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Abstract

Natural deep eutectic solvent (NADES) is an alternative to conventional solvents in polyphenol extraction. Its composition of choline
chloride combined with fructose, choline chloride with lactic acid, choline chloride with glycerol, choline chloride with propylene glycol,
and choline chloride with proline have been sucessfully set using the thermal mixing method. Choline chloride served as the hydrogen
bond acceptor (HBA), while the others acted as hydrogen bond donors (HBDs) at a mole ratio of 1:2. This study aimed to extract
polyphenols from the flowers, stalks, stems, and leaves of Spilanthes acmella, using NADESs. The extraction process was conducted by
adding 20% water to the mixture with a ratio of the sample to solvent of 1:10 (w/v), for 60 min. The extract concentration was assessed
through spectroscopic photometry using the Folin-Ciocalteu method. The result showed that the choline chloride-glycerol NADES
was the most appropriate solvent for the extraction of polyphenols from the flowers of the plant. Meanwhile, the best NADES for the
extraction from the stems, stalks, and leaves, was the mixture of choline chloride and fructose. The highest polyphenol concentration
was obtained in the stems at 2545.192 mg/L. The yield obtained in the stems, leaves, stalks, and flower were 25.452, 6.284,3.111 and
2.415 mg gallic acid equivalent/g (GAE/g), respectively. These findings suggest that NADES can be used as an eco-friendly alternative

solvent for green extraction processes of active compounds from natural materials, especially polyphenols from S. acmella.
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1 Introduction
Plants are a potential source of bioactive compounds
that are extensively utilized in various sectors, including
industry, food, and healthcare. Active compounds includ-
ing phenols, tannins, alkaloids, flavonoids, steroids, ter-
penoids, and glycosides extracted from the leaves, stems,
seeds, fruits, and other parts of plants, are mostly used in
the field of health, particularly for drug development [1, 2].
The solvent used in the extraction process needs to
posses high selectivity, safety, neutrality, ease of sepa-
ration from the target compound, low viscosity, a low
boiling point, and economical viability. Typically, the
extraction of active compounds from plants is performed
using organic solvents. The commonly used types include
hexane, ethyl acetate, chloroform, acetone, methanol,
ethanol, and dichloromethane. The application of these

compounds as solvents is attributed to the effective dis-
solving and extraction capabilities [1, 3, 4]. However,
they are often used in large quantities, leading to high
extraction costs. Organic solvents are relatively toxic,
flammable, explosive, and difficult to decompose [5-7].
The usage as a solvent presents significant safety con-
cerns, particularly in the extraction of materials used in
food products. To overcome this, a safe and environmen-
tally friendly alternative is needed.

The problems lead the developing a safe and envi-
ronmentally friendly alternative called a green solvent.
The development of green solvents started with the use
of ionic liquid (IL) to replace organic solvents. This is
a type of salt with specific physicochemical characteristics
that can be modified through the combination of various
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cations and anions [8, 9]. IL has a lower melting point
below 100 °C, and it consists of cations and anions com-
bined through intermolecular interaction, such as ionic
bonds, hydrogen bond, or van der Waals forces [9-11].
The salt has distinctive properties including low volatil-
ity, high thermal stability, and high solvation ability [12],
prompting usage in various fields such as pharmaceuticals.

IL should not be present in food products because of
their potential toxicity and composition of non-natural
materials. The high solubility of IL in water is a significant
threat to aquatic biota due to elevated stability, which hin-
ders natural degradation [13, 14]. The toxicity of the salts
arises from long-chain cation and anion components, and
the level of toxicities is too high for conventional solvents
in bacteria [13—15]. Some ILs also show harmful proper-
ties for humans and are highly toxic, hence, no longer rec-
ommended for usage [16].

As an alternative to IL, which is considered less envi-
ronmentally friendly, a new solvent called deep eutectic
solvent (DES) was adopted. It is a combination of several
compounds with melting points that are lower than that
of the constituent components. DES is prepared by com-
bining salts of quaternary ammonium (acting as hydrogen
bond acceptor, or HBA) with protic organic compounds
such as urea, amide, or carboxylic acid (serving as hydro-
gen bond donor, or HBD), connected through hydrogen
bonding [17]. The solvent is formed from the mixing and
heating of several components consisting of HBA and
HBD. In addition to being non-evaporative, non-inflam-
mable, and less toxic. DES has low vapor pressure with
high dissolving ability and thermal stability [18, 19].

DES is considered more sustainable and green than IL
because the solution is prepared using simpler and faster
procedures, requiring low heating. It is also environmen-
tally friendly and easily degrading in water. Compared to
IL, the solvent is cheaper to produce on industrial scale
and safer [9, 19].

