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1. INTRODUCTION

Lipid extraction must be carried out with care and precision, choosing methods that
preserve the properties of the extracted oil and that are environmentally friendly. Thus,
hot procedures at high temperatures such as the ones presented by Soxhlet in 1879 are
not recommended for this purpose, as they promote peroxidation and hydrolysis, in
addition to increasing the energy expenditure (MARTINS et al., 2013).

As a result, there are established methods that provide excellent results, in terms of
quality and quantity. The methodology described by Bligh and Dyer (1959) is one of the
most indicated and used for extracting lipids. This method enables the extraction of all
lipid categories without the need for significant heating and expensive equipment
(UNDELAND et al., 1998).

According to the literature, the methodology of Bligh and Dyer has already been
used for the lipids extraction from Salvinia molesta D. S. Mitchell (Salviniaceae), using the
methanol:chloroform (2:1) mixture, however, the use of toxic solvents is one of the main
disadvantages of this technique (MUBARAK et al., 2016).

To overcome this problem, alternative solvents with lower toxicity from renewable
sources were used. In addition to being a simple alternative that allows adaptations
(D’OCA et al., 2011), it is also possible to use other mechanical methods together to
extract intracellular lipids as a means to increase yields (LEE et al., 2012).

The ultrasound is an alternative to increase the yield of lipid extraction, among its
characteristics stands out its easy handling, reduced level of impurities in the waste water,
fast execution, high reproducibility, in addition to being able to be operated at low
temperatures, being considered an economic and ecological process with low energy
expenditure (KUMAR et al.,, 2015). Whereas the magnetic stirring promotes better
dispersion and homogenization of the solvent inside the cell for lipid extraction, which can
also be performed at ambient or moderate temperature ranges (VIEGAS et al., 2010;
KUSS et al., 2020).

In this context, it makes necessary the study of the efficiency of solvent mixtures that
can cause a lower environmental impact for the lipids extraction from the aquatic plant S.

molesta, making its biotechnological exploration more sustainable.
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2. MATERIAL AND METHODS

COLLECTION AND PLANT MATERIAL

The aquatic plants were identified and collected in the Antenor Martins Municipal Park,
in the city of Dourados, state of Mato Grosso do Sul, Brazil (22°13'44.0"S, 54°49'55.0"W).

The region has a high population density, as it is widely used by surrounding residents
for recreation and leisure. The park has a central lake that is inserted in the watershed of
the Agua Boa stream, which flows into the Dourados River. In a north/south direction, the
area was fenced and reforested with native vegetation. The Agua Boa stream basin, part of
the Dourados River hydrographic basin, is formed by the Agua Boa, Rego D’agua and
Paragem streams.

The chosen location is a eutrophicated stretch fed by rainwater and a spring that is
located inside the vegetation remnant.

The collection was carried out with the aid of a plastic container with a capacity of 15L.
The aquatic plants were separated and stored in another container that contained some of
the local water to preserve the structure of the plants. The collect was registered in the
National System for the Management of Genetic Heritage and Associated Traditional
Knowledge — SisGen (number A77F799).

After collection, the aquatic plants were manually washed in running water, dried in an

oven at 60 °C until constant mass and ground to a powder.

LIPID EXTRACTION

For the extraction of lipids, the Bligh and Dyer (1959) method was used, with
adaptations regarding the solvents used and complementary methods. 0.100 g of the
biomass was weighed and 3 mL of the hexane:methanol (2:1) (H:M) solution was added,
then the sample was centrifuged with KASVI brand bench equipment, model K14 - 4000 in
rotation 2000 rpm for 3 minutes. The supernatant was then separated and transferred to
another dry test tube of known mass. The addition of solvent and other extraction steps with
the same biomass were repeated three times. The solvent was evaporated in an oven at 60
°C until constant mass.

