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ith  ultra-high  pressure  liquid  chromatography  as  a  powerful  technique  for

nalysis  of  biologically  active  flavonols  in  wines

atarina  L.  Silva,  João  L.  Gonç alves,  José  S.  Câmara ∗
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An  innovative  methodology  to
pre-concentrate  bioactive  flavonols,
MEPS.
Rapid  screening  for  analysis  of bio-
logical  active  flavonols  in  wines.
MEPS  reduced  the  sample  volume
and  the  time  necessary  for  the  anal-
ysis.
Limits  the  consumption  of organic
solvents  thus  also  reducing  the test-
ing  cost.
Good  results  were  obtained  in  terms
of selectivity,  precision,  sensitivity
and  accuracy.
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a  b  s  t  r  a  c  t

A  new  approach  based  on  microextraction  by packed  sorbent  (MEPS)  and  reversed-phase  high-
throughput  ultra  high  pressure  liquid  chromatography  (UHPLC)  method  that  uses  a gradient  elution
and  diode  array  detection  to quantitate  three  biologically  active  flavonols  in  wines,  myricetin,  quercetin,
and  kaempferol,  is described.  In addition  to performing  routine  experiments  to  establish  the  validity
of  the  assay  to internationally  accepted  criteria  (selectivity,  linearity,  sensitivity,  precision,  accuracy),
experiments  are  included  to  assess  the  effect  of  the  important  experimental  parameters  such  as  the  type
of sorbent  material  (C2,  C8,  C18, SIL,  and  C8/SCX),  number  of extraction  cycles  (extract-discard),  elution
volume, sample  volume,  and  ethanol  content,  on  the  MEPS  performance.  The  optimal  conditions  of  MEPS
extraction  were  obtained  using  C8 sorbent  and small  sample  volumes  (250  �L) in  five extraction  cycle  and
olid phase extraction
ltra high pressure liquid chromatography

in a  short  time  period  (about  5 min  for the  entire  sample  preparation  step).  Under  optimized  conditions,
excellent  linearity  (R2

values >  0.9963),  limits  of detection  of  0.006  �g  mL−1 (quercetin)  to 0.013  �g mL−1

(myricetin)  and  precision  within  0.5–3.1%  were  observed  for the  target  flavonols.  The  average  recov-
eries  of myricetin,  quercetin  and  kaempferol  for  real samples  were  83.0–97.7%  with  relative  standard
deviation  (RSD,  %)  lower  than  1.6%.  The  results  obtained  showed  that  the  most  abundant  flavonol  in  the
analyzed  samples  was  myricetin  (5.8  ± 3.7  �g  mL−1). Quercetin  (0.97  ±  0.41  �g mL−1)  and  kaempferol

re  found  in a lower  concentration.
(0.66  ± 0.24  �g mL−1) we
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The  optimized  MEPSC8 method  was compared  with  a reverse-phase  solid-phase  extraction  (SPE) pro-
cedure using  as  sorbent  a macroporous  copolymer  made  from  a balanced  ratio  of  two  monomers,  the
lipophilic  divinylbenzene  and  the  hydrophilic  N-vinylpyrrolidone  (Oasis  HLB)  were  used as  reference.
MEPSC8 approach  offers  an  attractive  alternative  for analysis  of  flavonols  in wines,  providing  a  number  of
advantages  including  highest  extraction  efficiency  (from  85.9  ±  0.9% to 92.1 ±  0.5%)  in  the  shortest  extrac-
tion  time  with  low  solvent  consumption,  fast sample  throughput,  more  environmentally  friendly  and  easy
to  perform.
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. Introduction

Flavonols are recognized as a subclass of flavonoids, distributed
biquitously in the plant kingdom, from which the most com-
on are kaempferol, quercetin and myricetin. The formation of

avonols myricetin, quercetin and kaempferol (Fig. 1) in grapes has
een reported to occur through the phenylpropanoid metabolism
1]. Specifically, naringenin is transformed into quercetin and
aempferol by means of the enzyme flavanone 3�-hydroxylase
FHT), which leads to the production of dihydroflavonols [1–3].
egarding myricetin, although it is also produced through the
henylpropanoid metabolism, its synthesis occurs in general terms
urther in the pathway [4–6].

These molecules are present in the grape mainly in the mono-
lycoside form, with the sugar residue linked to the hydroxyl group
n position C-3 of the O-containing ring, but substitution can also
ccur at the 5′,7′,4′,3′, and 5′-positions [7].  The glycoside flavonols
aempferol, quercetin, and myricetin (Fig. 1) form co-pigments
ith anthocyanins (in red wines); together with oxidation prod-
cts of tannins, are in the main responsible for the color of white
rapes and wines.

Flavonoids have long been recognized to exhibit anti-
nflammatory, antioxidant, anti-allergic, hepatoprotective, anti-
hrombotic, anti-viral, anti-carcinogenic activities and immune

odulating functions, among others [8–11]. The flavonoids also
ct as potent metal chelators and free radical scavengers and are
owerful chain-breaking antioxidants [12], and control protein oxi-
ation and advanced glycation end products (AGEs) formation [13].
y acting as free radical scavengers, flavonoids inhibit lipid per-
xidation that can initiate LDL oxidation, a contributing factor to
he development of atherosclerosis [14–19].  Epidemiological stud-
es have shown that there is an inverse association between the
ntake of flavonols and flavones and the risk of coronary heart
isease [20–22],  stroke [23] and lung cancer [24]. The position
nd the degree of hydroxylation have been demonstrated to be
he most important for their biochemical and pharmacological
ctions [25,26]. Wang et al. [11] examined the antioxidant and anti-
nflammatory activities of selected flavonols, including kaempferol,
uercetin and myricetin. Their results showed that flavonols
xhibit distinctive antioxidant and anti-inflammatory potentials
nd that the structures, required to strengthen these activities,
ary with sorts of free radicals and mechanisms. Quercetin blocked
he aggregation of human platelets by ADP and thrombin, and this
ompound has gained considerable prominence as an inhibitor of
arcinogens and of cancer cell growth in many experimental and
uman tumors [27,28].