DESs have been developed and obtained from natural
materials called NADES, natural deep eutectic solvent.
NADES supports green technology in the green chemis-
try sector with the utilization of green solvents applica-
ble in the food, pharmaceuticals, and cosmetics industries.
Furthermore, it refers to a novel variation of DES, which
is considered more "natural". This is because the eutec-
tic compound component (HBD) is obtained from primary
metabolites such as sugars, organic acids and bases [2, 20].
IL, DES, and NADES possess similar physicochemical
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characteristics such as low melting points and good dis-
solving ability for certain compounds. However, the use
of NADES is wider and considered more environmentally
friendly than conventional solvents. Some of its advan-
tages include:

1. the components have simple structure and are avail-

able on the market in the form of bulk chemicals;
2. non-volatile during the extraction process and can be
recycled;

. low energy required for preparation;
. low toxicity;
. readily decomposing;

AN L B~ W

. function similarly to organic solvents in extraction
process;
7. remains stable even when exposed to elevated
temperature;
8. and non-flammable [2].

Theutilization of NADESs for dissolving bioactive com-
pounds from natural materials have been extensively stud-
ied. Some examples of the bioactive compounds include
pectin [21], curcuminoid [22], flavonoid extraction [23, 24],
lignin [25], phenolic compounds [3, 23], and polyphe-
nol [26]. The utilization of NADESs in extracting natural
products have been limited by the extraction effectivity.
Meanwhile, its traits as a green solvent show high poten-
tial to be utilized in active compound extraction from
herbal plants. The solvent can be developed in pharma-
ceutical and cosmetic products.

Pharmaceutical products can be developed from herbal
plants such as Spilanthes acmella. This plant is also called
a medicinal plant because the roots, leaves, flowers, stems,
and stalks can be used for health purposes. The main com-
pound in S. acmella is spilanthol, occasionally adopted
for the reduction of diseases associated with pain, such
as tooth pain, and potentially stimulate salivary secre-
tion [27, 28]. The features of spilanthol include antibac-
terial, anti-microbial, antioxidant, anti-inflammatory, and
anesthetic effects [27-29].

The solvents used to extract spilanthol, are, e.g., metha-
nol [30], ethanol, supercritical CO, [31, 32] or hexane [33].
Following extraction, the compounds are subjected to
purification through TLC and/or HPLC methods [34].
Active compounds in S. acmella can also be extracted
using the soxhletation method [35]. However, the utiliza-
tion of organic compounds as solvents during the process
of extraction is currently being avoided and replaced with
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more environmentally friendly solvents. The application of
S. acmella extracts as herbal medicine should be conducted
using a natural extraction process to prevent any negative
effects. Therefore, green technology can be incorporated
into the process of extracting active compounds. The utili-
zation of NADES as a solvent, is considered safer in terms
of the process, economical, and adoption in pharmaceuti-
cal products. Some active compounds in S. acmella include
flavonoids, tannins, alkaloids, and phenol components
(polyphenols), steroid glycosides, and terpenoids [35, 36].
Polyphenol compounds have many benefits, including
antioxidant and anti-inflammatory effects. However, most
extraction processes still use organic solvents. This study
aimed to utilize NADESs with various component combi-
nations for the extraction of polyphenol compounds from
S. acmella. 1t is expected that the extract can be applied in
the pharmaceutical, medical, and food sectors.

2 Materials and instruments

The materials of S. acmella was collected from Bogor,
the region of West Java, located in Indonesia. The reagents
applied in this study include choline chloride p.a. (Merck),
fructose p.a. (Merck), lactic acid p.a. (Merck), glyc-
erol p.a. (Merck), propylene glycol p.a. (Merck), pro-
line p.a. (Merck), Folin-Ciocalteu reagent p.a. (Merck),
carbonic acid p.a. (Merck), and gallic acid p.a. (Merck).
In this context, the instrument utilized was a UV-Vis spec-
trophotometer (Shimadzu UV-1800).

2.1 Method
The study was conducted in 3 sections, namely sam-
ple preparation, NADESs preparation, and polyphenol
extraction.

2.2 Sample preparation

The sample examined in this investigation was S. acmella,
the various parts of which, including the stem, leaf, flower,
and stalks were separated. The sample was dried at room
temperature for a week without exposure to sunlight,
before finely chopped and placed in plastic containers.
Finally, the dried sample was stored at room temperature
until further usage.

2.3 Preparation of NADESs

NADESs were mixed using a specific mole ratio of HBA and
HBD. The choline chloride-based HBA compound was used
with varied HBD compounds. It was important to acknowl-
edge that the HBA mole comparison with HBD was 1:2.

