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Abstract

In this study, we evaluated the concentration of lipases from Aspergillus niger using efficient and low-cost methods aiming
at application in the treatment of waste cooking oils. The change in ionic strength of the medium by the addition of salt and
precipitation with ethanol increased the specific activity from 2.90 to 28.50 U/mg, resulting in a purification factor of 9.82-
fold. The use of acetone resulted in a specific activity of 33.63 U/mg, resulting in a purification factor of 11.60-fold. After
that, the concentrated lipase was used in the hydrolysis of waste cooking oil and 753.07 and 421.60 umol/mL of free fatty
acids were obtained for the enzyme precipitated with ethanol and acetone, respectively. The hydrolysis of waste cooking oil
catalyzed by homemade purified lipase in ultrasonic media can be considered a pretreatment of oil by converting a significant

amount of triglycerides into free fatty acids.
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Introduction

Lipases belong to a group of interesting enzymes, not only
for the ability to act on water insoluble substrates, but also
for the ability to catalyze different reactions, such as hydrol-
ysis, esterification, interesterification, alcohololysis, acidoly-
sis, and aminolysis. The interest in using these biocatalysts
in the structural modification of oils and fats has received
a lot of attention due to their specificity in relation with the
substrate [1]. The diversity of lipase properties allows the
use of these enzymes in different fields of application [2].
Production of enzymes using biotechnological processes,
as in the case of lipases, generates a crude extract composed
of an aqueous mixture of cells, extra and intracellular prod-
ucts, substrates, and unconverted components. After fermen-
tation, depending on the application, enzymatic purification
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operations are required, which must be included in the final
cost of the product.

The development of techniques of concentration, puri-
fication, and immobilization of enzymes is essential for
obtaining enzymes with high catalytic efficiency. Pure and
stable enzymes with high specificity for substrates can be
used in industrial processes similar to chemical catalysts,
and their recovery and reuse can facilitate cost-effectiveness
[3]. Most of the published studies involving lipase purifica-
tion use chromatographic processes [4, 5]. However, this
process is difficult to scale and has a high cost. To minimize
these costs, the optimization of fast and effective methodolo-
gies for the purification process is of great importance and
extremely desirable [6—11].

Some fungal and bacterial lipases have been exploited as
cheap and versatile catalysts in various industries, such as
foodstuffs, dairy products, detergents, and pharmaceuticals,
as well as the degradation of greasy residues and the produc-
tion of biodiesel [12, 13]. In view of the efficiency of the
degradation of greasy residues and the growing concern with
the consequences of human activities on natural resources,
the search for alternative techniques of treatment of residues,
such as waste cooking oil, is extremely important.

The waste cooking oil, when thrown in the sinks, causes
clogging of the pipes, and when discarded in the soil, forms
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a waterproofing layer which hinders the drainage and the
gas exchanges with the atmosphere, causing the death of
the fauna and flora present in the soil [14]. The negative
impacts of fat and oil residues could be minimized by the
use of various hydrolytic microbial enzymes. Lipolytic pre-
hydrolysis of oil and fat residues by enzyme such as purified
lipases can improve the removal efficiency and accelerate the
degradation process. Therefore, the objective of this study
was to develop an efficient and low-cost alternative of lipases
concentration aiming at the application in the treatment of
waste cooking oils.

Experimental
Lipase production and biochemical characterization

The enzyme was produced by solid-state fermentation of
canola cake by Aspergillus niger. The solid substrate was
supplemented with 2% (w/w) nitrogen and 60% (w/w) mois-
ture. For lipase extraction, it was used a 100 mM sodium
phosphate buffer pH 8 as extraction solution and temperature
of 50 °C for 35 min in an orbital shaker at 165 rpm [15].

The experimental design showed that the maximum
hydrolytic activity was obtained at pH 6.0 and 35 °C. Fur-
thermore, the enzymes does not catalyze reactions with pal-
mitic acid and saturated chains, but its hydrolytic activity is
higher when oil containing medium chains (C12:0) and long
chains (C18:0), for example, canola, soybean, and coconut
oil. The enzyme also showed good stability in low tempera-
tures (— 1 °C and 10 °C) [15].

Precipitation with salt and organic solvents

First, the change of the ionic strength of the crude extract
was carried out by the addition of salt (NaCl) followed by
the addition of organic solvents (acetone or ethanol). The
effects of salt amount (0—1.0 mol/L), organic solvent concen-
tration (10-90%), and feed rate (0.76-19.24 mL/min) were
evaluated by a central composite rotational design (CCRD)
23. These levels were defined based on the previous work of
our research group [16, 17]. All determinations were carried
out in triplicates.

