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Abstract

The biomass Solanum mauritianum (S. mauritianum) is an invasive weed specie; however, it is a source of medicinally
important metabolites, as reported in literature, such as solasonine and solamargine. The study was directed at the opti-
mization of microwave and aqueous two-phase-based extraction techniques which involved microwave-assisted extrac-
tion (MAE), aqueous two-phase extraction followed by microwave-assisted extraction (ATPE + MAE), and the “one-pot”
microwave-assisted aqueous two-phase extraction (MA-ATPE) for extraction of solasonine and solamargine from leaves of
S. mauritianum which was evaluated. The microwave-assisted extraction of solasonine and solamargine yielded optimums
at 5.00 min, microwave power of 270 W, and solid/liquid of 0.1 g L™! at an ethanol concentration of 60%. Application of
a two-stage extraction (MAE + ATPE) in CaO-dried alcohol resulted in decreased amounts of solasonine and solamargine
extracted. The best yields of solasonine and solamargine were achieved in the MA-ATPE method. Extraction of solamargine
and solasonine using Na,COj in CaO-dried ethanol during MA-ATPE was approximately threefold and twofold greater than
that of MAE + ATPE, respectively. Furthermore, extraction of solamargine and solasonine using NaCl in CaO-dried ethanol
during MA-ATPE was approximately twofold greater than that of MAE + ATPE. The synergy of microwaves and salting-out
in the “one-pot” MA-ATPE technique was shown to be a contributing factor for enhanced extraction of solamargine and
solasonine from leaves of S. mauritianum. Application of this time- and energy-efficient extraction method could potentially
be expanded for enrichment of medicinally important compounds from biomass of other medicinal plants.
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1 Introduction

Plant reaction to damage is an inherent character and occurs
through exhibition of defense mechanisms against herbivores
and piercing-sucking insects such as whiteflies and bacterial
pathogens [1-3]. One of the modes of operation of bacterial
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pathogens involves the release of reactive oxygen species
such as singlet oxygen and peroxide radicals which result in
oxidative stress leading to cellular damage in the host plants
[1]. Other anti-pathogenic modes of plant include inhibition
of glioma growth [4] and apoptosis of human chordoma cells
[5]. Defense mechanisms against biotic stressors also involve
the accumulation of toxic secondary metabolites, such as
alkaloids which directly reduce the fitness of the invader
[3, 6, 7]. One special class of alkaloids are steroidal gly-
coalkaloids found in numerous members of the Solanaceae
family. They are composed of nitrogen-containing alkaloid
groups and carbohydrate sugar side chains [3]. Extraction
of toxic phytochemicals from Solanum plants is essential
as they are the richest bioresource of drugs for medicinal
applications [6]. Glycoalkaloids have been known for their
pharmacological effectiveness towards human health such
as being antidiabetic [8], antifungal [9], antiparasitic [10],
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and anticancer [11]. Hence, extraction of these invaluable
naturally derived compounds (glycoalkaloids) is worthwhile.

Microwave-assisted extraction (MAE) is a simple envi-
ronmentally friendly and economical technique for the
extraction of biologically active compounds from different
plant materials [12, 13]. The advantage of this technique
includes shorter extraction time, lesser solvent requirement,
improved purity of the extract, low cost, and better extrac-
tion yield in comparison to Soxhlet extraction. This extrac-
tion method is a quick and highly effective technique for
obtaining extracts under mild conditions; therefore, it has
been considered a potential alternative to traditional methods
[14-16]. Aqueous two-phase extraction (ATPE) is desired
for its environmental compatibility, low interfacial tension of
phases, high yields, and low process time [17, 18]. Recently,
researchers have turned their attention to an improved ver-
sion of ATPE, salting-out assisted liquid-liquid extraction
(SALLE) technique, which facilitates extraction of metabo-
lites from complex matrices [19-21].