In this study, the HBD compounds included fructose, lactic
acid, glycerol, propylene glycol, and proline. The prepara-
tion of NADESs comprised heating the mixtures contain-
ing solids and liquids, as well as solid-solid combinations,
at a temperature of 150 °C while maintaining continuous
stirring at 1400 rpm. The stirring process was conducted for
a period ranging from 30 to 120 min until a clear solution
was achieved [37]. Finally, the mixture was allowed to cool
until room temperature was reached.

2.4 Extraction of active substance in S. acmella using
NADES

The active substance from S. acmella was extracted by
combining 1 g of dried sample with 10 mL of NADES
in a glass beaker. Subsequently, stirring was conducted
at 120 rpm and room temperature for 60 min. The super-
natant was obtained by filtering the mixture through fil-
ter paper. Finally, the extracts were chemically analyzed
using a spectrophotometer.

2.5 Determination of total phenolic content

The Folin-Ciocalteu method [38] was used to examine the
overall content of phenols in the extract from S. acmella
which was combined with distilled water in a ratio of 1:50 to
form a solution. A total of 2 mL of Na,CO, 7.5% (w/v) was
mixed with a combination of 500 puL extract and 2.5 mL of
Folin-Ciocalteu reagent at a ratio of 1:10. The solution was
allowed to incubate for 2 h at room temperature in a dark
room. Subsequently, absorption was determined at a wave-
length of 760 nm using a UV-Vis spectroscophotometer,
by transferring 200 pL of the solution into a cuvet. Finally,
gallic acid of 0-50 mg/L was applied to the standard solu-
tion and the yield was expressed in milligrams of gallic
acid equivalent (GAE) per gram dried mass.

3 Result and discussion

3.1 Preparation of NADESs

Temperature, the ratio of solvent to liquid, and the extraction
technique, as well as the physicochemical characteristics of
the solvent utilized, contributed to the extraction capacity
of phenolic compounds from botanical extracts. The phys-
icochemical characteristics, including viscosity, polarity,
physicochemical interactions, and solubility, were influ-
enced by the chemical composition of the NADES com-
pounds [2, 39, 40]. Furthermore, the process of extract-
ing natural substances from food matrices are influenced
by viscosity, polarity, density, and pH conditions, which
were characterized as primary characteristics [8]. It was



important to acknowledge that NADESs within the scope
of this study, were synthesized from HBD compounds
sourced from fructose (carbohydrate group—sugars), lac-
tic acid (organic acid group), glycerol (polyalcohol group),
propylene glycol (polyalcohol group), and proline (amino
acid group), as well as HBA compounds derived from cho-
line chloride, at mole ratio of 1:2. This process required
20% water to produce a clear NADESs and reduce the vis-
cosity of the solution formed [14, 39, 41]. At room tempera-
ture, the resulting solvent formed a clear liquid solution,
as detailed in Fig. 1.

NADESs were prepared using choline chloride as the
HBA compound to enhance modification in terms of pH,
viscosity, and polarity. This adaptability makes it suitable
for various applications, including pharmaceuticals, food,
and cosmetics [2, 42]. However, the resulting solvent had
a weakness due to higher viscosity in contrast to water and
other organic solvents [43]. The high viscosity of NADES
is a major drawback in its industrial-scale applica-
tions [41, 44]. During the preparation process of this study,
there was an additional 20% of water (w/w) to decrease the
viscosity, thereby aiding the extraction process.

Introducing water as an additional constituent in the sys-
tem can adjust the characteristics of NADES to enhance
the extraction of various chemicals and substances, partic-
ularly for applications in food testing [8]. According to Dai
et al. [45], adding water to the solution led to a reduction in
the viscosity of the solvent and a weakening of the hydro-
gen bond interactions among the constituents. However, the
dilution below 50% usually does not cause matrix inter-
ference in any of the components. As mentioned by Mitar
et al. [46], Ivanovi¢ et al. [41], and Pires et al. [44], the vis-
cosity and density of the NADES can be decreased by adding
water to the solution. However, this needs to be done care-
fully because too much water can disrupt hydrogen bonding

Fig. 1 The NADESs based on (a) choline chloride-fructose; (b) choline
chloride-lactic acid; (c) choline chloride-glycerol; (d) choline chloride-

propylene glycol; (e) choline chloride-proline
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and eliminate eutectic properties. The addition of water typ-
ically ranges from 20% — 40% (w/w), hence, approximately
20% was added in this study. Rosarina et al. [22] stated that
the water addition to the solvent constituted of choline chlo-
ride-lactic acid (1:2) provided an increased curcuminoid
yield from 25% to 35% (w/w). Table 1 presents the char-
acteristics of synthesized NADESs and the mole ratio used.