The essential part of flavonol structure for exerting such activ-
ty is the o-dihydroxyl structure at the 3′- and 4′-position of the
-ring [29,30]. Hydroxyl groups at the 3′ and 4′-position scavenge

ree radicals by donation of hydrogen or an electron. Quercetin and
yricetin can exert strong antioxidant activity because they pos-

ess an o-dihydroxyl structure, so-called catechol and pyrogallol,
espectively [31]. Kaempferol is a weak antioxidant because of its

onophenol structure in the B-ring [29].
Due to their proposed health-promoting effects, it is impor-

ant to develop efficient and high throughput analytical methods
© 2012 Elsevier B.V. All rights reserved.

able to assess the amount of flavonols in food commodities. In
recent years, increasing knowledge of the positive health effects
of food polyphenols has prompted the need to develop new sepa-
ration techniques for their extraction, fractionation and analysis
[29,32–34].  Many analytical methods have been described for
determination of flavonols in wines. The most selective methods
involve often liquid or gas chromatography coupled to detection
by mass or tandem mass spectrometry [35–48].

Conventional techniques, based mainly on liquid–liquid extrac-
tion (LLE) and solid-phase extraction (SPE), are reported for analysis
of wine flavonols. However, these procedures are quite time-
consuming and need relatively high volume of solvent/sample,
which is not appropriate for the routine analyses of many food
commodities. Over the last years the-increasing demand for con-
trol analysis has contributed markedly to the renewal of interest in
miniaturized analytical techniques. The usage of less amounts or
no solvent, increasing sensitivity of analysis and user-friendly sys-
tems, should be pointed out. In this context, the microextraction by
packed sorbent (MEPS) has emerged as an attractive alternative for
sample preparation due to its simplicity, little solvent consumption
(as small as 10 �L), the need of very small sample volumes, and can
be easily interfaced to LC–MS [49] and GC–MS to provide a com-
pletely automated MEPS/LC–MS or MEPS/GC–MS system [50–52].
The commercially available MEPS uses the same sorbents as con-
ventional SPE columns and so is suitable for use with most existing
methods by scaling the reagent and sample volumes. Unlike con-
ventional SPE columns, the MEPS sorbent bed is integrated into
a liquid handling syringe that allows for low void volume sample
manipulations either manually or in combination with laboratory
robotics. When the sample has passed through the solid support,
the analytes are adsorbed to the solid phase packed in a barrel
insert and needle (BIN) [46,49]. The cartridge bed can be packed or
coated to provide selective and suitable sampling conditions. Silica-
based reversed phase (C2, C8 and C18), strong cation exchanger
(SCX) using sulfonic acid bonded silica, restricted access mate-
rial (RAM), HILIC, carbon, polystyrene-divinylbenzene copolymer
(PS-DVB) or molecular imprinted polymers (MIPs), can be used
as adsorbent materials. This extraction technique (MEPS) could
be of interest in clinical, forensic toxicology and environmental
analysis areas [49,53,54].The ultra high pressure liquid chromatog-
raphy (UHPLC) has recently become a fast separation technique.
The development of analytical columns of very small particle size
and specially designed instruments allow for the use of much lower
flows of mobile phase at very high pressures, which results in
increased speed of analysis, higher separation efficiency and res-
olution, higher sensitivity and much lower sample and solvent
consumption as compared to other analytical approaches.

The current research study reports the development and val-
idation of an ultra-fast, efficient, sensitive, reliable and high
throughput MEPS-based methodology combined with UHPLC
equipped with a PDA detection system, for the simultaneous deter-
mination of biologically active flavonols in wines. As stationary
phase a new T3 bonding process (HSS T3), which utilizes a tri-

functional C18 alkyl phases bonded at ligand density that promotes
polar compound retention and aqueous mobile phase compatibil-
ity, in order to analyze a large batch of samples in a short period
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ig. 1. General pattern for flavonol biosynthesis. (A) Precursors: 1: naringenin; 2
uercetin; and 6: dihydromyricetin. Enzymes: CHI, chalcone isomerase; F3OH, flav
avonoid 3′ ,5′-hydroxylase, and (B) Trolox chemical structure.

f time. Spiked synthetic wine solution, red wine (RW#3) and
hite wine (WW#26) were used to evaluate the performance of

he developed method. Parameters affecting the MEPS extraction
fficiency, such as type of sorbent material, number of extraction
ycles (extract-discard), volume of eluent and sample volume, were
arefully optimized. The method was compared to SPE technique
ommonly used for wine polyphenols analysis and applied to thirty
ine samples from different varieties and vintage.

. Experimental

.1. Materials

LC-gradient grade methanol (99.9% purity) was  obtained from

igma–Aldrich (St. Louis, MO,  USA), formic acid from Merck,
Darmstadt, Germany) and acetic acid from Riedel-de-Haën
Germany). Ethanol absolute (99.5% purity) and sodium hydrox-
de were obtained from Panreac (Barcelona, Spain). Kaempferol
ictyol; 3: 3′ ,4′ ,5,5′ ,7-pentahydroxyflavanone; 4: dihydrokaempferol; 5: dihydro-
 3-hydroxylase; FLS, flavonol synthase; F3′OH, flavonoid 3′-hydroxylase; F3′5′OH,

and Trolox (internal standard) were acquired from Fluka Biochem-
ica AG (Buchs, Switzerland), and tartaric acid from Sigma–Aldrich.
Myricetin was  acquired from Acros Organics (Geel, Belgium). Ultra-
pure water (18 M � cm at 23 ◦C) was  obtained by means of a
Milli-Q water purification system (Millipore, Milford, MA,  USA).
All the extracts were filtered through 0.22 �m PTFE membrane
filters. The MEPS gas-tight syringe (250 �L) and the BIN contain-
ing the sorbent material from SGE Analytical Science (Melbourne,
VIC, Australia). The Waters Acquity UPLC HSS T3 analytical col-
umn  (100 mm × 2.1 mm,  1.8 �m particle size) was purchased from
Waters (Waters, Milford, MA,  USA). A HANNA instruments pH209
pH meter (Woonsocket, USA) was used to pH adjustments.