Aliquots of salt were added to the crude extract with the
purpose of altering the ionic strength of the medium and
promoting precipitation. The solvents (ethanol and acetone)
were cooled and added dropwise in an aliquot of the crude
extract (10 mL) at a given feed rate using a peristaltic pump
(MsTecnopon). The enzyme extract solution was maintained
at 5 °C under constant stirring throughout the process. After
addition of the solvent, the precipitate was centrifuged at
9000xg for 15 min at 4 °C. The precipitate was collected and
dissolved in 100 mM sodium phosphate buffer, pH 8 [17].
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Analytical methods
Enzymatic activity

For the determination of lipase activity, the method estab-
lished by Treichel et al. [15] was used. An emulsion was
prepared using olive oil 10% (w/v) and gum arabic 5%
(w/v) diluted in 90% (v/v) of 100 mM sodium phosphate
buffer pH 6. To the hydrolysis reaction process, 1 mL of the
enzyme extract was added to 18 mL of emulsion and the
solution was incubated for 32 min at 35 °C with agitation
of 165 rpm. After this period, the reaction was stopped by
adding 20 mL of acetone—ethanol solution (1:1, v/v). The
fatty acids released during the reaction were titrated to pH
11 with NaOH 0.05 M. All determinations were carried out
in triplicates. For comparison between the initial amount of
free fatty acids (FFA) and the quantity after the hydrolysis
reaction, a control sample was used, in which acetone—eth-
anol solution was added before adding the enzyme to the
emulsion. Thereby, the hydrolytic activity of the lipase was
obtained by Eq. (1). A hydrolytic activity unit (U) is defined
as the amount of enzyme capable of releasing 1 umol of fatty
acids per minute in reaction conditions [18]:

(V, = Vp) = M % 1000
HA = * WF (€]
t*V,

where HA =hydrolytic activity of the lipase (U/g), V,=vol-
ume of NaOH solution used in the titration of the samples
(mL), V,=volume of NaOH used in the titration of the
control sample (mL), M = NaOH molarity, ¢t =reaction time
(min), V,=volume of crude enzymatic extract used in the
reaction (mL), and WF = weight factor obtained by divid-
ing the amount of extraction solution (mL) by the average
weight of dry cake (g) added to each fermentation flask.

Total protein determination

The concentration of total protein was determined by the
Bradford method using bovine serum albumin (BSA)
as standard [19]. All determinations were carried out in
triplicates.

Hydrolytic reaction of the waste cooking oil

The waste cooking oil was obtained from a local restaurant
and was placed in a bottle at 10 °C until use. The characteri-
zation of oil was done in terms of percentage of FFA by gas
chromatography carried out in partnership with the Oils and
Greases Laboratory of the University of the Republic (Ude-
laR) of Montevideo, Uruguay [20]. The hydrolysis of the oil
was evaluated in terms of the release of free fatty acids in



Bioprocess and Biosystems Engineering (2018) 41:851-857

853

reaction catalyzed by the purified lipase in an ultrasonic sys-
tem (Unique Inc., USC-1800A model, frequency US 40 kHz
and maximum power of 132 W-0.42 W/cm?) and shaker
(45 °C, 170 rpm, 12 h). The conditions used in the ultrasonic
bath were 45 °C, 50% power (66 W), and a reaction time
of 12 h [20]. Distilled water was used as solvent, since the
ultrasound promotes a greater homogeneity of the medium,
and a mechanical stirrer at 170 rpm was used to promote the
mixing of the solution. A ratio of 1:3 (v/v) oil:solvent was
used in a proportion of 15% purified enzyme [20].

Determination of free fatty acids

To determine the quantity of free fatty acids produced after
each hydrolysis reaction of the waste cooking oil, 10 mL
were removed from the reaction medium, to which was
added 10 mL of acetone ethanol solution (1:1) to stop the
reaction. Thus, the free fatty acids were titrated with NaOH
0.02 M to pH 11 [21]. All determinations were carried out
in triplicates. To determine only the amount of free fatty
acids liberated during the reaction excluding those already
in the oil, a control sample was done to each condition of
the experimental design. From this, the amount of produced

free fatty acids was calculated by Eq. (2) and it is expressed
in pmol/mL:

FFA = ((V, = V,,) % M % 1000)/V, Q)

where V, =volume of NaOH spent in the sample (mL),
Vi, =volume of NaOH spent in the control sample (mL),
M =NaOH molarity, and V.= volume of sample used in the
reaction (mL) [20].

