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Abstract

Several plant species synthesize biologically active secondary metabolites. Pyrrolizidine alkaloids are a large group of
biotoxins produced by thousands of plant species to protect against the attack of insects and herbivores, but they are highly
toxic for humans and animals. In this study, extracts from the aerial part of Senecio brasiliensis were obtained using different
technologies: ultrasound-assisted extraction (UAE), pressurized liquid extraction (PLE), and microwave hydrodiffusion and
gravity (MHG). The study aimed to evaluate the effectiveness of these technologies for the extraction of chemical compounds
found in this plant, focusing on two pyrrolizidine alkaloids: integerrimine and senecionine. Influential parameters on yield
and chemical composition were also evaluated: for UAE and MHG, temperature and pressure; for PLE, temperature, and
percentage of ethanol. All the extraction techniques were efficient for the extraction of integerrimine and senecionine. The
UAE and PLE stood out for the higher yields and number of compounds. The PLE presented a maximum yield of 18.63%
for the matrix leaf and the UAE a maximum yield of 11.82% for the same matrix. These two techniques also stood out in

terms of the number of compounds, once 36 different compounds were found via PLE and 17 via UAE.

Keywords Genus senecio - Innovative extraction methodologies - Phytochemicals - Alkaloids rich extracts

Introduction

Plants synthesize a wide range of secondary metabolites,
most of which have evolved to promote the survival of plants
protecting from external factors, such as insects, herbivores,
predators, and pathogens (Macedo et al. 2017; Thakur et al.
2019). The secondary metabolites were conventionally
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divided into three categories: alkaloids, terpenoids, and
phenolics (Zaynab et al. 2018). The pyrrolizidine alkaloids
are among the most hepatotoxic and are widely distributed
across the world (Xu et al. 2019). They are found in all the
plant parts or specific tissues, like roots and seeds. Its eco-
logically important functions include the plant protection
against pests and herbivores, the attraction of insects for
pollination, and the composition of important compounds
from the pharmacologic point of view (Takshak and Agrawal
2019); however, due to its toxicity, they also affect humans
and animals (Wiedenfeld and Edgar 2011; Kaczynski and
Lozowicka 2020).

They are mostly found in plants of the Asteraceae,
Boraginaceae, Fabaceae, and Orchidaceae families (Rat-
manova et al. 2020). Within the Asteraceae family, the
genus Senecio is highlighted, which has toxic active com-
pounds, such as the pyrrolizidine alkaloids. Special atten-
tion is paid to the S. brasiliensis species, which presents
integerrimine and senecionine as the main pyrrolizidine
alkaloids (Sandini et al. 2013). The highest contents
of alkaloids are found when the plant is in the flower-
ing period, with considerable variation in the amount of
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the toxic active ingredient in different parts of the plant
(Karam et al. 2004). Senecio brasiliensis is a native and
non-endemic plant species popularly known as “Flor-das-
Almas”, “Margaridinha”, or “Maria mole” (De Souza
et al. 2015; Macedo et al. 2017). It is usually present in
the South, Southeast, and Midwest Brazilian regions, also
occurring in Uruguay, Paraguay, and Argentina (Pilati and
Barros 2007; Sandini et al. 2013).

Integerrimine and senecionine are compounds considered
to be pyrrolizidine alkaloids or natural phytotoxins com-
monly found in plants of the genus Senecio (Trigo et al.
2003; Toma et al. 2004; Elias et al. 2011; De Souza et al.
2015). Plants with pyrrolizidine alkaloids are considered
common causes of natural intoxications affecting livestock,
wild animals, and humans (Elias et al. 2011; Sandini et al.
2013). In studies with different doses of pyrrolizidine alka-
loids during pregnancy in animals, Guo et al. (2013) veri-
fied post-implant loss, fetal mortality, abortive, and fetotoxic
effects. Sandini et al. (2013) indicate that prenatal exposure
to S. brasiliensis integerrimine N-oxide induces toxicity and
affects the postnatal development of rat offspring.

To obtain alkaloids with such activities from S. brasil-
iensis, some extraction methods can be used. The extractive
method to be applied is an important consideration in the
extraction of bioactive compounds from plants (Goltz et al.
2018). Emerging extraction technologies are being used
successfully to achieve a “green” and sustainable extraction
(Soquetta et al. 2018). Among them are ultrasound-assisted
extraction (UAE) (Wei et al. 2019), microwave (MW), and
pressurized liquids extraction (PLE) (Castejon et al. 2017;
Santos et al. 2019b). These techniques have been considered
capable of solving problems associated with conventional
extraction methods. UAE is a process that simplifies han-
dling and processing conditions, provides higher purity of
the final product, reduces the amount of solvent used as well
as the energy required when compared with conventional
methods, by working at the lowest temperatures or avoiding
expensive solvent elimination (Chemat et al. 2011).

PLE presents several characteristics that make it an excel-
lent substitute for conventional extraction methods. The use
of high temperature and pressure during the extraction not
only enhances the extraction yield, but also reduces the time
and solvent consumption (Mustafa and Turner 2011). The
MW extraction has gained also enormous popularity as an
environment-friendly process for secondary metabolites
extraction (Yu et al. 2013; Filly et al. 2014), increasing the
extract amount, reducing the extraction time, lowering the
cost, and consumption of energy. Within the context of the
use of MW, the extraction technique known as Microwave
Hydrodiffusion and Gravity (MHG) (Chemat et al. 2017)
leveraged the limits of microwave-assisted extraction to
an innovative, fast, efficient, and ecological process, with-
out any kind of degradation in the quality of the extract
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(Gonzélez et al. 2013; Lopez-Hortas et al. 2016; Benmoussa
et al. 2018).

