHTS

» Lipase was production by A. niger using sucrose and soybean oil as carbon
source.

» Experiment design was an efficient tool in improving A. niger lipase production.

* Lipase production kinetics indicated good yield levels in a short fermentation
time.

Abstract: This study aimed to evaluate the effects of variables on the process of lipases
production by Aspergillus niger C by submerged fermentation (SmF). The production assays
were performed in shake flasks for 72 hours at 150 rpm and 32°C. First, a fractional factorial
design 2°' (FFD) was carried out to evaluate the effect of the following process variables:
sucrose, ammonium sulphate, soybean oil, yeast extract concentration and pH. After the
selection of the variables that significantly influenced the lipase production, a central
composite rotational design 2? (CCRD) was used, aiming to find the most favorable
operational conditions. The selected assay condition (15.0 g.L™ sucrose, 4.0 g.L*
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ammonium sulphate, 4.0 g.L™ soybean oil and 1.0 g.L™ yeast extract at pH 5.0) was the one
that presented a lipase activity of 27.46 U.mL™. It was very close to that best assay (30.76
U.mL™), but using half of the inducer concentration, consequently reducing process cost.
The kinetics of lipase production showed that the highest specific activity was 57.17 U.mg-1.
The pH and temperature effects on lipase activity produced in this study was investigated.
The optimum activity was found in a more acidic pH (5.0-6.0) and 55°C.

Keywords: Lipases; Submerged fermentation; Aspergillus nige; Experimental design.

INTRODUCTION

Enzymes are considered as nature’s catalysts and the particular benefits offered by
them are specificity, mild conditions of use and reduced waste generation. In comparison to
a chemical process, enzymatic processes present less energy requirements and higher
guality of the obtained product. The interest in the production of lipases is associated with its
biotechnological potential due to their catalytic action in hydrolytic reactions, esterification,
transesterification and interesterification [1].

Lipases (glycerol ester hydrolases EC 3.1.1.3) catalyze the hydrolysis of triglycerides to
free fatty acids and glycerol. These enzymes can also catalyze esterification,
interesterification, acidolysis, alcoholysis and aminolysis in addition to the hydrolytic activity
on triglycerides [2]. Lipases constitute the three major known digestive enzymes and are the
most important group of biocatalysts for biotechnological applications. The number of
available industrial lipases has increased considerably since the 1980s in response to an
increasing demand for these biocatalysts [3]. Considering that lipases accounting for
approximately 10% of the global industrial enzyme [4], this market is estimated to reach
$0.63 billion in 2021 at a compound annual growth rate (CAGR) of 4.7% for 2016-2021 [5].

Lipases can be of animal, plant and microbial sources. The microbial enzymes present
wide industrial applications due to their stability, selectivity and specificity. Many industrial
lipases have been produced, purified and cloned from bacteria and fungi that include
Aspergillus species. They are widely used in industrial applications, such as in dairy and
food manufacture, leather and detergent industry. Recently, they faced novel
biotechnological applications such as production of cosmetics, enantiopure pharmaceuticals,
agro-chemicals, flavor compounds and synthesis of biopolymers and biodiesel [6]. Despite
the presence of a large number of already discovered and characterized lipolytic enzymes,
the search for new biological routes of lipolytic enzymes displaying unique and specifically
desired properties , such as stereo-, regio- and enantio-selective transformation [7] and the
knowledge of production parameters remains important.

Lipase production is affected by the medium pH, temperature, medium compaosition,
inoculation volume, aeration, agitation and many other factors. These factors have been
studied in a number of microorganisms and several strategies have been used to model and
to optimize the parameters of the fermentation process using statistical experimental
designs [8].

Lipase production by A. niger in fermentation processes is commonly characterized by
a mixed carbon source, usually a sugar and a lipid (edible oils, fatty acids, and so on) to grow
the microorganism and to induce the production of the enzyme. Previous studies, using
sucrose, glucose and olive oil, have shown that glucose has a negative effect on lipase
production by A. niger. However, sucrose contributes greatly to lipase production and
showed positive effect [9]. In general, vegetable oils are used as inducers of lipase synthesis,
in addition to being carbon source. According to Messias et al [10], the soybean oil was
effective as inducer for the production of fungal lipases.

