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Abstract

This study investigates the feasibility of using hydrophilic deep eutectic solvent (DES) as green and effective extractant
for the extraction and preconcentration of alkyl gallates from vegetable oils. In a typical experiment, 120 pL of choline
chloride:ethylene glycol DES was added to 1.0 g of oil sample which was previously diluted with 1 mL of n-hexane. The
extraction was accelerated by vortex stirring of the two phases. At this stage, hydrogen bonding interactions between the
phenyl hydroxyls of alkyl gallates and chloride anion of choline salt were likely the main forces driving the extraction.
After extraction, the analytes in the DES phase were separated and determined by high-performance liquid chromatog-
raphy with ultraviolet detection. The method detection limits for propyl gallate and octyl gallate were 2.1 and 4.6 ug kg™},
respectively. The precision of the method varied between 4.6-6.4% (intra-day) and 5.4-7.5% (inter-day). The recoveries
(accuracies) obtained from spiked vegetable oil samples were in the range of 78-106%.
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1. Introduction

Synthetic antioxidants (SAs) are a class of compounds
which are capable of preventing or slowing down the oxida-
tion reactions of substrates in food, pharmaceuticals, and
other consumer products.! Common SAs used as food ad-
ditives in many countries include butylated hydroxyanisole,
butylated hydroxytoluene, fert-butylhydroquinone, propyl
gallate, octyl gallate and dodecyl gallate, due to their chem-
ical stabilities, low costs and availabilities.? Among SAs, al-
kyl gallates have been widely used as food additives to slow
down or prevent lipid oxidation in lipid-rich food.> Con-
trary to their versatile and beneficial properties, the addi-
tion of excess gallates to food might cause different degrees
of adverse and toxic effects on human health. They can in-
duce DNA damage and mutagenicity, and their antioxidant
potential can turn pro-oxidant under certain conditions.?*
Therefore, the use of gallates as well as other SAs is strictly
controlled in many countries worldwide. Generally, the al-
lowed amounts of SAs in food range from 100 to 200 mg
kg!in European Union, either singly or in combination.’

The determination of alkyl gallates in foodstuffs has
been accomplished using specific electrochemical sen-

sors®® and different separation techniques such as
high-performance liquid chromatography (HPLC),>%-!?
micellar electrokinetic capillary chromatography!>!# and
capillary electrophoresis.!>!® Electrochemical methods
may offer relatively low operational costs and faster analy-
sis. However, in the case of multiple analytes they require
chemometric interpretation of the overlapping electro-
chemical signals for the estimation of individual analyte
concentrations.’” Among the separation techniques,
HPLC with ultraviolet (UV) detection has become the
most widely used technique for the determination of alkyl
gallates following the extraction by liquid-liquid ex-
traction (LLE) of the sample. Acetonitrile, previously satu-
rated with n-hexane, is the most preferred solvent for ex-
tracting alkyl gallates from oil samples.”!? To a lesser
extent, methods based on the direct injection of a diluted
oil sample into the HPLC system have also been used.!®!
However, a pretreatment step for sample enrichment and
cleanup is always desirable prior to any chromatographic
analysis due to the complexity of the sample matrix. Re-
cently, some novel microextraction procedures, such as
cloud-point extraction (CPE)!® and dispersive liquid-lig-
uid microextraction (DLLME)>% have also been devel-
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oped to detect alkyl gallates in oil samples as greener alter-
natives to classical LLE. In the last few years, the majority
of the innovative studies on microextraction procedures
are concerned with replacing toxic organic solvents with
environmentally friendly ones, including supramolecular
solvents, ionic liquids and deep eutectic solvents (DESs).
DESs are regarded as new generation green solvents
because of their attractive properties such as easy synthe-
sis, low cost, low volatility, high biodegradability, and fea-
sibility of structural design.?! A DES is typically prepared
by mixing an appropriate amount of a hydrogen bond ac-
ceptor (HBA) and a hydrogen bond donor (HBD). The
resulting mixture has a lower melting point than that of
each individual component, which makes it liquid at room
temperature. The formation of hydrogen bonding between
the DES components is responsible for the decrease in the
melting point.?? The most common DESs are based on
choline chloride (ChCl) paired with various HBDs, the
most popular ones being urea, ethylene glycol, and glycer-
ol, but other alcohols, amino acids, carboxylic acids, and
sugars have also been used.?? Due to their unique physico-
chemical characteristics, DESs have the potential to re-
place conventional organic solvents in separation and ex-
traction processes. However, due to the hydrogen bonding
ability of DESs, they are generally hydrophilic which re-
stricts their application as extraction solvents in aqueous
samples.?* Therefore, the major applications have focused
on the extraction of naturally occurring compounds from
organic liquid samples (mainly vegetable oils) and solids
(plants and foods). Phenolic compounds,??® flavo-
noids?”?® and terpenoids® are the most commonly deter-
mined bioactive compounds, with extraction procedures
based on the use of hydrophilic DESs. Very recently, hy-
drophobic DESs combining quaternary ammonium salts,
thymol or menthol with alkyl carboxylic acids have also
been prepared and used for the extraction of pesticides,*
polycyclic aromatic hydrocarbons®' and benzophenone-
type UV filters®? from water samples. DESs possess tun-
able solvent properties that make them highly efficient in

