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bstract

The use of matrix solid-phase dispersion (MSPD) was tested to, separately, extract phenolic compounds and organic acids from white grapes.
his method was compared with a more conventional analytical method previously developed that combines solid liquid extraction (SL) to
imultaneously extract phenolic compounds and organic acids followed by a solid-phase extraction (SPE) to separate the two types of compounds.
lthough the results were qualitatively similar for both techniques, the levels of extracted compounds were in general quite lower on using MSPD,

specially for organic acids. Therefore, SL-SPE method was preferred to analyse white “Vinho Verde” grapes. Twenty samples of 10 different
arieties (Alvarinho, Avesso, Asal-Branco, Batoca, Douradinha, Esganoso de Castelo Paiva, Loureiro, Pedernã, Rabigato and Trajadura) from four
ifferent locations in Minho (Portugal) were analysed in order to study the effects of variety and origin on the profile of the above mentioned
ompounds. Principal component analysis (PCA) was applied separately to establish the main sources of variability present in the data sets for
henolic compounds, organic acids and for the global data. PCA of phenolic compounds accounted for the highest variability (77.9%) with two

Cs, enabling characterization of the varieties of samples according to their higher content in flavonol derivatives or epicatechin. Additionally, a
trong effect of sample origin was observed. Stepwise linear discriminant analysis (SLDA) was used for differentiation of grapes according to the
rigin and variety, resulting in a correct classification of 100 and 70%, respectively.

2007 Elsevier B.V. All rights reserved.
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. Introduction

Matrix solid-phase dispersion (MSPD) has been widely used
n the last years for the isolation of a wide range of drugs, pes-
icides, naturally occurring constituents and other compounds
rom different complex plant and animal tissues providing,
n many cases, equivalent or superior results to older official

ethods conducted by more classical extraction and/or SPE
echniques (see reviews [1–5]).

Usually, for the analysis by conventional techniques of solid,

emi-solid and/or highly viscous biological samples, several
teps are necessary for their preparation, extraction and frac-
ionation. However, MSPD enables to combine all these steps in
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ust one, because the entire sample is homogeneously dispersed
n a solid support, usually a C18 or C8-bonded silica, creating
unique chromatographic phase that is used as the stationary

hase of a column. The extraction of the analytes and clean-up
re carried out simultaneously with, generally, good recoveries
nd precision [3–4].

MSPD enables complete sample disruption and dispersal
nto particles of very small size, providing an enhanced surface
rea for subsequent extraction of the compounds [3], whereas
n SL/SPE sample disruption must be conducted separately
nd many of the sample components must be discarded before
n extractive solution is ready to be added to an SPE col-
mn. In SPE the extracted compounds are usually absorbed

nto the top of the column packing material, not throughout
he column as in MSPD. The physical and chemical inter-
ctions among the components of the system are greater in
SPD and different in many aspects from those that take
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dx.doi.org/10.1016/j.talanta.2007.05.022


l. / Ta

p
g

e
c
o
i
o
H
t
X
s
a
m
c
h
b
s
e
g
c
i
Z
b
n
n

i
t
o
p
t
n
a
s
a
t
f

d
r
t
s
g
p

d
f
s
l
u
e

t
f
l
h

d
U

t
v
d
i
T
d
A
c
(
t
s
o
a
s

2

2

f
P
S
a
T

r
c
q
(
f
3

2

2

w
(
y
C
a
s
d
T
a
C

2

M.S. Dopico-Garcı́a et a

lace in classical SPE or other forms of liquid chromato-
raphy.

Although MSPD has been found to be a technique gen-
rally simpler, faster and requiring much less solvent than
lassical methods and has been widely used for the analysis
f different analytes in plants (see review Barker [3]), only
n a few studies phenolic compounds, as phenolic acids [6]
r isoflavonoids, [7–8] have been analysed by this technique.
owever, these aforementioned studies do not show clearly that

heir complete extraction can be easily obtained by MSPD.
iao et al. [7] compared the efficiency of MSPD with ultra-

onic and Soxhlet methods to extract isoflavonoids from Radix
stragali, the dried root of a medicinal Chinese plant. Four
ain isoflavonoids were identified, two aglycones and two gly-

osides, but while the amounts of the two aglycones were
igher when using MSPD, the efficiency of the extraction was
etter for the glycosides if the conventional techniques, ultra-
onic or Soxhlet (specially this last one) were used. De Rijke
t al. [8] employed MSPD to extract and isolate isoflavone
lucoside malonates from leaves of leguminous plants but,
ompared with solid liquid extraction, the efficiency for extract-
ng the glucosides was found to be lower [4]. In the work of
iaková et al. [6] that tried the extraction of phenolic acids
y MSPD, from a medicinal plant, the results obtained were
ot quantitatively compared with any other conventional tech-
iques.

Grapes are complex matrices and the complexicity of its study
s increased by the numerous varieties of Vitis vinifera used over
he various producing areas. Several studies have been carried
ut in order to try to correlate the variety with the chemical com-
osition of the grapes and wines obtained from them. Among
he metabolites used for such purpose, we can mention the phe-
olics, coloured or non-coloured [9–14], since, besides working
s marker compounds, these substances are known to possess
everal interesting properties related with health [15–17]. In
ddition, these constituents contribute strongly to the organolep-
ic characteristics of grapes, and therefore of the wine obtained
rom them [18].

“Vinho Verde” is considered a QWPSR (Quality Wine Pro-
uced in a Specified Region) and is confined to the north-west
egion of Portugal. A search over the published literature showed
hat only few studies were carried out on the chemical compo-
ition of these wines [19–22] and even less on their producing
rapes [23]. As far as we know, their content of phenolic com-
ounds and organic acids has not been determined yet.

In a previous work [24] a conventional analytical method was
eveloped to determine phenolic compounds and organic acids
rom white grapes. This method needed two steps, one for the
imultaneously extraction of both types of compounds by solid
iquid extraction (SL), and another for the separation and clean-
p of organic acids and phenolic compounds by solid-phase
xtraction (SPE).