Considering that the literature reports for S. brasiliensis
point out the presence of pyrrolizidine alkaloids, there was
an interest in investigating this plant species. Also, there is
a limited number of studies about the chemical composi-
tion and extraction yield of aerial parts of such plants (flow-
ers, leaves, and stalk), and so far no references in the main
scientific databases have been found using UAE, PLE, and
MHG as extraction techniques. Thus, in this study different
extraction methodologies were evaluated on the following
responses: yield of extracts and chemical composition of the
extracts, with special attention on pyrrolizidine alkaloids
from the different plant matrices of Senecio brasiliensis.

Materials and methods
Samples preparation

The plant material of S. brasiliensis (flowers, leaves, and
stalks) was collected in a pasture area with compacted
soil in the north of the state of Rio Grande do Sul (S: 27°
55" 39.43/W: 52° 7' 37.14). The samples were dried at
40 °C until constant mass and maintained at — 4 °C until
extractions.

Ultrasound-assisted extraction

The experimental apparatus (high-intensity ultrasound
processor of 400 W and frequency of 24 kHz—Hielscher,
Model UP 400S, Germany, titanium probe Model H22, Tip
22) used was described by Sallet et al. (2019). Each sample
(2.5 g) and 100 mL of hydroalcoholic solution (60 mL of
ethanol and 40 mL of water) were used for the extractions.
All extractions were carried out at 40 °C 2 °C for 30 min
(defined based on the preliminary tests). The experiments
were planned according to a Central Composite Rotatable
Design (CCRD), where the variables analyzed were power
intensity (maximum of 85 W/cm?) and duty cycle (maxi-
mum value of 1.0 s/s). After extraction, the samples were
centrifuged at 10,000 rpm for 5 min. The liquid phase was
carefully collected and the solvents were evaporated under
vacuum at 40 °C. The control experiment was carried out
with conventional maceration at the same temperature and
solvent ratio (v/v), without sonication, but with a time larger
than 24 h.

Pressurized liquids extraction
For pressurized liquid extraction, the dynamic extraction

method was applied. Ethanol and/or water were used as
solvents. For extraction procedures, approximately 10 g of
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sample (dried and grounded) were loaded into the extraction
cell. Then, the temperature and pressure conditions were
established and the solvent was pumped from the reservoir to
the extraction cell by an HPLC pump. This method consists
of a continuous solvent flow rate. The system was kept static
for 20 min and the dynamic extraction started through the
micrometric valve opening.

The experiments were based on a CCRD. The evaluated
variables were temperature and percentage of ethanol in
the solvent. The operational conditions were based on the
work of Vigand et al. (2016). The temperatures used were
30, 45, and 60 °C and the ethanol percentages in the sol-
vent were 70, 85, and 100% (v/v). The pressure was main-
tained at 10 MPa. The solvent flow rates were 3.0, 2.8, and
2.7 mL/min for ethanol percentages of 100, 85, and 70%
respectively, to keep constant the solvent mass flow rate
(2.4 g/min). The extraction time was 30 min. The obtained
extracts were collected in glass flasks and stored at — 18 °C
in absence of light for further analysis.

Yield (%) = mass of extract (g)

x 100
initial matrix dry mass (g) M

The global yield of extraction was calculated according
to the following equation:

Microwave hydrodiffusion and gravity extraction

The MHG extraction was performed in a 2.45 GHz micro-
wave equipment (NEOS-GR multimode Milestone, Ber-
gamo, Italy). The operational conditions were established
based on the work of Ferreira et al. (Ferreira et al. 2020),
under atmospheric pressure (0.1 MPa) and 400 W of power
for 20 min. Complementary details about the equipment
and procedure have already been described by Ferreira
et al. (2020). The samples (100 g for each plant matrix)
were humidified before extraction, by soaking the plant in
the solvent for 1 h, enabling the complete absorption of the
liquid. Extractions soaking the matrices only in water or in
a hydroalcoholic solution (60 mL of ethanol and 40 mL of
water) were evaluated. After the extraction, the extract was
collected in a vessel outside the microwave irradiation cavity
and the solvent was evaporated for further chromatographic
analysis.

Chemical composition

The samples were analyzed in a GC-Q/MS system. Proce-
dures and details of the equipment were previously described
by Confortin et al. (2019). Minor modifications were made
to the program and the injector temperature was kept at
320 °C. 1 pL of each sample was injected with a separation
ratio of 1:40. The oven temperature program used was 5 °C/

min from 80 to 300 °C (15 min wait). The interface tempera-
ture was kept at 320 °C and the ion source temperature at
260 °C. The mass spectra were recorded over 35-500 amu,
at 3.3 scan/s with ionization energy of 70 eV. The individ-
ual components identification was made using their relative
retention indices, according to the Wiley Registry of Mass
Spectral Data (Palisade Corporation, Newfield, NY).