2.2. Instrumentation
The analysis of flavonols was carried out on a Waters UPLC,
Acquity H-Class system combined with a Waters Acquity quater-
nary solvent manager (QSM), an Acquity sample manager (SM), a
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olumn heater, a 2996 PDA detector, and an in-line degasser sys-
em. The whole configuration was driven by Empower software
2.0 from Waters Corporation. Optimum separation was  achieved
ith a binary mobile phase which consisted of (A) water con-

aining 0.1% formic acid, and (B) methanol, with a constant flow
ate of 250 �L min−1, giving a maximum back pressure of 6000 psi,
hich is within the capabilities of the UHPLC. 2 �L of extracts
ere injected into the Waters Acquity UPLC system, equipped
ith an Acquity UPLCTM strength silica HSS T3 analytical col-
mn  (1.8 �m particle size, 2.1 mm × 100 mm)  and protected with
n Acquity UPLCTM HSS T3 Van GuardTM Pre-column (Waters);
olumn temperature was thermostated at 40 ◦C and the samples
ere kept at 4 ◦C in the sample manager. All solvents and sam-
les were filtered through 0.22 �m pore size membrane filters,
egassed ultrasonically and pumped in gradient mode through
he chromatographic system as follows: 80% A (0 min); 80–70% A
0.50 min); 68% A (1 min); 20% A (7 min); and 80% A (7 min), fol-
owed by a re-equilibration time of 2 min, for bringing the column
o the initial conditions after gradient analysis, resulted in a total
nalysis time of 9 min.

.3. Procedures

.3.1. Standard solutions
Analytical standard stock solutions of each flavonol

1000 �g mL−1) were prepared in pure ethanol, aliquoted in
 mL  vials, coded and stored at −20 ◦C, in the dark; under these
onditions they were stable for at least 4 month (as assessed
y UHPLC). A working standard multicomponent solution was
repared daily from the individual stock solutions by diluting
hem in synthetic wine (5 g L−1 tartaric acid, 12% (v/v) ethanol and

 g L−1 of sugar (glucose: fructose, 1:1). This standard was  used
oth, to spike the wines to perform the assays for optimization of
xtraction conditions and for calibration studies [55,56]. The con-
entration ranges (Table 1) were selected in function of sensitivity
f the UHPLC-PDA towards each flavonol compound. Trolox was
sed as internal standard (IS).

.3.2. Wine samples
Thirty representative wine samples from different vintages,

rape varieties, and from different Portuguese regions (mainland,
adeira and Azores Islands), produced according to standard pro-

edures were kindly donated by the winemakers.
Synthetic wine was prepared by adding 5 g L−1 of tartaric acid

nd 8 g L−1 of sugar (glucose: fructose, 1:1) to ethanol solution at
2% (v/v). Synthetic wine pH 3.4 was adjusted with sodium hydrox-

de 1 M.
To minimize the influence of ethanol on extraction efficiency,

ine samples and synthetic wines were dealcoholized under
acuum at 40 ◦C, up to 1/4 of initial volume. The volume of deal-
oholized extracts was adjusted to initial sample volume with
ltrapure water. The aqueous extracts were used for both tech-
iques (MEPS and SPE). All samples were analyzed in triplicate.

.3.3. Flavonols extraction

.3.3.1. Optimization of the factors affecting the MEPS performance.
he MEPS procedure was carried out by means of a SGE Analytical
cience apparatus (I.L.C., Lisbon, Portugal), consisting of a 250 �L
as-tight syringe with a removable needle. The syringe was  fitted
ith a BIN containing 4 mg  of the sorbent material and was  used to
raw and discharge samples and solutions through the BIN. A syn-
hetic wine sample spiked with known amounts of flavonols was

sed to optimize the MEPS procedure. Several important MEPS-

nfluencing extraction factors, such as the nature of adsorbent
aterial, number of extraction cycles, elution volume, sample vol-

me, and ethanol content, were evaluated.
a Acta 739 (2012) 89– 98

At a first step, the performance of the five MEPS sorbent mate-
rials, C2 (ethyl-silica), C8 (octyl-silica), C18 (octadecyl-silica), SIL
(unmodified silica) and C8/SCX (a mixed mode sorbent contain-
ing 80% C8 and 20% strong cationic exchange (SCX)) was  tested
and compared. To select the number of extraction cycles (extract-
discard) and sample volume, an aliquot of 50 �L, 100 �L and 250 �L
of synthetic wine was pumped up and down 1, 5 and 10 times, in
order to obtain the best extraction efficiency. Different elution vol-
umes (50, 100, 250, 350 and 500 �L) were also tested. The flow
rate during aspiration is limited to about 20 ± 2.3 �L s−1 (average
values of n = 12 assays) to prevent cavitation. This will increase
analyte/sorbent contact time and extraction efficiency.

To overcome the co-solvent effect of ethanol towards flavonols
and to improve the extraction efficiency, synthetic wine, red
wine and white wine samples were dealcoholized under roto-
evaporation to 1/4 of initial volume. The volume of the
dealcoholized extract was adjusted to initial volume with differ-
ent solutions to select that gives best results: (a) 100% water; (b)
90% aqueous solution of formic acid at 0.1% and 10% methanol; and
(c) 80% aqueous solution of formic acid at 0.1% and 20% methanol
(mobile phase used at initial step of gradient elution). Since the
influence of methanol on MEPS polyphenols extraction efficiency
was similar to ethanol, and taking into account their use as mobile
phase in the UHPLC system, methanol was chosen to evaluate the
effect of alcoholic content on extraction efficiency. All optimization
procedures were carried out in triplicate.

2.3.3.2. MEPS procedure for flavonols analysis. MEPS experiments
were conducted using 4 mg  of C8 sorbent, selected, in the optimiza-
tion step, as the best sorbent to isolate the target flavonols. Before
being used for the first time, the sorbent was  manually conditioned
first with 100 �L methanol and then with 100 �L water (containing
0.1% formic acid). This step activates the sorbent and ensures repro-
ducible retention of the analytes [57,58]. 250 �L of sample were
passed through the C8 sorbent five times at a flow rate of about
20 ± 2.3 �L s−1 on average. The solid phase was  then washed with
100 �L of water containing 0.1% formic acid to remove interfer-
ences, at a speed of about 50 �L s−1. The analytes were eluted with
250 �L of 95% methanol and 5% water directly into a vial. Between
every extraction, the sorbent was rinsed with 250 �L methanol
followed by 250 �L of the washing solution (0.1% formic acid aque-
ous solution). This step decreased memory effects (carry-over), but
also functioned as conditioning step before the next extraction.
The extracts were filtered through Millipore membrane PTFE fil-
ters (0.22 �m particle size). An aliquot of 2 �L of this solution was
injected in triplicate into the UHPLC-PDA system. The same pack-
ing bed was  used for about 100 extractions; then it was  discarded
due to both the low analyte extraction yields and clogging of the
sorbent. All MEPS steps including activation, loading, washing, and
elution were carried out manually. In all measurements (standards
and samples), Trolox was  added as internal standard (IS).