The common nitrogen sources used for microbial growth are corn steep liquor, soy flour,
yeast extract, peptone, urea, nitrate, and ammonium salts. Different effects in lipase
production have been reported depending on the nitrogen source and the microorganism [3].
Ammonium salts supported the best growth as well as lipase production by Aspergillus niger
[11].
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Extracellular lipases for industrial applications can be produced by submerged and solid
state fermentations [12]. Solid-state fermentation (SSF) involves the cultivation of
microorganisms on a solid substrate, such as grains, rice and wheat bran, in absence or
near absence of free water. Submerged fermentation (SmF) has been defined as
fermentation in liquid medium, which contain soluble nutrients, or as fermentation in the
presence of excess water [13]. SmF offer many advantages over SSF, such as, better
monitoring operational parameters, homogeneous medium, which allows a more effective
heat and mass transfer, microorganism inoculum remains completely submerged and
distributed evenly favoring the nutrient absorption [14].

Most reports in the literature use SSF and different strains of A. niger for the lipase
production [15-17]. Regarding the advantages of SmF, this process was selected for lipase
production from the strain A. niger C, using statistical design for evaluation of the effects of
some variables of process.

MATERIAL AND METHODS

Microorganism

The wild strain of A. niger C used in this study was provided by the culture collection of
Embrapa Food Agroindustry, Rio de Janeiro-Brazil. The culture was kept on dry sand at
-20 °C and activated by transferring spores twice to basic salt medium agar slants (3.0 g.L™
NaNO;, 1.0 g.L™" K,HPO,, 0.5 g.L™" MgS0,-7 H,0, 0.5 g.L™" KCl, 0.01 g.L™' FeSO,-7H,0,
30.0 g.L™" agar at pH 5.5) with 2.0% (v/v) of soybean oil as carbon source. The slants were
incubated for 7 days at 30°C. After, the slants of A. niger C were kept at 4°C [18].

Inoculum preparation

Spores from agar slant cultures were used to inoculate corncob medium for fungi
propagation. The spores were suspended with 10 mL of 0.3 % Tween 80, and approximately
1 mL of suspension was dripped on ground corncob medium. Inoculation was carried out in
125 mL shake flasks containing 4.6 g ground corn cob and 6 mL solution containing: 56 g.L™
peptone, 0.76 g.L™* K,HPO,, 36 g.L™* ZnSO,, 46 g.L™* Na,SO,, 0.01 g.L™ MnSO,, and 0.5 %
H,SO,. After incubation at 30°C for five days, 20 ml of 0.3% Tween 80 were added to the
medium and the flask was stirred vigorously. Spores were separated by filtration through
gauze [18]. A spore suspension (10° spores.mL™) was used as a inoculum. The number of
spores.mL™ in the suspension was count by using a Neubauer chamber.

Experimental designs

Two experimental designs were carried out in order to improve lipase production
process by A. niger C. First, a fractional factorial design (FFD) 2°* was carried out to verify
the effects of pH, sucrose, soybean oil as inductor, yeast extract and ammonium sulphate
concentration on lipase production. After that, a central composite rotatable design (CCRD)
2% was used to investigate the effects of pH and soybean oil. In these designs, a set of 19
and 11 experiments, respectively, including three replicates at the central point, were
performed. The range and the levels of the variables herein investigated are given in Tables
1 and 2.
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Table 1. Experimental range and levels of the independent variables used in the FFD 2%t

. Level

Variable 1 0 1

Yeast extract (g.L™") 0 1 2

Soybean oil (g.L™) 2 4 6

pH 6 7 8
1 1 1 2

Sucrose (g.L™) 0 5 0

(NH,4);S0, (g.L™) 2 4 6

For a second experimental design the sucrose, ammonium sulphate and yeast extract
concentrations were fixed at 15, 4 and 1 g.L™, respectively. Lipase activity was taken as
dependent variable of the experimental design. “Statistica” (version 7.0) software was used
for regression and graphical analyses of the data obtained.