Glycoalkaloids are useful to a certain extent, since they
have been shown to possess some bioactive properties
which include anti-pesticide or anti-cancer activity [10,
11]. Despite the bioactive properties of glycoalkaloids, they
are mainly toxic [3]. This work also aimed to explore con-
ventional extraction methods such as MAE, aqueous two-
phase extraction followed by microwave-assisted extraction
(MAE + ATPE) and microwave-assisted aqueous two-phase
extraction (MA-ATPE) for enrichment of glycoalkaloids
from Solanum mauritianum. To the best of our knowledge,
S. mauritianum has been underexplored with regard to its
metabolites. Though known to be an invasive weed species
from the Solanaceae family, the plant has been studied to be
an essential ingredient for South African traditional medi-
cine for treatment of menorrhagia [22] dysentery, diarrhea
[23], and infertility [24] due to its metabolite composition,
which is comprised of a bioactive class of compounds, gly-
coalkaloids. Hence, the need arises to obtain these medici-
nally important glycoalkaloid metabolites such as solasonine
and solamargine from S. mauritianum using environmentally
friendly extraction methods. Ethanol was used as an extract-
ant because it can be regarded as a green solvent [25-28],
because it is a nontoxic solvent. The application of micro-
waves or aqueous two-phase systems in conjunction with
ethanol could potentially pave the way for more reliable
means of obtaining these compounds and its sustained use
in metabolomics. Furthermore, application of plant-based
phytocompounds in medicine could likely eliminate the need
for metabolic compounds synthesized in the lab, of which
are often laborious and expensive.
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2 Materials and methods

2.1 Sample collection

The leaves of S. mauritianum were obtained from Phiphidi,
Limpopo, in October 2019, South Africa. The plants were
air-dried until a constant weight was obtained, and the leaves
were ground with a rotating blade blender into a fine powder
with particle sizes ranging from 100 to 300 pm. Thereafter,
this powder was stored in glass containers and covered to
prevent light penetration.

2.2 Chemicals and materials

Absolute ethanol (99.9% CP), which was used as an extrac-
tion solvent, was purchased from Associated Chemical
Enterprises (Johannesburg, South Africa). Ultra-pure
water (0.005 ps, 18 mQ) was used for preparation of etha-
nol solutions. A modified microwave oven (DM 350, Defy,
Polokwane, South Africa) of 28 L capacity, working at a
frequency of 2450 MHz, was used for microwave-assisted
extraction. The salts for ATPE NaCl (anhydrous >99%
purity) and Na,CO; (anhydrous > 99% purity) and the drying
agent CaO (reagent grade > 99% purity) were all purchased
from Associated Chemical Enterprises (Johannesburg, South
Africa). Whatman grade 1 filter papers were purchased from
Sigma-Aldrich (Johannesburg, South Africa).

2.3 Extraction procedure
2.3.1 MAE

Ground leaves of S. mauritianum plant powder (mass: 0.6-1.4 g)
was immersed in hydroalcoholic solutions with various concentra-
tions (20-60%) contained in a 1-necked 250-mL round-bottomed
flask at irradiation time (1-13 min) with power varied from 90 to
900 W. The method is illustrated in Appendix (Fig. 8a).

2.3.2 MAE+ATPE

The optimized parameters following chromatographic analy-
sis (details are included in Sect. 2.4) for the extraction of
solasonine and solamargine during MAE was a 60% ethanol
extraction solvent, irradiation time of 5 min at a power of
270 W. A ground S. mauritinum biomass powder with a mass
of 1.0 g was immersed in 30% (w/v) of NaCl (chaotrope)
or Na,CO; (kosmotrope). Thereafter, the extract (5 mL)
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obtained from the optimized conditions during MAE was
mixed with either 30% (w/v) of NaCl (5 mL) or 30% (w/v) of
Na,CO; (5 mL) followed by the addition of the extraction sol-
vents—CaO-dried ethanol or 99% ethanol (10 mL)—which
resulted in an aqueous two-phase system. The spontaneous
formation of ATPE, consisting of a lower aqueous phase and
an upper ethanolic phase, under the conditions stated above
was also reported by Mokgehle et al. [3]. Hence, this extrac-
tion was a sum of two solutions, MAE followed by ATPE.
CaO-dried ethanol was prepared by adding 25 g of CaO dry-
ing agent to 100 mL of 99% ethanol. The mixture was stirred
for 10 min before filtration with a Whatman grade 1 filter
paper. The method is illustrated in Appendix (Fig. 8b).

2.3.3 MA-ATPE

In this “one-pot” extraction, the optimized results from
MAE were applied on the ATPE solution which consisted of
ground plant powder mass: 1 g, saturated salt of 30% (w/v)
of NaCl (chaotrope) or Na,CO; (kosmotrope) which formed
the bottom phase while the upper phase extraction solvent
consisted of CaO-dried or 99% ethanol (10 mL). In MA-
ATPE, both the saturated salt solution 30% (w/v), consisting
of either NaCl or Na,CO;, and the ethanol extraction sol-
vent were contained in the round-bottomed flask, all in the
microwave oven. The spontaneous formation of ATPE under
the conditions stated above was also reported by Mokgehle
et al. [3]. In all the three extraction methods conducted, there
was no agitation of the sample solution prior to or following
extraction. Furthermore, the volumes of the solvents after
the extraction period remained unaltered. The setup of the
MA-ATPE systems is shown in Appendix (Fig. 8c).