extracting compounds from different chemical classes.
With respect to SAs, tert-butylhydroquinone is the only
analyte that has been determined in vegetable oils with the
extraction procedures based on the use of ChCl:ascorbic
acid,** ChCl:sesamol** and ChCl:ethylene glycol** compo-
sitions. However, as far as we know, there is no DES-based
extraction method reported in the literature for alkyl gal-
lates. Therefore, the aim of this study was to investigate the
feasibility of using a hydrophilic ChCl-based DES as an
extraction solvent for the extraction and preconcentration
of alkyl gallates including propyl gallate and octyl gallate
(see their structures and some relevant data in Table 1)
from vegetable oils. The dispersion of DES phase into the
vegetable oil was achieved using vortex stirring, and then
the resulting methodology was termed vortex-assisted
DES-based liquid-liquid microextraction (VA-DES-
LLME). Following the microextraction process, alkyl gal-
lates in DES phase were separated and determined by
HPLC-UV.

2. Experimental
2. 1. Reagents and Samples

All of the reagents used in the experiments were of
analytical grade (298%). Ethylene glycol, glycerol, urea,
choline chloride (ChCl), propyl gallate, octyl gallate and
acetonitrile (ACN) were obtained from Sigma-Aldrich
(Steinheim, Germany). Triflouroacetic acid (TFA) and
n-hexane were purchased from Merck (Darmstadt, Ger-
many). Isopropyl alcohol was provided from Kimetsan
(Ankara, Turkey). Water was used after purification with a
Milli-Q system (Millipore, Bedford, MA, USA).

Stock standard solutions were prepared in acetoni-
trile at a concentration of 100 ug mL™! and stored at 4 °C
for one month. The working solutions at different concen-
trations were freshly prepared in isopropyl alcohol and
used for the spiking of the oil samples. Spiked samples
were mixed well for the complete dissolution of the antiox-

Table 1. Chemical structure and properties of the selected alkyl gallates.

Analyte Structure pK.3®  LogK,,”
OH
0,
OH
Propyl gallate J 7.9 2.6
_/_ OH
Octyl gallate

OH
0 7.9 52
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OH
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idants in the oil matrix before being extracted. The vegeta-
ble oil samples including sunflower oil, corn oil and hazel-
nut oil were collected from local supermarkets in
Zonguldak, Turkey. The collected oil samples were packed
in screw—cap glass tubes and stored at room temperature
until analyzed.