Results and discussion

Purification of enzymatic extract by precipitation
with salt and solvents

In this work, the precipitation was evaluated using a central
composite rotational design (CCRD) 2°, which matrix with
the actual and coded values for the independent variables
(salt concentration, solvent concentration, and solvent flow)
and the respective responses in terms of specific activity,
enzyme yield, and purification factor are shown in Table 1.

The specific activity of the crude enzyme extract was
2.90 U/mg for both tests performed. Enzymatic activity

Table 1 Matrix of the experimental design (coded and real values) and the response in terms of specific activity, purification factor, and activity

yield
Ethanol® Acetone®
Run Flow rate Conc. of Conc. of Specific Activity Purification Specific Activity Purification
(mL/min) solvent* (%)  NaCl* activity (U/  yield (%) factor (PF) activity (U/ yield (%) factor (PF)
(mol/L) mg) mg)
Crude - - - 2.90 100 1.00 2.90 100 1.00
enzyme
1 —-1@4.5) —-1(26) —-1(0.2) 15.27 157.31 5.26 12.21 115.10 4.21
2 1(15.5) —-1(26) —-1(0.2) 13.95 131.41 4.81 28.31 263.77 9.76
3 —-1@4.5) 1(74) —-1(0.2) 0.00 0.00 0.00 9.06 63.31 3.12
4 1(15.5) 1(74) —-1(0.2) 0.00 0.00 0.00 0.00 0.00 0.00
5 —-1@4.5) —-1(26) 1(0.8) 6.73 66.18 2.32 14.80 152.51 5.10
6 1(15.5) —-1(26) 1(0.8) 10.21 98.80 3.52 18.69 192.00 6.44
7 —-14.5) 1(74) 1(0.8) 0.00 0.00 0.00 5.36 11.75 1.87
8 1(15.5) 1(74) 1(0.8) 0.00 0.00 0.00 0.00 0.00 0.00
9 —1.68 (0.76) 0(50) 0(0.5) 28.50 156.73 9.82 21.02 167.51 7.25
10 1.68 (19.24) 0 (50) 0(0.5) 7.03 40.16 242 33.63 221.39 11.60
11 0(10) —-1.68 (10)  0(0.5) 5.18 61.71 1.79 4.13 56.82 1.42
12 0(10) 1.68 (90) 0(0.5) 0.00 0.00 0.00 0.00 0.00 0.00
13 0(10) 0 (50) —-1.68(0) 14.35 100.96 4.95 5.75 40.16 1.98
14 0(10) 0 (50) 1.68 (1.0) 14.13 100.96 4.87 19.23 143.63 6.63
15 0(10) 0 (50) 0(0.5) 19.21 128.53 6.62 30.70 173.39 10.58
16 0(10) 0 (50) 0(0.5) 16.42 89.20 5.66 30.46 164.57 10.50
17 0(10) 0 (50) 0(0.5) 19.57 104.55 6.75 28.64 164.57 9.87

2Conc concentration

bStandard deviations were all less than 10%
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and total protein were determined in the supernatant and
the precipitate and the results showed that the enzyme was
in the supernatant. This fact demonstrates that the salt and
the solvents used possibly had a greater affinity for the
interferents than for the enzyme. This fact has also been
observed by Barbosa et al. [22] who studied purification
of the Bacillus lipase by precipitation with the ammonium
sulfate (NH4),SO, salt. The authors observed during the
study that the enzyme lipase remained in the fermented broth
(supernatant), while the contaminants precipitated.

After precipitation, an increase in specific activity is gen-
erally observed. For the tests carried out with the ethanol
solvent, run 9 showed a higher specific activity (28.50 U/
mg), using a saline concentration of 0.5 mol/L, and a sol-
vent concentration of 50% added at a flow rate of 0.76 mL/
min. For the tests carried out with acetone as precipitating
agent, the run 10 presented the highest specific activity in
relation with the crude extract, where a specific activity of
33.63 U/mg was obtained with the same concentrations used
for ethanol, but with an addition rate to the crude extract
of 19.24 mL/min. This difference between solvents can be
attributed to the fact that ethanol precipitates the interferents
in smaller addition flows, necessitating a longer time of addi-
tion to the crude extract, unlike acetone, which with larger
flows and a shorter time presented similar results.

