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ABSTRACT

In this work, a reliable, simple, fast, inexpensive and robust sample preparation approach for the deter-
mination of multiclass polyphenols in wine samples is proposed. The polyphenols selected for this work
were gallic acid, (+)-catechin, (—)-epicatechin, caffeic acid, syringic acid, coumaric acid, ferulic acid, trans-
resveratrol, quercetin and cinnamic acid. The method is based on QUEChERS (quick, easy, cheap, effective,
rugged and safe) extraction technique coupled with dispersive solid-phase extraction (d-SPE) clean-up.
Under optimized conditions, the analytes were extracted from 5 mL wine samples (previously acidified
with 1% formic acid) using 2.5 mL acetonitrile. For phase separation, 1.5 g NaCl and 4 g anhydrous MgSO4
were added. Then,a 1 mLaliquot of the partitioned supernatant was cleaned-up using d-SPE with a combi-
nation of 150 mg CaCl,, 50 mg primary-secondary amine (PSA) and 50 mg C;s as sorbents. A250 pLaliquot
of the obtained cleaned extract was concentrated to dryness and taken up with the initial mobile phase
previous to liquid chromatography-multi-wavelength detection (LC-MWD). The proposed method pro-
vided limits of detection (LODs) ranging from 0.004 to 0.079 wg mL-! and an inter-day variability below
12% RSD for all analytes in red and white wine samples. Considering external calibration (red wines)
and matrix-matched calibration (white wines) as quantification techniques, the overall recoveries (accu-
racy) of the method ranged between 75.0% and 119.6% for red and white wine samples, respectively. The
developed method was applied for the determination of polyphenols in 10 wines produced in Argentina.
Nine phenolic compounds were determined, at concentrations above detectable levels in the method.
The maximum concentrations corresponded to (—)-epicatechin in white wines, while gallic acid and
(+)-catechin were the most abundant in red wines.

© 2014 Elsevier B.V. All rights reserved.

1. Introduction

anti-inflammatory, anticarcinogenic, antimutagenic and antipro-
liferative activities [3]. In addition, a reduction in cardiovascular

Because of the increase of consumers’ interest that functional
foods have acquired in recent years, there is need for the chemical
identification of the characteristics and quality of food products.
Phenolic composition is one of the most important quality param-
eters of wines, contributing to several organoleptic attributes such
as bitterness, astringency, color, flavor, odor, and oxidative stability
[1,2]. Polyphenols have also known health-promoting effects and
other properties in different biological systems such as antioxidant,
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mortality in human populations has been associated to the regular
consumption of red wine (“French paradox”) [4]. These features are
related to the antioxidant characteristics of polyphenols as reduc-
ing agents (i.e. by donating hydrogen they quench free radicals like
singlet oxygen) that inhibit and/or delay oxidation of biomolecules
(mainly lipids) in diverse cell-systems. Wine, especially red wine,
may be an important source of polyphenols in the diet. In this sense,
due to the reported health benefits of polyphenols and their impact
on food quality, the development of analytical methodologies for
characterization and determination of them in wine samples is a
topic of increasing interest.