2. 2. Instrumentation and Chromatographic
Conditions

The HPLC system (Thermo Finnigan, San Jose,
USA) consisted of a P1000 pump, a AS3000 automatic in-
jector system, and a UV1000 UV detector. The system was
controlled by a Spectra System Controller SN 4000 and a
software package ChromQuest 4.0. A Phenomenex C;,
Max-RP column (250 x 4.6 mm i.d., 4.0 pm) was used for
separations. The mobile phase consisted of ACN and water

Ethylene glycol

Molar ratio (1:2)

Magnetic stirring at 80 °C
until a clear liquid formed

with 0.1% TFA. The optimized elution program was set at
1.0 mL min~!, starting with 40% acetonitrile and then a
linear gradient elution from 40 to 90% acetonitrile at 20
min. Next, 10 min was necessary for returning to the ini-
tial conditions. Before another injection, the system was
permitted to stabilize for 5 min under the initial condi-
tions. The UV monitoring wavelength for quantification
was set to 280 nm. The injection volume was 20 pL. A Per-
kin Elmer Frontier Fourier transform infrared (FT-IR)
spectrometer with a diamond attenuated total reflectance
(ATR) attachment was used to determine the functional
groups of DESs. A magnetic stirrer (RSM-01H, Phoenix,
Garbsen, Germany), a vortex mixer (SA8, BioCote, UK), a
centrifuge (NF 200, Nuve, Ankara, Turkey) were used in
the sample preparation step. A Kern ABJ 220-4 M model
analytical balance (Kern & Sohn, Germany) was used for
weighing the samples and standard materials.

A
_
Q )
Addition of DES
to the oil sample
Centrifugation LC-UV analysis
A 0 N TN
[ Y 4 [ Y

Cloudy emulsion

Vortex stirring

LC-UV chromatogram

) 4

Withdrawal of DES

Figure 1. Schematic diagram of the preparation of ChCl:ethylene glycol DES and VA-DES- LLME method.
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2. 3. Preparation of DESs

DESs were prepared by mixing ChCl with HBD (eth-
ylene glycol, glycerol, or urea) at a constant molar ratio of
1:2 in screw-capped bottles. The mixture was stirred at a
temperature of 80 °C until a clear liquid was formed. Fig-
ure 1 shows, as an example, the schematic of the prepara-
tion of ChCl:ethylene glycol DES. All DESs were used in
the experiments without any further purification.

2. 4. VA-DES-LLME Procedure

Figure 1 shows the schematic of the VA-DES-LLME
procedure. Oil sample (1.0 g) was accurately weighed into
a 12 mL glass test tube with conical bottom and diluted
with 1.0 mL of n-hexane, to which 120 pL of DES as ex-
tracting solvent was added. Afterwards, the mixture was
vortex-stirred at 2500 rpm for 5 min and then centrifuged
at 4000 rpm for 5 min. Finally, the DES extract was collect-
ed with a microsyringe and transferred to a glass vial for
the HPLC-UV analysis.

3. Results and Discussion

Optimization of VA-DES-LLME was carried out us-
ing 1.0 g of sunflower oil sample, spiked with propyl gallate
and octyl gallate at a concentration of 1.25 ug g™! each. The
type of DES, volume of diluent solvent, volume of DES and
vortex stirring time were the variables investigated. The
optimal conditions were selected based on the extraction
recoveries (ERs) of the alkyl gallates. The ER was calculat-
ed based on the ratio of the amount of the analyte deter-
mined in the collected DES phase to the initial amount of
analyte added in the sample. All the experiments were car-
ried out in triplicate.

3. 1. Effect of the Types of DESs

The composition of DESs determines their physico-
chemical properties such as density, viscosity, and surface
tension and consequently influences extraction efficiency
of the target analytes. With the aim to select the most suit-
able DES for extraction of alkyl gallates from vegetable
oils, three different ChCl-based DES, which contained eth-
ylene glycol, glycerol, and urea as the HBDs at a constant
molar ratio of 1:2 were tested. In all cases, aliquots of 1.0 g
of sunflower oil sample were extracted with 100 puL of DES
under vortex stirring for 5 min. When ChCl:urea DES was
used, it was not effectively dispersed into the oil sample
with vortex stirring. In addition, it could not be withdrawn
into the micro-injector prior to chromatographic analysis.
On the contrary, these difficulties were not observed when
ethylene glycol and glycerol-based DESs were tested. The
results observed here could be attributed to the difference
in their viscosities and other physical properties. The Ch-
Cl:urea DES has much higher viscosity (750 cP) than those