Scanning electron microscopy

The sample morphology was evaluated using a scanning
electron microscope (SEM) (Tescan, VEGA-3G, Czech
Republic) coupled to a secondary electron detector to obtain
the images. To proceed with this analysis, the samples were
covered with gold (spray metallization process, using an
electric current of 20 mA for 90 s).

Results and discussion
Extraction yields
Ultrasound-assisted extraction

Table 1 presents the variables (intensity and cycle) and the
responses of the CCRD. The plant matrixes presented simi-
lar behaviors, with the highest yields obtained in assay 4
with high values of power intensity (75.11 W/cm?) and cycle
(0.93), while the lowest yields were obtained in assay 5 with
the lowest power intensity (17 W/cm?) and cycle (0.75). The
weight yields varied from 7.14 to 3.56% for the flower, from
11.82 to 6.13% for the leaf, and from 5.69 to 2.85% for the
stalk.

Table 1 Yields of matrices flower, leaf, and stalk of S. brasiliensis
obtained by ultrasound-assisted extraction using a CCRD

Assay  Powerinten- Duty cycle (s/s)  Yield (wt%)
sity (W/cm?)

Flower Leaf Stalk
1 26.89 (— 1) 0.57 (=1 4.32 6.31 324
2 75.11 (1) 0.57(— 1) 6.41 10.15 4.55
3 26.89 (— 1) 0.93 (1) 5.00 737 355
4 75.11 (1) 0.93 (1) 7.14 11.82  5.69
5 17 (- 1.41) 0.75 (0) 3.56 6.13 285
6 85 (1.41) 0.75 (0) 6.52 10.68 5.57
7 51 (0) 0.50 (— 1.41) 5.02 7.62 423
8 51 (0) 1.0 (1.41) 5.82 8.92 451
9 51 (0) 0.75 (0) 5.32 8.66 4.45
10 51 (0) 0.75 (0) 5.31 8.65 4.49
11 51 (0) 0.75 (0) 5.30 8.67 4.48
12 0 0 4.17 6.25 32
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When comparing the conventional extraction (assay 12)
with the UAE of higher yield (assay 4), significant yield
increases of 60, 50, and 60% for flower, leaf, and stalk,
respectively, were observed. The extraction time must also
be taken into consideration. For conventional extraction, the
time was 24 h while for UAE it was 30 min. These yield
increases can be explained by the phenomenon called acous-
tic cavitation generated by the ultrasonic probe, which influ-
ences the fluid around the solid particles and causes changes
in the internal structure of the plant material (affecting the
cell wall and/or increasing its pores) (Trojanowska et al.
2019).

The results showed in Table 1 were used to estimate the
linear, quadratic, and interaction terms of the studied varia-
bles over the responses. The effects of each variable over the
responses were expressed in form of a Pareto chart (Fig. 1).
The linear terms for power intensity and duty cycle of ultra-
sound were statistically significant (p <0.05) for all the plant
matrices studied (flower, leaves, and stalks), presenting a
positive effect, which means that an increase in the values
of the variables leads to the highest yields.

The response surface graphs illustrating the influence of
the experimental variables (power intensity and duty cycle)
over the extraction yield is summarized in Fig. S1 in the Sup-
plementary data. The UAE resulted in maximal yield for the
leaf when the power intensity varied from 75 to 85 W/cm?
and the duty cycle varied from 0.60 to 1.0. For the flower,
the maximal yield was obtained in the same range of power
intensity as for the leaf, while the duty cycle ranged from
0.75 to 1.0. Finally, for the stalk, the best range of power

intensity was the same as the other matrices and the duty
cycle ranged from 0.70 to 1.0. The results indicate that an
increase in the values of the variables enhances the extrac-
tion of the compounds from the matrices evaluated in this
work. These data are corroborated by Sharayei et al. (2019),
which obtained the highest yields for extraction from Punica
granatum at high power intensity and duty cycles. Increasing
the power intensity of the ultrasound, the authors attribute
the enhancement of extraction yield to the cavitation phe-
nomenon generated by the sonication, which increases the
plant tissue permeability. Sallet et al. (2019) also obtained
highest yields of oil from Mortierella isabelina when using
highest values for power intensity and duty cycle.

Ethanolic extractions

The yields for the different plant matrices studied are pre-
sented in Table 2. The behaviors of all plant matrices of S.
brasiliensis studied were similar. Assay 3 (60 °C and 70%
v/v ethanol) was the one that resulted in the highest yields,
while the lowest yields were attained in assays with lowest
temperature (30 °C) and highest ethanol amount (100% v/v).
Notably, the yields using pressurized liquids were higher
than when using the US.

The results shown in Table 2 were used to estimate the
linear, quadratic, and interaction terms of the studied varia-
bles over the responses. The effects of each variable over the
responses were expressed in form of a Pareto chart (Fig. 2).
The linear effects of temperature and ethanol amount were
statistically significant (p < 0.05) for all the plant matrices of

Fig. 1 Pareto’s chart of process
variables effects on the extrac-
tion yield of Senecio brasil-
iensis using UAE for a leaf, b
flower, and ¢ stalk
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Table 2 Yields of matrices flower, leaf, and stalk of S. brasiliensis
obtained by pressurized liquid extraction using a CCRD

Assay T (°C) Ethanol (% v/v)  Yield (Wt%)