Table 2. Experimental range and levels of the independent variables used in the CCRD 2°

) Level
Variable 141 1 0 1 1.41
Soybean oil (g.L™) 3.18 4 6 8 8.82
pH 4.59 5 6 7 7.41

Lipase production

The medium used for lipase production optimization in the first design experiments was:
sucrose (10, 15 and 20 g.L™), soybean oil (2, 4 and 6 g.L™), yeast extract (0, 1 and 2 g.L™%),
(NH,),SO, (2, 4 and 6 g.L™"), KH,PO, (2 g.L™"), MgS0..7H,0O (0.5 g.L™"), KCI (0.5 g.L™h,
ZnSO, (5 mg.L™), FeS0,.7H,O (23 mg.L™), CuSO,. 5H,0 (6 mg.L™"), MgSO,. 5H,0 (20
ug.L™h), and pH (6, 7 and 8). For the second design experiments the medium used is:
sucrose (15 g.L™), soybean oil (3.18, 4, 6, 8 and 8.82 g.L™), yeast extract (1 g.L ™),
(NH,),S0, ( 4 g.L™"), KH,PO, (2 g.L™"), MgS0O.,.7H,O (0.5 g.L™"), KCI (0.5 g.L™"), ZnSO, (5
mg.L™), FeS0,.7H,0 (23 mg.L™?), CuSO,. 5H,0 (6 mg.L™), MgS0,4.5H,0 (20 pg.L™?), pH
(4.59, 5, 6, 7 and 7.41).

50 mL of production medium was prepared and distributed in Erlenmeyer flasks of 250
mL capacity. Culture medium to flask ratio used was 1:5 to provide better aeration. After
sterilization of the fermentation medium at 111 °C and 0.5 atm for 20 minutes, the spore
suspension was inoculated into each flask with a final concentration of 10° spores.mL™.
Then, the inoculated medium was incubated in a shaker incubator at 150 rpm for 72 h at
32°C [11]. At the end of fermentation, mycelium was filtered by Whatman’s filter paper.

Kinetics of lipase production

To evaluate the kinetics of lipase production by A. niger C, in the condition selected in
CCRD 22, samples were taken every 12 hours for analysis of the dry biomass, total reducing
sugars, protein and specific activity.

The medium for lipase production was: sucrose (15.0 g.L™), soybean oil (4.0 g.L™),
yeast extract (1.0 g.L™), (NH,),SO,4 (4.0 g.L'™"), KH,PO, (2 g.L™"), MgS0,4.7H,0 (0.5 g.L™), KCI
(05 gL, zZnSO, (5 mg.L"), FeS0O,7H,0 (23 mg.L"), CuSO,5H,0 (6 mg.L™),
MgS0,.5H,0 (20 ug.L™), pH 5.0.

Analytical determinations

Lipase Activity

Determination of lipase activity in the crude enzyme extract was done using the
titrimetric method [19]. This method is based on the quantification of fatty acids released
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after the reaction between olive oil emulsion and enzyme extract. Reaction mixture
containing 5 mL of the emulsion (1.4 mL of water, 1.4 mL of olive oil and 0.34 g of gum
Arabic prepared by mixing for 1 min at room temperature), 4 mL of 50 mM sodium
phosphate buffer (pH 5.0) and 1 mL enzyme extract was incubated for 15 min at 35°C.
Reaction was stopped by adding 10 mL of 1:1:1 acetone/ethanol/water solution and the
amount of fatty acids was quantified through titration reaction with 0.05 M NaOH in a titrator
(Metrohm Titrino 794, Herisau, Switzerland) until pH end-point was equal to 11. Blank
assays were conducted by adding the enzyme just before titration. One unit (U) of lipase
activity was defined as the amount of enzyme, which produces 1 umol of fatty acids per
minute under assay conditions. All analyses were carried out in duplicate. The specific
activity of the enzyme extract was calculated by the ratio between lipase activity and protein
content.

Protease Activity

Protease activity was determined based on colorimetric method using azocasein
described by Charney and Tomarelli [20]. One unit of protease activity was defined as the
amount of enzyme that produces a unitary change in absorbance (428 nm) per minute under
assay conditions.

Determination of protein

Protein was estimated by the Folin-Ciocalteau’s phenol reagent as outlined by Lowry et
al [21], at 660 nm, using bovine serum albumin (BSA) as standard.

Determination of reducing sugars

The concentrations of total reducing sugars (TRS) were quantified by the
3,5-dinitrosalicylic acid (DNS) method [22].