of the ChCl:ethylene glycol DES (37 cP) and ChCl:glycerol
DES (259 cP) at 25 °C.3® Most DESs have higher viscosities
(>100 cP) than other molecular solvents due to the pres-
ence of extensive hydrogen-bonding interactions between
the components, which slows down the mass transfer of
the analytes to the extraction media.?* Addition of water,
in general, reduces the viscosity of these solvents, and
therefore allows better mass transfer rates. However, at the
same time the presence of water may reduce the extraction
yields due to the weakening of the hydrogen bond interac-
tions between the solvent and the target compounds.®
Due to the opposite effects of water on the extraction efhi-
ciency, it was not investigated in the present experiment.
As shown in Figure 2, the extraction efficiencies of eth-
ylene glycol and glycerol-based DESs were close to each
other, meaning that each of DESs could be used as a sol-
vent for the extraction of alkyl gallates. However, Ch-
Cl:ethylene glycol DES provided some advantages in the
solvent transfer and injection stages due to its lower vis-
cosity; thus, it was selected as extraction solvent in the
subsequent experiments.

120

B Propyl gallate BOctyl gallate

)

=

1S3
.

[~
(=}
L

Extraction recovery (%

ChCl:ethylene glycol

ChCl:glycerol

Type of DES

Figure 2. Effect of the type of DES. DES volume, 100 uL; vortex
time, 5 min.

3. 2. Characterization of ChCl:ethylene
Glycol DES

The formation of hydrogen bonding between the
chloride anion of ChCl and ethylene glycol is the main
force for the formation of DES. As shown in Figure 3,
FT-IR spectra of ChCl, ethylene glycol, and ChCl:ethylene
glycol DES were investigated. According to the FT-IR
spectra, the broad band at 3294 cm™! related to the stretch-
ing vibration of the O-H group in ethylene glycol shifted
to 3303 cm™! in ChCl:ethylene glycol DES. This shift to-
wards higher wavenumber with the incorporation of ChCl
and ethylene glycol was due to the decrease in the extent of
intermolecular hydrogen bonding between ethylene glycol
molecules.?® The spectrum of DES was dominated by eth-
ylene glycol, however, an additional characteristic band at
953 cm™! originating from ChCl was observed. This new
band was attributed to the C-N* stretching. In addition,
DES presented vibrational bands at 2938 cm™! and 2875
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Figure 3. FT-IR spectra of (a) ChCl, (b) ethylene glycol, (c) ChCl:ethylene glycol DES.

cm™! referring to C—H stretching, 1478 cm™! to the CH,
bending of an alkyl group, and 1084 cm™!, 1036 cm™!, and
882 cm™! to functional groups, namely C—O stretching,
C-C-0 asymmetric stretching, and C-C-O symmetric
stretching.*! These results indicated the successful synthe-
sis of ChCl:ethylene glycol DES.

3. 3. Effect of the Volume of Diluent Solvent

The dilution of oil sample with an appropriate sol-
vent has a significant effect on the extraction efficiency
since it reduces the viscosity of oil and facilitates the for-
mation of the cloudy emulsion. In addition, the fat and
other impurities are easily dissolved in the diluent solvent
which may be beneficial for the removal of impurities.*?
Hexane is the most preferred solvent owing to its low tox-
icity, low cost and high miscibility with the 0il.** In this
work, n-hexane was selected as diluent solvent and the ef-
fect of its volume was studied in the range of 0-2 mL. Ali-
quots of 1.0 g of sunflower oil sample were diluted with
hexane and subjected to vortex stirring for 5 min with 100
uL of ChCl:ethylene glycol DES as extraction solvent. As

shown in Figure 4, the extraction efficiency of alkyl gal-
lates increased slightly as the hexane volume was increased
from 0 to 1 mL and remained nearly constant over this
volume. The reason could be that the viscosity of oil sam-
ple reduced with the increase of the volume of hexane,
which facilitated the mass transfer of the analytes from oil

120
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Figure 4. Effect of the volume of diluent solvent. DES, ChCl:ethyl-

ene glycol; diluent solvent, n-hexane; DES volume, 100 uL; vortex
time, 5 min.
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to the DES phase. Therefore, the diluent solvent (n-hex-
ane) volume was selected as 1 mL for all further experi-
ments.