In this paper, the first objective was to test the ability of MSPD

o, separately, extract phenolic compounds and organic acids
rom white grapes in just one step, simplifying the SL-SPE ana-
ytical procedure. The target compounds were determined using
igh performance liquid chromatography (HPLC) coupled to a
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iode array detector (DAD) for phenolic compounds or to an
V detector for organic acids.
Once the advantages of the SL-SPE analytical method for

he studied matrix were checked, samples of all the white grape
arieties of the “Vinho Verde” recommended by “Comissão
e viticultura da região dos Vinhos Verdes” [25] (i.e. Alvar-
nho, Avesso, Asal Branco, Batoca, Loureiro, Pedernã and
rajadura) and a few white grape varieties authorized (Doura-
inha, Esganoso Castelo Paiva and Rabigato), were analysed.
fterwards, multivariate techniques of data analysis, principal

omponents analysis (PCA) and linear discriminant analysis
LDA) were employed in order to establish differentiation cri-
eria as a function of the types of grapes. Although other factors
uch as polymorphism [26] can influence chemical composition
f the grapes and, therefore, be important for the differentiation
mong them, in this study only the variety and origin of the
amples have been considered for statistical analysis.

. Experimental

.1. Reagents and solvents

Methanol (MeOH), ethanol and formic acid were obtained
rom Merck (Darmstadt, Germany), hydrochloric acid from
ronalab (Lisboa, Portugal) and sulphuric acid from Fluka
igma–Aldrich (Seetze, Germany). The water was treated in
Milli-Q water purification system (Millipore, Bedford, MA).
he ultrasonic bath was from Bandelin (Berlin, Germany).

The phenolic compounds and the organic acids used as
eferences were obtained from the following sources: oxalic,
itric, fumaric, l(−)malic, (−)shikimic and dl-tartaric acids,
uercetin and quercetin-3-O-glucoside from Sigma–Aldrich
Steinheim, Germany); (−)-epicatechin, kaempferol, kaemp-
erol-3-O-glucoside, kaempferol-3-O-rutinoside and quercetin-
-O-rutinoside from Extrasynthése (Genay, France).

.2. Procedures

.2.1. Grape samples
Samples of different varieties of white “Vinho Verde” grapes

ere collected in different locations and vineyards: Famalicão
one vineyard), Felgueiras (one vineyard), Monção (three vine-
ards: Quinta de Menanços, Quinta de Moreira and Quinta de
eivães) and Ponte de Lima (two vineyards: Quinta de Barreiros
nd Quinta da Facha) in September of 2005. The varieties under
tudy were: Alvarinho, Asal Branco, Avesso, Batoca, Doura-
inha, Esganoso Castelo Paiva, Loureiro, Pedernã, Rabigato and
rajadura (Table 1). After harvest, the entire grapes were stored
t −20 ◦C and freeze-dried in a Labconco 4.5 apparatus (Kansas
ity, MO).

.2.2. Extraction and solid-phase extraction (SPE)

The solid-phase extraction columns used were Chromabond

18 non-endcapped (NEC) columns (50 �m particle size, 60 Å
orosity; 10 g sorbent mass/70 mL reservoir volume) from
acherey-Nagel (Düren, Germany).
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Table 1
Variety and origin of the “Vinho Verde” white grape samples studied

Observation Identification Variety Geographical origina

1 AlvCei Alvarinho Moncão (Ceivães)
2 AlvFel Alvarinho Felgueiras
3 AlvMen Alvarinho Moncão (Menanços)
4 AlvMor Alvarinho Moncão (Moreira)
5 AsFel Asal Branco Felgueiras
6 AvFel Avesso Felgueiras
7 BatFel Batoca Felgueiras
8 DouFel Douradinha Felgueiras
9 EsgFel Esganoso Castelo de Paiva Felgueiras

10 LouQBa Loureiro Ponte da Lima (Quinta Barreiros)
11 LouQFa Loureiro Ponte da Lima (Quinta Facha)
12 PedFam Pedernã Famalicão
13 PedFel Pedernã Felgueiras
14 PedQBa Pedernã Ponte da Lima (Quinta Barreiros)
15 PedQFa Pedernã Ponte da Lima (Quinta Facha)
16 RabFel Rabigato Felgueiras
17 TraFam Trajadura Famalicão
18 TraFel Trajadura Felgueiras
1 ajadu
2 ajadu
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a When grapes come from different locations in the same geographical origin

The experimental procedure SL-SPE was described in a pre-
ious work [24]. Each sample (1 g) was accurately weighed
nd mixed with aqueous HCl (pH 2) containing 5% MeOH
5 × 50 mL) at 40 ◦C, in an ultrasonic bath during 20 min for
ach solvent fraction. The extracts were filtered under vacuum
nd combined. The aqueous solution was then passed through a
hromabond C18 (NEC) column, previously conditioned with
0 mL of MeOH and 70 mL of aqueous HCl (pH 2). The aqueous
xtract, containing the organic acids, was evaporated until dry-
ess under reduced pressure (30 ◦C) and redissolved in 0.01N
ulphuric acid (1 mL). Twenty microlitres of the redissolved
xtract were analysed by HPLC-UV.

After the elution of organic acids and other polar com-
ounds with the aqueous solvent, the retained phenolic fraction
as eluted with 150 mL of ethanol. The extracts were taken

o dryness under reduced pressure (30 ◦C) and redissolved in
eOH (1 mL). This methanolic solution (20 �L) was analysed

y HPLC-DAD.

.2.3. Alkaline hydrolysis of the methanolic extract
btained by SL-SPE

Four millilitres of 2N NaOH were added to 0.4 mL of
ethanolic extract obtained as previously mentioned. The solu-

ion was kept in the dark for 4 h, acidified with HCl and passed
hrough a C18 Bond Elut cartridge, preconditioned with MeOH
nd 2N HCl. The phenolic compounds were eluted with MeOH.
his solution was taken to dryness under reduced pressure

30 ◦C), dissolved in 1 mL of MeOH, and 20 �L were analysed
y HPLC.

.2.4. Matrix solid-phase dispersion (MSPD)

The MSPD grade Isolute sorbents, MSPD C18 non-

ndcapped and MSPD C18 endcapped (EC) (mean particle size:
0–70 �m, average pore size: 60 Å) were from International
orbent Technology Ltd. (Hengoed Mid Glam, UK). C18 EC

a
s
w
fi

ra Ponte da Lima (Quinta Barreiros)
ra Ponte da Lima (Quinta Facha)

noted in brackets.

orbents present a structure of C18 silane and a trimethyl silyl
roup, covalently bonded to the surface of the silica particle,
hich reduce the polar secondary interactions associated with

urface silanol groups. These columns exhibit non-polar reten-
ion mechanism. C18 NEC sorbents have a structure of only
18 silane covalently bonded to the surface of the silica parti-
le, which provide additional polar interactions associated with
urface silanol groups. These columns exhibit non-polar, polar
nd cation exchange retention mechanisms.