Because of the complexity of wines samples, which includes
high quantity of target analytes of different chemical nature,
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sample preparation has a critical role for the highly selective deter-
mination of polyphenols. The most commonly used techniques
for the determination of free phenolics are based on liquid chro-
matography (LC) coupled to different detectors such as UV-Vis,
multi-wavelength (MWD), fluorescence, electrochemical and mass
spectrometry (MS) [5-8]. Gas chromatography coupled to MS has
been also reported, although low-volatile polar compounds, such
as phenolics, exhibit low sensitivity and peak tailing. Therefore, the
determination of these compounds by GC-MS requires a derivati-
zation step, which sometimes is tedious and time consuming [5].
In the last decade, the development of ultra-high pressure pump
systems and sub-2 wm packing materials has allowed significant
improvement in the separation, speed and efficiency of modern LC.
The innovative ultra-high pressure or UHPLC has made it possible to
achieve 5- to 10-fold faster separations than with conventional LC
systems, while maintaining or increasing resolution [ 7]. In the same
way, diverse sample preparation strategies have been proposed for
polyphenols, being liquid-liquid extraction (LLE) and solid-phase
extraction (SPE) the most frequently used [5,9]. Although these
techniques are effective for the extraction of polyphenols from wine
samples, they comprise several steps that are time-consuming and
require high volumes of organic solvents. In fact, LLE involve exten-
sive additional clean-up procedures and solvent evaporation steps.
In recent years, new sample preparation strategies such as SPE
with several sorbents [10,11], micro-extraction by packed sorbents
[12] and solid-phase micro-extraction [8] have been proposed for
the isolation of low molecular weight polyphenols from wines and
other food matrices. Recently, Anastassiades etal.[13] proposed the
QuEChERS (quick, easy, cheap, effective, rugged and safe) extraction
technique for the analysis of multi-residual pesticides in fruits and
vegetables, which afterwards was applied to several analytes and
matrices avoiding some drawbacks of the afore-mentioned tech-
niques. This procedure involves an initial single phase extraction
of compounds of interest with acetonitrile (MeCN) followed by
salting-out extraction/partitioning step by adding a combination
of salts. Subsequently, the clean-up is performed using dispersive-
solid-phase extraction (d-SPE), which is based on the addition
of the sorbent material into an aliquot of the extract to remove
the matrix interferences. The d-SPE clean-up avoids passing the
extracts through SPE cartridges, requiring much smaller quanti-
ties of sorbent and solvent. The principal advantages of QUEChERS
method are its simplicity, repeatability, low cost, speed and wide
applicability to different type of samples and analytes. QUEChERS
has found interesting applications in different fields of analyt-
ical chemistry including the analysis of pesticides in foodstuffs
[14-17]. QUEChERS was also successfully applied to determine ana-
lytes such as steroids and veterinary drugs [18], mycotoxins [19],
pharmaceuticals [20], personal care products [21] and organic pol-
lutants [22] in different samples with satisfactory results in terms
of recovery of compounds. Silva et al. [23] reported an application
of QUEChERS method to extract low molecular weight polyphenols
from vegetables, providing a valuable and promising tool for quality
evaluation of these foodstuffs.

The objective of this work was to develop and validate a sim-
ple, fast, inexpensive and robust method for the determination of
10 polyphenols representatives of different chemical classes (phe-
nolic acids, flavanols, flavonols and stilbenes) in wines based on a
QuEChERS method coupled to LC-MWD. Sample preparation condi-
tions were optimized in order to maximize the yield and selectivity
of extraction process. The analytical performance of the proposed
QUEChERS-LC-MWD method was evaluated in terms of limits of
detection (LODs), absolute recoveries, precision and linear range
of work. Matrix effects (ME) and selectivity were also carefully
evaluated to achieve unambiguous quantification of the studied
compounds. The procedure was applied for the determination of
target polyphenols in samples of commercial wine from Argentina,

in order to establish the robustness of QuEChERS-LC-MWD
method.

2. Experimental
2.1. Standards, solvents and sorbents

Standards of gallic acid (99%), (+)-catechin (>99%), (-)-
epicatechin (>95%), caffeic acid (99%), syringic acid (>95%),
coumaric acid (99%), ferulic acid (=99%), trans-resveratrol (>99%),
quercetin hydrate (95%) and cinnamic acid (99%) were purchased
from Sigma-Aldrich (Steinheim, Germany). The selection of the
mentioned polyphenols was based on their relative abundance
and importance for wines quality. As well, the selected com-
pounds cover the main polyphenols classes including phenolic
acids, flavonols, flavanols and stilbenes. The chemical structures
of these compounds and some properties of relevance to optimize
extraction (QUEChERS) and LC separation processes are compiled
in Table 1. Stock solutions of the above polyphenols were prepared
in methanol (MeOH) at concentration levels of 1000 g mL-. Fur-
ther dilutions were prepared monthly in methanol and stored in
brown bottles at —20°C. Calibration standards used during opti-
mization of LC-MWD conditions were dissolved in ultrapure water
(0.1% formic acid; FA) water/methanol (80:20).

HPLC-grade MeCN, MeOH, FA and acetic acid were purchased
from Mallinckrodt Baker (Inc. Pillispsburg, NJ, USA). Ultrapure
water was obtained from a Milli-Q system (Millipore, Billerica, MA,
USA).

Analytical grade sorbents (50 wm particle size) for d-SPE, includ-
ing primary-secondary amine (PSA) and octadecylsilane (C1g) were
both obtained from Waters (Milford, MA, USA). Reagent grade NacCl,
anhydrous MgS0O4 and anhydrous CaCl, for QUEChERS develop-
ment were purchased from Sigma-Aldrich.