Leaf Flower  Stalk

1 (-D30 (=170 1199 772 8.65
2 (=130  (+1)100 232 125 1.52
3 +1)60 (=170 18.63 1296  10.65
4 (+1)60  (+1) 100 406  3.68 3.03
5 (0) 45 (0) 85 929  5.09 6.27
6 (0) 45 (0)85 939  5.09 6.85
7 (0) 45 (0) 85 924  5.89 6.10

S. brasiliensis. The temperature presented a positive effect,
which means that an increase in this variable leads to highest
yields. When comparing assays 1 and 3, it can be seen that
the highest yields were attained with the highest tempera-
ture, while the ethanol percentage was kept constant, that is,
the increase in temperature leads to highest yields for all the
ethanol percentages studied. Otherwise, ethanol percentage
presented a negative effect, which means that the highest
the ethanol percentage in the solvent, the lowest the yield.
The temperature in extractions with pressurized liquids
plays an important role in the yield of obtained extracts
(Carabias-Martinez et al. 2005). As the temperature
increases, the viscosity, and surface tension of the solvents
decrease and the diffusivity increases, thus increasing the
solvents ability to penetrate the matrix and accelerating
the dissolution of the compounds of interest in the extract

(Hossain et al. 2011; Cheong et al. 2013; Vigan et al.
2016). Thus, the mass transfer rate increases and, conse-
quently, highest global yields can be attained (Machado
etal. 2015).

As for the influence of the percentage of ethanol, the
highest yield of extraction was found with 70% v/v etha-
nol. According to Mustafa and Turner (2011), the use of
solvent mixtures increases extraction yields, thus improv-
ing solubility and increasing the interaction between the
target components and the extraction solvent. The use of
binary mixtures can have a synergistic effect: while one
solvent increases the solubility of target compounds, the
other can favor its desorption, increasing extraction yields
(Pereira et al. 2019). Therefore, water is generally impor-
tant to help break the matrix and solute-matrix bonds
(Vigan6 et al. 2016).

The results found in this work are following Zaibunnisa
et al. (2009), where the oleoresin yield obtained from tur-
meric leaves increased significantly with increasing tem-
perature. Vigand et al. (2016), when evaluating the yield of
bioactive compounds in the passion fruit peel, reported an
increase in yield when using highest temperatures and sol-
vent mixture. Setyaningsih et al. (2016) reported the use of
solvents mixture and elevated temperatures as an optimum
extraction condition for phenolic compounds extraction
from rice grain. For Barrales et al. (2018), the increase in
temperature had a positive effect on the overall yield in all
evaluated ethanol concentrations and with the composition
of the solvent. The addition of water to ethanol increased
the overall yield of the orange peel extracts.

Fig.2 Pareto’s chart of process
variables effects on the extrac- (a)
tion yield of Senecio brasil-
iensis using PLE for a leaf, b
flower, and c stalk
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Microwave hydrodiffusion and gravity extraction

The yield data are presented in Table 3. Only the use of
different solvents for plant humidification was evaluated.
The power output was 400 W and the time was 20 min,
which was enough for complete plant extraction. The yields
obtained for plant humidification with water and with the
hydroalcoholic solution were very similar; however, the
result using a hydroalcoholic solution presented a slight
increase. The plant matrix that resulted in the best yield was
the flower with 0.68%, followed by leaves with 0.64% and
finally, stalk with 0.26% (Table 3).

There are no reports in the literature describing the use of
MHG for Senecio brasiliensis. The yields achieved with this
technique are similar to those obtained by Confortin et al.
(2019) using supercritical carbon dioxide. It can be said that
this extraction technique, when compared with the UAE and
PLE obtained lowest yields. However, the MHG technique
showed the capacity to extract the extracts from the plant
matrices completely within 15 min. The yields obtained in
this work using MHG for extraction were lower than the
yield of essential cumin oil (1.57%) obtained by Benmoussa
et al. (2018) in 16 min with a power of 200 W. Ferreira et al.
(2020) achieved a yield of 2.32% in the extraction of Ros-
marinus officinalis essential oil under the same conditions
used in this work (power of 400 W and 20 min). The yields
obtained in this work were higher than when compared with
Bousbia et al. (2009) in Rosmarinus officinalis leaves extrac-
tion, where the yield was 0.33% with conditions of 15 min
and 1000 W.

Low yields can be explained by the excessive use of
microwave irradiation power. It is also important to men-
tion that the MHG technique has a much lowest volume of
solvent/mass of plant ratio and this can be an influentional
factor, once less solvent is used in the process and, conse-
quently, the efficiency is lowest. The usage of low extraction
time was not enough to recover the totality of S. brasiliensis
extract. Cui et al. (2017) describe that a highest irradiation
power can cause a decrease in yield because the pyrolysis of
some volatile components may occur. To accelerate the mass
transfer rate and improve the extraction yield, best extrac-
tion conditions should be investigated for future works.

Table 3 Yields of matrices flower, leaf, and stalk of S. brasiliensis
obtained by microwave hydrodiffusion and gravity extraction

Assay Microwave Solvent Yield (wt%)
power (W) I ——
Flower Leaf Stalk
450 Water 0.68 0.64 0.26
2 450 Hydroalco- 0.64 0.63 0.27
holic solu-
tion
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However, it is important to mention that after MHG extrac-
tion the plant material is dried. Therefore, MHG can be
used for dehydration and simultaneous obtaining of extract
as recently proposed by Farias et al. (2021). Moreover, the
dried plant can be used in combination with other extraction
method for effective extraction.