2.3.3.3. SPE. The MEPS procedure was  compared to SPE reverse-
phase using Oasis HLB extraction cartridges, developed by Silva
et al. [43]. Briefly, 1 cc (30 mg)  Oasis HLB extraction cartridges
were conditioned with 1 mL  of ethyl acetate and methanol and
equilibrated with 1 mL  of water. An aliquot of sample (900 �L),
previously prepared (see Section 2.3.2.) was  passed through the
SPE cartridges, at around 1.5 mL  min−1, using an Alltech extrac-
tion unit (SGE). The cartridges were washed with a solution of
methanol 5% and subsequently the flavonols were eluted, into the
same vial, with 500 �L methanol, 1000 �L ethyl acetate and finally

500 �L methanol. The extracts were evaporated to dryness under
a nitrogen stream. The dried residue was  dissolved in 1000 �L of
initial mobile phase (0.1% formic acid aqueous solution and 20% of
methanol solution), homogenized in a vortex agitator and filtered
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Table  1
Comparison of parameters for calibration: linearity, LOD, LOQ and matrix effect in red and white wines between MEPSC8/UHPLC-PDA and SPEOasis HLB/UHPLC-PDA.

Peak
number

RT (min) �max
a (nm) Flavonols Method Conc. Range

(�g mL−1)
Regression
equation
(y = axb + b)

R2c LODd

(�g mL−1)
LOQe

(�g mL−1)
Matrix effectf

Red wine
(±SD%)

White wine
(±SD%)

1 4.420 372 Myricetin MEPSC8 0.1–5 0.0420x − 0.0156 0.9963 0.013 0.042 1.01 ± 7.5 1.07 ± 5.9
MEPSC8(RWg) 0.1–5 0.0415x + 0.1202 0.9797
MEPSC8(WWh) 0.1–5 0.0393x + 0.0233 0.9923
SPEOasis HLB 0.1–5 0.0136x − 0.0009 0.9946 0.038 0.128 1.15 ± 8.0 1.20 ± 8.1

2 4.731  360 Quercetin MEPSC8 0.05–5 0.0810x + 0.0362 0.9966 0.006 0.012 0.85 ± 9.7 0.88 ± 8.3
MEPSC8(RW) 0.05–5 0.0692x + 0.1889 0.9603
MEPSC8(WW)  0.05–5 0.0718x + 0.0222 0.9400
SPEOasis HLB 0.05–5 0.0411x + 0.0066 0.9815 0.010 0.032 1.03 ± 9.5 0.92 ± 7.3

3 5.252  366 Kaempferol MEPSC8 0.05–3 0.0968x + 0.0215 0.9989 0.011 0.037 0.96 ± 11.2 0.90 ± 6.4
MEPSC8(RW) 0.05–3 0.0932x + 0.0317 0.9925
MEPSC8(WW)  0.05–3 0.0879x + 0.0233 0.9837
SPEOasis HLB 0.05–3 0.0344x + 0.0036 0.9886 0.059 0.198 0.95 ± 10.3 0.98 ± 11.5

4  5.524 Trolox (ISi)

a Maximum absorbance values obtained in PDA system detection.
b x = flavonol concentration.
c Correlation coefficient, give an estimating how well the experimental points fit a straight line.
d Limit of detection.
e Limit of quantification. Values obtained from ordinary least-squares regression data.
f Matrix effect was  calculated by the quotient between the slopes of the standards in synthetic wine and spiked red and white wines.
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g RW:  calibration curve in red wine.
h WW:  calibration curve in white wine.
i IS: internal standard.

hrough a 0.22 �m membrane filters before injection into UHPLC-
DA system. All extractions were carried out in triplicate, and each
xtract was injected three times.

.4. Validation of MEPSC8/UHPLC method

The newly developed MEPSC8/UHPLC-DAD approach was  fully
alidated based on selectivity, linearity, limits of detection (LOD)
nd quantification (LOQ), inter- and intra-day precisions and accu-
acy. The assays were carried out using the C8 sorbent and a Waters
cquity H-Class equipped with a 100 mm × 1.8 �m UPLC analytical
olumn.

The selectivity of the method was assessed by the absence of
nterfering peaks at the retention time of target flavonols. The
inearity was evaluated building three calibration curves (peak
reaflavonol/peak areaIS ratio plotted against the corresponding
tandard concentration) for each flavonol using standards prepared
n synthetic wine, at 7 different concentrations levels, including
he zero point (Table 1). The zero point (not spiked synthetic wine)
nables to verify that none of the compounds showed residual level
r background signal. Each level of concentration was prepared in
riplicate and injected three times, so there were a total of nine
eplicates.

The sensitivity was assessed by determining the LOD (the lowest
nalyte concentration that produces a response detectable above
he noise level of the system) and LOQ (the lowest level of analyte
hat can be accurately and precisely measured) for each compound.
OD and LOQ were calculated with the data generated in the linear-
ty studies, being LOD defined as (a + 3Sa/b) and LOQ as (a + 10Sa/b),

here “a” represents origin ordinate, “Sa” the origin ordinate vari-
nce and “b” the slope [59]. These parameters were calculated for
ach analyte from the standard solutions used to obtain the corre-
ponding calibration curves, using the UHPLC developed method.
To check the accuracy of the proposed method a recovery study
as carried out by spiking a red wine (RW#3) and a white wine

WW#26), in triplicate at two concentration levels correspond-
ng to the LL (low level, lowest concentration of calibration curve)
and HL (high level, highest concentration of calibration curve), and
subjected to the MEPSC8 procedure described above. The recovery
values were calculated according to the Eq. (1).

Accuracy = 100 ×
{

([flavonol]after spiking − [flavonol]before spiking)

[flavonol]added

}

(1)

where [flavonol]after spiking is the flavonol concentration measured
in spiked wine; [flavonol]before spiking is the flavonol concentration
measured in unspiked wine, and [flavonol]added is the nominal con-
centration of the flavonol added to wine.

Method precision (expressed as relative standard deviation, RSD
%) was  tested by spiking a synthetic wine at three different concen-
tration levels, corresponding to the low level (LL), medium level
(ML) and highest point (HL) of calibration curve of each target
flavonol and treated by MEPSC8. Seven replicates (n = 7) were per-
formed in the same day to obtain repeatability (intra-day precision,
RSDr%). For inter-day precision (reproducibility, RSDR,%) evalua-
tion, the same protocol was followed but six replicates of each level
were analyzed daily through three different days (n = 18).