2.2. Samples

Extraction conditions were optimized with aliquots of a pool
of red wines (Malbec and Cabernet Sauvignon), considered as the
most complex sample, spiked with target analytes at 5pgmL-1.
Wine samples studied in this work were obtained from local
supermarkets and wineries. The analyzed samples included differ-
ent white and red wines produced in Argentina. The white wine
samples corresponded to a Chardonnay varietal and a blend with-
out varietal denomination. Red wines were the varietals Malbec,
Cabernet Sauvignon, Tempranillo and two blends with varietal
denomination as follows: Cabernet Sauvignon-Merlot-Malbec and
Malbec-Cabernet Sauvignon. The selected samples included young
wines as well as oak barrel aged wines, with the aim to test the
proposed method with a wide range of matrices.

2.3. QUECHERS procedure

Wine (5mL) was placed into a 15 mL PTFE centrifuge tube and
acidified with FA (1%) by adding 57 p.L of 88% w/v solution. Then,
2.5 mLMeCN were added and the tube was vigorously hand-shaken
for 30s to ensure adequate homogenization of sample and extrac-
tion solvent. For phase separation, 1.5g of NaCl and 4 g of MgS0O,4
were added; the tubes were shaken for 1 min and centrifuged for
10 min at 3000 rpm (900 rcf). Thereafter, 1 mL aliquot of the upper
MeCN phase was transferred to a 2 mL d-SPE clean-up tube con-
taining 150 mg CaCl,, 50 mg PSA and 50 mg Cqg. The mixture was
then vortexed 30 s and centrifuged 2 min at 12,000 rpm (8400 rcf).
Finally, an aliquot of 250 p.L of extract was evaporated to dryness
under gentle N, stream and the residue was reconstituted with
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Table 1
Names, structures, chemical class and pKa of selected polyphenols.
Analyte Chemical structure Chemical class pKa; pKa;
HO
Gallic acid HO@iCOOH Hydroxybenzoic acid 4.5 10.0
(+)-Catechin Flavanol 8.7 9.7
(—)-Epicatechin Flavanol 8.9 9.9
OH
HO,
Caffeic acid HO ; > \ Hydroxycinnamic acid 44 -
COOH
H3;CO,
S HO COOH . L
Syringic acid Hydroxycinnamic acid 43 -
H;CO
p-Coumaric acid HO;@N Hydroxycinnamic acid 41 10.2
COOH
H5;CO,
Ferulic acid % Hydroxycinnamic acid 4.0 10.2

COCOH
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Table 1 (Continued)

Analyte Chemical structure Chemical class pKa; pKay
HO
trans-Resveratrol \ Stilbene 9.2 -
OH
HO
OH
HO (0)
H
Quercetin Flavonol 7.1 9.1

OH O

Cinnamic acid \

COOH

Hydroxycinnamic acid

400 pL of LC initial mobile phase (0.1% FA in Milli-Q water and 20%
of MeOH) and analyzed by LC-MWD.

2.4. LC-MWD analysis

Target polyphenols were determined using a LC-MWD system
(Dionex Softron GmbH, Thermo Fisher Scientific Inc., Germering,
Germany). The LC instrument was a Dionex Ultimate 3000 consist-
ing of vacuum degasser unit, autosampler, quaternary pump and
chromatographic oven. The detector was a Dionex MWD-3000 (RS)
model with an analytical flow cell. The Chromeleon 7.1 software
was used to control all the acquisition parameters of the LC-MWD
system and also to process the obtained data.

LC separations were carried out in a reversed-phase Symmetry
Cig column (4.6 mm x 250 mm, 5 pm particle size (Waters, Mil-
ford, MA, USA). Ultrapure water with 0.1% FA (A) and MeOH (B)
were used as mobile phases. Analytes were separated using the
following gradient: 0 min, 20% B; 0-2 min, 30% B; 2-8 min, 32% B;
8-14min, 80% B; 14-22 min, 20% B; 22-32 min, 20% B. The mobile
phase flow was 1 mL min~! and the column temperature 35° C. The
injection volume for standards and sample extracts was 10 p.L. The
identification and quantification of the target polyphenols in the
wine samples studied was based on the comparison of the reten-
tion times (tg) and maximum absorbance value of detected peaks
in samples of interest with those obtained by the injection of pure
standards. The tg and wavelength used for quantification of each
compound are overviewed in Table 2.

2.5. Matrix effects, absolute recoveries and sample quantification

Potential ME in % for each compound caused by interferences
occurring during LC-MWD analysis were calculated as follows:

ME% — (1 slope MM curve ) 100

" slope solvent curve

being MM the matrix-matched calibration standards. If we assume
that the slopes of the solvent calibration curve and the matrix-
matched curve are equal, then no ME is present and the slope ratio
is 1.

Sample quantification was performed and compared by using
calibration standards involving both matrix-matching (standards
added to blank extracts) and non-matrix-matching (solvent-based
standards in solutions of initial mobile phase). For matrix-
matching, the sample extract was fortified with standards after
d-SPE clean-up (we compared adding the standard either before
or after d-SPE without observing significant differences in results).