The extraction was also performed using an ultrasound (LOGEN Scientific equipment,
2668 series, model LS 1400-A) at 25 KHz for 20 minutes, with and without glass beads, to

determine if there would be an increase in yield.
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Another auxiliary techniqgue used in the extraction was magnetic stirring at
temperatures of 17 and 34 °C. This procedure was performed with the same period of time
as the ultrasound method.

To evaluate the efficiency of the other mixtures, the same methodology described for
the mixture of H:M (2:1) was used, however changing the solvent for ethanol:water (4%)
(E:W 4%) and ethanol:water (10%) (E:W 10%). All previous procedures were performed in

triplicate.

STATISTICAL ANALYSIS

Statistical analysis was performed using R software, version 4.0.3. The normality of
the replicas was analyzed using the Shapiro Wilk and Bartlett test, in order to verify if the
data are parametric and if there is a correlation between the studied variables. ANOVA was
performed in order to verify if there is a significant difference between the treatments of the
analyzes used and the Tukey test was used with a significance of 5% for the samples with

a significant difference.

3. RESULTS

Analyzing the Table 1, it is possible to observe that there were significant differences

(p > 0.05) in yields according to the different solvents and methods.

Table 1. Yields obtained using different solvents and auxiliary extraction techniques.

. i H:M E:W 10% E:W 4%
Auxiliary technique used

(M £SD) (M £SD) (M £SD)
No ultrasound (17 £ 1°C) 4.43+0.42 Bc 5.40 £0.52 Ab 4.80 +0.42 ABc
Ultrasound (17 + 1°C) 8.30 £0.05 Aa 5.69+0.72 Cb 6.82 +£0.06 Ba
Ultrasound and glass beads (17 + 1°C) 4.82 +0.40 Bbc 5.72+£0.43 Ab 4.51 +0.16 Bbc
Magnetic agitation (17 + 1°C) 4.56 +0.15 Bc 5.83+0.15 Ab 3.80+£0.20 Cc
Magnetic agitation (34 + 1°C) 5.42 +0.24 Bb 6.90 +0.21 Aa 4.89+0.28 Bb

Legenda: H:M = Hexane:methanol (2:1); E:W 4% = Ethanol:water (4%); E:W 10% = Ethanol:water
(10%); M = Mean; SD = Standard deviation. Means followed by different uppercase letters in the column and
lowercase letters in the rows differ from each other by the Tukey test with a level (p < 0.05) of significance.

The highest means obtained were with the aid of ultrasound in association with
hexane:methanol, and magnetic stirring (34 £ 1°C) together with the solvents ethanol:water

10%, with no significant difference between them. On the other hand, the lowest mean found




DOI 10.18605/2175-7275/cereus.v14n4p251-260 CORREIA, J.P.A.C; MORAES, L.C.K; DE CASTRO, T.L.; LEITE,

Revista Cereus A.A.S.; SILVA, C.C.M; MAESTRE, M.R

2022 Vol. 14. N.4 Optimization of lipid extraction from aquatic plant Salvinia molesta D.
S. Mitchell (Salviniaceae) with alternative solvents

was at the junction of magnetic stirring (17 = 1°C) with the solvents ethanol:water (4%),
being significantly lower than the other methods.

Regarding the hexane:methanol solvents and the means of extraction, it was possible
to verify that there was a 3.87% increase in yield when using ultrasound (Table 1), with a
significant difference in yield compared to the same solvent without ultrasound assistance
(p < 0.05), obtaining the highest average among all the methods performed.

The procedure involving magnetic stirring (34 = 1°C) with hexane:methanol presented
the second best average among the methods used. However, there was no significant
difference between the methods without ultrasound and the magnetic stirring (17 £ 1°C) for
the same temperature range and solvents.

The methods that associated the E:W 10% solvents, without ultrasound (17 + 1°C),
with ultrasound and glass beads (17 £ 1°C) and magnetic stirring (17 £ 1°C) did not show
significant differences, although magnetic stirring (17 £ 1°C) is more cost effective as it has

the highest average.