Chemical composition by GC-MS

As can be seen in Tables 4, 5, 6, 7, 8, 9, and 10, the tech-
niques used in secondary metabolite extraction were similar
and the extracts contain several phytochemical constituents.
Many of these compounds are described in the literature for
presenting biological activity, such as 5H-1-pyridine, phe-
nol, hexadecanoic acid, guanosine, octadecadienoic acid,
2-Methoxy-4-vinyl phenol, propanetriol, and cinerin. Some
of the compounds found in the plant matrices and their bio-
activities are described below:

e 2-Methoxy-4-vinyl phenol: antimicrobial, antioxidant,
anti-inflammatory, and analgesic (Chhouk et al. 2018);

e Qctadienic acid: anti-inflammatory, nematicide, insecti-
cide (Chhouk et al. 2018);

e Hexadecanoic acid: antioxidant, nematicide, pesticide
(Chhouk et al. 2018);

e Phenol: antimicrobial, anti-inflammatory, antioxidant
(Barretto and Vootla 2018; Chhouk et al. 2018);

e Propanetriol: antimicrobial, anti-inflammatory, antifun-
gal (Foo et al. 2015; Casuga et al. 2016);

e Guanosine—anticancer (Lee et al. 2007);

e D-Allose: antioxidant activity (Chhouk et al. 2018);

e Cinerin [I—Phyretrin: pesticide (Gallo et al. 2017; Chen
et al. 2018);

o C(Celidoniol: antibacterial (Biilent Kose et al. 2016), anti-
inflammatory (Zakaria et al. 2014; Barretto and Vootla
2018).

The extracts obtained by UAE from the S. brasiliensis
leaves presented 17 different constituents, the flower extracts
presented 13 constituents, and the stalk extracts 14 constitu-
ents as shown in Tables 4, 5, and 6, respectively. The UAE
method was very efficient for pyrrolizidine alkaloids extrac-
tion. The results showed that integerrimine was the major
compound, representing approximately 50% of the total peak
area. Confortin et al. (2019) corroborate with the findings
of this work, once using supercritical carbon dioxide, they
obtained high levels of pyrrolizidine alkaloids such as inte-
gerrimine as a major compound in flowers and leaves of
Senecio brasiliensis. It is worth mentioning that the pyr-
rolizidine alkaloid senecionine was also extracted from the
matrices leaf and flower in this work.
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Table 4 Chemical compounds obtained using UAE for the leaf of Senecio brasiliensis

Assasy Relative area (%)
Leaf
Ultrasound Maceration
1 2 3 4 5 6 7 8 9/10/11 12
Compounds
Propanetriol 3.26 3.52 3.32 1.0 3.86 3.63 3.27 3.96 4.12 2.10
5H-1-Pyrindine 7.83 8.59 6.11 10.46 7.66 10.37 5.12 9.10 7.17 5.10
Guanosine 2.20 3.50 2.10 3.56 1.36 12.08 - 2.96 5.55 -
p-Allose 1.34 - 1.50 2.89 1.17 2.03 2.10 2.08 4.21 -
alpha-p-Galactopyranoside 1.28 - - 1.65 - 1.25 - - - -
Phenol 1.50 2.79 241 4.47 1.18 3.73 1.25 2.0 243 241
Octadecadienoic acid 1.84 0.68 2.10 1.66 - 1.40 1.36 3.12 5.63 1.20
Hexadecanoic acid 2.27 1.61 2.88 293 0.88 - 0.98 1.88 1.26 1.36
Ethyl Linoleolate 1.46 1.12 0.85 1.32 - 1.10 - - - -
Integerrimine 67.25 67.18 71.56 60.26 71.98 54.18 7591 59.02 55.47 73.91
Tricosanoic acid 3.01 1.24 2.36 0.21 2.36 - 2.36 8.25 7.52 223
2-Methoxy-4-vinylphenol - 2.79 - 3.70 - 2.76 1.85 1.10 1.82 -
Cinerin II - 1.66 2.31 1.36 1.58 1.26 1.74 1.15 1.08 2.36
Pentadecanoic acid - 0.63 0.25 0.25 - - 0.92 - - 4.21
Senecionine 6.20 1.19 1.23 3.19 6.92 4.11 1.36 2.78 2.25 5.12
Germacrene D 0.56 3.50 1.02 1.09 - 2.10 1.78 1.75 1.26 -
Butanoic acid - - - - 1.05 - - 0.85 0.23 -
Table 5 Chemical compounds obtained using UAE for the flower of Senecio brasiliensis
Assay Relative area (%)
Flower
Ultrasound Maceration
1 2 3 4 5 6 7 8 9/10/11 12
Compounds
Propanetriol 3.73 - 3.72 - 442 0.63 4.62 0.80 1.15 3.68
5H-1-Pyrindine 9.21 10.09 9.51 10.12 9.87 11.74 9.04 8.26 8.59 7.52
Hexadecanoic acid 2.36 3.08 3.24 4.12 2.01 3.12 2.05 1.65 1.23 0.96
Octadecadienoic acid 1.89 1.96 1.79 2.10 1.61 1.50 1.89 1.14 1.26 -
Octadecanoic acid 1.12 0.98 3.36 0.21 2.40 0.36 2.36 0.36 0.96 2.31
Cinerin II 1.38 0.35 1.99 1.36 - 0.69 - - - 2.96
Integerrimine 66.58 66.14 64.33 63.57 65.48 62.65 66.87 83.14 76.55 72.52
2-Methoxy-4-vinylphenol 1.99 2.38 2.07 2.20 1.63 2.66 1.07 1.57 1.02 -
Guanosine 2.36 3.65 3.98 421 2.07 391 3.77 1.03 1.45 -
Celidoniol 1.96 2.34 1.36 3.20 2.01 2.83 1.39 1.75 1.63 1.34
Phenol 3.21 3.69 1.97 4.12 2.27 333 2.29 0.30 2.69 -
Pyrrolidine - 2.36 - 1.10 - 3.37 0.89 - 1.40 2.34
Senecionine 4.21 2.98 2.68 3.69 6.23 3.21 3.76 - 2.07 6.37