The absolute recoveries (R%) of the proposed method were cal-
culated as the difference between the concentrations measured
for extracts from spiked (Cs) and non-spiked aliquots (C,) of wine
divided by the theoretical concentration (C;) added to the sample,
and multiplied by 100,

G —GCp

R%= |
t

} « 100

where Cs and C, were established against calibration curves
obtained for matrix-matched standards (white wine) and external
calibration with solvent-based standards (red wine).

3. Results and discussion

The proposed technique includes a two-step sample preparation
approach viz. an extraction based on LLE followed by a salting-out
process and a clean-up using d-SPE. Sample preparation strate-
gies should be designed and tested to minimize ME. This can be
beneficial for determining the zones of the chromatograms that
are severely affected by wine co-extractives helping to identify the
best sample clean-up approach to eliminate interferences. In this
sense, the critical variables affecting the extraction efficiency and
selectivity of the technique were optimized.
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Table 2
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Linearity, limits of detection (LODs), recoveries, intra- and inter-day precision of the QUEChERS-LC-MWD method for the determination of multiclass polyphenols in white

and red wines.

Analyte tg (min) A (nm) Linear range R? LOD Precision (RSD, %) Recovery (%)°
-1 -1
(hgmL™) (hgmL™) Intra-day? Inter-day® White wine Red wine

White Red White Red TpgmLl! 10pgmL~' 5ugmL~' 25ugmL-!

wine wine wine wine
Gallic acid 3.59 280 0.1-50 0.9992 0.010 3.7 3.5 7.4 23 75.7 75.9 87.6 75.5
(+)-Catechin 5.28 280 0.5-50 0.9961 0.055 2.0 0.9 8.9 8.9 113.6 115.6 108.4 94.8
(—)-Epicatechin 7.11 280 0.5-50 0.9989 0.079 7.2 1.1 8.3 6.8 774 119.6 87.5 75.3
Caffeic acid 8.03 320 0.1-50 0.9994 0.010 1.8 3.0 8.9 4.4 77.5 92.0 96 1114
Syringic acid 8.49 280 0.1-50 0.9992 0.008 3.5 2.5 2.9 5.9 103.7 122.7 82.8 115.9
p-Coumaric acid 12.01 320 0.1-50 0.9994 0.008 3.8 25 2.6 3.8 1144 106.3 89.6 119.3
Ferulic acid 12.57 320 0.2-50 0.9995 0.017 29 24 11.6 6.9 116.0 98.9 103.1 1151
trans-Resveratrol 13.89 320 0.1-50 0.9991 0.005 2.4 2.0 24 4.4 114.5 1154 116.6 1123
Quercetin 15.48 370 0.5-50 0.9995 0.031 4.2 4.5 8.3 5.5 75.6 1174 75.0 110.1
Cinnamic acid 16.07 280 0.1-50 0.9997 0.004 3.0 2.8 3.2 8.7 119.5 95.2 105.4 105.8

2 n=3 extractions in the same day (1 pgmL™1).
b n=9 extractions in 3 consecutive days (2 pgmL~").
¢ Recoveries were calculated as described in Section 2.5. n=3 replicates.

3.1. Optimization of QUEChERS extraction conditions

The original QUEChERS technique is characterized by a single
phase solvent extraction using polar organic solvents and phase
separation after salting out and centrifuging the mixture [13].
Among the most commonly extraction solvents used for sample
preparation, MeCN is the solvent of choice for a flexible QUEChERS
method due to its distinct properties which were deeply explained
in previous works [13,24].

The sample to solvent ratio was studied with the objective to
achieve the highest recoveries with the minimum sample and sol-
vent consumption, as well as to get the required sensitivity for
polyphenols in wines. To determine the influence of extraction
solvent volume, a series of separate sets of extractions were per-
formed using 5 mL of red wine with different MeCN volumes (1.5,
2.5, 3.5 and 5mL). The results are summarized in Fig. 1. As it can
be observed, the best results for the 10 studied polyphenols were
achieved when 2.5mL of MeCN were used. Lower volumes ren-
dered lower recoveries of analytes, probably because the reduced
volumetric recovery of extraction phase when 1.5 mL were used,
being insufficient to quantitatively extract the target analytes. The
volumetric recovery of extraction phase for volumes between 2.5
and 5 mL was 73%, about twice the obtained for 1.5 mL MeCN (33%).
For MeCN volumes of 3.5 and 5 mL, lower recoveries due to dilution

@1.5mL m2.5mL @3.5mL m5mL
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Fig. 1. Effect of sample to solvent ratio on the average concentration of polyphenols.
Extraction conditions as described in text. d-SPE: 1 mL extract, 150 mg anhydrous
CaCl;, 100 mg PSA and 100 mg Cys.

effect of polyphenols were observed. Thus, taking into account the
achieved results a sample to solvent ratio of 2:1 was selected to
perform further assays.