Biomass estimation

Biomass was estimated according to Singh et al [23] with modification. The culture broth
was filtered through pre-weighed Whatman No.1 filter paper. The filter paper containing the
biomass was dried at 65°C for 24 h and its dry weight was estimated.

Effect of pH and temperature on enzyme activity

The effect of pH and temperature was performed by the lipase activity determination, as
previously described. The pH effects were measured using buffers of different pH’s (5 - 8) at
35°C. The employed buffers were as follows: 0.1 M citrate buffer (pH 3 - 6); 0.1 M
Na-phosphate buffer (pH 6 - 8). Temperature influence was evaluated by carrying out the
enzyme assay at 25 to 55°C temperatures range, using 0.1 M citrate buffer pH 5.

RESULTS AND DISCUSSION

Experimental Design

The first step in the optimization strategy was to identify medium components with
significant effects on the production of lipases by SmF. A fractional factorial design 2°* was
used to evaluate five independent variables: pH and the sucrose, soybean oil, yeast extract
and ammonium sulphate concentrations, from 16 runs and three replicates at the central
point, as shown in Table 3. The dependent variable was the enzymatic activity (U.mL™).

The highest lipase activity (13.12 U.mL™) was found at the central point (15.0 g.L™
sucrose, 4.0 g.L™* ammonium sulphate, 4.0 g.L™ of soybean oil, 1.0 g.L™ yeast extract and
pH 7.0) while experiments performed in the test 3 presented no activity in 72 hours.

The data in Table 3 show that the final pH of enzyme extract was low, regardless of
initial pH. Therefore, immediately after enzyme extract recovery, a correction of pH was
conducted to reach pH 5.0, in order to keep enzyme activity.
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An explanation for pH reduction at the end of fermentation may be related to the effect
of hydrolysis of triglycerides, which are added to the fermentation medium as enzyme
synthesis inducers. The selected inducer was soybean oil, which has high linoleic and
linolenic acids contents in its composition, polyunsaturated fatty and reactive acids.
Polyunsaturated fatty acids are easily hydrolyzed and fatty acids release reduces the
medium pH. In addition, pH reduction may be associated with organic acids production by A.
niger [24].

Table 3. Matrix and results of the FFD 2% for the production of lipase with their coded and real levels

Assays Sucrose  (NH4),SO, SO YE o EA oHina
QLY 9L  (@Lh (gL " (umLY)
1 -1 (10) -1(2) -1(2)  -1(0) 1(8) 1.24 2.7
2 1(20) -1(2) -1(2) -1(0) -1(6) 0.97 1.9
3 -1(10) 1(6) -1(2) -1(0) -1(6) 0.00 2.2
4 1(20) 1(6) -1(2) -1(0) 1(8) 1.60 1.9
5 -1(10) -1(2) 1(6) -1(0) -1(6) 2.72 1.9
6 1(20) -1(2) 1(6) -1(0) 1(8) 2.67 2.3
7 -1(10) 1(6) 1(6) -1(0) 1(8) 0.88 2.7
8 1(20) 1(6) 1(6) -1(0) -1(6) 3.76 1.8
9 -1(10) -1(2) -1(2) 1(2) -1(6) 1.51 3.6
10 1(20) -1(2) -1(2) 1(2) 1(8) 0.22 3.2
11 -1(10) 1(6) -1(2) 1(2) 1(8) 0.44 3.6
12 1(20) 1(6) -1(2) 1(2) -1(6) 0.39 2.2
13 -1(10) -1(2) 1(6) 1(2) 1(8) 0.30 5.7
14 1(20) -1(2) 1(6) 1(2) -1(6) 5.43 2.1
15 -1(10) 1(6) 1(6) 1(2) -1(6) 3.53 3.6
16 1(20) 1(6) 1(6) 1(2) 1(8) 1.51 2.5
17* 0 (15) 0(4) 0(4) 0(1) 0(7) 13.01 2.3
18* 0 (15) 0(4) 0(4) 0(1) 0(7) 12.48 2.0
19* 0 (15) 0(4) 0(4) 0(1) 0(7) 13.87 2.2

*Central points / Absolute values between parenthesis / SO = Soybean oil; YE = Yeast extract; EA =
Enzymatic activity