3. 4. Effect of the Volume of DES

Selection of the optimum volume for the extraction
solvent is another important step in the majority of micro-
extraction methods. By the increase of extraction solvent
volume, the final solvent volume collected after centrifuga-
tion is increased, resulting in a decrease in sensitivity to-
wards the analytes. In order to increase the sensitivity, it is
essential to keep the volume of extraction solvent as low as
possible. However, it is not always possible to reduce the
solvent volume as desired, because a sufficient volume of
solvent needs to be collected after centrifugation for the
analysis. To examine the effect of the extraction solvent
volume on the extraction efficiency, different volumes of
ChCl:ethylene glycol DES from 60 to 140 pL were investi-
gated while the other experimental parameters, diluent sol-
vent volume of 1 mL and vortex time of 5 min, were kept
constant. The volumes less than 60 gL were not examined
because of the difficulty in getting a separated DES phase.
The obtained results (Figure 5) showed that the extraction
efficiency increased with the increase of DES volume up to
120 pL and remained unchanged after that. Typically, a
higher volume of solvent requires a longer mixing time to
be broken up into fine droplets; here above 120 puL, the ex-
traction recovery did not further increase maybe due to the
incomplete formation of fine droplets within a fixed vortex
time. Therefore, 120 uL was selected as the most suitable
DES volume for subsequent experiments.

120

—~—Propyl gallate ==—Qctyl gallate
100 ] py k=) ty o
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Extraction recovery (%)

60 80 100 120 140
Volume of DES (ChCl:ethylene glycol) (uL)

Figure 5. Effect of the volume of DES. DES, ChCl:ethylene glycol;
diluent solvent, n-hexane; diluent solvent volume, 1 mL; vortex
time, 5 min.

3. 5. Effect of Vortex Stirring Time

The vortex stirring process facilitates the dispersion
of the extraction solvent into the sample solution resulting
in enhancement of extraction efficiency. The time required
to reach extraction equilibrium under vortex stirring is an
important parameter to be optimized. In this work, the

vortex rotational speed was kept at maximum (2500 rpm)
and different vortex times were investigated, from 1 to
15 min. The experimental conditions were fixed and in-
cluded the use of 1 mL of diluent solvent (n-hexane) and
120 pL of ChCl:ethylene glycol DES. The results (Figure 6)
showed that the extraction efficiency increased with the
increasing vortex time from 1 to 3 min, and then from 3 to
5 min, there was either a slight increase or no change, de-
pending on the analyte. No significant change was ob-
served at vortex times longer than 5 min. Therefore, 5 min
was chosen as the optimum vortex time.

According to these results, the optimal conditions of
this method for the determination of alkyl gallates were as
follows: the type of DES was ChCl:ethylene glycol with a
molar ratio of 1:2; the volume of diluent solvent (hexane)
was 1 mL; the volume of ChCl:ethylene glycol DES was
120 pL; and the vortex stirring time was 5 min. Because
the DES was not soluble in oil matrix, it could be collected
after extraction without a significant loss in its volume.
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Figure 6. Effect of the vortex time. DES, ChCl:ethylene glycol; dilu-
ent solvent, n-hexane; diluent solvent volume, 1 mL; DES volume,
120 pl.