The properties of the synthesized NADESs such as
the polarity and the affinity of extraction can be modi-
fied by adjusting the molar ratio of their constituents [5].
Cao et al. [47] stated that the ability of NADES to dis-
solve target compounds can be modified by adjusting the
type of NADES constituents, as well as the molar ratio of
the components and the water content. The molar com-
parison of HBA and HBD affects the properties of the sol-
vent produced. Therefore, a 1:2 mole ratio of HBA to HBD
was adopted. Similar comparisons have also been made by
Islamcevi¢ Razborsek et al. [40], indicating that NADES
derived from choline chloride and lactic acid at a mole
ratio of 1:2 led to an increased extraction yield in con-
trast to 1:1. This occurred due to the utilization of NADES
derived from choline chloride and lactic acid (1:2), which
had a lower viscosity and higher polarity, leading to bet-
ter extraction compared to the ratio of 1:1 [48]. A simi-
lar comparison was also conducted on phenolic extraction
from peppermint Juri¢ et al. [49] who showed the best
extraction efficiency yields.

3.2 Polyphenol extraction from S. acmella
The prepared NADESs were used for extracting polyphe-
nol compounds from the stems, stalks, leaves, and flowers
of S. acmella, presented in Fig. 2. The resulting extract
had a distinctive color, as detailed in Fig. 3.

The levels of polyphenols in extracts of flowers, stalks,
leaves, and stems were analyzed using the Folin-Ciocalteu
method with gallic acid as the control substance. Table 2
summarizes the results of the polyphenol component
extraction from the plant using the developed NADESs.

Table 2 shows that ChCI-Fr was the best solvent for
extracting polyphenolic compounds from the stalks,
leaves, and stems of S. acmella. Meanwhile, on the flower
part, the best solvent is ChCl-Gly. The highest concentra-
tion of polyphenols of 2545.192 mg/L was observed to be
extracted from the stems of S. acmella. The application
of NADES as a solvent used to extract polyphenol was
compared with conventional solvents in a previous study.
Islaméevi¢ Razborsek et al. [40] show that NADES based
on choline chloride had higher extraction capabilities than
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Table 1 NADESs studied and their characteristics

Components
Type of NADESs Abbreviation Mole ratio Visual
HBA HBD
Fructose
HO-CH, o CH,-OH
. Clear colorless liquid,
NADES 1 HO ChCl-Fr 1:2 transparent, slightly thick
OH
OH
Lactic acid
2 Cl lorless liquid.
. ear colorless liquid,
NADES 2 HiC j)’L OH ChCl-LA 12 transparent, slightly thick
. . OH
Choline chloride Glycerol
HO/\/NJ< o Clear colorless liquid
NADES 3 cr HsC j)k OH ChCl-Gly 12 transparent, slightly thick
OH
Propylene glycol o
NADES 4 OH ChCI-PG 12 Cleasfi;’llt‘l’;et‘}iﬁli“ld’
HO\)\/OH
Proline
O . .
NADES 5 ChCl-Pro 12 Clear (':olorless. liquid,
slightly thick
OH
NH

(c) (d)

Fig. 2 The parts of the S. acmella extracted with NADES: (a) flowers;
(b) stalks; (c) stems; (d) leaves

conventional methanolic extraction (with 80% MeOH).
According to Chu et al. [50], the extraction efficiency of
polyphenols using NADES was 1.68 times greater than
70% ethanol. Similarly, Gomez-Urios et al. [51] stated that
the solvent had greater extraction yields than 50% (v/v)
ethanol. For these reasons, NADES has great potential that
can be utilized in the extraction of polyphenols.

The result of the extraction of polyphenolic compounds
in S. acmella was quantified in milligrams of gallic acid
equivalent (GAE) per gram of the dried extract, as pre-
sented in Fig. 4. The term "extraction yield" refers to the

Fig. 3 The results of polyphenol extracts in NADES based on choline

chloride and fructose: (a) leaves; (b) stems; (c) stalks; (d) flowers

Table 2 Polyphenol concentrations in NADES

Polyphenol concentrations (mg/L)