The matrix effect was  evaluated by the quotient between the
slopes of the standards in “blank” matrix (synthetic wine) and those
obtained by spiking RW#3 and WW#26 wines (standard addition
method).

3. Results and discussion

To enable a high throughput, robust and accurate method for
quantification of flavonols in wines, a MEPS approach combined
with UHPLC-PDA system was developed. Their performance was
compared with the SPE technique using Oasis HLB as sorbent.

The extracts were monitored at four different wavelengths,
375, 371, 366 and 289 nm,  corresponding to maximum absorbance

wavelength of myricetin, quercetin, kaempferol and Trolox (IS),
respectively. They were identified by comparing the retention time
and spectral characteristics of their peaks with those of standards
(Fig. 1S; Supplementary figure) and quantified using the standards
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Fig. 2. (A) Comparison the performance characteristics (relative peak areas obtained
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or each adsorbent) of different MEPS adsorbents for isolation of target flavonols
rom wines; and (B) normalized extraction efficiencies measured for C2, C8, C18, SIL
nd  C8/SCX.

f each one.Supplementary material related to this article found, in
he online version, at http://dx.doi.org/10.1016/j.aca.2012.06.020.

.1. MEPS optimization

The development of the MEPS procedure for the analysis of
avonols involved consideration and optimization of the follow-

ng factors: nature of the adsorbent, number of extraction cycles,
lution volume, sample volume, and ethanol content. Experiments
o evaluate these factors were conducted using synthetic wine mix-
ures of flavonols.

.1.1. Nature of sorbent
The selection of an appropriate sorbent is of major importance

o achieve acceptable clean-up and extraction yield [60]. Five differ-
nt MEPS sorbents namely the silica-based C2, C8 and C18 phases
suitable for lipophilic analytes), as well as the mixed bonded sil-
ca C8/SCX (suitable for polar analytes such as acidic and basic
ompounds) containing both reversed phase and cationic exchange
roups, and the polar silica phase (SIL), were tested. Fig. 2A shows
he UHPLC-PDA response for the target analytes using different
orbents.

The performance of each commercially available MEPS adsor-
ent was evaluated in terms of intensity of the response observed
relative peak area) and reproducibility. It was observed that the C8
orbent exhibits better extraction efficiency for all target flavonols,

s demonstrated by the highest UHPLC-PDA responses (based on
eak area) (Fig. 2A). On the other hand SIL sorbent showed the

owest performance. The use of C8/SCX phase did not induce high
esponse, indicating that the sulfonyl groups of the phase did not
a Acta 739 (2012) 89– 98

play a role in the retention of flavonols. Therefore, the C8 sorbent
was used in subsequent method optimization stages. The sum of
the target flavonols peak areas obtained for each sorbent was nor-
malized in relation to the sum of the flavonols peak areas obtained
for the C8 sorbent. The extraction efficiency was calculated for each
sorbent, and the results are presented in Fig. 2B. In the case of the
C8 sorbent, this study illustrated excellent extraction efficiencies
for all compounds studied (Fig. 2B), thus supporting the conclusion
that the C8 approach provides the best extraction efficiency for the
purposes of this research.

The effect of pH on the C8 sorbent partition mechanism was
evaluated by adjust the sample pH, prior to extraction, to pH 3.4, 5,
7 and 9 (using diluted hydrochloric acid solution or dilute sodium
hydroxide solution). The stability of flavonols is influenced by pH
being stable in strongly acidic conditions. The optimum pH for the
analysis of the target flavonols was  found to be pH 3.4 (Supplemen-
tary Fig. 2S).Supplementary material related to this article found, in
the online version, at http://dx.doi.org/10.1016/j.aca.2012.06.020.

3.1.2. Number of extraction cycles and volume of sample
In MEPS the retention on the sorbent phase is affected by the

number of extraction cycles performed and by the elution flow
rate (about 20 ± 2.3 �L s−1, on average). The sample can be drawn
through the needle into the syringe up and down, once or sev-
eral times (cycles) without discarding it. Fig. 3A shows the effect
of the number of extraction cycles (1, 5 and 10, extract-discard)
and the impact of sample volume (50, 100 and 250 �L) on the
extraction efficiency of flavonols. Assays showed that the competi-
tion for active adsorption sites of the C8 sorbent increased slightly
as the applied extraction number and sample volume increased
(Fig. 3A and B), thereby increasing extraction efficiency of MEPSC8.
Secondly, the volume of sample was  optimized. 250 �L of wine
sample was  the optimal volume (Fig. 3A) required to recover the
target flavonols without any further dilution of the extract. Small
sample volumes given rise to increasing extraction cycles (extract-
discard cycles) and furthermore increase the extraction amount in
unit volume of sample of organic solvent. Statistically, no significant
differences were observed when 250 �L of synthetic wine sample
are passed through the C8 sorbent once, five and ten times. For
this reason 5 × 250 �L was selected, since the results showed that
five extraction cycles gave a good recovery and can extend the life-
time of the MEPS cartridge. Similar outcomes were concluded by
Zhang et al. [61] in their studies associated with the optimization
of condition for analysis of five estrogens in urine and milk.

3.1.3. Elution volume
The extraction performances by different elution vol-

umes namely 50 �L, 100 �L, 250 �L, 350 �L, and 500 �L of
methanol/water 0.1% formic acid (80:20) solution, were compared.
The results in Fig. 3B indicated that the extraction efficiencies were
enhanced by decreasing volume of elution solution. On the other
hand a complex matrix such as wines can saturate the adsorbent
phase and the partitioning may  be hindered by interferences.
For the wine flavonols extraction the optimal recovery (Fig. 3B)
was obtained when 50 �L of elution solution containing 80% of
methanol and 20% aqueous solution of formic acid was used.