1.0 g portions of sample were weighted, mixed and blended
arefully with 2.0 g of C18 sorbent in a mortar in order to obtain
mixed stationary phase. Then, the mixture was introduced into
15 mL syringe body and packed using a syringe plunger.

Aqueous HCl (pH 2) or aqueous HCl (pH 2) containing 5%
eOH was passed through the mixture (at vacuum) to recover

he organic acid fraction. This aqueous extract was evaporated
ntil dryness under reduced pressure (30 ◦C), and the residue
as redissolved in 1 mL of 0.01N sulphuric acid and analysed
y HPLC-UV (20 �L).

After the elution of organic acids and other polar compounds
ith the aqueous solvent, the retained phenolic fraction was

luted with ethanol. This extract was taken to dryness under
educed pressure (30 ◦C), redissolved in MeOH (1 mL), and
0 �L were analysed by HPLC-DAD.

.2.5. HPLC-UV analysis of organic acids
The chromatographic experiments were performed on an ana-

ytical HPLC unit (Gilson) as previously reported in Ref. [27].
he compounds were separated using an ion exclusion Nucle-
gel Ion 300 OA (300 mm × 7.7 mm) column, in conjunction
ith a column heating device at 30 ◦C. Elution was carried out
t a solvent flow rate of 0.2 mL min−1, isocratically, with 0.01N
ulphuric acid as the mobile phase. Detection was performed
ith a UV detector set at 214 nm. Each compound was identi-
ed comparing its retention time with the corresponding peak in
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Fig. 1. HPLC chromatogram of phenolic compounds of a sample of white
“Vinho Verde” grapes (AlvMen) at 350 nm. Peak identities: (1) caftaric acid;
(2) coutaric acid; (3) fertaric acid; (4) quercetin-3-O-glucoside; (5) quercetin-
3-O-rutinoside; (6) kaempferol-3-O-glucoside; (7) kaempferol-3-O-rutinoside;
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standard solution. Organic acids quantification was achieved
sing a calibration plot of external standard at 214 nm for all
ompounds.

.2.6. HPLC-DAD analysis of phenolic compounds
The extracts were analysed on an analytical HPLC unit

Gilson), using a Spherisorb ODS2 column (25.0 cm × 0.46 cm;
�m particle size Waters, Milford, MA, USA) [27]. The sol-
ent system used was a gradient of water/formic acid (19:1)
A) and MeOH (B), starting with 5% MeOH, followed by
radient steps of 15% B at 3 min, 25% B at 13 min, 30%

at 25 min, 35% B at 35 min, 45% B at 39 min, 45% B
t 42 min, 50% B at 44 min, 55% B at 47 min, 70% B at
0 min, 75% B at 56 min and 100% B at 60 min, at a solvent
ow rate of 0.9 mL min−1. Detection was done using a Gilson
iode array detector. The compounds quantified in each sam-
le were identified comparing their retention times and UV–vis
pectra in the 200–400 nm range with individual standards.
henolic compounds quantification was achieved using a cal-

bration plot of external standard at 350 nm for all compounds,
xcept epicatechin, for which the calibration plot was at 280 nm.
uercetin-3-O-glucoside and quercetin-3-O-rutinoside were
uantified together as quercetin-3-O-glucoside. Kaempferol-
-O-rutinoside and kaempferol-3-O-glucoside were quantified
ogether as kaempferol-3-O-rutinoside.

.3. Statistical analysis

.3.1. One-way analysis of variance (ANOVA)
Significant differences among the 10 white “Vinho Verde”

rape varieties for each of the compounds were determined by
NOVA using a SPSS Program (version 14.0). Levene’s test for
omogeneity of variance was used to assess the validity of the
NOVA analysis. When variance homogeneity was not accept-

ble, the Welch test, a one-way robust test of equality of means,
as employed instead of ANOVA.

.3.2. Principal component analysis (PCA) and linear
iscriminant analysis (LDA)

PCA and LDA were performed by Statgraphics. PCA is a
ool for data exploration which allows the reduction of the
imensionality of data facilitating the analysis of intersample
elationships. New variables, so called principal components,
re obtained to explain the greater part of total variance with a
inimum of information loss [28,29]. LDA is employed as a

lassification tool to discriminate between two or more groups
f samples.

PCA was performed separately for each chemical parameter
tudied (phenolic and organic acid profiles) and also for the
lobal data. LDA was performed for the global data.

. Results and discussion
.1. Identification of compounds

White “Vinho Verde” grapes showed a phenolic profile com-
osed by 10 identified phenolic compounds: caftaric acid,

m
b
H
F

8) quercetin; (9) kaempferol.

outaric acid, fertaric acid, quercetin-3-O-glucoside, quercetin-
-O-rutinoside, kaempferol-3-O-rutinoside, kaempferol-3-O-
lucoside, quercetin, kaempferol and epicatechin. The HPLC
hromatogram obtained at 350 nm is shown in Fig. 1.

Quercetin-3-O-glucoside, quercetin-3-O-rutinoside, kaemp-
erol-3-O-rutinoside, kaempferol-3-O-glucoside, quercetin,
aempferol and epicatechin were identified by comparing
heir retention times and UV–vis spectra in the 200–400 nm
ange with individual standards. Other HPLC conditions were
ried for the separation of coeluting compounds (pairs 4/5
nd 6/7), namely different gradients and columns, but we
ecided for those described in Section 2, which allowed a better
eparation and quantification of the aglycons. Nevertheless, the
ompounds of each pair are structurally related: compounds

and 5 are both glycosidic derivatives of quercetin, while
ompounds 6 and 7 are kaempferol glycosides. In addition, the
glycone is the molecule’s portion responsible for the UV–vis
bsorption spectrum of each compound. So, the quantification
f the pair as a whole does not introduce great alterations in
he quantitative information of the class of compounds in each
ample.