The acidification of samples prior to extraction is a commonly
used strategy in QUEChERS methods to increase the extraction
of acidic analytes. In general, low molecular weight polyphenols
are more stable at lower pH. The acidification helps to prevent
oxidation of polyphenols and increase the efficiency of pheno-
lics extraction since, under these conditions, the phenol-phenolate
equilibrium shifts toward the less polar phenol form and pheno-
lic acids are mostly neutral molecules, facilitating the extraction
with MeCN [25]. The possibility of acidification of wine sam-
ples was evaluated by studying the effect of FA and acetic acid
addition. A set of extractions was performed by adding 2.5mL
MeCN to 5mL acidified wine (1% FA, 1% acetic acid or without
acid addition). The obtained results showed that by using any
of both acids a remarkable increase in recoveries was observed.
These results could be justified according to the pKa’s of studied
polyphenols (see Table 1). For phenolic acids (pKa’'s between 4.1
and 4.5), the observed increases in recoveries where the highest
(between 75% and 96%, as compared to non-acidified samples), fol-
lowed by quercetin, (+)-catechin and (—)-epicatechin which have
higher pKa’s and so they were less affected by lowering the pH.
For trans-resveratrol no significant differences in recoveries were
observed with and without acidification. This could be explained
due to a higher pKa, so the acidification does not exert strong
effect on the compound ionization and therefore the extraction
efficiency remained unaffected. Besides the recoveries for some tar-
get polyphenols, such as (+)-catechin, (—)-epicatechin, p-coumaric
acid, ferulic acid, trans-resveratrol, quercetin and cinnamic acid
were not affected by the type of acid. On the contrary, gallic, caffeic
and syringic acids showed an appreciable higher recovery when 1%
FA was used. Thus, FA was selected as acidification agent.

The percentage of acidification with FA was studied by extract-
ing 5 mL of wine sample acidified with different amounts of FA (1
and 2.5%). The results are shown in Fig. 2. The pH was measured in
the extract after the salting-out step (1) and after d-SPE clean-up
(2). The achieved pH values were: pH without FA, (1) pH 3, (2) pH
5; acidification with 1% FA, (1) pH 2, (2) pH 2; acidification with
2.5% FA, (1) pH 2, (2) pH 1.5. As can be seen, when samples were
not acidified the phenolic acids presented a significant reduction
in their recoveries. Observing the pH value obtained after d-SPE in
samples without FA (pH 5), this value is above the pKa's of pheno-
lic acids (see Table 1). Thus, the equilibrium of these compounds
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Fig. 2. Effect of acidification with FA on the average concentration of polyphenols.
Extraction conditions as described in Fig. 1.

is not completely shifted to its neutral form, which could be eas-
ily extracted with MeCN, justifying the lower recoveries without
acidification. There is also an effect related to the PSA properties
because PSA strongly retains the acidic analytes, unless there is suf-
ficient acid to saturate the sorbent, blocking the -OH interactions of
the analytes with the PSA. On the other hand, when samples where
acidified with FA no significant differences were observed between
both levels. The acidification performed in wine samples allows the
achievement of a pH well below the pKa’s of studied analytes (in the
extracts and after d-SPE), increasing the neutral form of phenolics
as well as saturating the PSA (actually PSA cannot retain pheno-
lics) which augment the recovery of target analytes. In this sense,
wine samples were acidified with 1% FA prior to its extraction with
2.5mL MeCN.

3.2. Optimization of d-SPE clean-up

After the salting-out extraction, an additional efficient clean-
up of sample extract using d-SPE is often a crucial step of the
traditional QUEChERS approach. This is essential, particularly for
complex MeCN extracts coming from wine samples, in order to
reduce the content of sugars and pigments (anthocyanin) that neg-
atively affect the identification of polyphenols. For the clean-up
optimization, the effects of sorbent type and composition of sorbent
mixture on the purification efficiency and extraction recovery were
evaluated, and the highest sorbent amounts for maximizing clean-
up effectiveness without affecting the recoveries were selected for
this purpose.