3.2. MEPS performance. Comparison with SPEOais HLB

To demonstrate the feasibility of the present approach for
determination of wine flavonols and to evaluate their practical
applicability, the method was  fully validated considering the selec-

tivity, linearity, LOD, LOQ, intra/inter-day precision, accuracy and
matrix effects. Their performance was  compared with a previously
SPEOais HLB validated method in our laboratory by Silva et al. [43].
The validation parameters are shown in Table 1.

http://dx.doi.org/10.1016/j.aca.2012.06.020
http://dx.doi.org/10.1016/j.aca.2012.06.020
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Fig. 3. Effect of the experimental conditions on the extraction performance of the MEPS procedure, including: (A) influence of number of extraction cycles (extraction-discard)
as  a function of applied sample volume on the extraction efficiency of flavonols; (B) effect of elution volume on UHPLC-PDA response. Errors bars show the standard deviation
of  the mean (n = 3).

Table 2
Recovery (%) of flavonols added to each of two wines at high concentration (HL) and low concentration (LL) level.a

Flavonol MEPSC8 Overall
mean ± SD

SPEOasis HLB Overall
mean ± SD

RWLL
b RWHL

c WWLL
d WWHL

e RWLL RWHL WWLL WWHL

Myricetinf 90.6 ± 1.6 93.2 ± 0.8 94.1 ± 0.4 88.6 ± 0.2 91.6 ± 0.7 85.0 ± 8.4 111.0 ± 5.3 89.0 ± 5.6 99.0 ± 1.1 96.0 ± 4.7
Querceting 83.0 ± 0.8 87.2 ± 0.9 89.2 ± 0.8 84.5 ± 1.2 85.9 ± 0.9 104.0 ± 9.2 102 ± 6.9 78.0 ± 5.0 89.2 ± 4.9 93.2 ± 6.0
Kaempferolh 92.5 ± 1.3 97.0 ± 0.5 88.9 ± 0.3 90.1 ± 0.1 92.1 ± 0.5 82.0 ± 7.5 76 ± 8.0 89 ± 4.6 102 ± 3.1 87.2 ± 5.5

a Each wine was  assayed three times before and after each addition, and average of results is presented.
b RWLL red wine fortified with flavonols at low concentration level.
c RWHL red wine fortified with flavonols at high concentration level.
d WWLL white wine fortified with flavonols at low concentration level.
e WWHL white wine fortified with flavonols at high concentration level.
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f Myricetin: LL = 0.2 �g mL−1; HL = 4.0 �g mL−1.
g Quercetin: LL = 0.1 �g mL−1; HL = 4.0 �g mL−1.
h Kaempferol: LL = 0.1 �g mL−1; HL = 3.0 �g mL−1.

For each flavonol a linear regression of the peak areaflavonol/peak
reaIS vs concentration, was calculated to determine the linearity of
he method using three replicates at seven levels of concentration
Table 1).

The UHPLC-PDA system gave linear response over the stud-
ed range of concentrations and the least-squares linear regression
nalysis of the data provided excellent correlation coefficient (R2)
alues for all compounds tested with R2 > 0.9963 for MEPS and
2 > 0.9815 for SPEOasis HLB method, over synthetic wine, and resid-
als not exceeding ±6.3%.

The LOD and LOQ were calculated from ordinary least-squares
egression data [62]. The standard deviation chosen to calculate
he LOD and LOQ values is the residual standard deviation of
he regression line for all flavonols in the analyzed matrix. The
EPSC8/UHLPC-PDA methodology gave in general very low detec-
ion limits, ranging between 0.006 (quercetin) and 0.013 �g mL−1

myricetin), while limits of quantification were in the range

able 3
recisiona of MEPSC8/UHPLC-PDA and SPEOasis HLB/UHPLC-PDA assays for the target flavon

MEPSC8

Flavonol Intra-day precision (n = 7) Inter-day precision (n = 18)  

LL ML  HL Overall mean
(±SD%)

LL ML  HL Overall me
(±SD%)

Myricetinb 3.1 1.5 0.9 1.8 ± 1.1 1.3 1.8 1.4 1.5 ± 0.3 

Quercetinc 2.2 0.8 0.7 1.2 ± 0.8 2.8 0.7 0.9 1.5 ± 1.2 

Kaempferold 1.4 0.5 0.9 0.9 ± 0.5 1.6 1.2 0.6 1.1 ± 0.5 

a Synthetic wine spiked with flavonols; at high concentration level.
b Myricetin: LL = 0.2 �g mL−1; ML  = 1.4 �g mL−1; HL = 5.0 �g mL−1.
c Quercetin: LL = 0.1 �g mL−1; ML  = 2.0 �g mL−1; HL = 5.0 �g mL−1.
d Kaempferol: LL = 0.1 �g mL−1; ML  = 0.8 �g mL−1; HL = 3.0 �g mL−1.
0.012–0.042 �g mL−1, for quercetin and myricetin, respectively
(Table 1). The SPEOasis HLB technique gives LOD and LOQ values
slightly higher than the developed (MEPSC8) technique.

The matrix effect was evaluated through the coefficient between
the calibration curve obtained with standards in synthetic wine
and those obtained from spiked RW#3 and WW#26 wines (stan-
dard addition method). Matrix effect values ranged from 0.85 ± 9.7
(quercetin) to 0.11 ± 5.9% (myricetin) with an average value of
0.99% for MEPSC8 technique. Regarding SPEOasis HLB procedure, the
average values of matrix effect was  found to be similar, 0.99%
on average, with the individual values ranging between 0.92 ± 7.3
and 1.2 ± 8.1%. Therefore no significant matrix effect was observed
(Table 1).

The recovery studies were carried out by spiking RW#3 and

WW#26 wine samples at two concentration levels (LL and HL),
with a known amount of each flavonol (Table 2). The concentration
of phenolics added to the wines was chosen to cover the expected

ols.

SPEOasis HLB

Intra-day precision (n = 7) Inter-day precision (n = 18)

an LL ML  HL Overall mean
(±SD%)

LL ML HL Overall mean
(±SD%)

7.8 3.6 2.9 4.8 ± 2.7 6.3 5.9 4.2 5.5 ± 1.1
4.6 1.9 1.1 2.5 ± 1.8 7.1 8.9 2.6 6.2 ± 3.2
3.7 1.7 0.3 1.9 ± 1.7 4.7 3.2 4.1 4.0 ± 0.8
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Fig. 5. Comparison of the wine flavonols UHPLC-PDA profile measured at maxi-
mum  wavelength of each flavonol (See Table 1), after extracted with: (A) optimized
MEPSC8 – (i) synthetic wine (selectivity); (ii) synthetic wine spiked with flavonols;
(iii) not spiked red wine; and (iv) not spiked white wine; (B) SPEOasis HLB – (i) syn-
ig. 4. Correlation between the MEPSC8 and SPEOasis HLB extraction techniques for
solation the target wine flavonols.

alues in the wine samples. The accuracy was determined accord-
ng to the equation presented in Section 2.4. The obtained values
or each fortification level are listed in Table 2.