The fractional factorial design 2°* used in the first step of this study indicated that the
lipase production by A. niger C in SmF, under the conditions tested, was influenced by the
concentration of inducer and the initial pH of the medium at 90% confidence level. The
Pareto chart (Figure 1) shows a tendency that the lipase production by A. niger C can be
improved by increasing the inducer concentration and decreasing the pH of the fermentation
medium, although the highest activity was obtained at the central point. On the other hand,
sucrose, ammonium sulphate and yeast extract did not significantly influence lipase activity
in the range studied. The interaction of soybean oil and pH presented negative effects on
lipase activity. The others interaction between independent variables did not show a
significant effect (data not shown). Figure 1 also depicts that curvature was statistically
significant, so the model is not linear and stars points was added in the next experimental
design in order to evaluate if the quadratic model to fit the experimental data.

In this work, lipase production was influenced by soybean oil concentration. Lipase
production is rarely constitutive and the quantity of the extracellular lipase produced is
scarce. Hence inductors like vegetables oils are frequently used. When oil is used as carbon
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source, the microorganism uses sequentially the glycerol and fatty acids components of the
oil. First, the oil is hydrolyzed and, then, the microorganism consumes glycerol without
lipase production. Finally, the free fatty acids are consumed simultaneously with the
formation of a significant amount of lipases. It is suggested that long-chain fatty acids
participate in the expression of the fungal lipase genes [25].

The initial pH also proved to be an important variable for the production of lipases, with
the optimal value being approximately 7.0. This result is in agreement with Sethi et al [16]
who studied pH 3-10 in the production of lipase by A. terreus, where the best result was
obtained with pH 6.0. Muralidhar et al [26] used an initial pH of 6.5 in the culture of Candida
cylindracea. Teng and Xu [27] studied the effect of pH on the production of lipases by
Rhyzopus chinensis between pH values 5 and 7, and the best results were achieved at pH
5.5. Each microorganism has a pH for optimal growth. In this case, pH could have affected
lipase synthesis beyond microorganism growth.

25,8794

[
(3)Soybean oil

3by5

(5)pH

3,36779

(1)Sucrose 21113333

(2)Ammonium sulphate

(4)Yeast extract

-181754

p=,1

Figure 1. Pareto Chart of standardized effects for lipase production by A. niger C for the FFD 2°! The
point at which the effects estimates were statistically significant (p < 0.1) is indicated by the broken
vertical line.

In order to evaluate the influence of the interaction between pH and soybean oil (inducer)
a second experimental design was carried out with a central composite rotatable design
(CCRD) 22 The concentration ranges of variables, indicated in Table 2, were selected
according to the previous responses for the FFD 2°*.

The results for the CCRD 2% are present in Table 4. Data indicates that enzymatic
activity vary markedly from 1.56 a 30.76 U m. L™
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Table 4. Matrix and results of the CCRD 2 for the production of lipase with their coded and real levels

RS Cell
Assays =0 PHinit pHyi =A (gL  Biomass

(gle) initial final (Ule) 9
(9L7)

1 -1 (4) -1 (5) 2.4 27.46 0.24 9.5
2 +1 (8) -1 (5) 2.8 30.76 0.28 11.1
3 -1 (4) +1 (7) 3.2 19.8 0.26 10.4
4 +1 (8) +1 (7) 2.3 4.29 0.29 10.2
5 -1.41(3.18) 0 (6) 2.1 1.56 0.35 11.6
6 +1.41(8.82) 0 (6) 2.1 2.79 0.40 10.4
7 0 (6) -1.41(4.59) 1.9 14.20 0 13.2
8 0 (6) +1.41(7.41) 2.7 2.66 0 14.6
9 0 (6) 0 (6) 2.2 15.71 0 14.2
10* 0 (6) 0 (6) 2.2 13.13 0 13.7
11* 0 (6) 0 (6) 2.2 14.57 0 14.7

*Central points / Absolute values between parenthesis / SO = Soybean oil; EA = Enzymatic activity;
RS = Reducing sugars

High lipase production (27.46 and 30.76 U. mL™) was found at experiments number 1
and 2 when pH was 5.0. The enzymatic activity (30.76 U.mL™) was 2.3 fold higher than the
initial lipase production process (13.12 U.mL™).

