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Abstract: Curcuminoids can be successfully extracted from Curcuma zedoaria using
natural deep eutectic solvents (NADES) as extraction solvents. However, a mixture of
extracted curcuminoids, NADES, and impurities from C. zedoaria was obtained as a
slurry at the end of the extraction process. Therefore, further separation and purification
were required to obtain the extracted compound in high purity. Herein, two purification
methods based on classical column chromatography (CCC) and solid-phase extraction
(SPE), were evaluated for the purification of curcuminoids from NADES matrices after
extraction. Choline chloride-malic acid-water (CCMA-H,0) and choline chloride—citric
acid-water (CCCA-H,0) in the molar ratio of 1:1:18 were selected as NADES matrices
due to their high solubility and stabilization capability for curcuminoids. Ethanol-
conditioned silica gel (60-200 ym) was applied as the bed resin for CCC, and a Cis
cartridge was used for SPE. Acetonitrile/0.1% acetic acid, water/0.1% acetic acid, and iso-
propanol/0.1% acetic acid were used as mobile phases for CCC. For SPE, methanol/0.05%
acetic acid and water/0.05% acetic acid were applied in the conditioning step,
water/0.05% acetic acid in the washing step, and methanol/acetonitrile (1:1) in the
eluting step. The SPE method produced higher recovery of curcuminoids from the CCCA-
H,0 and CCMA-H,0 matrices (75.27% and 73.40%, respectively) compared to CCC
(51.9% and 61.0%, respectively). After removing the NADES constituents from the crude
extract of curcuminoids, recrystallization was attempted.
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m INTRODUCTION

Natural deep eutectic solvents (NADES) have

chemicals containing organic cations and either organic
or inorganic anions. Meanwhile, DES are mixtures of salts

attracted a great deal of attention since their first
introduction in the third quarter of 2011 [1]. The NADES
consist of a solution mixture of primary metabolites of
hydrogen-bond acceptor (HBA) and hydrogen-bond
donor (HBD) compounds such as sugars, organic acids,
amino acids, and polyalcohol, which, in certain
proportions, can act as a solvent for solubilizing, storing,
or even transporting non-water-soluble compounds in
organisms [1].

The concept of NADES is similar to that of ionic
liquids (ILs) and deep eutectic solvents (DES). Ionic
liquids are made of high purity synthetic organic

and/or organic compounds that, in certain proportions,
can result in the formation of a liquid with entirely new
properties that differ completely from those of the pure
constituents. The DES can be readily prepared by mixing
an HBA and an HBD compounds such as choline
chloride and an organic acid, respectively, in eutectic
proportion. For instance, mixtures of choline chloride
and organic acids such as oxalic, malonic, and succinic
acids were introduced in 2001 by Abbot [2]. The same
group also reported other combinations of chemical
compounds for DES in 2003 [2]. Another DES was
prepared by combining choline chloride with alcohol
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[3]. As environmentally friendly solvents, NADES offer
various advantageous over DES, especially for food,
cosmetic, and pharmaceutical applications.

The solubilizing capacity of various NADES
including proline/malic acid (PMH), sucrose-choline
chloride,

chloride, 1,2-propanediol-choline chloride, fructose-

glucose—choline chloride, sorbitol-choline
glucose-sucrose, and glucose-acid lactate (LGH) for a
wide range of compounds was explored by Dai [4]. The
non-water-soluble compounds such as gluten, starch,
DNA, cinnamic acid, carthamin, quercetin, and rutin
proved to be soluble in NADES as well as in
macromolecules including proteins and polysaccharides.
Their solubility in NADES was substantially higher than
that in water. Apart from carthamin, NADES also showed
high solubilizing power for other phenolic metabolites in
Carthamus tinctorius L., i.e., cartormin [5]. Cartormin
and carthamin exhibited the highest solubility in PMH
and LGH, and both metabolites were highly stable in
sugar-based NADES when exposed to light, high
[3-4]. The
extraction of other phenolic compounds using NADES as

temperatures, and long storage times

a solvent was also reported, e.g., curcuminoids from
[7_8])
polyphenolics from food by-products such as olive [9]

Curcuma longa [6] and from C. zedoaria
and grape pomace [10], hydroxycinnamic acid and
flavonoids from Moringa oleifera [11], phenylpropanoids
and flavonoids from Lippia citriodora [12], and other
polyphenolic compounds from peppermint (Mentha
piperita) leaves and dried lemon balm (Melissa officinalis)
leaves [13]. The nature and chemical structure of the
phenolic compounds were found to affect the extraction
parameters. Most phenolic compounds are extracted in
high yields when using acidic NADES containing organic
acids, since the extraction in aqueous solution is
quantitative at pH < pK. for neutral phenolic compounds.