At all concentration levels, satisfactory results were found with
ecovery values ranging from 83.0 ± 0.8 (RWLL) to 97.0 ± 0.5%
RWHL), and between 82.0 ± 7.5 (RWLL) and 111.0 ± 5.3% (RWHL),
or MEPSC8 and SPEOasis HLB, respectively. At low flavonols concen-
ration (LL), the extraction yields were slightly lower than that
btained at high concentration level (HL). The fact that the sor-
ent’s chemistry surface can be changed by interfering compounds
rom wine, which therefore can change the sorption properties may
xplain this observation [52]. This effect is more pronounced at low
oncentrations of the analyte when analyte/matrix ratio is very low.
he same behavior was observed for accuracy.

The precision was measured through inter-day reproducibility
nd intra-day repeatability studies, expressed by the RSD% and
alculated using the measurement of relative peak area of each
avonol in the matrix. The repeatability was measured by com-
aring standard deviation of spiked synthetic wine (LL, ML,  HL) run

n the same day (n = 7). The reproducibility was determined by ana-
yzing spiked synthetic wine samples for three alternate days. The
esults are satisfactory with RSD values lower than 3.1% for each
easured analyte at all spiking levels (Table 3). The repeatability

alues at the three different levels ranged from 0.5 (kaempferol
t ML  concentration) to 2.2% (quercetin at LL concentration) (n = 7),
hereas the reproducibility varied from 0.6 (kaempferol at HL con-

entration) to 1.3% (quercetin at LL concentration).
Combination of fast MEPS technique together with quick

HPLC-PDA system proves to be an improved strategy, with
xcellent recoveries, sensitivity, and repeatability, which make it
ossible to use as a quick approach to analyze the selected biological
ctive constituents in wines.

.3. Determination of flavonols in wines by MEPSC8 and
PEOasis HLB

In order to test the applicability of the developed method, MEPS
rocedure was first applied to a mixture of flavonols standards and
hen to thirty wine samples (22 red and 8 white wines) (Table 4).
n addition, the proposed method was compared with SPEOasis HLB
echnique. The correlation between the two sampling methods is
rovided by the results given in Fig. 4. It shows the plot of the
EPSC8/UHLPC-PDA data against SPEOasis HLB/UHLPC-PDA data for
he 30 studied wines.
As can be seen, the values obtained with both techniques

re well correlated (R2 = 0.9479), which means that in terms of
uantification, both methods can be used. However, several other
thetic wine (selectivity); (ii) synthetic wine spiked with flavonols; (iii) not spiked
red wine; and (iv) not spiked white wine; (for peak identification see Table 1).

experimental parameters should be taking into account, such as the
extraction efficiency, the extraction time, solvent consumption, fast
sample throughput, among others. In this regard MEPS technique
offers advantages than SPE.

The resulting chromatograms of both methods are shown in
Fig. 5. The separation of the target flavonols is very fast, being
achieved within only 7 min.

Accurate quantification and improved sensitivities for all three
flavonols analysis in red and white wines were achieved by MEPSC8
(Fig. 5A). In addition, the chromatographic profile resulting from
MEPSC8 extracts is much cleaner than that obtained by SPEOasis HLB
(Fig. 5B), meaning that the selectivity of Oasis HLB sorbent towards

flavonols is poorer tha C8 sorbent. The chromatograms obtained
for white and red wines samples showed quite different pro-
files and their complexity increases or decreases according to the
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Table  4
Flavonol compositiona of representative commercial wines (�g mL−1) (flavonol data have been corrected for recoveries).

Wine sample Vintage Varieties Myricetin Quercetin Kaempferol Total flavonols �flavonols

MEPS SPE MEPS SPE MEPS SPE MEPS SPE

Red wines (RW)
#1 2008 Tinta Barroca, Tinta Roriz,

Touriga Franca
7.2 ± 1.6 6.6 ± 1.5 n.d.b 4.3 ± 1.2 <LOQc n.d. 7.2 10.9 3.7

#2 NAd Syrah, Castelão and Aragonez 8.9 ± 3.2 8.7 ± 3.5 n.d. n.d. 0.4 ± 0.01 0.3 ± 0.1 9.3 9.0 −0.3
#3  2010 Aragonez, Trincadeira and

Castelão
n.d. n.d. n.d. n.d. n.d. n.d. – – –

#4  2010 Syrah, Trincadeira and Castelão 6.4 ± 1.2 8.0 ± 0.9 n.d. n.d. 0.3 ± 0.4 0.2 ± 0.09 6.7 8.2 1.5
#5  2009 Touriga Nacional and Castelão 8.7 ± 0.7 10.3 ± 1.4 n.d. n.d. 0.2 ± 0.1 n.d. 8.9 10.3 1.4
#6  2007 Touriga Nacional, Alfrocheiro

and Tinta Roriz
13.4 ± 0.6 16.1 ± 1.0 n.d. n.d. 4.8 ± 0.9 6.2 ± 1.0 18.2 22.3 4.1

#7 2008 Castelão, Aragonez and
Trincadeira

2.9 ± 0.5 3.8 ± 1.3 n.d. n.d. n.d. n.d. 2.9 3.8 0.9

#8 2008 Touriga Nacional, Touriga
Francesa, Tinta Roriz and Tinta
Barroca

5.6 ± 1.1 6.6 ± 2.6 n.d. n.d. 0.4 ± 0.1 0.3 ± 0.07 6.0 6.9 0.9

#9  2009 Rufete, Marufo and Tinta Roriz 12.4 ± 1.7 14.2 ± 3.2 4.1 ± 1.2 6.4 ± 1.7 0.2 ± 0.9 0.1 ± 0.06 16.7 20.7 4.0
#10  2010 Castelão 5.8 ± 0.1 8.1 ± 0.8 n.d. n.d. 0.5 ± 0.4 0.3 ± 0.1 6.3 8.4 2.1
#11  2009 Touriga Nacional and Tinta