Caftaric (Rt 11.2 min), coutaric (Rt 14.7 min) and fertaric (Rt
3.4 min) acids were identified after a chromatographic analysis
nder the conditions previously used in our laboratory [22] for
n extract of white “Vinho Verde” grapes obtained by SL-SPE.
lkaline hydrolysis of this extract showed the absence of the

hromatographic peaks corresponding to coutaric, caftaric and
ertaric acids and the presence of p-coumaric, cafeic and ferulic
cids, which confirmed the identity of these compounds. How-
ver, these compounds could not be quantified due to their high
nstability in the extracts.

The identified organic acids were oxalic, citric, tartaric,
alic, shikimic and fumaric acids. The chromatographic peak

etween tartaric and malic acids was identified as fructose. The

PLC chromatogram obtained for organic acids is shown in
ig. 2.
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Fig. 2. HPLC chromatogram of the organic acids of a sample of white “Vinho
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.2. MSPD versus SL-SPE for white grapes

The SL-SPE method previously developed [24] to extract
henolic compounds and organic acids from white grapes,
onsisted of a first simultaneous extraction of both types of com-
ounds using aqueous HCl (pH 2) with 5% MeOH in ultrasonic
ath and a second step of clean-up, where the organic acids
nd phenolic compounds were separated using a C18 NEC col-
mn. When the acidic aqueous extract was passed through the
olumn, organic acids were eluted while phenolic compounds
ere retained on the C18 NEC sorbent and eluted later with

thanol. Finally, both fractions were analysed separately.
In this work, the potential use of MSPD to separately extract
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o aqueous HCl (pH 2) to improve the recovery of the analytes.
herefore, the addition of MeOH to the acid water was also

ested.
In literature, sample/sorbent ratios typically range from 1:1 to

:4 [5]; therefore a ratio of 1 g sample:2 g of sorbent was chosen.
For these preliminary assays, large volumes of solvents

150 mL of aqueous HCl (pH 2) and 70 mL of ethanol) were
mployed to guarantee the complete elution of the analytes. This
recaution was taken because although small volumes are usu-
lly reported to be sufficient for MSPD procedures, the study
arried out by Ziaková et al. [6] showed that 20–25 mL of some
luents were necessary to get quantitative recoveries of some
henolic acids.

Considering all these variables, five different assays (1-
SPD to 5-MSPD) were carried out. One more assay (6-MSPD)
as planned using the same sorbent, volume and type of eluents

s in the SL-SPE method, although these volumes are much
igher than the ones usually employed for MSPD. Their exper-
mental conditions are shown in Table 2.
Finally, the grapes were also analysed by the SL-SPE method
Table 2) to compare the results obtained with both techniques.
he obtained results as mean of three determinations are shown

n Figs. 3 and 4 for phenolic compounds and organic acids,

ig. 4. Comparison between MSPD and SL-SPE for the extraction of organic
cids from a sample of white grapes. Experimental conditions of each assay
ccording to Table 2.
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espectively. Results are given as concentration of each com-
ound in the lyophilized sample.

.2.1. Phenolic compounds
As can be seen in Fig. 3, recoveries obtained for pheno-

ic compounds were, in general, lower for MSPD than for
L-SPE. Only the recoveries obtained for the pair quercetin-3-
-glucoside/quercetin-3-O-rutinoside and for epicatechin were

imilar, in some assays, to those obtained using SL-SPE. So,
or the pair quercetin-3-O-glucoside/quercetin-3-O-rutinoside,
he signal obtained with the assay 6-MSPD was similar to the
ne obtained with SL-SPE (101%), but a very high volume of
olvents (150 mL of ethanol), not usual in MSPD, was neces-
ary. The best results for epicatechin, on using MSPD, were
btained with experiment 5-MSPD when a sorbent obtained
ixing 50% NEC C18 and 50% EC C18 was employed. The

mount of epicatechin obtained was 90% in relation to SL-SPE.
For the rest of the phenolic compounds the recover-

es obtained for MSPD were very poor in comparison
o those obtained for SL-SPE. The pair kaempferol-3-O-
lucoside/kaempferol-3-O-rutinoside was not recovered at all
n experiment 6-MSPD, even using the highest elution volumes.
his indicates that probably these compounds were eluted with

he first solvent (aqueous HCl (pH 2)) instead of ethanol. Another
ssay using 45 mL of aqueous HCl (pH 2) and 70 mL of ethanol
as carried out to check this hypothesis (data not shown). As was

xpected, the amount of kaempferol-3-O-glucoside/kaempferol-
-O-rutinoside increased, although only 52% of the amount
ecovered with SL-SPE method was obtained while the recov-
ries of the other compounds were negatively affected.

Recoveries of quercetin and kaempferol, in all the assays
arried out by MSPD, were always much lower than by SL-SPE,
ith the best recoveries being around only 30%.

.2.2. Organic acids
As can be seen in Fig. 4, recoveries obtained for organic acids

ere, in general, much lower for MSPD than for SL-SPE, and
uch poorer than those obtained for phenolic compounds. The

est results with MSPD were obtained with assay 6-MSPD that
ses the highest volumes of eluents. In these conditions, the best
ecoveries were obtained for oxalic and citric acids, for which
he obtained area was 103 and 77%, respectively, of the signal
btained with SL-SPE. For the other acids the obtained signal
as much lower on using MSPD: 55% for shikimic acid, 42%

or tartaric acid, 27% for malic acid and 6% for fumaric acid.
Addition of MeOH to the aqueous HCl (pH 2), or the use of

18 NEC or EC did not show to be very influential, although
etter results were obtained for some compounds (epicatechin
nd organic acids) when both sorbents were combined 1:1 (5-
SPD). The best results for MSPD were obtained using the

ighest volume of eluent, which is considerably higher than
sually employed with this technique.

In conclusion, MSPD can be useful for the qualitative analy-

is of phenolic compounds and organic acids from white grapes
ut, for the quantitative analysis, SL-SPE has shown to have
igher extractive capacity, especially for organic acids. This
uch lower extractive capacity of MSPD for organic acids
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6 M.S. Dopico-Garcı́a et a

as probably related to the high content in sugars of the white
rapes that coelute with them making their complete extraction
ifficult. On the other hand, results obtained for phenolic com-
ounds agree with those obtained by Xiao et al. [7] who got
ower extraction levels of glycoside phenolic compounds with

SPD than with other conventional techniques (Soxhlet, ultra-
onic).