2.4 Analysis on the UHPLC-qTOF-MS

Chromatographic separation of the extracts (upper ethanolic
phase) obtained from the ATPE mixture was conducted
on a UHPLC-qTOF-MS 9030 mass spectrometer (Shi-
madzu, Japan). This instrument contained a Shimpack Cjg,
2.1x 100 mm, 2.7-pm column from Shimadzu (Honeydew,
South Africa) where the mobile phase consisted of formic
acid (0.1%) in deionized water (solvent A) and methanol
with 0.1% formic acid (solvent B). Chromatographic separa-
tion was achieved using a 30-min gradient elution method
consisting of the following settings: the initial conditions
were 5% solvent B at a flow rate of 0.4 mL min~! and
held constant for 3 min. Conditions were then changed to
45% solvent B at 9 min, increased slightly to 50% solvent
A at 21 min, and then quickly ramped up to 90% solvent
B at 22 min and kept constant for 3 min. Conditions were

changed to 5% solvent B at 27 min and kept for 3 min to
allow for re-equilibration before the next run.

For mass spectrometry, the acquisition parameters as dis-
cussed by Ramabulana et al. [29] were used. Briefly, MS
data were acquired using positive electron spray ionization
(ESI) modes. The MS was configured to scan the range of
100-1000 Da with a scan time of 0.2 s. After a series of opti-
mization, the following settings were found to be optimal:
capillary voltage of 4.5 eV, sample cone potential of 30 V,
source temperature of 120 °C, desolvation temperature of
450 °C, desolvation gas flow of 550 L h~!, and multichan-
nel plate detector potential of 1600 V. In order to achieve
efficient fragmentation to aid during identification, the mass
spectrometry data were collected using a collision energy
ramp of 10-30 eV and, when necessary, a higher collision
energy ramp of 60—165 eV was also used. Structural elucida-
tion was done using KNapSAck online metabolite database.
Chemical identification was done using KNapSAck Core
System online metabolite database (version 1.200.03) [30].

3 Results and discussion

3.1 Chromatographic profile of solasonine
and solamargine

In Fig. 1, the mass spectrometry and elution profile of two
glycoalkaloid isomers are shown, where Fig. 1a indicates
solasonine m/z 884 and b solamargine m/z 868. Both contain
the same aglycone unit solasodine, yet only differ in mono-
saccharides glycosylated to the aglycone unit. For instance,
solamargine contains two rhamnose monosaccharides and
glucose while solasonine is composed of glucose, rhamnose,
and galactose, which account for the 16 mass unit differ-
ence between the two compounds (Fig. 1a and b). Figure 1c
shows a 30-min base peak chromatogram of a 60% ethanolic
MAE extract from S. mauritianum, which also shows the
elution order of two glycoalkaloids with the relatively more
polar solasonine eluting at 19.56 min and solamargine at
19.76 min from the reversed phase column. Furthermore,
Munari et al. [31] observed a similar trend in the extracts of
Solanum lycopersicum on as Zorbax SB-C18 column where
solasonine eluted before solamargine which indicated the
relatively higher polarity of the former. In another study,
Chester et al. [32] quantified solasonine and solamargine
obtained from extracts of Solanum nigrum L. based on
retention factors (R;) on the HPTLC chromatogram on the
UPLC-ESI-MS/MS. In the same work, solasonine had a
lower R; than solamargine due to its relatively higher polar-
ity. Hence, the presence of galactose is a major contributor
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Fig. 1 Elution and mass spectrometry profile of two closely related glycoalkaloid isomers a solasonine (fz (min)—19.56) and b solamargine (fx
(min) — 19.76). ¢ 30-min base peak chromatogram (BPC) of a crude (60% ethanolic extract) of S. mauritianum
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to the polarity of solasonine and its relatively higher affinity
for the CaO-dried ethanol extraction solvent.