Under the optimized conditions, the mean ex-
traction recoveries for propyl gallate and octyl gallate were
93 and 73%, respectively. The enrichment factors were also
calculated based on the ratio of the analyte concentration
in the DES phase to the initial analyte concentration in the
oil phase. Under the optimized conditions, the mean en-
richment factors for propyl gallate and octyl gallate were
8.5 and 6.7, respectively. Both propyl gallate and octyl gal-
late have the same pK, value of about 7.9,%® meaning that
their hydrogen bonding potentials are similar. The differ-
ence in the extraction efficiencies of alkyl gallates was then
likely the result of their different hydrophobic characteris-
tics. The octanol-water partition coefficients (logK,,) for
propyl gallate and octyl gallate are 2.6 and 5.2, respective-
ly.3” The hydrophobicity of alkyl gallates increases with the
increasing alkyl chain length (see the structures in Table
1), making the hydrophobic interaction between octyl gal-
late and oil stronger, and thus decreasing the hydrogen
bonding strength between the phenyl hydroxyls of octyl
gallate and chloride anion of choline salt.
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3. 6. Analytical Performance

Linearity, limit of detection (LOD), limit of quantifi-
cation (LOQ), and precision were investigated to verify the
reliability of the method used in this study. The results are
summarized in Table 2. Linearity was observed in the
range of 0.01-5 pg g1, with the square of correlation coef-
ficients (R?) higher than 0.9995. LODs, based on a signal-
to-noise ratio (S/N) of 3, ranged from 2.1 to 4.6 pg kg™'.
The precision of the method was determined by analyzing
the spiked samples at concentration level of 0.5 ug g™! on
the same day and on three different days. The relative stan-
dard deviations (RSDs) were in the ranges of 4.6-6.4% and
5.4-7.5% for intra-day (n=>5) and inter-day (n=3) preci-
sion, respectively, which indicates that the method is re-
peatable.

3. 7. Real Samples Analysis

The applicability of the proposed method was evalu-
ated with three kinds of vegetable oil samples including
sunflower oil, corn oil and hazelnut oil. The results indicat-
ed that the samples were free of alkyl gallates. To examine
the applicability and accuracy of the method, all the sam-
ples were spiked at two concentration levels of 0.25 and 2.5
tg g7}, and analyzed. The results are given in Table 3. The
recoveries of alkyl gallates from oil samples spiked at low
and high concentration levels were 78-93% and 87-106%,
respectively. RSDs for these two levels were in the ranges
3.2-5.7% and 2.0-5.2%. These results demonstrated that
the matrix had a negligible effect on the extraction. Figure
7 shows, as an example, the HPLC-UV chromatograms of
the alkyl gallates extracted from a sunflower oil sample be-

Table 2. Quantitative features of VA-DES-LLME method combined with LC-UV.

Analyte Linear range R? LOD LOQ Intra-day RSD Inter-day RSD
(ngg™ (ugkg™) (ugkg™) (%, n=5) (%, n=3)
Propyl gallate 0.01-5 0.9995 2.1 7.0 4.6 5.4
Octyl gallate 0.01-5 0.9996 4.6 15.3 6.4 7.5
Table 3. Spiked recoveries (accuracies of determination) of alkyl gallates in vegetable oil samples.
Oil sample Added Propyl gallate Octyl gallate
(ngg™h RR (%) RSD (%, n=3) RR (%)  RSD (%, n=3)
Sunflower-1 0.25 83 4.8 84 5.7
2.50 96 2.4 98 3.2
Sunflower-2 0.25 78 3.8 93 4.2
2.50 98 2.7 100 2.2
Sunflower-3 0.25 90 4.3 87 4.6
2.50 99 4.0 106 52
Corn 0.25 86 54 79 5.5
2.50 90 2.5 87 2.0
Hazelnut 0.25 92 32 86 4.7
2.50 104 34 98 44
RR: Relative recovery
2,0 2,0
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Figure 7. HPLC-UV chromatograms, corresponding to (a) sunflower oil sample, and the same sample after spiking of the alkyl gallates at the (b)

0.25 pg g~! and (c) 2.5 pg g~ levels. 1: Propyl gallate, 2: Octyl gallate.
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Table 4. Comparison of the proposed method with other methods used in determination of alkyl gallates in vegetable oil samples.