In a more specific point of view, with the exception of oxalic
cid, the recuperation of organic acids was very small. For
henolic compounds, only quercetin-3-O-glucoside, quercetin-
-O-rutinoside and epicatechin presented similar recuperation
alues for both methods, but for the remaining ones it was
ery low and kaempferol-3-O-glucoside and kaempferol-3-O-
utinoside even disappeared with MSPD.

Considering these results, the previously developed SL-SPE
as chosen to analyse white “Vinho Verde” grapes. This analyti-

al method was validated in a previous work [24]. The analytical
ethod was precise since relative standard deviation (R.S.D.)
as 2.2–9.1% for organic acids and 2.8–15% for phenolic com-
ounds. Limits of detection were between 1.5 and 86 mg kg−1

or organic acids and 0.55 and 3.5 mg kg−1 for phenolic com-
ounds while limits of quantification ranged between 5.1 and
86, and 1.8 and 12 mg kg−1 for organic acids and phenolic
ompounds, respectively. Recovery values of the method were
etween 72 and 95% for phenolic compounds and between 72
nd 103% for organic acids which demonstrates the effectiveness
f the extraction.
Under the described assay conditions, a linear relation-
hip between the concentration of each compound and their
V absorbance was obtained, at 214 nm for oxalic, citric,
-tartaric, l-malic, shikimic and fumaric acids, at 280 nm

“
3
g

able 3
henolic composition of white “Vinho Verde” grape samples (mg kg−1 of lyophilized

Q3gluc (Rt 42.2) +
Q3rutin (Rt 42.7)

Kaemp3rutin (Rt 46.5)
+ Kaemp3gluc (Rt 46.8)

Mean S Mean S

1 AlvCei 247 2.4 65 0.86
2 AlvFel 228 3.4 308 5.2
3 AlvMen 281 13 138 9.4
4 AlvMor 278 5.8 209 2.2
5 AsFel 234 3.3 76 6.3
6 AvFel 92 1.2 79 2.1
7 BatFel 44 0.26 52 2.0
8 DouFel 439 9.1 427 29
9 EsgFel 79 4.8 58 3.0
0 LouQBa 69 6.9 18 0.88
1 LouQFa 171 7.0 124 1.3
2 PedFam 191 13 76 2.9
3 PedFel 100 7.3 45 6.5
4 PedQBa 87 6.6 12 1.2
5 PedQFa 288 8.0 145 22
6 RabFel 395 22 159 17
7 TraFam 121 3.2 17 1.3
8 TraFel 127 11 52 2.5
9 TraQBa 74 1.7 6.5 0.92
0 TraQFa 149 10 58 2.6

3gluc: quercetin-3-O-glucoside; Q3rutin: quercetin-3-O-rutinoside; Kaemp3rutin: K
re expressed as mean of three determinations and standard deviation. nd = not de
imit < concentration sample < quantification limit).
lanta 74 (2007) 20–31

or epicatechin and at 350 nm for quercetin-3-O-glucoside,
aempferol-3-O-rutinoside, quercetin and kaempferol. The cor-
elation coefficient for the standard curves invariably exceeded
.99 for all studied compounds. The regression equations for
xalic, citric, l-tartaric, l-malic, shikimic and fumaric acids
ere y = 1.5 × 103x + 5.5 × 104, y = 2.4 × 102x + 7.0 × 103,
= 8.6 × 102x + 7.8 × 103, y = 2.5 × 102x − 1.5 × 104, y = 1.3
104x + 2.6 × 104, y = 2.6 × 104x + 1.6 × 104, respectively.

he regression equations for epicatechin, quercetin-3-
-glucoside, kaempferol-3-O-rutinoside, quercetin and
aempferol were y = 3.3 × 105x − 8.1 × 104, y = 1.0 × 106x −
.6 × 105, y = 8.4 × 105x − 7.4 × 105, y = 1.2 × 106x − 4.8 ×
05, y = 1.5 × 106x + 1.1 × 105.

The repeatability and reproducibility of the chromatographic
ethod was evaluated by measuring the peak chromatographic

rea of each compound six times on the same standard solution
n the same day and in different days, respectively. The chro-

atographic method is precise: the repeatability study showed
elative standard deviation (R.S.D.) between 1.6 and 4.4% for
rganic acids, and between 3.5 and 4.7% for phenolic com-
ounds. The reproducibility study showed that R.S.D. ranged
rom 6.7 to 9.9% for organic acids and from 3.8 to 4.9 for
henolic compounds.

.3. Analysis of white “Vinho Verde” grapes

.3.1. Phenolic compounds

Seven phenolic compounds were quantified in white

Vinho Verde” grapes: quercetin-3-O-glucoside, quercetin-
-O-rutinoside, kaempferol-3-O-rutinoside, kaempferol-3-O-
lucoside, quercetin, kaempferol and epicatechin (Table 3).

sample)

Quercetin
(Rt 51.8)

Kaempferol
(Rt 54.8)

Epicatechin
(Rt 18.6)

Total

Mean S Mean S Mean S

6.8 0.023 1.8 0.017 91 4.7 411
16 1.3 3.5 0.43 350 6.3 906
29 3.8 5.4 0.87 106 8.3 559
28 2.1 5.9 0.42 175 5.6 695
4.9 0.55 nq 97 6.8 412
4.9 0.14 nq 281 1.8 457
nq nq 331 9.8 426
11 1.3 nq 174 9.3 1051
nd nd 152 26 290
nq nd 644 59 731
10 0.61 2.0 0.039 158 0.086 465
nq nq 174 4.6 441
10 0.92 1.8 0.11 116 24 273
nd nd 450 0.90 549
9.5 0.85 nq 289 18 732
16 2.4 2.2 0.25 nd 573
nd nd 274 5.8 412
9.3 0.16 nq 258 16 446
5.5 0.19 nq 263 7.7 349
50 2.2 4.0 0.42 179 2.2 440

aempferol-3-O-rutinoside; Kaemp3gluc: Kaempferol-3-O-glucoside. Results
tected (concentration sample < detection limit). nq = not quantified (detection
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Table 4
Eigenvalues, percentage of variance and cumulative percentage explained by the most important principal components for each chemical group under study

Group Principal component Eigenvalue Percent of variance (%) Cumulative percentage (%)

Phenolic compounds 1 2.75 55.1 55.1
2 1.14 22.8 77.9

Organic acids 1 2.12 35.3 35.3
2 1.58 26.4 61.6
3 1.06 17.7 79.4

Global data 1 3.46 31.4 31.4
2 2.19 19.9 51.4
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study of relations among the variables and grapes. The first
PC, which explains 55.1% of the variance, correlates posi-
tively with epicatechin and negatively with the rest of the
phenolic compounds. The second PC correlates positively
3 1.64
4 1.14

The most abundant phenolic compounds found in all the
tudied grapes were epicatechin (39–82%) or the pair quercetin-
-O-glucoside/quercetin-3-O-rutinoside (37–69%).