3.1.1 Effect of concentration of ethanol on MAE

A study investigating the effect of ethanol percentage on
the extraction of solasonine and solamargine was conducted
as shown in Fig. 2. As the concentration of ethanol was
increased, the intensities of both solasonine and solamargine
also increased. The higher intensities which correlated with
the higher yield can be attributed to the higher proportion of
ethanol and the lower level of water in the extraction solvent.
The ethanol percentage in water was one of the driving fac-
tors influencing the MAE of compounds as it affected the

solubility of metabolites, penetration of solvent into the cells
of plants, interaction of solvent with matrix, and the absorp-
tion of microwave energy [33]. Increasing the water concen-
tration in the solvent as highlighted by Veggi et al. [34] and
Zhang et al. [35] has been reported to influence selectivity
during extraction, which resulted in a greater affinity towards
proteins and carbohydrates rather than bioactive plant metab-
olites. It was also observed that the relative intensities of
solamargine to solasonine occurred on a general ratio of 2:1,
which probably indicated the greater relative abundance of
solamargine compared to solasonine in the leaves of S. mau-
ritianum. Hence, the optimum extraction solvent was 60%
ethanol and was then used in the following study.
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3.1.2 Effect of solid/liquid ratio on MAE

The effect of solid/liquid ratio was evaluated where 0.6, 1,
and 1.4 g were evaluated in 10 mL 60% ethanol and cor-
responded to solid/liquid ratios of 0.06, 0.1, and 0.14 g L
respectively (Fig. 3). The optimal extraction of solasonine
and solamargine was observed at 0.1 g L™!. The lower inten-
sities of extracted solamargine and solasonine at 0.06 g L™!
could be due to the relatively lower amount of plant material
used. Increased solvent volumes have also been reported to
reduce the heating efficiency, limit the breakage of solid cell
walls, and inhibit the driving force for the mass transfer of
compounds [33]. Similarly, Alara et al. [36] reported that
larger volumes of solvent required more energy and time
to maximize extraction of analytes from the plant matrix. It
was also noted that with larger solid/liquid ratios, reduced
extraction of solasonine and solamargine was observed. This
could be as a result of lumping of the powdered plant mate-
rial, limiting access for the extraction solvent to penetrate
through the cell walls. Similarly, Sajid et al. [37] reported on
clogging during solid-phase micro-extraction. The optimum

Fig.4 The influence of irra- 600000 -
diation time on the MAE of
solasonine and solamargine.
Conditions: mass of plant: 500000 -

1.00 g, power: 270 W, solvent:
60% ethanol (n=3; RSD)

1

400000

300000

1

200000

1

Intensity (arbitrary units)

1

100000

mass for extraction of solasonine and solamargine was 1 g,
with a solid/liquid ratio of 0.1 g L™".

3.1.3 Effect of irradiation time on MAE

A study evaluating the effect of irradiation time on extrac-
tion of solasonine and solamargine was performed as shown
in Fig. 4. As time was increased from 1 to 5 min, a gradual
increase in the extraction of solasonine and solamargine was
noted. In general, higher extraction time tends to increase
the yield of extraction. In addition, the dielectric proper-
ties of solvents used in MAE may have significant impacts
on the extraction time [34, 38]. For instance, at room tem-
perature, water has a dielectric constant of 80; however, the
addition of ethanol in the aqueous mixture reduces this con-
stant, greatly allowing it to easily dissolve a wide range of
less polar metabolites; hence, in this instance, it only took
5 min to achieve optimal extraction of both solasonine and
solamargine, whereas if only water was used as an extract-
ant, optimal extraction of both glycoalkaloids would have
most likely taken longer than 5 min [34, 38]. Furthermore,
extraction of metabolites from the plant matrix is not an

@ Solamargine

B Solasonine

@ Springer

T

Time (min)



Biomass Conversion and Biorefinery (2023) 13:12167-12178

12173

@ Solamargine

Solasonine

Fig.5 Evaluation of the effect 600000 -
of microwave power on the
MAE of solamargine and
solasonine. Conditions: mass of @ 500000
plant: 1.00 g, solvent: 60% etha- ‘g
nol, time: 5 min (n=3, RSD) ; 400000 -
<
=]
£ 300000 -
=
>
‘g 200000 -
=
2
= 100000 -
0

400000 -
350000 4 /-.— @ Solamargine
:@ T lasonin
g 300000 - % ? ES? wonne - -
T [
5 200000 - % ] / — % /
& = Ay
oo O | =
£ o000 / ~ / o / o / =
; 7l 77 Rz . 4 1