4. DISCUSSION

The increase in the efficiency using ultrasound is associated with the affinity of the
solvent and the extracted lipid and other factors such as the vapor pressure that the solvent
exerts and the surface tension (LI et al., 2004).

The ultrasound bath causes cell disruption through cavitation by forming microbubbles
that generate pressure on plant cells, in addition to helping the contact between the biomass
and the solvent used through the acoustic transmission of ultrasonic waves (KUMAR et al.,
2015). In this case, the ultrasound proved to be an efficient auxiliary technique, as it was
probably capable of disrupting a large number of cells, influencing the increase in the yield
of extracted lipids from S. molesta.

Considering the results obtained (table 1), the extraction performed only with solvent
is more economically favorable to be used compared to magnetic stirring (17 + 1° C), since
it needs a stirrer equipment that involves energy costs for its operation, and the one with
solvents dispenses with this step.

Concerning the ethanol:water (10%) solvents, it is possible to verify that magnetic
stirring (34 + 1°C) expressed the highest average among the methodologies used. This

mixture of solvents also showed no significant difference when compared to the mixture of
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hexane and methanol, both using ultrasound. Although the use of ultrasound has higher
averages, the positive effects of using solvents that are environmentally friendly should be
highlighted, considering their origins and properties.

Ethanol and water are advantageous in the current context, due to the non-toxic
character of water and less toxic of ethanol, in addition to having a renewable source and
being of low cost (MORAES; BACCHI, 2014; MENEGUETTI et al., 2012). The use of ethanol
instead of methanol for extractions is recommended, as it strengthens the sustainable
objective of this research and encourages support for the Brazilian market in the economic
and social scenario with the generation of jobs, considering that Brazil is the world's second
largest producer of ethanol (VIDAL, 2020).

Regarding the extraction procedures that used the mixture of ethanol:water (4%)
solvents, it appears that the best yield was the one that used ultrasound, followed by the
second highest average with magnetic stirring (34 £ 1°C), at 5% significance.

When comparing the procedures with and without ultrasound, in the 3 solvent mixtures
used, it was observed that the use of ultrasound promoted an increase in the yield of
extracted lipids.

In all tested methodologies, the use of glass beads associated with ultrasound did not
show a significant increase compared to the procedure using only ultrasound (Table 1) (p >
0.05). The addition of glass beads to ultrasound is performed to increase the collision force,
promoting cell disruption and releasing cell constituents to the extraction solvent exposure
(LEE et al., 2012), however Halim et al. (2012) argue that the efficiency of glass beads
cannot be universalized, since different biomasses have different propensities to cell
disruption by this technique. However, the absence of increased yield may be associated
with insufficient abrasion to generate cell disruption

The use of magnetic stirring showed a significant difference in the three solvents
mixture, at temperatures of 17 + 1°C and 34 + 1°C. The temperature of 34 + 1°C showed
the highest yield. As with the cavitation process, heating may be related to cell disruption
(BARBA et al., 2014). In this sense, it is coherent that heating has resulted in an increase in
the yields associated with magnetic stirring. It is important to emphasize that the temperature
used cannot be elevated to avoid degradation of extracted lipids and promote a significant
increase in energy costs.

The polarity of the solvents used in these experiments must also be critically analyzed.
Based on the results in Table 1, when comparing the E:W 10% and H:M solvents, the highest
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averages obtained were those using the E:W 10% solvents, with the exception of the method
using ultrasound. The same dynamics is observed when with the solvents E:W 10% with
E:W 4%, higher means are observed according to the higher percentage of water, except
for the method with ultrasound.

The hexane:methanol (2:1) solvents contains a polar solvent (methanol) and a non-
polar solvent (hexane), culminating in a more comprehensive mixture, however the
ethanol:water mixtures have only polar solvents. According to Tir et al. (2012), the increase
in solvent polarity accelerates the process of destruction of the association between the
lipoprotein and the cell membrane and reduces surface tension.