Method Analytes Sample Extraction Solvent Extraction = RSD LOD Recovery Reference
amount (g) solvent volume (mL) time (min) (%) (%)

CPE-HPLC- Propyl . o
DAD gallate 2 Triton X-114 5 30 <22 19pglL 86-88 10
UAE-HPLC- Propyl 10 Methanol + 45 15 40 300ue L' 103-108 1
uv gallate acetonitrile <& K8 -
LLE-LC- Propyl 0.25 Acetonitrile + 3 5 <63 20 ugkg™!
TOF-MS gallate h .

exane 20 ugkg™'  82-96 12

Octyl gallate

DLLME- Propyl B
HPLC- gallate 0.025 ettt : ’ R tg%, [0 04105 5
DAD Octyl gallate
DLLME-
MSPE- Propyl gallate 2 Heptanol 0.16 ~3 <6.7 l2pgL! 90-92 20
HPLC-UV
VA-DES- Propyl o .

: 21pgk Th
LLME- gallate 1 Chfl'efkgg;e 0.12 5 <T5 e ® 7s06 Y
HPLC-UV  Octyl gallate glyco s Y

DAD: diode array detection; MSPE: magnetic solid-phase extraction; TOF-MS: time-of-flight-mass spectrometry; UAE: ultrasonic-assisted extraction

fore and after spiking. No interfering peaks from the sam-
ple matrix or DES solvent were observed at the retention
times of compounds of interest, which demonstrated the
good applicability of the proposed method.

Extraction and determination of alkyl gallates in
vegetable oils by the proposed method was compared with
those of other methods considering the performance pa-
rameters such as sample amount, type and volume of ex-
traction solvent, extraction time, RSD, LOD, and relative
recovery. The details of the comparison are summarized in
Table 4. As shown, the proposed method offers lower con-
sumption of sample amount and solvent volume, faster
analyses, and lower detection limits than most of the exist-
ing methods while being comparable with respect to the
precision and accuracy. More importantly, by using DES
instead of conventional solvents, the main merits of the
proposed method such as simplicity, low cost, and envi-
ronmental benignity were enhanced.

4. Conclusions

A green and efficient analytical methodology (VA-
DES-LLME-HPLC-UV) was developed for the extraction
and analysis of alkyl gallates (propyl gallate and octyl gal-
late) in vegetable oil samples. The ChCl:ethylene glycol
DES proved to be an excellent solvent for alkyl gallates of
low and medium polarity thanks to the hydrogen bonding
interaction between the phenyl hydroxyl groups and anion
of choline salt. Vortex stirring was employed to promote

the dispersion of the DES solvent into the oil sample,
which resulted in high extraction efficiency with the ob-
tained extraction recoveries ranging from 73 to 93%. The
optimized procedure displayed a good precision with
RSDs <7.5% and reliable analytical results with spiked re-
coveries (accuracies) in the range of 78-106%. LODs were
in the range of 2.1-4.6 pg kg1, which is better than or
comparable with other reported approaches applied to the
determination of alkyl gallates in vegetable oils.
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Povzetek

V tej $tudiji raziskujemo moznost uporabe hidrofilnih mo¢nih evtekti¢nih topil (DES) kot zelenih in u¢inkovitih ek-
straktantov za ekstrakcijo in predkoncentracijo alkil galatov iz rastlinskih olj. V tipi¢nem poskusu smo dodali 120 uL
DES-a holin klorid:etilen glikol k 1,0 g vzorca olja, ki smo ga predhodno razred¢ili z 1 mL n-heksana. Ekstrakcijo smo
pospesili z vrtin¢astim me$anjem obeh faz. V tem koraku je bil verjetno glavni razlog za ekstrakcijo nastanek vodikovih
vezi med fenil-hidroksilno skupino alkil galatov in kloridom iz holin klorida. Po ekstrakciji smo analite iz DES-faze lo¢ili
in dolo¢ili z visokolo¢ljivostno tekocinsko kromatografijo z ultravijolicno detekcijo. Meje zaznave so bile 2,1 ug kg™! za
propil galat in 4,6 pg kg™! za oktil galat. Natan¢nost metode je bila 4,6-6,4% (znotraj dneva) in 5,4-7,5% (med dnevi).
Izkoristki (pravilnost) za vzorce rastlinskega olja z dodanimi analiti so bili v obmodju 78-106%.
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