NaCl 99% EtOH

NaCl CaO dried EtOH

Na,CO; 99% EtOH  Na,COs3 CaO dried EtOH

Fig.6 Comparison on MAE + ATPE of solasonine and solamargine when 99% absolute ethanol and absolute ethanol dried with CaO was used
in the presence of the chaotrope NaCl and kosmotrope Na,CO; (n=3, RSD)

instantaneous process; there are multiple phases occurring
which involve removal of compounds from the outer surface
of plant matrix, a transition state consisting of intermolecular
forces between the metabolites and the plant matrix inhibit-
ing mass transfer brought about by the extraction solvent.
After the 5-min irradiation time, a steady decrease in the
intensities of both glycoalkaloids was observed (Fig. 4). This
steady decrease at longer times was increased which could
be associated with the increased degradation of thermolabile

metabolites, solasonine and solamargine, during this period.
This is in agreement with what was reported by Doulabi
et al. [33] and Veggi et al. [34]. The optimal extraction time
to be used in the following studies was 5 min.

3.1.4 Effect of power (W) on MAE

Power studies were conducted to examine its effect on the
extraction of solasonine and solamargine as shown in Fig. 5.
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Fig.7 Comparative MA-ATPE of solasonine and solamargine when 99% ethanol and ethanol dried with CaO were used in the presence of the

chaotrope NaCl and kosmotrope Na,CO; (n=3, RSD)

From 90 to 270 W, an increase in extraction of both gly-
coalkaloids was observed (Fig. 5). Generally, an increase in
microwave power can improve the penetration of solvent into
plant matrix, resulting in rapid delivery of microwave energy
to both solvent and plant matrix [33]. Accordingly, from 90-
to 270-W microwave power, dissolution of solasonine and
solamargine occurred due to the increased temperature of
the extraction solvent. However, from 270 to 900 W, a steady
decrease was observed (Fig. 5). This could be because of
excessive microwave irradiation energy degrading both
solasonine and solamargine [38, 39]. Therefore, the optimal
extraction power was observed at 270 W.

3.2 MAE+ATPE

Following the optimized result obtained for MAE (Sect. 3.1)
which included 60% ethanol extraction solvent, solid/

liquid ratio of 0.1 g L~!, irradiation time of 5 min, and
power of 270 W, the obtained conditions were applied for
MAE + ATPE to improve the extraction of solasonine and
solamargine. Besides the inclusion of ATPE, the 99% etha-
nol extraction solvent was dried with CaO drying agent with
the aim of enhancing the extraction of solasonine and sola-
margine. Figure 6 shows the extraction profile for solasonine
and solamargine using an extraction solvent of 99% ethanol
and CaO-dried ethanol when the chaotrope and kosmotrope
NaCl and Na,CO; were used, respectively. In general, no
differences were observed in intensities of solasonine and
solamargine when CaO-dried ethanol was used as an extrac-
tion solvent compared to 99% ethanol for both Na,CO; and
NaCl (Fig. 6). Though CaO was reported as an efficient dry-
ing agent by Danish et al. [40] and Jia et al. [41] in sewage
sludge and mortar, respectively, its application in drying

Table 1 Intensities of

. . Salt Intensity (arbitrary units)
solasonine and solamargine
under MAE, MAE + ATPE, and Solasonine Solamargine
MA-ATPE
CaO-dried EtOH EtOH 99.9% CaO-dried EtOH EtOH 99.9%
MAE - - 279,507 - 531,704
MAE + ATPE NaCl 279,507 274,890 356,772 316,784
Na,CO, 106,899 105,495 285,572 287,307
MA-ATPE NaCl 623,912 459,642 618,115 602,356
Na,CO; 617,550 525,691 763,974 746,758
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extraction solvents for the improving extraction of solaso-
nine and solamargine was limited.

3.3 MA-ATPE

With the aim of further improving the extraction of sola-
margine and solasonine from S. mauritianum, a hyphenated
MA-ATPE was applied as shown in Fig. 7. In both instances
where the extraction solvents were 99% ethanol and CaO-
dried ethanol, Na,CO; was generally observed to be a bet-
ter extractant of solasonine and solamargine than NaCl. The
opposite effect was observed for the two-stage extraction
process MAE + ATPE (Fig. 6), which indicated that the
extraction method influenced the salting-out efficiency of
solamargine and solasonine from the aqueous solution in the
presence of NaCl or Na,COj;. The effect of extraction condi-
tions on salting-out was also reported by Tajeda-Casado et al.
[20] and Sazali et al. [21]. The doubly charged carbonate
ions from Na,COj; interacted with the hydration sphere sur-
rounding the solute (solamargine and solasonine) to a greater
extent than singly charged chloride ions from NaCl, form-
ing carbonic acid. Thereafter, this led to the precipitation
(salting-out) of the solute in the aqueous phase and resultant
extraction by ethanol. Salting-out effect has been reported
to aid the extraction of vitamin D3 from milk samples [21]
and in the determination of 5-nitroimidazolesin in fish [19].