Curcuminoids in Curcuma sp., which include
curcumin (CUR), desmethoxycurcumin (DMC), and
(BDMC),
bioactive applications such as anti-inflammatory [14],

bisdemethoxycurcumin have numerous
antioxidant [14], anticarcinogenic [14-15], antibacterial
[14], and antiinfection [14]. Curcuminoids can be

extracted from C. longa, C. xanthorrhiza, and C. zedoaria.

In particular, the curcuminoid content in C. longa and
C. zedoaria, which belongs to the Zingiberaceae or ginger
family, is 3-5 wt.% and 6-16 wt.%, respectively [14].
Unfortunately, to date, the use of curcuminoids as a
medicinal compound is still quite limited, even though
CUR has been reported to be safe for consumption up to
the dose of 8 g/day [14]. It should be noted that the
solubility of curcuminoids in water is low, i.e. 4 ppb
(4 ug/L) at pH = 7.3 [14] or only 3.107® M as reported by
Tonnensen [16], which limits their bioavailability. In
this regard, the use of NADES as water-based
environmentally friendly solvents constitutes an
interesting alternative for overcoming the low solubility
of CUR in water [7-8]. The application of NADES in the
extraction of curcuminoids from C. zedoaria has been
reported [7]. Eleven different types of NADES were
evaluated, and all of them showed a high solubilizing
capacity for CUR at 40 °C within 24 h of extraction time.
Their capacity was higher than that of common organic
solvents such as methanol (MeOH), ethanol (EtOH),
and water [7]. The curcuminoid yields were 0.269, 0.163,
0.124, 0.131, and 0.14 mg/g for fructose-glucose-water
(FG-H,O0, 1:1:7), citric acid-sucrose-water (CAS-H,O,
1:2:15 and 1:2:79), and malic acid-sucrose-water (MAS-
HO, 1: 1:11 and 1:1:18), respectively. The solubility of
curcuminoids in NADES was further enhanced by
lowering the viscosity of NADES, which was achieved by
varying the water content (up to 70 wt.%) in CAS-H,O
and MAS-HO [8]. It was shown that the solubility of
curcuminoids in these NADES was not affected by the
water content but by the constituents of NADES [6,8].
For the
curcuminoids from Curcuma sp., a batch stirrer

extraction of polyphenolics and
extractor is commonly used [6-8,18]. In these systems, at
the end of the extraction process, mixtures of extracted
curcuminoids, NADES, and powder materials are
obtained in the form of a slurry. This is also the case
when using nonconventional methods of extraction
such as microwave-assisted extraction, ultrasound-
assisted extraction [18-19], and high pressurized liquid
extraction [20-21]. Hence, separation and purification
processes are required after the extraction, especially to
obtain a high purity grade of the extracted compounds.
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Despite the extensive research on the application of
NADES as solvents for the extraction of bioactive
compounds, the development of an efficient separation
method to purify the desired compounds, such as
curcuminoids, from the NADES matrix after extraction is
still required. Generally, the obtained extract is directly
analyzed by  either  high-performance liquid
chromatography or UV-vis spectrophotometry. Herein,
two purification methods based on classical column
chromatography (CCC) and solid-phase extraction (SPE)
are developed for the purification of curcuminoids from
the NADES matrix after extraction. Choline chloride-
malic acid-water (CCMA-H,0) or choline chloride-
citric acid-water (CCCA-H,0) in the ratio of 1:1:18 were
selected as NADES models due to their high solubility and
stabilization capability for curcuminoids [7-8]. Moreover,
NADES based on choline chloride and organic acids are

reported to be less toxic and biodegradable [2].