Different compounds were found in different conditions
of power intensity and duty cycle of the US (Tables 4, 5,
and 6) for the three matrices tested. The highest amount

of compounds was found at a power intensity of 85 W/cm?
and a duty cycle of 0.75 s/s. High values of power intensity
and duty cycle were also responsible for highest yields of

Pigllase ¢l ay .
e e O) Springer



284 Page8of 14

3 Biotech (2021) 11:284

Table 6 Chemical compounds obtained using UAE for the stalk of Senecio brasiliensis

Assay Relative area (%)
Stalk
Ultrasound Maceration
1 2 3 4 5 6 7 8 9/10/11 12
Compounds
Propanetriol 2.18 1.95 1.25 1.46 1.06 1.93 1.82 1.34 3.95 223
5H-1-Pyrindine 7.69 9.00 8.98 10.30 6.35 9.79 6.95 8.04 8.08 5.26
2-Methoxy-4-vinylphenol - 2.76 - 3.14 - 2.31 3.37 2.33 243 -
p-Allose 2.85 2.79 2.69 3.56 1.48 2.57 2.57 3.18 - 2.36
Phenol 431 5.04 4.58 6.61 4.14 6.37 5.17 5.48 5.45 -
Benzenedicarboxylic acid 2.41 2.28 2.44 2.10 2.07 227 1.59 1.23 2.36 2.10
Octadecadienoic acid 2.57 - - 1.36 2.26 1.23 - - - 1.25
Hexadecanoic acid 4.05 5.59 3.69 547 3.59 4.38 4.23 4.56 4.20 3.15
Eicosadienoic acid 1.89 - - 0.95 3.47 1.23 - - - 2.10
Integerrimine 58.11 55.66 62.26 50.40 63.83 50.02 69.58 61.65 61.35 79.45
Tricosanoic acid 2.24 2.10 2.54 2.96 2.08 2.85 - 1.39 1.02 -
Guanosine 4.69 5.21 4.69 5.31 4.89 7.45 - 4.25 4.27 -
beta.-p-Glucopyranose 2.45 2.36 2.54 2.09 1.03 2.62 1.15 2.36 2.53 -
Cinerin II 4.56 5.26 4.34 4.29 3.75 4.98 3.57 4.19 4.36 2.10

extraction, which means that the highest the US variables,
the highest the extraction of the bioactive compounds and
the highest the yields. The violent bubble collapses gen-
erated by the ultrasound cavitational phenomenon, which
causes the destruction of cell walls and, consequently, favors
the solvent access to the analytes that can explain this behav-
ior (Goltz et al. 2018; Santos et al. 2019a). When comparing
the maceration techniques and UAE in terms of the num-
ber of compounds extracted, it is evident that the UAE sur-
passed the conventional method of extraction. This result
is corroborated by Das and Eun (2018), who compared the
UAE technique with conventional extraction and obtained a
significantly highest amount of bioactive metabolites from
green tea extract using UAE.

In the extracts obtained by PLE, 29 compounds were
identified for matrix leaf, 37 for flower, and 26 for stalk
matrices (Tables 7, 8, and 9). The extracts from all the three
matrices presented pyrrolizidine alkaloids in their constitu-
tion. When comparing the peak areas of the pyrrolizidine
alkaloids obtained by PLE and UAE, PLE extracts pre-
sented lowest percentages of peak areas. Those findings can
be explained by the fact that the PLE technique extracted
a larger amount of bioactive compounds than the UAE
technique, thus reducing the concentration of pyrrolizidine
alkaloids in the extract. The compounds were extracted in
a largest amount when using 60 °C and 70% (v/v) ethanol
for all the matrices. These results can be explained by the
characteristics of the solvent, once hydroalcoholic solutions
solubilize hydrophilic and lipophilic compounds (Hirondart
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et al. 2020). Water and ethanol mixture is capable of dis-
solving moderate to high polarity compounds and that is
appreciable when it is expected to extract a large variety of
compounds (Barrales et al. 2018).

It should be noted that integerrimine was found in high-
est percentages in the mentioned condition (60 °C and 70%
(v/v) ethanol). This technique was efficient for integerrimine
extraction, once for the leaf it represented 35.27% of the
total peak area, for the flower it was 46.24% and 24.32% for
the stalk. The results obtained in the PLE are corroborated
by Vigan6 et al. (2016), which also obtained better results
in the condition of 60 °C and 70% ethanol when extracting
bioactive compounds from passion fruit peel. Kopp et al.
(2020) state that PLE is an efficient method for PA extraction
and it can lead to considerably enhanced recovery rates when
compared with conventional techniques, being an improved
extraction strategy.