The highest yields were found at concentrations of 26%
solvent (263.78% for acetone and 157.31% for ethanol) for
both solvents used. Relevant yields were also found in run
9 and 2, followed by the center point for the tests performed
with the ethanol solvent. For the tests performed with ace-
tone, the yields that were relevant beyond run 2 were run
10, 9 and the center point. This increase in the yield of the
activity may be related to a favoring of interferent precipita-
tion by the addition of the salt, where a greater aggregation
of inhibitors may occur. It should be noted that the yield
of the enzyme was greater than 100% in most assays for
both acetone and ethanol. These results suggest a removal
of enzymatic inhibitors, such as heavy metals, commonly
present in fermentation media [23].

The results also show that changing the ionic strength of
the medium with the addition of salt followed by precipita-
tion with organic solvents can lead to different degrees of
purification. The highest purification factor found for the
assays performed with ethanol was 9.82-fold (run 9) using
a salt concentration of 0.5 mol/L; a concentration of 50%
ethanol added at a flow rate of 0,76 mL/min. For the tests
performed with acetone, the highest purification factor was
11.60-fold (run 10), where the concentrations used were the
same as ethanol, changing only the flow rate, which was
19.24 mL/min.

The statistical analysis of the experimental data allowed
the validation of empirical models for the purification factor
as a function of salt concentration, solvent concentration,
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and flow rate. Equations (3) and (4) present the coded mod-
els for the purification factor for the solvents (ethanol and
acetone) used. For ethanol, the experimental model was
not validated by the variance analysis (ANOVA), but, for
acetone, the model was validated by analysis of variance
(ANOVA) with correlation coefficient of 0.93 and calculated
F test higher than the tabulated one, turning the model valid
with 95% of confidence, only for the acetone solvent:

YearCethanol = 0-46 —0.86 % V —0.49 V> = 1.39 % C
—234%C*=032+S5—-092 % §*

—009%xVxC+021 %V xS
+053 «xC=xS

3

=10.36+0.67 % V —0.46 % V> — 1.68 = C
—355% C2+030%S—228 %5
—148%xVxC—-037%«V=xS§
+0.14%Cx*S “

Y CALCacetone

where Y, ¢ is the activity yield, C and V are the concentra-
tion and flow rate of the solvent used, respectively, and S is
the amount of salt.

Analysis of the equations showed that the purification
factor is dependent on the concentration and flow rate of
the organic solvents used and the amount of salt used. The
parameters of the equations showed that the salt concentra-
tion of both the organic solvents used affects the purifica-
tion factor positively or negatively, demonstrating that an
increase in salt concentration may cause an increase in the
enzyme purification factor. However, it should be noted that
after a certain level, high salt concentrations may cause loss
of enzyme activity due to denaturation.

The results of the statistical analysis for the purification
performance are shown in Fig. 1. It can be seen that the sol-
vent concentration was the only variable that influences the
process. The use of the purified lipase resulted in favorable
enzyme yields both for precipitation with the acetone sol-
vent and for the ethanol. This suggests that the precipitation
removes enzyme inhibitors. This behavior can be attrib-
uted to two reasons: (1) there is the removal of secondary
metabolites or metabolites during purification that inhibits
enzymatic activity and (2) a high concentration of salt and/
or protein helps to maintain the protein conformation for the
protein active [23, 24]. The presence of organic solvents may
allow the lipase to maintain its flexibility and the active site
in an open conformation, thus facilitating the diffusion of
the substrate to the active site [25]. Therefore, conducting
the reactions in organic solvents can improve the dissolu-
tion of the substrates and increase the availability of the
substrate, as well as assist in the easy separation of enzymes
from substrates or products [26]. It is thus understood that
salt precipitation is a promising method for the purification
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(2)Concentration Solvent (%)(L)
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1Lx3L

2L x3L

p=0.05
Standardized Effect Estimate (Absolute Value)

(b)

Fig. 1 Pareto chart of effects for activity yield using a ethanol and b
acetone as precipitation agents

of enzymes, separating proteins from other interfering
compounds from the environment that are harmless to the
enzyme [27].

Based on the results found in this study, the concentration
of salt of 0.5 mol/L NaCl, an organic solvent concentration
(acetone or ethanol) of 50%, and a rate of addition to the
enzyme extract of 19.24 mL/min for acetone and 0.76 mL/
min for ethanol were used to continue the work. These
concentrations were defined, since in these conditions, the
best purification factors were obtained for both solvents; in
addition, considering the process costs, these are the most
feasible.