m EXPERIMENTAL SECTION
Materials

Synthetic curcuminoids and analytical grade
solvents of high purity such as glacial acetic acid (HOAc),
n-hexane, dichloromethane (DCM), chloroform (CHCL;),
acetonitrile (MeCN), ethanol (EtOH), iso-propanol
(IPA), and methanol (MeOH) were commercially
purchased from Merck (Darmstadt, Germany). The
synthetic curcuminoids were used as the standard for
quantitative analysis. The individual component of
NADES that consists of choline chloride (CC) and malic
acid (MA), were purchased from Sigma Aldrich (St. Louis,
MO, USA). Food-grade citric acid (CA) was purchased
from the Surabaya local market (Gajah, Jakarta, Indonesia)
while buffer solution (pH = 2.0) was purchased from
Mediss (India). Filter paper (no. 589/2) with a pore size of
4-12 pum was purchased from Whatman (Germany). For
the column chromatography, silica gel 60 A (52-73 A),
70-230 mesh, with a particle size of 63-200 pm was
purchased from Merck (Darmstadt, Germany). A silica
gel plate 60 F 254 with a size of 20 x 20 cm (Merck,
Darmstadt, Germany) was used for qualitative analysis by
thin layer chromatography (TLC), and the cartridge for
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SPE, Hypersep Cis 500 mg/2.8 mL, was purchased from
Thermo Fisher Scientific (USA).

Instrumentation

The instruments used were spectrophotometer
UV-vis T-60 (PG Instrument, Leicestershire, UK),
analytical balance (OHAUSS), and vacuum pump
(Chem-Tech, USA).

Procedure

Sample preparation

All the NADES used in this study were prepared
according to a previously reported method [8]. To
mimic a CUR extract, an artificial sample was prepared
by dissolving curcuminoids in NADES with a solvent
ratio (S/F) of 5/10 mL NADES/mg
curcuminoids. As much as 10 £ 0.1 mg of curcuminoids

per feed

was used for the CCC purification method, whereas 3 £
0.1 mg curcuminoids was used for the SPE method
because the maximum loading capacity of the SPE
cartridge is 2.8 mL. The mixture was magnetically stirred
at 40 °C until all the curcuminoids were well dissolved.
The standard sample of curcuminoids was used in both
the CCMA-H,0O and CCCA-H,O at a molar ratio of
1:1:18.

Quantitative analysis of curcuminoids by UV-vis
spectrophotometry

The curcuminoids were quantitatively analyzed
using UV-vis spectrophotometer. Briefly, 100 pL of
sample was accurately diluted into MeOH/3% HOAc to
obtain a volume of 2 mL. The pH was adjusted at 1.8-2.0
using a pH = 2 buffer solution. Then, the sample was
subjected to UV-vis analysis at 420 nm (Ama). The
obtained values of absorbance were then converted to
curcuminoids concentration via a previously prepared
calibration curve. The recovery of curcuminoids was
calculated as the amount of obtained curcuminoids
divided by the initial weight of the powder of C. zedoaria.

Prior to the
curcuminoids, a calibration curve of curcuminoids was

quantitative  calculation of

prepared. Seven solutions of curcuminoids with
concentrations of 1, 2, 3,4, 5, 6, and 7 ppm were prepared
in serial dilutions [22]. A mixture of MeOH/HOAc
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(99:1, v/v) was used as a dilution solvent. Each sample was
kept at pH = 1.8-2.0 using the buffer solution. As much as
1 mg of curcuminoid standard was precisely weighed and
dissolved into 10 mL NADES of CCMA-H,O (1:1:18) or
CCCA-H,O (1:1:18),
concentration was set at 100 ppm (100 mg/L), and the

in a volumetric flask. The

absorbance of each sample was subsequently measured in
triplicates. The limit of detection (LOD) and the limit of
quantification (LOQ) were also calculated for each
calibration curve [22].

Curcuminoids purification using the classical column
chromatography method

The silica gel used as the stationary phase was
poured into a glass column of 2 cm in diameter. At first,
the column was conditioned by eluting MeOH through
the silica bed, followed by closing the top of the column
using cotton wetted with MeOH and allowing the system
to stand for hours. The polarity of the silica was increased
in the presence of MeOH. Thus, the polar constituents of
NADES (CC, CA, and MA) were easily separated from the
sample.