For the extractions carried out using MHG, eight dif-
ferent compounds were obtained and identified (Table 10).
Despite the smallest number of extracted compounds when
compared with the other extraction methods, MHG extrac-
tion was efficient and selective for integerrimine extraction,
presenting for all the matrices more than 50% of the rela-
tive peak area for such compounds. It is important to say
that one of MHG benefits is its speed, once 20 min was
enough to extract a high percentage of the target compound.
This result is corroborated by Benmoussa et al. (2018), who
reported that in 16 min of MHG extraction satisfactory
levels of cumin essential oil were obtained. When using
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Table 7 Chemical compounds obtained using PLE for the leaf of Senecio brasiliensis

Assay Relative area (%)
Leaf
1 2 3 4 5/6/7
Compounds

1,2,3-propanetriol - 2.57 4.04 4.93 -
5 h-1-pyrindine 6.26 4.45 5.71 6.41
Neophytadiene - - 1.20 6.04 6.80
Spathulenol 3.80 2.58 1.49 - 1.47
Caryophyllene oxide - - 15.65 - -
5,6-hydroxytryptamine - - - - 2.68
1H-Indene, 5-butyl-6-hexyloctahydro- - - - - 2.64
Copper, bis(4-chloro-3,5-cyclohexadiene-1,2-dione 2-oximato-N2,01)-(CAS) - - - - 3.42
3,3-Dimethyl-4-(3,3,4,4-tetramethyloxetan-2-ylidene)butan-2-one 4.06 - 1.02 - -
Androstan-17-one, 3-ethyl-3-hydroxy-, (5.alpha.)-(CAS) 1.95 - 0.36 - -
1,2-Benzenedicarboxylic acid, bis(2-methylpropyl) ester (CAS) 3.31 - 5.23 - -
Benzoic acid, 2-hydroxy-, phenylmethyl ester (CAS) 2.30 - 1.39 - -
2-Hexadecen-1-ol 1.03 16.89 2.65 5.60 6.45
Eicosane ou eicosanol 12.0 2.01 1.63 - 1.82
1,5,9,13-tetradecatetraecne 1.34 - - - -
N-Isobutyl-tetradeca-2,4-dienamide 0.83 - - - -
Integerrimine 35.44 32.46 36.27 10.54 24.35
Tricosane - - - -
Pentacosane 8.29 2.86 - - -
2-Pentadecanone - 1.96 1.64 - -
Tetratetracontane 7.49 - - 1.84 -
Hentriacontane 4.67 - - - -
Tetracontane - - - 1.45 -
Stigmast-5-en-3-ol 2.32 - 4.68 9.33 -
Methyl commate d 491 2.90 11.09 56.88 41.09
Hexadecanoic acid - - 2.36 - -
Lupeyl acetate - 27.35 - - -
Senecionine - 3.97 2.36 - 2.87
Celidoniol - - 1.23 3.39 -

hydroalcoholic solution, the percentages of integerrimine
are more pronounced than when using only water, reaching
values of 94.22% for leaf, 79.23% for flower, and 58.17% for
the stalk. This is a promising result, once both solvents used
are considered eco-friendly and it contributes to the use of
more sustainable solutions (Prat et al. 2015).

To have a best understanding of the results, the matrices
were submitted to SEM analysis. Notably, structural changes
occurred in the matrices when comparing before and after
extraction through the three techniques used (Fig. 3). The sur-
faces of the matrices after UAE and PLE showed more visible
changes when compared with the samples before extraction.

It is clear that the cells are more damaged after UAE and
PLE. The wall presents notable breaks, with the appearance
of cracks. This may explain the highest yields and number of
compounds obtained by these two techniques, as the ruptures
facilitate the release of the compounds. When analyzing the
MHG samples, a more integrity of the matrices cell wall can
be observed after the extraction, but when comparing with
the samples before extraction, slight cell disruption is noted.
This explain the lowest yield and number of compounds when
comparing to the other extraction techniques, once there was
not an easy way of water release, which acts as compounds
transporter.
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Table 8 Chemical compounds

; . Assay Relative area (%)