The purification factors and yields found in the present
study are comparable and even superior to those reported
in the literature. Yong et al. [28] studied the lipase purifica-
tion of Botryococcus sudeticus UTEX 2629 by precipitation
with ammonium sulfate resulting in a purification factor of

Table 2 Evaluation of the enzymatic hydrolysis of the waste cooking
oil in shaker and ultrasound and their results in free fatty acids

Run Free fatty acids
(FFA) (umol/mL)
Ultrasound-lipase precipitated with acetone 421.60
Ultrasound-lipase precipitated with ethanol 753.07
Shaker-lipase precipitated with acetone 0.00
Shaker-lipase precipitated with ethanol 0.00

1.36-fold. Dialyzed filtrate with lipase activity was further
purified using size exclusion column chromatography result-
ing in a 1.52-fold purification factor. Saxena et al. [29] eval-
uated the purification of Bacillus stearothermophilus lipase
by CM-Sepharose and DEAE-Sepharose chromatography
with a recovery of 62.2% of the enzymatic activity and an
11.6-fold purification factor, a result similar to that found in
this work. These comparisons show that the present study
presents a purification strategy that is simple and even more
effective than some chromatographic techniques.

Characterization of the waste cooking oil

The characterization of WCO showed that it is composed
mostly by 46.69% oleic acid (C18:1 cis), 20.72% elaidic acid
(C18:1 trans), and 11.55% palmitic acid (C16:0). Studies
conducted by our research group have shown that Aspergil-
lus niger lipases have high affinity for these carbon chains.
Thus, the presence of these fatty acids makes this oil an
excellent substrate for the performance of lipase enzymes
[20].

Enzymatic hydrolysis of the waste cooking oil

The results obtained for the hydrolysis of the waste cooking
oil in orbital shaker and ultrasound are presented in Table 2.
For the tests carried out in shaker, the release of fatty acids
was not observed; this was possibly due to the fact that in
a mechanically agitated bioreactor, the total free interfacial
area is limited. Therefore, increasing the stirring speed may
increase the interfacial area [30]. However, high speeds may
result in increased shear rate on lipase molecules and lead to
denaturation of the enzyme, resulting in reduced activity [31].

The condition that released the largest amount of free
fatty acids on ultrasound (753.07 umol/mL) was with the
enzyme precipitated with the organic solvent ethanol. The
enzyme precipitated with acetone showed 421.60 pmol/mL
of free fatty acids. Evaluating the results, we can conclude
that these are satisfactory when compared with the literature,
since Mulinari et al. [20] using the same enzyme and the
same conditions used in this work, obtained 62.67 umol/
mL for the crude enzyme. The differential of this work is the
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purified enzyme, where a higher concentration of enzymes
was used, thus presenting a better catalytic performance.

The fact that the tests performed present better results
using the ultrasound can be justified by Gongalves et al.
[32]. According to it, the ultrasound causes the area of the
oil-water interface to increase, which results in high conver-
sion rates of triglycerides to free fatty acids even in environ-
ments with less water. This is because the lipase acts through
the oil-water interface and must penetrate it to catalyze the
desired reaction; thus, the total free interfacial area is an
important factor to increase the reaction performance. In
addition, the use of ultrasound does not require the addition
of emulsifying agents, which makes the technology more
economically attractive for the industry.

Conclusions

The use of salt to change the ionic strength of the medium
followed by precipitation with organic solvents (ethanol and/
or acetone) caused activation of the enzyme, possibly due to
the removal of inhibitors. The results showed that a purifi-
cation of 9.8-fold was obtained in a yield of 156.73% after
ionic strength change of the medium followed by ethanol
solvent precipitation and 11.60-fold purification in a yield of
221.39%, after ionic strength change of the medium followed
by precipitation with acetone solvent. The results obtained
are promising when compared to the literature, proving that
a purification with simple and low-cost techniques may be
more effective than some chromatographic techniques.

In the hydrolysis of the waste cooking oil by the puri-
fied lipase, a release of 753.07 umol/mL of free fatty acids
was verified for the enzyme precipitated with ethanol and
421.60 umol/mL for the enzyme precipitated with acetone.
Thus, the hydrolysis of waste cooking oil catalyzed by
Aspergillus niger purified lipase in ultrasonic media can
be considered a pretreatment of oil by converting a signifi-
cant amount of triglycerides into free fatty acids. This work
resulted in a promising sustainable alternative for the puri-
fication of microbial lipase applied in the pretreatment of
waste cooking oil, which can minimize the environmental
damage caused by oil residues.
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