Epicatechin was the most abundant phenolic compound for
he grapes of the varieties Avesso, Batoca, Esganoso, Castelo de
aiva and Trajadura while quercetin-3-O-glucoside/quercetin-
-O-rutinoside was the most abundant for Alvarinho (except
hose from Felgueiras), Asal Branco, Douradinha and Rabigato.
or the varieties Loureiro and Pedernã the amounts of epi-
atechin and quercetin-3-O-glucoside/quercetin-3-O-rutinoside
ere similar, except for grapes from Quinta de Barreiros, which

ontent of epicatechin was considerably higher.
Kaempferol-3-O-rutinoside and kaempferol-3-O-glucoside

ppeared in all samples in lower proportion (1.9–41%).
uercetin and, in particular, kaempferol were found in such low

mounts, that they could not be quantified in most samples.
This phenolic profile with high content of glycosylflavonols

r epicatechin and low levels of quercetin and kaempferol agrees
ith results obtained for other grapes. Quercetin-3-O-glucoside
as the most abundant non-coloured phenolic compound in
ifferent red and white varieties of grapes studied by Cantos
t al. [9] (who also quantified it together with quercetin-3-
-rutinoside), and Amico et al. [11] and it was the second
ost abundant in skin of white Weisser Riesling grapes (where

uercetin-3-O-glucuronide was the most abundant) [12]. On
he other hand, epicatechin was the most abundant compound
n seeds of muscadine grapes [10] and in some red grapes
30]. Kaempferol-3-O-glucoside was detected in low quantity
n white grapes [9] and red [11,13] and in higher concentration
n the skin of Weisser Riesling grapes [12].

Quercetin or kaempferol were not detected in other grape
amples such as in Weisser Riesling [12], or were found in only
ow quantities in muscadine grapes [10].

ANOVA showed significant differences between the phe-
olic profiles among samples of different varieties, in
erms of kaempferol-3-O-rutinoside/kaempferol-3-O-glucoside
p < 0.05). Similarly, the Welch test showed differences in terms
f quercetin-3-O-glucoside/quercetin-3-O-rutinoside (p < 0.05).
NOVA also showed the influence of geographical origin on

aempferol (p < 0.05).

.3.1.1. Principal component analysis. The differences among
he samples, according to the variety and origin, were

F
t
(
a

15.0 66.4
10.3 76.7

mphasized by the PCA. For phenolic compounds, PCA
ields two principal components explaining 77.9% of the
otal variance in the data (Table 4). Fig. 5a shows the
orresponding loading plots that establish the relative impor-
ance of each variable and it is therefore useful for the
ig. 5. PC1 vs. PC2 scatter plot of the main sources of variability between
he “Vinho Verde” white grapes (a) relation between the phenolic compounds
loadings); (b) distinction between the samples (scores). Observations identities
re listed in Table 1.
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8 M.S. Dopico-Garcı́a et a

ith epicatechin, kaempferol and quercetin, and negatively
ith kaempferol-3-O-rutinoside/kaempferol-3-O-glucoside and
uercetin-3-O-glucoside/quercetin-3-O-rutinoside.

As can be seen in Fig. 5b phenolic composition was strongly
elated to both origin and variety of the grapes: the grapes of
he varieties Douradinha, Rabigato and Alvarinho (observations
, 2, 3, 4, 8 and 16) appeared in the third/fourth quadrants,
eparated from the rest of the samples, due to their higher
ontent of glycosyl flavonols and flavonols. The scores of
he rest of the samples fall along the second PC. These last
rapes belonged to the varieties Loureiro, Asal Branco, Pe-
ernã, Esganoso Castelo de Paiva, Trajadura, Avesso and Batoca.
n general, these grapes show higher content in epicatechin and
ower content in flavonols.

However, differences among the varieties were observed
ccording to their different geographical origin. In this way, for
he first group, grapes from Felgueiras (observations 2, 8 and
6) showed the highest content in the glycosyl flavonols while
he rest of samples (1, 3 and 4, all Alvarinho) showed lower
evels of these compounds. Even the Alvarinho grapes from

onção appeared separated in two subgroups, one with grapes
ith higher content of quercetin and kaempferol (Menanços and
oreira) and another with lower content (Ceivães) of those com-

ounds. This may be explained because Menanços and Moreira
re geographically closer.

In the second group, if only the variety is considered, the
amples are strongly mixed. However, it could be observed that
amples of different varieties with the same origin appeared quite

lose in the PC plot, like Trajadura and Pedernã from Famalicão
observations 12 and 17), Avesso, Batoca, Esganoso, Pedernã
nd Trajadura from Felgueiras (6, 7, 9, 13 and 18) and Trajadura,
oureiro and Pedernã from Quinta de Barreiros (10, 14 and 19),

i
A
fi
s

able 5
rganic acids composition of white “Vinho Verde” grape samples (mg kg−1 of lyoph

Oxalic (Rt 19.8) Citric (Rt 28.3) Tartaric (Rt 30.5)

Mean S Mean S Mean S

1 AlvCei 733 10 459 48 3602 30
2 AlvFel 1371 64 1167 17 3990 135
3 AlvMen 721 83 527 35 3999 215
4 AlvMor 694 42 593 27 2738 397
5 AsFel 630 63 646 38 3025 12
6 AvFel 409 13 507 21 3542 151
7 BatFel 363 44 588 50 3395 75
8 DouFel 543 2.5 650 97 4139 147
9 EsgFel 606 13 1110 89 5172 445
0 LouQBa 731 31 2014 21 4827 659
1 LouQFa 417 10 529 99 4433 92
2 PedFam 465 69 nq 3105 82
3 PedFel 228 14 710 80 4017 307
4 PedQBa 434 4.1 731 19 3543 27
5 PedQFa 422 28 nq 4733 105
6 RabFel 231 24 692 106 3015 222
7 TraFam 544 28 1515 133 3754 623
8 TraFel 500 39 505 146 3158 93
9 TraQBa 300 30 711 135 3008 83
0 TraQFa 445 47 977 124 3414 395

esults are expressed as mean of three determinations and standard deviation. nd = not
imit < concentration sample < quantification limit).
lanta 74 (2007) 20–31

howing that both origin and variety influenced the phenolic
omposition of the studied grapes. It could be noticed again that
amples of the same variety (Loureiro and Pedernã) and the same
eographical origin (Ponte de Lima) but from different vineyards
observations 11 and 15, 10 and 14) showed differences in their
henolic profiles.