Inthe runs 7 to 11 (Table 4), a mean dry biomass increase of until 33% was observed in
relation to the other runs, which may be related to the medium total sucrose consumption.
Sucrose consumption in these runs seems to be related to both biomass and lipase
production, except in experiment 8 (pH> 7), in which activity was low.

Figure 2 illustrates the Pareto chart, with 90% of confidence level, for the estimated
effects in absolute values for lipase production. It is possible to observe that pH (linear term),
soybean oil (quadratic term), pH-soybean oil interaction (1L by 2L) had significantly
influenced the dependent variable. Figure 2 also depicts that the decrease in pH and
soybean oil concentration showed positive effects on lipase production in the range studied.

The variance analysis was performed and shows that the model is not significant, as is
evident from the Fisher F test, where the calculated F values (F = 1.55) are lower than the
tabular F value (F = 4.35). The values for the determined coefficients were 0.42 for
enzymatic activity. The model does not fit the data well, probably because there is some
other important variable for the model that has not been evaluated. In this case, the objective
of the study was reached, showing that the chosen conditions influence on lipase production.
Moreover, there was an increase in production by the modification of the culture conditions,
as seen by the results of FFD and CCRD.

It was observed that A. niger C lipase activity (30.76 U.mL™) obtained in this study were
higher and/or similar to results reported in the literature: 4.52 U.mL™ and 25.07 U.mL™ [28]
and 40.1 U.mL™ [29], both employing the fungus Aspergillus sp. Using Trichoderma
harzianum, Coradi et al [14] obtain 1.4 U.mL™ while Kishan et al [8] found 9.40 U.mL™*with
Yarrowia lipolytica. These results indicate that the A. niger C strain produced the lipase
enzyme at satisfactory levels when compared to levels already reported in the literature.

All subsequent experiments were conducted under assay conditions 1 (4 g.L™ soybean
oil and pH 5.0), selected in CCRD 22, Although the highest lipase activity (30.76 U.mL™) was
that of assay 2 (8 g.L™ soybean oil and pH 5.0), the assay condition 1 was chosen, since
lipase activity (27.46 U.mL™) was very close to that of assay 2, even though using half of the
inducer concentration, consequently reducing process cost.
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(2)pH(L) /% Z-H,BS
1Lby2L : -7,28979
Soybean oil(Q) % % ’%-4:2?105
(1)Soybean oil(L) ’ 5-2:8?41?
pH(Q) 1;4405321

p=,1
Figure 2. Pareto Chart of standardized effects for enzymatic activity of CCRD 22 used in the
optimization of lipase production. The point at which the effects estimates were statistically significant
(p = 0.1) is indicated by the broken vertical line. L - Linear term and Q - Quadratic term.

Kinetics of lipase production

Figure 3 shows the results of analysis of the dry biomass, total reducing sugars
concentration and specific activity. Protease activity was not observed.

18

60

50

i

L]

40

Cell biomass (g 1.-1)
=
;

[Sucrose] (g TRS.L.")
[
L=]
(;-Swry) Lnanse sijoadsg

B g

T2

2
L§

0 12 24 36 48

Fermentation time (h)

Figure 3. Kinetics profile of lipase production by A. niger C by FS. Assay conditions: 4 g. L-1 soybean
oil and pH 5.0. (A) [Sucrose], (O) Cell biomass, (0) Specific activity. The bar represents the
percentage error (TRS — total reducing sugars).

It can be verified that the growth of the fungi reached a maximum around 36 hours (15.2
g.L™), being the sucrose almost totally consumed (final concentration equal to 0.35 g.L™).
However, at 48 hours, there was a small decrease in the dry biomass concentration (13.0
g.L™") (Figure 3). This profile suggests that with the exhaustion of the main carbon source,
some microbial cells may have undergone autolysis with release of intracellular lipase,
increasing its concentration in the enzymatic extract.

The highest specific activity (57.17 U.mg™) was obtained at 72 hours. It is related to the
low protein concentration (0,23 g.L™) in the enzymatic extract. Silva et al [30] investigated
the production of lipase by Metarhizium anisopliae with different lipid sources, obtaining with
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soybean oil, the same lipid source used in this study, a similar specific activity (56.47
U.mg™).