An artificial curcuminoids sample containing 10 mg
of curcuminoids in 5 mL NADES (S/F ratio = 5/10) was
then loaded into the column. The NADES constituents
were retained in the silica. Initially, 25 mL of MeCN/0.1%
HOAc (v/v) was eluted four times, obtaining four
fractions for each solvent mixture. By adding HOAc in the
mobile phase, an acidic eluent was generated. Afterwards,
H,0/0.1% HOAc (v/v), and IPA/0.1% HOAc (v/v) were
sequentially eluted. Each mobile phase mixture was eluted
four times, producing a total volume of 100 mL. The
process was repeated twice for each NADES, namely,
CCMA-H,0 (1:1:18) and CCCA-H,0 (1:1:18).

Curcuminoids purification using the solid-phase
extraction method

The SPE method was selected to enhance the
recovery of curcuminoids. A less polar cartridge type (Cis)
was used to separate the NADES matrix from the sample.
The hydrophilic tail of the silica backbone in the SPE
cartridge was modified using Cs—Cis cartridges. The SPE
cartridge polarity was relatively lower than that of the
silica gel in the CCC method. A reverse approach of
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separation was applied in the SPE method compared
with the CCC method.

The purification of curcuminoids by SPE
comprised of four steps which include conditioning,
loading, washing, and eluting, using different mobile
phase mixtures in each step. For the elution process, 1.5
mL of mobile phase was used. A mixture of
MeOH/0.05% HOAc (v/v) and H,0/0.05% HOAc (v/v)
was subsequently eluted using an SPE Hypersep Cis
cartridge during the conditioning step. At the loading
stage, 1.5 mL of the sample containing NADES and
curcuminoids (solid/fluids ratio of 5 g/10 mL) was
poured into the cartridge. Then, a mixture of H;0/0.05%
HOACc (v/v) was used during the washing stage, and 1
mL of an MeOH/MeCN (1:1, v/v) solution was
eluted to
curcuminoids in the cartridge. In the eluting step, 3 mL
of the MeOH/MeCN (1:1, v/v) solution was eluted. The
obtained purified extract from the successive solvent

subsequently extract the remaining

extraction was evaporated using N,. The dried
curcuminoids residue was precisely weighed, and the
recoveries were calculated. This process was performed
in triplicates for each NADES.

Qualitative analysis of curcuminoids by TLC

To monitor the progress of curcuminoids
purification by CCC, the TLC analysis was performed.
The qualitative analysis was conducted using
DCM/MeOH (95:5, v/v) as the mobile phase [23]. The
spots were observed under UV light at 365 nm. The
visualized spots were marked, and the retardation factor
(Rf) was calculated.

m  RESULTS AND DISCUSSION

Prior to conducting purification processes of
curcuminoids from NADES matrices; for quantitative
purposes, the following calibration curves were produced:
y =0.125x — 0.058 (R*=0.99) and y = 0.108x — 0.056 (R*
= 0.99) for CCMA-H,O (1:1:18) and CCCA-H,O
(1:1:18), respectively (Fig. 1). The LOD and LOQ were
also calculated, and the results are shown in Table 1.

In CUR, the keto-enol tautomeric equilibrium
occurs due to the presence of a hydroxyl (-OH) groups in
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Table 1. Limit of detection (LOD) and limit of quantification (LOQ) for the NADES CCMA-H,O (1:1:18) and CCCA-

H,O (1:1:18)
Limit of detection Limit of quantification
Type of NADES
P (LOD, ppm) (LOQ, ppm)
CCMA-H;O0 (1:1:18) 0.862 2.613
CCCA-HO (1:1:18) 2.719 8.239
1
J *
[ S W r
goe . Eos *
: | : ,
=] + =] -
24 & S04 .
< =,
r. ."-
0.2 . 0.2 ~ )
y = 0.125% - 0.058 e y = 0. 108 — 0.056
. Re=0.99 0 Re=0.55
0 0 - - - - - - - - - i
01 2 3 4 5 & 7 & 8% 10 01 2 3 4 5 & 7 & & 10

Conc. of curcuminoids standard (ppm)

Conc. of curcuminoids standard (ppm)

Fig 1. Calibration curves of curcuminoids in NADES matrices: (a) CCMA-H,O (1:1:18) and (b) CCCA-H,O (1:1:18)

the alkene moiety (C=C) of CUR. The keto form of CUR
is more frequently found in the solid phase than the liquid
phase, whereas the enol form is predominantly observed
in the liquid phase or in solution [24]. The keto form is
thermodynamically more stable than the enol form by
48 kJ/mol due to the presence of C-H, C-C, and C=0
bonds [25], whereas the enol structure has C=C, C-0, and
O-H bonds [25]. However, the enol tautomer can be
stabilized by hydrogen bonds. Moreover, the keto form of
CUR is barely influenced by changes in the pH or the
temperature. Thus, CUR in the solid phase is more stable
and can be stored for a longer time than in the liquid
phase. Consequently, it is more convenient to store the
extracted curcuminoids from the NADES matrix in the
solid phase.