.3.1.2. Phenolic profile of varieties with the same origin. If
nly the data of grapes from Felgueiras are considered (Table 3),
he phenolic profile of grapes of nine different varieties with the
ame origin can be compared. Varieties Douradinha and Alvar-
nho showed the higher total content in phenolic compounds,
ollowed by Trajadura, Asal Branco, Avesso and Batoca with a
imilar content, while the lowest levels were found in Esganoso
astelo Paiva and Pedernã. Quercetin-3-O-glucoside/quercetin-
-O-rutinoside was the most abundant compound for Asal
ranco (57%), Douradinha (42%) and Rabigato (69%), whereas
picatechin was the most abundant for Alvarinho (39%), Avesso
62%), Batoca (78%), Esganoso (52%), Pedernã (43%) and Tra-
adura (58%), the sum of glycosylflavonols was more abundant
or Rabigato (97%) and Douradinha (82%) followed by Asal
ranco (75%), while Alvarinho, Avesso, Esganoso, Pedernã,
nd Trajadura showed lower levels, between 37 and 59%, and
atoca the lowest content (22%). All the varieties showed very

ow contents in quercetin, with a slightly higher content for Ped-
rnã and Rabigato. Kaempferol was only quantified in Pedernã.
f the ratios between the compounds are considered to design
he phenolic fingerprint, which can be easily observed draw-

ng the graphs, it can be observed that Rabigato, Douradinha,
lvarinho, Esganoso and Batoca have unique and distinct pro-
les while those of Pedernã, Trajadura and Avesso show more
imilar profiles.

ilized sample)

Malic (Rt 34.4) Shikimic (Rt 44.2) Fumaric (Rt 58.2) Total

Mean S Mean S Mean S

3288 245 17 2.3 nq 8100
5822 345 43 4.9 nd 12392
5505 106 19 1.6 nq. 10771
6061 465 18 0.036 9.1 1.3 10114
4960 463 45 0.78 nq 9305
4314 537 51 2.0 nq 8822
5845 425 101 9.0 7.1 1.0 10299
4850 72 147 5.2 nq 10329
6731 556 193 5.7 nq 13811

11269 161 57 4.8 9.2 0.1 18907
4335 186 18 2.1 8.2 0.16 9740
3273 258 58 2.2 11 1.3 6911
5154 750 99 6.8 nq 10208
5340 626 126 4.8 nq 10172
1857 105 37 1.7 nq 7050
5223 350 158 9.3 nq 9319
4394 791 192 24 9.4 1.0 10410
4069 212 118 5.9 nq 8349
8537 1305 188 4.8 12 2.9 12757
3920 371 183 8.3 7.4 0.66 8947

detected (concentration sample < detection limit). nq = not quantified (detection
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Fig. 6. PC1 vs. PC2 scatter plot of the main sources of variability between the
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.3.2. Organic acids
The identified organic acids were oxalic, citric, tartaric, malic,

hikimic and fumaric acids (Table 5). ANOVA showed sig-
ificant differences between the organic acids profile among
amples of different varieties, in terms of shikimic acid
p < 0.05). Welch test showed the influence of geographical ori-
in on shikimic and fumaric acids (p < 0.05).

Malic acid was the most abundant compound in most of the
amples, followed by tartaric acid. The sum of these two com-
ounds constituted 79–92% of the total amount of the organic
cids analysed. The highest percentage of oxalic or citric acids
as 11% and shikimic acid was found in the range 0.18–2.0%.
he fumaric acid concentration was so low that it could not be
uantified in most samples.

.3.2.1. Principal component analysis. PCA for organic acids
ields three principal components with eigenvalues greater than
accounting for 79.4% of the total variance in the data (Table 4).
onsidering that the first two components already account for
1.6% of the total variance, the third one was not considered to
implify the analysis of the results. The first PC, which account
or 35.3% of the variance, was correlated positively with all of
he compounds, and the second one, which accounts for 26.4%,
as correlated positively with malic, shikimic and fumaric acids

nd negatively with citric, oxalic and tartaric acids (Fig. 6a).
The scores of most of the samples fall along the second PC

Fig. 6b), due to their similar content in malic and tartaric acids.
ome samples appeared more separated, for example, Alvarinho
rapes appeared in the negative quadrant (observations 1, 2 and
) due to a higher content in oxalic acid, while Trajadura grapes
ppeared in the positive quadrant (observations 17, 19 and 20)
ue to their higher content in citric, fumaric and shikimic acids.
strong mix of the samples from different varieties could also

e observed due to the influence of the origin. So, Asal, Avesso,
atoca, Douradinha and Esganoso grapes (observations 5, 6, 7,
and 9) all of them from Felgueiras, appeared very close in the
lot.

.3.2.2. Organic acids profile of varieties with the same origin.
f only the data of grapes from Felgueiras are considered, the
rganic acid profiles of grapes of nine different varieties with
he same origin can be compared. The highest content in organic
cids was found in the varieties Esganoso de Castelo Paiva and
lvarinho, followed by Batoca, Douradinha and Pedernã, while

he lowest content was found in Rabigato, Asal Branco, Aveso
nd Trajadura. Malic acid was the most abundant compound in
ll the varieties (47–57%), with the sum of tartaric and malic
cids being very similar for all of them (79–90%). Fumaric acid
as the organic acid found in lowest amount and could only be
uantified in Batoca grapes.