For the development of d-SPE, PSA and C;g were evaluated alone
and in different combinations. The achieved results showed that
the use of a combination of CaCl,, PSA and C;g give the best results
in terms of the recoveries of analytes. As well, a reduction in the
chromatograms background, particularly near the trans-resveratrol
peak, was observed by using this combination of sorbents. The uti-
lization of CaCl, without PSA and C;g showed the lowest recoveries
for the polyphenols. In the same way, the application of a combi-
nation of CaCl, + PSA or Cqg separately, did not show improvement
in the recoveries of analytes. This could be explained as follows:
PSA sorbent, as a weak anion exchanger, is commonly used to
remove various co-extractive interferences due to its remarkable
trapping activity for fatty acids, some sugars, acidic analytes and
anthocyanin pigments (the last were abundant in the MeCN extract
before d-SPE) [13,24]. Considering the pH value of d-SPE extract
under optimized conditions (pH 2), the amount of acid was suffi-
cient to saturate the PSA sorbent, allowing the partition of neutral

analytes to MeCN. Anhydrous CaCl, retains the remaining water
after the salting-out step and increase the ionic strength of the
medium, so these facets changes the adsorption capacity of PSA
and C;g to the analytes and matrix components. In fact, the lower
amounts of water and the high ionic strength favor the partition
of neutral analytes (phenolic acids are well below their pKa’s) to
MeCN phase. In this sense, a combination of sorbents containing
PSA and Cyg, plus CaCl, were used instead of individual sorbents
for the removal of various types of interfering matrix components
in the MeCN extracts. The amounts of sorbents in d-SPE were stud-
ied within the range of 35-200 mg of each, maintaining the CaCl,
amount in a fixed mass of 150 mg. This study is relevant to achieve
an adequate clean-up without affecting the recovery of target
polyphenols. The results are presented in Fig. 3. The procedure was
the same as described above. It was observed that by increasing the
sorbent amount of each sorbent from 35 mg to 50 mg, the relative
responses for most of the analytes increased. This may be because
the high amount of anthocyanins present in the extract, which may
affect negatively the PSA sorbent efficiency. In this sense, Anastas-
siades et al. [13] reported that for strawberry extracts, which were
rich in anthocyanins, higher amounts of PSA were needed to avoid
saturation of the PSA. When 100 mg d-SPE sorbents were used,
(+)-catechin, (—)-epicatechin and caffeic acid showed an increase
(about 10%) of their relative responses, although the majority of
the analytes responses decreased with higher amounts of d-SPE
sorbents. It could be that for a higher amount of PSA, the remaining
acid was insufficient to saturate PSA, so acidic analytes were able
to interact with the sorbent, being strongly retained and reduc-
ing the recovery. Higher amounts of PSA also increase the pH of
the medium, thus acids are in their ionic forms at pHs well above
their pKa’s and the ionic strength from the CaCl, was not enough
to force the ions into MeCN. In view of the mentioned results, we
selected a compromised situation to achieve a satisfactory recovery
of analytes and avoid using excessive amount of sorbents. Thus, a
combination of 150 mg anhydrous CaCl,, 50 mg PSA and 50 mg C;g
was selected for further studies.

3.3. Method validation

In order to evaluate the ME on the analytical signals of
polyphenols, the slopes of the calibration graph obtained with
matrix-matched standards were compared with those obtained
with solvent-based standards, calculating the matrix to solvent
slope ratios as described in Section 2.5 for each of the analytes
studied in white and red wine matrices. According to estab-
lished parameters, previously developed and accepted for pesticide
analysis, ME values from —20 to +20% are considered suitable
indicating minor ME [26]. Often, this +20% range is used as a
cutoff value to justify using solvent calibration in place of matrix-
matched standards. To test the developed method, a comparison
of the percent of compounds that fell within £20% of the sol-
vent curve values was performed. The obtained results for red
wine showed that 100% of evaluated analytes showed a min-
imum ME (—12% for trans-resveratrol-+3% for (—)-epicatechin),
showing the efficiency of the proposed QUEChERS approach and
supporting the use of external calibration as quantification tech-
nique. For white wines, about 30% of the investigated analytes
(viz. (—)-epicatechin, ferulic acid and quercetin) showed a signif-
icant ME (ME%: +22 for (—)-epicatechin-+29% for quercetin). In
order to finally test the possibility of quantification of polyphe-
nols in red wines by using external calibration, a comparison
between the concentrations determined by using calibration stan-
dards involving both matrix-matching (standards added to sample
extracts) and non-matrix-matching (solvent-based standards) was
performed. The attained results showed that there were not signif-
icant differences between the quantification with both methods,
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Fig. 3. Effect of d-SPE sorbents amount on the average concentration of polyphenols. Extraction conditions as described in Fig. 2. d-SPE: 150 mg CaCl, +PSA and Cyg in

amounts showed in the figure.

justifying the application of external calibration as quantification
technique for red wines. For white wines, the differences were
statistically significant, and matrix-matched calibration should
be used to achieve accurate quantification of the target ana-
lytes. For both calibration curves, linear ranges between 0.1
and 50 wgmL-! were obtained, with coefficient of determina-
tion (R%) higher than 0.9961 for all the studied polyphenols
(see Table 2).