Recrystallization has been previously attempted to
extract curcuminoids directly from the NADES matrix
(CCMA-H,O = 1:1:18 or CCCA-H;0 = 1:1:18), by using
different volumes or molar ratios of iso-propanol/n-
hexane (1:1, 1:1.5, 1:2, 2:1, or 2.5:1) as recrystallization
solvents [26]. Iso-propanol (IPA) was used due to its
solubilization capability for curcuminoids, and n-hexane

was used as an antisolvent to induce precipitation [26-
27]. However, due to the presence of NADES
constituents (CC, CA, and MA), a homogenous mixture
of curcuminoids, NADES, and IPA was observed, and
attempts to perform the recrystallization failed [26].
Since CC-1,2-propanediol was reported to form a
NADES [5], a CC-CA-IPA-H,O mixture could be
expected to form a new NADES mixture. Yadav [29]
successfully recrystallized CUR using an artificial sample
of a CUR crystalline standard dissolved in EtOH from
IPA-n-hexane (1:5, v/v) at 30 °C, obtaining amorphous
CUR. Consequently, NADES constituents should be
removed first before the crystallization step of
curcuminoids to eliminate the compounds that interfere
with the crystallization process. To achieve this, we used
the CCC and SPE methods, in which the flexibility in
selecting both stationary and mobile phases of eluent
mixtures enables an easy tuning of the polarity of the
purification method for different types of NADES.

Purification Using the CCC Method

We started our investigation by evaluating the
CCC method for the separation of curcuminoids from
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the NADES constituents, namely, CC, CA, and MA. The
stationary phase was highly polar due to the presence of
oxygen atoms in the silica gel. By adding HOAc to the
mobile phase of CCC, an acidic eluent was generated.
Curcuminoids are in the keto form at pH = 3-7 [16,24]
and have relatively low polarity [23]. In acidic condition,
the polarity of curcuminoids is low, and their solubility in
MeCN is greater. Accordingly, curcuminoids were
quantitively detected to be present in the first four
extracts, i.e. 19-4" fractions (Table 2), indicating that
curcuminoids were successfully eluted with MeCN/0.1%
HOACc (v/v) as the first mobile phase in acidic condition.
When the second mobile phase of H,0/0.1% HOAc
(v/v) was eluted, some curcuminoids were observed in the
5h_8% fractions for CCCA-H,O (1:1:18). However, for
CCMA-H,0 (1:1:18), no curcuminoids were observed in

the 8™ fraction, and relatively low curcuminoid content
was found in the 7% fraction (Table 2). This is
presumably because CA has three carbonyl groups (pKa,
= 3.13, pKa, = 4.76, and pKa; = 6.39), whereas MA only
has two carbonyl groups (pKa, = 3.40 and pKa, = 5.20);
consequently, curcuminoids would form more
hydrogen bonds with CCCA-H,O than with CCMA-
H,O. Therefore, more volume of the mobile phase was
required to disrupt the hydrogen bonds and to remove
the curcuminoids from the NADES matrix.

When IPA/0.1% HOAc (v/v) was eluted, no
curcuminoids were obtained. All the curcuminoids
were, presumably, already eluted out, or the content of
purified curcuminoids was below both the LOD and the
LOQ. From the CCCA-H,0 and CCMA-H,0 matrices,
5.19 + 0.054 mg and 6.10 + 0.242 mg of curcuminoids

Table 2. Amount of curcuminoids in each fraction of column chromatography purification method