The highest percentage of oxalic acid was found in Alvar-
nho (11%), followed by Asal branco (6.8%) and Trajadura (6%)
hile Avesso, Batoca, Douradinha and Esganoso Castelo Paiva,

edernã and Rabigato showed levels between 2.2 and 5.3%.
he highest level of citric acid was found in Alvarinho (9.4%)
nd Esganoso Castelo Paiva (8%) while the rest of the samples
howed levels around 5.7–7.4%.

b
v
P
1

b) distinction between the samples (scores). Observations identities are listed
n Table 1.

The highest level of shikimic acid was found in Rabi-
ato (1.7%), followed by Douradinha, Esganoso and Trajadura
1.4%) while the rest of the varieties showed levels equal or
ower than 1%.

.3.3. Global analysis

.3.3.1. Principal component analysis. Fig. 7 presents the PCs
f grape composition (phenolic compounds and organic acids).
lthough the analysis yields four PCs with eigenvalues greater

han 1, the scree plot suggested involving two PCs into the model.
o, only two PCs were retained to simplify the analysis of the
esults [31]. The two retained PCs account for 51.4% of the total
ariance: PC1 31.4% and PC2 19.9%.

PC1 was correlated positively with epicatechin and all of the
rganic acids except oxalic, and negatively with oxalic acid and
avonols. PC2 was correlated positively with all the compounds,
xcept shikimic acid (Fig. 7a).

Grapes appeared again strongly mixed due to the influence of

oth origin and variety (Fig. 7b). Samples belonging to the same
ariety appear similar (Alvarinho, observations 1, 2, 3 and 4;
edernã, observations 12, 13, 14 and 15; Trajadura, observations
7, 18, 19 and 20) but show important variations due to the dif-
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Fig. 7. PC1 vs. PC2 scatter plot of the main sources of variability between the
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Table 6
Stepwise discriminant analysis of phenolics and organic acids-classificationa

according to variety

Observed group Number of samples Correct classification (%)

Alvarinho 4 75
Asal Branco 1 100
Avesso 1 100
Batoca 1 100
Douradinha 1 100
Esganoso Castelo de Paiva 1 100
Loureiro 2 50
Pedernã 4 75
Rabigato 1 100
Trajadura 4 25

Total 20 70

a Variables: Quercetin-3-O-glucoside/quercetin-3-O-rutinoside and shikimic
acid.

Table 7
Stepwise discriminant analysis of phenolics and organic acids-classificationa

according to geographical origin

Number of samples Correct classification (%)

Famalicão 2 100
Felgueiras 9 78
Monçao 3 67
Ponte da Lima 6 17
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Vinho Verde” white grapes (a) relation between the phenolic and organic acids
loadings); (b) distinction between the samples (scores). Observations identities
re listed in Table 1.

erent origin. Samples of different variety but of same origin also
ook similar (different varieties from Felgueiras, observations 5,
, 7, 8, 9, 13, 16 and 18).

.3.3.2. Linear discriminant analysis. After PCA, a stepwise
inear discriminant analysis was applied in order to obtain the

ost useful variables in the differentiation between white “Vinho
erde” grapes using the same data set as for PCA. Forward selec-
ion method was employed using F to enter and to remove 4
default value used in the Statgraphics software). A 5% signif-
cance level was predefined. Those variables which surpassed
he predefined significance limit were excluded.

For differentiation of grapes according the variety, two
ariables had the highest discrimination power at the 5% signif-
cance level: quercetin-3-O-glucoside/quercetin-3-O-rutinoside
nd shikimic acid. The percentage of correctly classified grapes
ith these variables was 70% (Table 6). Samples of the Alvar-

nho, Pedernã, Loureiro and Trajadura varieties were incorrectly
lassified by LDA as being of the Avesso, Asal Branco or

sganoso varieties. As only one sample of each of the Avesso,
sal Branco or Esganoso varieties was studied, this clearly

hows that more samples need to be studied to improve the
lassification.

f
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otal 20 60

a Variables: kaempferol and fumaric acid.

For differentiation of grapes according to geographic origin
Famalicão, Felgueiras, Monção, Ponte da Lima) two variables
ad the highest discrimination power at the 5% significance
evel: kaempferol and fumaric acid. The percentage of cor-
ectly classified grapes with these variables was 60% (Table 7).
ut when a more detailed origin was introduced, Menanços,
oreira, Ceivães for the samples from Monção and Quinta de
arreiros and Quinta da Facha for the samples from Ponte da
ima, the correctly classified grapes were 100%. This result
hows the importance of the origin in the composition of the
rapes.

. Conclusions

In summary, comparing MSPD and SL-SPE for extract-
ng organic acids and phenolic compounds from white grapes,

SPD showed to be a simpler and faster technique but a com-
lete extraction of all the compounds studied could not be
chieved, especially for organic acids. So, although MSPD could
e a useful tool to identify the phenolic and organic acids compo-
ition of white grapes, SL-SPE was preferred to get quantitative
ecoveries of these compounds.

Phenolic compounds and organic acids profiles were obtained
or white “Vinho Verde” grapes of 10 different varieties grown

n four different geographical locations. The most abundant
ompounds found were quercetin-3-O-glucoside/quercetin-3-
-rutinoside and epicatechin, and tartaric and malic acids.
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M.S. Dopico-Garcı́a et a

Analysis of the results by using multivariate techniques
howed the high influence of both variety and origin in their
omposition. PCA of phenolic compounds accounted for the
ighest variability (77.9%) with two PCs, enabling charac-
erization of the varieties of samples according their higher
ontent in epicatechin or flavonols. One hundred and 70% of
ecognition ability was obtained by the application of step-
ise linear discriminant analysis (SLDA) using origin or variety

s classification variable, respectively. Considering the strong
ffect of origin on the results, another study with a higher
umber of samples of each variety and origin would be interest-
ng to improve the differentiation of grapes according to their
ariety.

The study of phenolic compounds and organic acids pro-
les using PCA accounted for the percentages of variance in

he data set similar to those obtained by other authors that
ompared grapes employing variables such as physicochemi-
al measurements (70.1%) [32] or carotenoids (85%) [33], or
ines, employing variables such as amines and organic acids

77–84%) [34], volatile compounds (67–91%) [35] and free
mino acids and biogenic amines (77%) [36]. Therefore, pheno-
ic compounds and organic acids have been shown to be useful
ariables to characterize white “Vinho Verde” grapes.
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