3.4 Comparison of the extraction efficiency of MAE,
MAE + ATPE, and MA-ATPE

Enrichment of solasonine and solamargine was considerably
greater for MA-ATPE in comparison to MAE + ATPE and
MAE. For instance, extraction of solamargine and solaso-
nine using Na,CO; in CaO-dried ethanol during MA-ATPE
(Fig. 7) was approximately threefold and twofold greater
than that of MAE + ATPE, respectively (Fig. 6). Similarly,
extraction of solamargine and solasonine using NaCl in
CaO-dried ethanol during MA-ATPE (Fig. 7) was approxi-
mately twofold greater than that of MAE + ATPE (Fig. 6,
Table 1). This indicated that in MA-ATPE, the synergistic
effect of microwaves and salting-out occurred simultane-
ously. In this case, extraction was assisted by microwaves
which resulted in cell wall rapture and subsequent mass
transfer of solasonine and solamargine into the aqueous
solution. In addition to microwaves, the salting-out effect
prompted the precipitation of solasonine and solamar-
gine from the hydration sphere into the ethanol extraction
phase during MA-ATPE. The two-step extraction method
MAE + ATPE was observed to have the lowest extraction
of metabolites (Fig. 6). This could be attributed to the inter-
step loss of metabolites during MAE-ATPE. Furthermore,

Gardernar et al. [42] highlighted some disadvantages associ-
ated with two-step extractions which involved the require-
ment for a substantial amount of specimen to prevent ana-
lyte loses. It was also observed that MA-ATPE improved
extraction of solasonine and solamargine compared to MAE
(Table 1). This suggested that the chaotrope and kosmotrope
were influential in aiding extraction of solasonine and sola-
margine in MA-ATPE compared to MAE, from which the
extraction did not include salts. Hence, the simultaneous
application of microwaves assisted the extraction of solaso-
nine and solamargine in the aqueous two-phase system based
on salting-out, as seen with MA-ATPE, and was influential
in enhancing the extraction of solasonine and solamargine
in comparison to MAE and MAE + ATPE.

4 Conclusions

In this study, the optimization of microwave and aqueous
two-phase-based extraction techniques which involved
MAE, ATPE + MAE, and MA-ATPE for extraction of sola-
sonine and solamargine from leaves of S. mauritianum was
evaluated. The first technique which only involved micro-
waves, MAE, maximal extraction of solasonine and solamar-
gine was achieved when extraction was conducted for 5 min,
microwave power of 270 W, solid/liquid of 0.1 g L™!, and
an ethanol concentration of 60%. Efforts were then made to
improve extraction of both solasonine and solamargine by
applying drying agents such as CaO in the ethanol extraction
solvent. Dried ethanol was applied in two-stage extraction
(MAE + ATPE). However, the yields of solasonine and sola-
margine were observed to decrease due to possible analyte
loss of metabolites during inter-step transfer between MAE
and ATPE. Application of CaO-dried ethanol in conjunction
with the “one-pot” MA-ATPE was shown to considerably
enhance extraction of both glycoalkaloids relative to MAE
and MAE-ATPE. For instance, extraction of solamargine and
solasonine using Na,CO; in CaO-dried ethanol during MA-
ATPE was approximately threefold and twofold greater than
that of MAE + ATPE, respectively. Furthermore, extraction
of solamargine and solasonine using NaCl in CaO-dried eth-
anol during MA-ATPE was approximately twofold greater
than that of MAE + ATPE. Hence, the kosmotrope (Na,CO5)
was shown to be a relatively better extractor of solamargine
and solasonine in comparison to the chaotrope (NaCl) due
to its superior salting-out capacity in MA-ATPE. The results
suggested that MA-ATPE, a technique propelled by the syn-
ergy of microwaves and salting-out, is a promising time- and
energy-efficient method for enrichment of solamargine and
solasonine from leaves of S. mauritianum.
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Appendix

Fig.8 Experimental setup of (a)
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