Retardation Factor (Ry)*

Type of NADES Fraction C DMC BDMC Curcuminoids
0.89 0.71 0.53 (mg)
1% - - - -
2% + ++ ++ 1.21 £ 0.004
gt o . + 1.67 +0.021
Ao " . 4 + 1.00 +0.013
. . + + - 0.17 + 0.003
- N . . 0.97 + 0.011
- N : . 0.11 + 0.001
- N ] - 0.06 + 0.001
9124 ; ; ; ;
Total Curcuminoids 5.19 £ 0.054
(recovery) (51.9%)
1* - - - B
o* + ++ ++ 1.40 +£ 0.045
3* T+ ++ ++ 1.27 £ 0.031
n . ++ + 1.05 + 0.088
CC(I;;&IAH;ZO . - ++ + 1.38 + 0.020
- N + - 0.95 + 0.057
- N ; - 0.05 % 0.001
g** _ - - -
9124+ - - - -
Total Curcuminoids 6.10 £ 0.242
(recovery) (61.0%)

*Eluent: MeCN/0.1% HOAc (v/v); **Eluent: H20/0.1% HOAc (v/v); and ***Eluent: IPA/0.1% HOAc (v/v)
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were recovered, respectively, indicating that 51.9% and
61.0% of curcuminoids were recovered by the CCC
purification method.

The obtained recovery of curcuminoids was higher
than that reported by Kulkarni [28], in which a CCC with
silica gel as a bed resin was used to purify an extract of
crude curcuminoids from turmeric, C. longa L. A mixture
of CHCl;/MeOH was used as an eluent, starting with a
95:5 ratio and increasing the MeOH content to increase
the polarity. The recovery of 5.6% (from 0.34 g of purified
extract) was achieved.

The CCC method was previously used by Revathy to
purify a crude extract of curcuminoids that was obtained
after precipitating with petroleum ether in an acetone
extract [29]. Silica gel was also used as a bed resin,
producing 95 fractions of 40 mL each. The recovery of
CUR was 84%, which was mostly purified at the initial
fractions (ca. 1-31). The CHCl:/MeOH mixture with
different volume compositions was applied to enhance
the polarity. The obtained recovery of CUR was higher
because the initial extract was relatively pure and soluble
in acetone, a less polar solvent. The CUR is less polar than
BDMC and DMC (the two other curcuminoids in
Curcuma) [16,23], with BDMC being the most polar
[23,29]. Therefore, a high proportion of CHCl; was used
at the initial stage of elution, i.e., CHCls/MeOH (19:1,
v/v). In the work of Revathy [29], no polar compounds
accompanied the crude extract of curcuminoids as
impurities. Hence, a different separation approach based
on CCC was applied, reaching higher recovery of CUR.

Heffernan [30] also applied the CCC method for the
purification of curcuminoids from the remaining mother
liquor of crystallization. The mixture of CHCl;/MeOH
was also used as a mobile phase. The pure CUR was
successfully obtained when chloroform was eluted into the
CCC. Upon increasing the methanol ratio in the eluent,
DMC was identified in the purified extract. Finally, BDMC
was obtained when the CHCl;/MeOH mixture with the
ratio of 7:8 (v/v) was applied [28], which further confirms
the higher polarity of BDMC compared with CUR and
DMC. In the reports by Revathy [29] and Heffernan [30],
CUR was eluted first using a less polar solvent, and the
polarity of the mobile phase was subsequently increased

Indones. J. Chem., 2021, 21 (4), 806 - 815

to elute DMC and BDMC consecutively. As in the case
of Revathy [29] and Heffernan [30], in the present study,
curcuminoids were first eluted using MeCN/0.1%
HOACc. By increasing the polarity of the mobile phase
using water and isopropanol instead of MeCN,
impurities such as the NADES constituents that were
retained in the column were then washed out.

Purification Using the SPE Method

Curcuminoids are expected to be retained on the
Cis SPE cartridge because of their low polarity. In the
contrary, water and the NADES constituents (CC, CA,
and MA) can be expected to elute first. Therefore, the
mobile phase was first used to wash out all the NADES
constituents from the cartridge. Subsequently, another
eluent was used to elute the target curcuminoids, which
were then separated from NADES.