Solvents

Flowers Stalks Leaves Stems
ChCI-Fr 205.288 311.058 628.365 2545.192
ChCI-LA 68.796 81.759 77.593 154.907
ChCI-Gly 241.509 187.736 422.170 258.019
ChCI-PG 90.566 68.811 144.340 91.038
ChCl-Pro 175.000 84.722 480.556 40.741

levels of polyphenolic compounds extracted using the sol-
vent. NADESs based on choline chloride with variations



of HBD among others fructose, lactic acid, glycerol, pro-
pylene glycol, or proline were utilized for the extraction
process. Results showed that the yield of the extraction in
case of the flower of the S. acmella was 2.053 mg GAE/g,
0.688 mg GAE/g, 2.415 mg GAE/g, 0.906 mg GAE/g, and
1.750 mg GAE/g, respectively. This suggested ChCl-
Gly as the best solvent for polyphenol extraction from
S. acmella flower, with the yield being 2.415 mg GAE/g
extract. The extraction efficiency of S. acmella flower
was obtained using NADESs in the sequence ChCI-Gly >
ChClI-Fr > ChCl-Pro > ChCI-PG > ChCI-LA.

ChCl-Fr showed superior effectiveness compared to oth-
ers, in extracting polyphenol compounds from the stalks,
leaves, and stems of S. acmella. The highest polyphenol yield
in the stalks was 3.111 mg GAE/g dry extract. The polyphe-
nol extraction efficiency of S. acmella stalks was ChCl-Fr >
ChCI-Gly > ChCl-Pro > ChCI-PG > ChCI-LA.

In the leaves of S. acmella, the optimum polyphe-
nol yield that can be extracted was 6.284 mg GAE/g
dry extract. This was achieved using NADESs, char-
acterized by ChCl-Fr > ChCI-Pro > ChCI-Gly >
ChCI-PG > ChCI-LA. The extraction yield of polyphe-
nol from the stems was much higher than from other
parts of S. acmella, reaching 25.452 mg GAE/g dry
extract. The order of effectiveness of extracting poly-
phenols from the stems using NADESs was ChCl-Fr >
ChClI-Gly > ChCI-LA > ChCI-PG > ChCl-Pro. The excel-
lent performance of NADES may be attributed to the
hydrophilic nature of the phenolic compounds, which
enhances the polarity of choline chloride as well as
of sugars, polyalcohols, and organic acids. The high
extraction ability of the solvent was associated with the
interaction of hydrogen bonding between NADES mol-
ecules and polyphenolic compounds [52]. The extract
derived from NADES 1 (ChCI-Fr) had the highest con-
centrations of polyphenols. This was in line with the
study conducted by Islamcevi¢ Razborsek et al. [40] on
the extraction of polyphenols from chokeberry (Aronia
melanocarpa). The polyphenol extraction yield from
S. acmella flower was 2.415 mg GAE/g. The order of
extraction efficiency of polyphenols from the flower
of S. acmella with the formulations with choline chlo-
ride was glycerol > fructose > proline > propylene gly-
col > lactic acid. Therefore, the most effective solvent for
extracting polyphenols from the stalks, stems, and leaves
of S. acmella is NADES 1, which is composed of choline
chloride and fructose. Meanwhile, NADES 3 (ChCI-Gly)
was positioned as the optimal solvent for polyphenol
extraction from the flower of S. acmella.
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The ability of NADES to extract polyphenols was influ-
enced by several factors, including polarity, viscosity, sol-
ubility, and physicochemical interactions, in particular
hydrogen bonds between the solvent and the active com-
pound [53]. Phenolic compunds are secondary metabo-
lites of plants, consisting of a phenol structure of aromatic
rings with one or more hydroxyl groups (—OH) [39, 54].
The highest levels of polyphenols were discovered in the
stems of the S. acmella, in the order ChCl-Fr > ChCI-Gly >
ChCI-LA> ChCI-PG > ChCl-Pro. This can be explained by
the theory of "like dissolves like", where polar compounds
dissolve well in polar solvents and vice versa. Polyphenols
are phenolic compounds possess OH groups, hence, they
are polar compounds. Among the 5 HBDs used, proline
was the compound with the lowest polarity. It is essential
to recognize that the extraction ability of ChCI-Pro was the
lowest. Furthermore, since glycerol was more polar than
propylene glycol, the polyphenol extraction ability of ChCl-
Gly was greater than that of ChCI-PG and ChCl-Pro. This
polarity factor majorly influences the extraction ability of
active compounds, as stated by Mohd Fuad et al. [55] and
Meenu et al. [56]. However, the extraction of polyphenols
from plants using NADESs is a complicated process influ-
enced by several factors, such as polarity, H-bond interac-
tion, temperature, solid/liquid ratio, addition of water, and
viscosity [54, 57]. Results showed that the highest polyphe-
nol extraction ability was in ChCI-Fr. This is possibly due
to hydrogen bond interactions. As observed, fructose has
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