obtained using PLE for the

matrix flower of Senecio Flower

brasiliensis

1 2 3 4 5/6/7
Compounds

DI-Glyceraldehyde 3.84 - - - -
2-Propanone, 1,3-dihydroxy 2.59 3.52 - 1.44 -
5 h-1-pyrindine 2.16 10.87 5.48 4.47 4.83
Spathulenol 11.00 292 2.33 - 1.85
Androstan-17-one, 3-ethyl-3-hydroxy-, (5.alpha.) 4.48 - - - -
Phenol - - 1.45 - -
Octanal 2.18 - - - -
Phosphonic acid, dioctadecyl ester 1.63 - - - -
Neophytadiene 5.24 - - - -
2-pentadecanone 3.51 - - - -
1,2-Benzenedicarboxylic acid 4.99 0.83 1.04 1.91 1.27
4-Benzyloxybenzoic acid 8.08 - 0.46 1.27 -
2-Hexadecen-1-ol 4.98 - 1.91 - 0.75
1,5,9,13-tetradecatetraene 2.80 - - - -
Integerrimine 9.94 2.97 46.24 1.65 17.31
1-eicosanol 3.74 - - -
Hexacosane 5.30 - - - 1.47
Stigmast-5-en-3-ol 23.54 3.65 6.30 1.91 4.07
Hexadecanoic acid - 3.25 2.47 - 0.42
Senecionine - 60.35 10.25 24.89 28.97
9-octadecenamide - 1.15 - - -
Methyl commate d - 8.14 7.96 2.92 5.54
Hentriacontane - 2.35 - 17.87 -
Eicosane - - - 0.74 -
Pentacosane - - - 12.78 0.53
Tetratetracontane - - - 13.09 1.31
Celidoniol, deoxy- - - 0.69 12.71 22.47
14,16-hentriacontanedione - - - 2.35 -
Andrographolide - - 0.83 - -
Ethyl linoleate - - 1.64 - -
N-Isobutyl-tetradeca-2,4-dienamide - - 1.64 - 0.74
N-Terpinenyl ester of n-pentanoic acid - - 1.76 - -
1-pentacontanol - - 2.11 - -
Methyl commate ¢ - - 3.27 - 3.76
Patchoulane - - - - 1.02
Usaramine - - 2.17 - 0.83

Conclusion

The results obtained in this research reveal that plant Senecio
brasiliensis has pyrrolizidine alkaloids in its constitution.
Considering this is the first report to use UAE, PLE, and
MHG for obtaining integerrimine rich extracts, it can be
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concluded that the techniques were efficient, being consid-
ered fast and eco-friendly. The UAE and PLE techniques
were preferable, once they enabled higher yields and a
larger number of extracted compounds. In addition to the
pyrrolizidine compounds, many others were found, which
encourages further studies regarding the biological activity.
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Table 9 Chemical compounds
obtained using PLE for the stalk
of Senecio brasiliensis

Table 10 Chemical compounds
obtained using MHG for the
leaf, flower, and stalk of Senecio
brasiliensis

Assay Relative area (%)
Stalk
Compounds 1 2 3 4 5/6/7
2-Propanone, 1,3-dihydroxy- (CAS) 4.09 6.86 4.97 6.21 7.67
Propanoic acid, 2-oxo-, methyl ester 5.07 - 1.07 -
DI-Glyceraldehyde 9.05 - 3.90 - 5.40
2-furancarboxaldehyde, 5-(hydroxymethyl) - - 1.80 - -
Spathulenol 7.74 - 7.43 - 5.49
3.36 Caryophyllene oxide - 3.36
Androstan-17-one, 3-ethyl-3-hydroxy-, 5.83 - - - -
(5.alpha.)- (CAS)
4.24 Phenol, 4-(3-hydroxy-1-propenyl)-2-methoxy- (CAS)  4.24 - 1.04 1420  5.30
1.34 2-Pentadecanone, 6,10,14-trimethyl- (CAS) 1.34 - 2.47 5.25 3.02
1,2-benzenedicarboxylic acid, bis(2-methylpropyl) - - 3.88 2.36 1.73
4-Benzyloxybenzoic acid 2.74
Heptadecanoic acid, ethyl ester (CAS) 7.46 - 1.32 6.19 2.37
Neophytadiene - - 4.34 - 1.98
1-Heneicosyl formate - 7.33
N-Methyl-L-prolinol - 19.10 - -
6-(2-methoxy-phenyl)-5,7-diphenyl-2,3,6,7-tetrahy- - 5.37 - -
dro-1 h-pyrrolo[3,4-e][1,4]diazepin-8-one
Quinic acid - 9.46 - -
1-eicosanol - - 7.64 - 2.44
Hexadecanoic acid, ethyl ester (CAS) 8.27 16.72 1.82 - 12.93
Cholesta-4,6-dien-3-ol, (3.beta.)- (CAS) - 4.56 2.14 8.85 4.49
Stigmast-5-en-3-ol, (3.beta.)- (CAS) 1498  30.0 1239  11.80 18.18
Stigmast-4-en-3-one 14.65 - 7.71 10.0 5.77
Integerrimine 17.28  7.93 2432 23.61 936
Senecionine - - 3.36 4.20 0.79
5 h-1-pyrindine - - 2.30 - 2.24
9-octadecenamide - 10.84
Assay Relative area (%)
Leaf Flower Stalk
Water Water/Ethanol Water Water/Ethanol Water Water/Ethanol
Compounds
2-Hexadecen-1-ol, 2349 - - - - 8.45
3,7,11,15-tetramethyl-,
[R-[R*,R*-(E)]]- (CAS)
9-Octadecenamide, (Z)- (CAS) 20.0 - - - 17.02 -
5H-1-Pyrindine 501 5.78 6.17 5.78 9.09
GERMACRENE-D - - 998 - 12.21 24.29
Senecionine .36 - 6.83 — 228 -
Integerrimine 50.14 9422 77.02  79.23 51.37 58.17
2,3-Butanediol - - - 14.99 - -
Bicyclo[2.2.1]heptane, - - - - 17.12 -
2-cyclopropylidene-1,7,7-
trimethyl
&’f&ﬁmﬁﬁw @ Springer
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Fig.3 Scanning electron microscopy of Senecio brasiliensis matrices before and after extractions: A before extraction (fresh raw material); B
UAE; C PLE; D MHG (1) leaf; (2) flower; (3) stalk
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