Thus, it is possible to see that the addition of a greater amount of water for extraction
may have increased the polarity of the medium and contributed to the dissociation of cell
wall components, resulting in increased yields of lipids extracted with the E:W 10% solvents,
for most of the methods studied, except for the one that used only ultrasound.

Analyzing the levels obtained with those reported in the literature for other aquatic
plants (Table 2), it is possible to see that those presented in this study for all treatments
(Table 1) are higher than the levels reported for most species (Table 2). Salvinia auriculata

(Table 2) presented levels similar to those obtained for S. molesta (Table 1).

Table 2. Lipid content of different types of aquatic plants according to the literature

consulted.
Species Lipid (%) Reference
Salvinia natans (L.) All. 13.50-27.10 (ROZENTSVET ET AL., 2005)
Salvinia auriculata Aubl. 3.28-8.71 (OLIVEIRA JUNIOR ET AL., 2021)
Azolla filiculoides Lam. 15.00 (SALEHZADEH ET AL., 2014)
Azolla filiculoides Lam. 6.5-13.5 (MIRANDA ET AL., 2018)
Porphyra sp. 3.34 (PATARRA ET AL., 2013)
Chaetomorpha pachynema (Montagne) Kutzing 3.54 (PATARRA ET AL., 2013)

Legenda: H:M = Hexane:methanol (2:1); E:W 4% = Ethanol:water (4%); E:W 10% = Ethanol:water
(10%); M = Mean; SD = Standard deviation. Means followed by different uppercase letters in the column and
lowercase letters in the rows differ from each other by the Tukey test with a level (p < 0.05) of significance.

Pai et al. (2020) used hexane to extract lipids from S. molesta, obtaining a 4.2% yield.
Comparing with the results obtained for hexane:methanol (2:1) (Table 1), it can be seen that

the mixture obtained a similar value when ultrasound was not used and twice as much with
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ultrasound. This reinforces the hypothesis that ultrasound helped to extract polar
compounds from the interior of cells that were not available without its use.

In the research by Mubarak et al. (2016) it was also possible to observe the increase
in yield when using ultrasound in the extraction of lipids from S. molesta with the solvent
mixture methanol:chloroform (2:1), obtaining 19.97%, with this method was more efficient
than microwave (16.60%), grinding with glass spheres (16.46%), grinding with sand
(16.26%) and autoclaving (15.36%).

It is also possible to verify that the Bligh and Dyer method using methanol:chloroform
(2:1) studied by Mubarak et al. (2016) showed greater efficiency compared to those obtained
in this work (Table 1). The formation of a biphasic mixture helps in the extraction process,
however the toxicity of this mixture is not advantageous (TANAMATI et al., 2010). In this
sense, the solvent mixtures studied in this research are promising, due to their lower
environmental impact.

It can be seen that S. molesta has interesting levels of lipids compared to other aquatic

plants and that it is feasible to explore alternative solvents in the extraction process.

5. CONSIDERACOES FINAIS

Due to the problems arising from the rapid growth of S. molesta, studies are needed
for the biotechnological application of this abundant biomass. This research demonstrated
alternative methods and solvent combinations to obtain lipids from S. molesta with
significant yield. In addition, it brought important information about the best combination of
solvents and auxiliary methods in the sustainable context.

The hexane and methanol solvents had a positive prominence, since in association
with ultrasound, they had the highest average among all the analyzed methods. Regarding
the ethanol and water solvents, the most advantageous mixture was the one with 10% water
in ethanol, responsible for relatively higher yields in most extraction media, compared to the
4% and hexane:methanol mixture.

The promising results of ethanol and water solvents are important as they allow the
exploitation of this biomass with less environmental impact. However, research is needed

on the possible biotechnological applications of these lipids.
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