Based on the obtained results, in this study external calibration
using standards prepared in solvent (initial mobile phase: 0.1% FA
in Milli-Q water and 20% of MeOH) was used to quantify the 10
polyphenols in red wines. On the other hand, in order to com-
pensate the errors associated with the observed interferences in
white wines, matrix-matched standards were used as calibration
technique to quantify the analytes in these samples.

The analytical figures of merit of the optimized method are
summarized in Table 2. The LODs of the analytes for extraction of
5mL wine sample, calculated as three times the signal-to-noise
ratio (S/N=3), were ranged between 0.004 for cinnamic acid to
0.08 wg mL~! for (—)-epicatechin. The achieved LODs showed that
the proposed QUEChERS-LC-MWD method shows a suitable sen-
sitivity according to the polyphenols levels commonly found in
wines. The limits of quantification (LOQs), calculated as ten times
the signal-to-noise ratio (S/N=10) were 0.03, 0.18, 0.26, 0.03, 0.03,
0.03, 0.06, 0.02,0.10, 0.02 g mL~! for gallic acid, (+)-catechin, (—)-
epicatechin, caffeic acid, syringic acid, coumaric acid, ferulic acid,
trans-resveratrol, quercetin and cinnamic acid, respectively.

The selectivity of the QUEChERS method for the determination
of polyphenols was evaluated by the comparison of tg and spectral
behavior achieved by analyzing a standard solution of polyphe-
nols and a QUEChERS extract of wine after applying the optimized
method (see Section 3.1). As can be observed from Fig. 4, the tg
obtained after analyzing a wine sample did not show significant
differences with the obtained for the standard as well as any inter-
ference was detected at the polyphenols tg.

The precision was evaluated through inter-day (reproducibility)
and intra-day (repeatability) studies, calculated using the measure-
ment of relative peak area of each polyphenol in 5mL aliquots
of the pooled matrices of red and white samples. Intra-day pre-
cision was evaluated by analyzing in the same day 3 replicates
of wine samples spiked with polyphenols at 1 g mL~! level. The
obtained RSDs were ranged between 0.9% ((+)-catechin, red wine)
and 7.2%((—)-epicatechin, white wine). The inter-day precision was

assessed with 5 mL aliquots of the pooled matrices, spiked at the
2 wgmL-! level and processed in triplicate during 3 consecutive
days. The calculated RSDs were lower than 11.6% for all compounds.
Table 2 overviews the intra- and inter-day precision data.

The absolute recoveries (R%) of the overall procedure, consid-
ered as an estimation of the accuracy, were assessed using red
and white wines spiked at two different concentration levels. The
obtained results are summarized in Table 2. In all cases, spiked and
non-spiked aliquots were processed in triplicate and the concen-
trations of polyphenols in the corresponding extracts determined
by external calibration (red wine) and matrix-matched calibration
(white wine). The obtained R% ranged between 75.0% and 119.6%
with associated standard deviations between 1.5% and 8.1%.

3.4. Samples analysis

The developed and validated QUEChERS-LC-MWD method was
applied for the determination of polyphenols to a total of 10 sam-
ples of white (2 specimens) and red (8 specimens) wines from
different grape varieties cultivated in Argentina. The levels of
polyphenols in the analyzed samples are summarized in Table 3.
Fig. 4(b and c) shows the chromatograms obtained for the same red
wine sample with and without addition of the studied polyphenols.
As can be observed, good peak shape and resolution were achieved
for all the compounds with low interference from wine matrix.
According to the wavelength, the complexity of chromatograms
increase or decrease, showing the importance of adequate selec-
tion of maximum absorbance value of each polyphenols when
quantification is performed (see Table 2). The number of polyphe-
nols detected and its concentration varied according to the type of
matrix: white wines reported a considerable lower quantity and
concentration of studied analytes. One polyphenol (cinnamic acid)
remained below the LOD of the method in all the processed sam-
ples. In white wines was possible to quantify 8 compounds, being
(—)-epicatechin the most abundant with a maximum concentration
of 44.5 ng mL-!. On the other hand, red wines contained mea-
surable levels of 9 polyphenols. The total concentration of target
polyphenols in red wines was approximately two-fold higher than
for white wines (102.8 vs. 51.2 g mL~!, considering the maximum
levels for each one).