Effect of pH and temperature

The pH effect on the lipase activity produced in this study was investigated between pH
5.0 and 8.0. The results are shown in Figure 4.

110

100 A
90 ¢
80 A
70 A
60 4
50 4

Relative activity (%)

40 4
30 4
20 1
10 A

0

5 6 7 8
pH

Figure 4. Effect of pH on lipase activity

The enzyme extract showed activity in all pH values analyzed. At pH 8.0, the enzyme
showed only 4% of relative activity, and at pH 7.0, there was relative activity loss of around
50%. The results indicated that the best pH range of lipase produced by A. niger C was
between 5.0 and 6.0. The result afore mentioned can be explained by the ionization state of
an enzyme, which varies according to pH and may affect the enzymatic reaction rate. The
conformation and/or flexibility of the enzyme and its active site are established by ionic
interactions. Thus, the ionization state of side groups is modified under different pH
conditions, which may interrupt these forces and alter and/or denature the protein structure
[31, 32]. Consequently, all enzymes have a pH which act with maximum potential, called
optimal pH, in which they reach high activity levels.

Temperature effect on lipase activity was investigated between 25 and 55°C, and
results are shown in Figure 5.

100

80 4

60 -

40 A

Relative activity (%)

20

25 30 35 40 45 50 55
Temperature (°C)

Figure 5. Effect of temperature on lipase activity
The enzymatic extract showed activity in all temperatures evaluated. The lowest activity
was at T = 25°C (21% of relative activity). It was observed that activity increased along with
temperature, where the most adequate temperature was 55°C. Denaturation temperature
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was not reached in the range studied. Usually, increasing the temperature increases
reactant molecules kinetic energy, increasing the amount of effective shocks between them
and reaction speed. This effect is observed in a specific temperature range in which the
enzyme three-dimensional shape is conserved. However, higher temperatures cause
enzyme denaturation, as they cause enzyme native structure loss, since the chemical bonds
that hold enzyme spatial structures are altered. Denaturation temperature varies according
to the enzyme, but it is generally slightly above its optimum temperature, which, in turn, is
very similar to its natural environment temperature [33, 5].

Some papers in the literature demonstrate that lipase activity ranges in relation to pH
and temperature may vary according to microorganism [34, 35].

Pera et al [36] studied the biocatalytic properties and stability of lipase extracts
produced by Aspergillus niger MYA 135, they found optimum pH and temperature around
6.0 and 35°C, respectively. Differently, in the study by Colla et al [37], the maximum activity
of a lipase produced by A. flavus was obtained at pH 7.2 and 37°C.

Pastore et al [38] determined 40°C and pH between 6.0 and 6.5 as the optimal
temperature and pH in their study on Rhizopus sp. lipase characterization. Pinheiro [39],
while studying Penicillium verrucosum lipase characterization, determined 44°C as optimal
temperature and 7.0 as optimum pH.

Given the above, it is observed that A. niger C lipase production by submerged
fermentation in shaken flasks has promising results, allowing the continuity of this study at
pilot-scale with some pre-selected variables.

CONCLUSIONS

Experiment design was an efficient tool in improving A. niger C lipase production. The
use of experimental design techniques allowed a greater understanding of the effect of the
independent variables on lipase production. This tool showed that, between pH 4.0 and 6.0,
the highest activities were recorded in the soybean oil concentration above 4 g.L™. When the
pH was higher than 6.0, the best enzymatic activity was found in low soybean oil
concentration regions, i.e., less than 4 g.L™. The assay condition selected (15.0 g.L*
sucrose, 4.0 g.L* ammonium sulphate, 4.0 g.L™ soybean oil and 1.0 g.L™ yeast extract and
pH 5.0) was the one that presented a lipase activity of 27.46 U.mL™.

Lipase production kinetics indicated that it is possible to achieve good yield levels in a
short fermentation time, which is very important in industrial processes, since time and
energy saving are fundamental conditions in large-scale production.

Biochemical characterization regarding enzyme extract pH and temperature indicated
that the lipase produced by A. niger C has optimum activity in a more acidic pH (5.0-6.0) and
tendency to thermostability, since the best reaction temperature was 55°C in the range
studied.
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