Roriz
10.7 ± 2.2 13.2 ± 2.9 3.3 ± 0.4 6.6 ± 0.8 <LOQ n.d. 14.0 19.8 5.8

#12 2009 Aragonez, Tincadeira and
Alicante

2.9 ± 0.2 3.4 ± 0.7 5.2 ± 2.2 7.4 ± 1.4 1.7 ± 0.41 2.4 ± 0.8 9.8 13.2 3.4

#13  2009 Aragonez, Trincadeira,
Cabernet

16.8 ± 2.5 15.7 ± 2.7 7.5 ± 1.8 10.6 ± 1.5 3.4 ± 0.6 6.0 ± 2.6 27.7 32.3 4.6

#14  2009 Baga and Touriga Nacional 3.9 ± 1.4 6.3 ± 2.9 0.4 ± 0.1 0.2 ± 0.1. 0.6 ± 0.2 <LOQ 4.9 6.5 1.6
#15 2007 Tinta Negra Mole 4.1 ± 0.7 2.4 ± 0.9 n.d. n.d. <LOQ n.d. 4.1 2.4 −1.7
#16  2009 Tinta Roriz and Touriga

Nacional
4.3 ± 0.5 6.6 ± 1.6 2.2 ± 0.7 4.4 ± 0.8 2.8 ± 1.7 1.3 ± 0.8 9.3 12.3 3

#17  2006 Bastardo and Touriga National 5.7 ± 0.8 2.9 ± 1.3 9.3 ± 4.4 11.1 ± 1.8 3.2 ± 0.9 7.3 ± 1.0 18.2 22.6 4.4
#18  2008 NA 13.1 ± 4.5 15.0 ± 3.4 2.8 ± 1.3 4.9 ± 0.4 0.8 ± 4.5 n.d. 16.0 19.9 3.9
#19  2009 Merlot, Cabernet Sauvignon,

Saborinho
10.4 ± 2.8 5.7 ± 2.8 3.2 ± 0.9 5.4 ± 2.6 < LOQ n.d. 13.6 11.1 −2.5

#20 2010 Merlot, Cabernet and Syrah 7.8 ± 1.7 5.3 ± 1.7 11.0 ± 3.4 19.2 ± 3.5 0.7 ± 0.3 0.3 ± 0.2 19.5 24.8 5.3
#21  2009 Periquita and Saborinho 7.9 ± 0.8 10.3 ± 3.3 n.d. n.d. <LOQ n.d. 7.9 10.3 2.4
#22  2010 Agronómica and Saborinho 4.1 ± 0.2 3.2 ± 0.6 7.9 ± 3.3 14.3 ± 0.2 0.9 ± 2.4 1.6 ± 1.9 12.9 19.1 6.2

White  wines (WW)
#23 2009 NA n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.
#24  2010 Rabo-de-ovelha n.d. n.d. 3.4 ± 1.7 5.8 ± 1.6 0.3 ± 0.1 0.1 ± 0.06 3.7 5.9 2.2
#25 2009 Roupeiro, Antão Vaz and

Perrum
n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.

#26  2009 Antão Vaz and Roupeiro n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.
#27  2010 Malvasia Fina and Gouveio n.d. n.d. <LOQ n.d. n.d. n.d. n.d. n.d. n.d.
#28  2010 Moscatel and Arinto n.d. n.d. <LOQ n.d. n.d. n.d. n.d. n.d. n.d.
#29 2009 Encruzado, Bical and Malvasia

Fina
n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.

#30  2010 NA n.d n.d. n.d. n.d. n.d. 1.10 ± 1.1 0.7 1.1 0.4

a The content of each of the flavonols analyzed in the wine samples tested is the mean of three replicates ± SD and indicated as �g mL−1.
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b n.d.: not detected.
c <LOQ: lower than quantification limit.
d NA: data not available.

avelength. The maximum absorbance wavelength of each
avonol, listed in Table 1, was used for quantification purposes.

The content of the target flavonols found in the assayed wines
s summarized in Table 4. As can be observed, the concentration
f flavonols in investigated red wines is significantly higher than
he concentrations determined in white wines. The fact that the
olyphenols content in red wines is higher than white wines was
idely described before in the literature [35,39].

The average values obtained by SPEOasis HLB technique
(14.0 �g mL−1, from 2.4 �g mL−1 (RW#15) to 32.3 �g mL−1

RW#13)} are slightly higher than that found with MEPSC8 tech-
ique {(11.4 �g mL−1, from 2.9 �g mL−1 (RW#7) to 27.4 �g mL−1

RW#13)}.
The highest flavonol content, considering the sum of the

arget flavonols assayed (
∑

flavonols/MEPSC8 = 27.7 �g mL−1 and
∑
flavonols/SPEOasis HLB = 32.3 �g mL−1) was determined in red wine

13, followed by red wines #20 and #17, with a flavonol compo-
ition around 19.5 �g mL−1 and 18.2 �g mL−1 obtained by MEPSC8
nd 24.8 �g mL−1 and 22.6 �g mL−1 by SPEOasis HLB, respectively.
Regarding to individual flavonols, myricetin was the most abun-
dant in all investigated wines, followed by quercetin and, in lowest
concentration, kaempferol. Myricetin was not found in any of the
investigated white wines (#23–30), however, it was found in all
investigated red wines with exception of red wine #3.

4. Conclusions

In conclusion a novel, ultra-fast, sensitive and reproducible
MEPSC8/UHPLC-PDA-based methodology, was  developed, vali-
dated and successfully applied to the simultaneous determination
of flavonols in wines. As stationary phase a T3 bonding process
(HSS T3), which utilizes a trifunctional C18 alkyl phases bonded
at ligand density that promotes polar compound retention and
aqueous mobile phase compatibility, was used. The combination

of the shorter running time with a smaller flow rate also reduced
drastically the solvent consumption and thus is more environmen-
tal friendly. The validated method showed a good performance
with regard to selectivity, LODs, LOQs, linearity, extraction yields,
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ccuracy and intra/inter-day precisions. The results obtained from
he application of the methodology to wine samples suggested
hat this method can be potentially useful to quantitate each of
hese compounds and serve as promising alternative to existing

ethodology for flavonols determination. Moreover, the method
an be applied, as an attractive and very promising approach, to
he analysis of flavonols in other food matrices, such as vegetables
nd fruits, due to the possibility of automation, easy to use, fast
nd low cost analysis, when compared to conventional SPE.

Wine extractions using the MEPSC8 method provided higher
ample throughput, selectivity and sensitivity equal to or slightly
reater than the SPEOasis HLB method.
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