Gallic acid and (+)-catechin were the most abundant compounds
in the analyzed red wine samples with concentrations between
14.0 and 30.5 pgmL-1, followed by (—)-epicatechin, caffeic acid
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Table 3

3 replicates.

Levels of target polyphenols in non-spiked wine samples. Average concentrations (g mL-!) with their standard deviations, n

R8

R7

R6

R5

R4

R3

R2

R1

W2

W1

Code

Tempranillo Cabernet Sauvi-

Malbec

Malbec-Cabernet

Malbec
Sauvignon

Malbec

Malbec-Cabernet

Sauvignon
243423
2454+1.2

Cabernet Sauvignon

Chardonnay

Grape varieties

gnon-Merlot-Malbec

21.6+1.6
274+06
16.1+0.8

6.8+0.4

22.0+34 30.5+1.9 27.7+4.2

29.1+0.3
21.2+09

21.2+04
26.7+09
145+04

174+18
245+3.8
122+14
44+04

0.72+0.01
6.82+0.01
33.0+0.6

0.58+0.02
0.45+0.02
2.76+0.01
0.20+0.02
0.41+0.15

<LOD

0.71+0.03
32+02
445425

Gallic acid

140+1.9
79+1.2
8.0+1.0
6.6+0.7
6.8+0.6

23.8+0.6

29.00+0.06
19.7+0.6

(+)-Catechin

149+1.9

9.9+04
7.5+13
10.7+0.4

10.0+0.3

(—)-Epicatechin

Caffeic acid

4.74 +0.02
5.77+0.03
3.5+0.9
24+0.2
1.2+0.2

6.1+0.4
7.3+0.2

6.1+0.2

5.6+0.4

1.9+0.1

6.05+0.07
8.69+0.08
0.65+0.01
2.20+0.03
4.52+£0.06

0.94+0.01
9.4+0.2

1.37+0.03
7.5+0.1

0.56+0.01
413 +0.05

<LOQ

0.16+0.01
0.46 +0.04
0.14+0.01
0.16+0.03

<LOD

Syringic acid

9.124+0.04
0.65+0.01
2.5+0.1

56+04
0.6+0.2
2.6+0.2

p-Coumaric acid
Ferulic acid

0.49+0.06
2.03+0.08
5.8+0.5

0.37+0.05
3.37+0.03
55+0.2

0.54+0.01
2.10+0.01
4.2+0.2

1.744+0.02
7.3+0.2

trans-Resveratrol

Quercetin

6.40+0.06 6.22+1.08

5.4+0.22
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92.7 102.8 93.18 79.4 94.0

88.1

80.3

72.2

44.7

51.2

Total conc. (mgmL-1)

n.i., no information.

Codes W and R correspond to white and red wines, respectively.

<LOD, below the limit of detection of the method.

<LOQ, below the limit of quantification of the method (minimum level of calibration curve).

Cinnamic acid was not included in the table because it was not detected in the analyzed samples.

and p-coumaric acid. The stilbene trans-resveratrol reported lev-
els between 1.2 and 3.4 wg mL~1. For any of the studied samples,
a characteristic profile for polyphenols was observed. However a
large number of samples should be analyzed to assess varietal
characterization of each wine. Besides, other factors involved in
winemaking processes, as well as genetic, vineyard conduction and
environmental conditions, may affect the phenolic composition of
the final product [27].

4. Conclusions

The QUEChERS-LC-MWD developed method allows the selec-
tive determination of studied polyphenols in red and white wine
samples, showing a good enough sensitivity to guarantee reliable
determination at levels commonly found in wines, suitable preci-
sion and linear response ranges. As well, satisfactory robustness of
the method was observed when the recovery study was performed
over different white and red wine samples.

The extraction and clean-up procedures are very simple and
require little sample preparation, providing adequate clean-up to
wine extracts and allowing increasing the sample throughput of
the method.

Data obtained in this research indicate that ME in red wines
were avoided, allowing the use of external calibration as quan-
tification technique and simplifying the routine determination of
compounds. For white wines, the results showed the possibility of
using matrix-matched standards as quantification technique.

All these results disclose that QUEChERS-LC-MWD is a simple,
robust and reliable method for the sensitive quantification of mul-
ticlass polyphenols in wines and could be successfully applied for
the determination of these bioactive compounds in wine samples
with different matrices in a routine work scale.
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