Initially, the cartridge was conditioned using 1.5 mL
MeOH/0.05% HOAc (v/v) and 1.5 mL H,0/0.05%
HOAc (v/v) (Fig. 2(C)). Thus, the resin was in acidic
condition. After 1.5 mL of sample containing 2 mg/mL
of curcuminoids (S/F = 5/10, mg/mL) was loaded,
curcuminoids were retained in the cartridge (Fig. 2(L))
and remained separated from the NADES impurities
owing to the acidic condition. Subsequently, the washing
stage was started by eluting H,0/0.05% HOAc (v/v). As
can be seen in Fig. 2(W), a partial elution of
curcuminoids through the cartridge occurred (but they
were not washed out) since the acidic condition of the
SPE cartridge resin caused the curcuminoids to strongly
bind with the cartridge. Therefore, the NADES
constituents and water were eluted, whereas the less
polar compounds, the curcuminoids, were retained. The
hydrogen bonds between NADES and the curcuminoids
were cleaved due to the dilution effect of water in the
eluent.

The eluting step was then conducted by passing
MeOH/MeCN (1:1, v/v). First, 1 mL of eluent was used
(Fig. 2 (1" E)), and the curcuminoids eluted from the
SPE cartridge were collected in a vial. Then, the second
and the third eluent were passed, making a total of 3 mL.
All the curcuminoids were recovered when the SPE
cartridge turned white (Fig. 2 (3" E)). The results of this
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(2=E)

(3 E)

Fig 2. Images of the cartridges used in the solid phase extraction method: conditioning (C), loading (L), washing (W),

and eluting (E) steps

procedure are summarized in Table 3. The first elution at
highest

curcuminoids. Then, the remaining curcuminoids retained

the eluting step gave the recovery of
in the cartridge were eluted in the other two elution steps.
All the curcuminoids were thereby recovered. As can be
seen from Table 3, only a small amount of curcuminoids
third The TLC
chromatogram of the recovery of curcuminoids from the
NADES matrices by SPE is shown in Fig. 3.

The purified curcuminoid solutions that were

was recovered in the elution.

collected in vials were subsequently dried by passing N,
gas. Using the present SPE method, 2.258 + 0.017 and
2.202 + 0.021 mg of curcuminoids were successfully
recovered from CCCA-H,O and CCMA-H,O,
respectively (Table 3). Hence, 75.27% and 73.40%
recoveries of curcuminoids were obtained, which were

Table 3. The purified curcuminoids from NADES
matrices using solid phase extraction (SPE)

NADES Type Eluent Curcuminoids (mg)*
1% 2.190 £ 0.01700

CCCA-H,O (1:1:18) 2nd 0.060 £ 0.00040
31 0.004 = 0.00002

Total (mg) 2.258 £0.01700

(recovery) 75.27%

1% 2.140 £ 0.0090

CCMA-H,0 (1:1:18) 2nd 0.060 = 0.0030
31 0.005 £ 0.0027

Total (mg) 2.202 +0.0210

(recovery) 73.40%

MEach purification was conducted in triplicate

DMc

BDwMC

Fig 3. The TLC chromatogram of the recovered

curcuminoids from NADES matrices by solid phase
extraction: (a) CCCA-H,O (1:1:18) and (b) CCMA-
H,O (1:1:18)

relatively higher than those of the CCC method.
Pushpakumari et al. [31] used Diaion HP 20 resin to
purify an enriched sample of curcuminoids from spent
turmeric oleoresin by chromatography [31]. When 80
wt.% of MeOH was used as the eluent, CUR, DMC, and
BDMC were successfully obtained in the purity of 98.4%,
97.1%, and 97.3%, respectively. Despite the high
recovery and purity of curcuminoids reported by
Revathy [29], Haffernan [30], and Pushpakumari [31], it
should be noted that relatively pure extracts of
these
Therefore, it should be mentioned that curcuminoids

curcuminoids were used in experiments.
were able to be separated from NADES matrices for the

first time in the present work.
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m CONCLUSION

The purification of the curcuminoids from NADES
matrices of CCCA-H,O (1:1:18) and CCMA-H,O
(1:1:18) was successfully conducted by CCC and SPE
methods. The addition of glacial acetic acid in the mobile
phase afforded a slightly acidic condition, which was
conducive to enhance the curcuminoids recovery. The
CCC method only yielded a recovery of curcuminoids of
51.9% and 61.0% for CCCA-H,O and CCMA-H.O,
respectively, and higher recoveries of 75.27% and 73.40%
were obtained with the SPE method. Both methods were
effectively applied in laboratory scale. For large-scale
application, other methods would be required.
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