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a b s t r a c t

Trans-resveratrol (RVT) is an antioxidant found in red grapes and their derivatives, which has been related
to the reduction of cardiovascular diseases and cancer incidence.

This work developed a new spectrofluorimetric–chemometric method for the direct determination of
RVT in human plasma. For each measurement, excitation–emission matrices were obtained from 280
to 360 nm (excitation) and from 380 to 550 nm (emission). The strategy adopted in this work combined
data treatment with parallel factor analysis (PARAFAC), for extracting the pure analyte signal, using
the standard addition method, which permits determinations in the presence of a strong matrix effect
caused by plasma analyte–protein binding. Plasma samples were diluted 10 times and, for each, four
standard additions of RVT were performed, in triplicate. A specific PARAFAC model was built for the three
replicates of each sample, from three-way arrays formed by five measurements (initial sample plus four
olecular fluorescence
lood

additions), 17 excitation wavelengths and 86 emission wavelengths. The best models were selected with
four factors and accounted for more than 99.90% of the data variance. The loadings obtained were related
to RVT and three interferences. The scores related to the analyte were used for linear regressions and all
standard addition curves presented correlation coefficients equal or greater than 0.99. Good results were
obtained in the concentration range from 0.10 to 5.00 �g mL−1, with recoveries between 94.0 and 110.0%.
The proposed method was also validated through the estimates of several figures of merit: sensitivity,

ctivit
analytical sensitivity, sele

. Introduction

Trans-resveratrol (RVT), trans-3,4′,5-trihydroxystilbene, is a
hytoalexin compound found mainly in red grapes and their deriva-
ives. It is a powerful antioxidant synthesized mainly in the skin of
rapes as a response to fungal attacks, infections, stress, injuries,
r UV irradiation [1–3]. Smaller amounts of RVT are also found in
he leaves, seed and core of the grapes. RVT is also extracted from
olygonum cuspidatum, a plant found in China and Japan, which is
sed in oriental folk medicine [4]. The major part of the studies
bout resveratrol has been focused on the trans isomer, since the

hysiological activity of the cis isomer is not well elucidated. The
rans isomer is thermodynamically more stable, due to the steric
epulsion present in the cis molecule, and can be isomerized when
xposed to intense UV irradiation [5]. Cis-resveratrol has not been
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orizonte, MG, Brazil. Tel.: +55 31 34096389; fax: +55 31 34095700.

E-mail address: marcsen@ufmg.br (M.M. Sena).

039-9140/$ – see front matter © 2010 Elsevier B.V. All rights reserved.
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y, precision, and limits of detection and quantitation.
© 2010 Elsevier B.V. All rights reserved.

found in Vitis vinifera grapes, but it has been detected in wines
produced with this grape [6], being formed during the fermenta-
tion step as a product of trans isomerization or decomposition of a
resveratrol polymer [7].

RVT was first isolated from the roots of white hellebore in 1940
[2], but its presence in V. vinifera grapes was discovered only in
1976 [1]. RVT attracted little interest until 1992, when it was pos-
tulated to explain some of the cardioprotective effects of red wines
[8]. These effects have been associated to the French paradox, since
the French population suffers a lower incidence of coronary heart
disease, despite having a diet rich in saturated fats [9]. In addi-
tion, it has been demonstrated that RVT prevents several diseases,
such as cancer [10] and cerebral ischemic injury [11], and increases
stress resistance and lifespan in vertebrates [12]. As a consequence
of publicizing these studies in recent years, RVT is now sold as a
food supplement in many countries.
RVT has been determined in human or rat plasma by high perfor-
mance liquid chromatography (HPLC) [5,13–21]. The great majority
of these methods has determined just the trans isomer, while
only two papers have simultaneously determined both the isomers
[15,19]. The scarcity of methods for determining cis-resveratrol
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s due to factors such as its lesser importance and the inexis-
ence of available standards. All the methods for determining RVT
emand tedious preliminary steps of extraction, pre-concentration
nd/or proteins precipitation. Spectrofluorimetry could be a sensi-
ive alternative for direct determination of RVT, since it presents
atural fluorescence. Nevertheless, direct determination of RVT in
lasma is not feasible due to the presence of fluorescent interfer-
nces that overlap its spectrum. Moreover, the quenching of the
nalyte signal caused by the interactions between RVT and proteins
22] leads to an individual and strong matrix effect that hinders an
xternal calibration. In recent years, the combination of spectroflu-
rimetric data and three-way chemometric tools, mainly parallel
actor analysis (PARAFAC) [23], has been a way to overcome these
ifficulties and develop direct methods for determining drugs in
omplex biological matrices. This combination has allowed simpli-
cation of the experimental procedure. Besides the mathematical
emoval of the signal contribution of interferences by employing
hree-way chemometric methods, the matrix effect is overcome
ith the use of the standard addition method. This strategy has

ecently been applied not only to the determination of drugs in
lasma or urine, such as fluoroquinolone antibiotics [24], salicylate
25], propranolol [26], ciprofloxacin [27] and terazosin hydrochlo-
ide [28], but also in food analyses for determining sulphaguanidine
esidues in honey [29], aflatoxin B1 in wheat [30] and tetracycline in
hey milk [31]. Therefore, the objective of this work was to develop
method for direct determination of RVT in human plasma by com-
ining spectrofluorimetry and the above-mentioned chemometric
trategy. The proposed method was validated through the estima-
ion of figures of merit, such as sensitivity, analytical sensitivity,
electivity, precision and limits of detection and quantitation.

. PARAFAC and second-order standard addition

.1. Parallel factor analysis

PARAFAC [23] is a generalization of principal component anal-
sis (PCA) to higher-order data, which presents a unique solution
ndependent of rotation. A PARAFAC model of a three-way array is
iven by three loading matrices, A, B and C, with elements aif, bjf
nd ckf, respectively (f = 1 to F factors/triads). The trilinear model is
ound to minimize the sum of squares of the residues, eijk, in the

odel, which is represented as follows:

ijk =
F∑

f =1

aif bjf ckf + eijk (1)

The choice of the correct number of factors is a key step when
sing PARAFAC. Since there is no absolute criterion for this choice, it

s usually made based on the variance accounted for by the model,
he chemical knowledge of the system and the core consistency
iagnostic (CORCONDIA) [32].

.2. Second-order standard addition

The standard addition method is recognized as an alternative
or calibration in the presence of matrix effects. Its combination
ith PARAFAC or other second-order calibration methods has led to

he second-order standard addition method (SOSAM) [33]. SOSAM
as the advantage of allowing the recovery of pure spectra of
ach component of the system by applying a minimum number
f constraints to the model. A more important aspect when using

econd-order calibration methods is the so-called second-order
dvantage, defined as the ability to perform a determination in the
resence of unknown/unexpected interferences [34,35]. It becomes
nnecessary to include the natural background in the calibration
et. There are two modes of obtaining second-order advantage from
a 82 (2010) 640–645 641

higher-order information: (1) combining data from calibration and
test sample before computing the regression coefficients and (2)
estimating loadings from calibration data only, with the test sample
leading to sample-specific regression coefficients in a subsequent
step [35]. Among the methods of first mode, PARAFAC, direct tri-
linear decomposition (DTLD) [36], generalized rank annihilation
method (GRAM) [37] and multivariate curve resolution-alternating
least squares (MCR-ALS) [38] can be cited. In this work, the most
popular PARAFAC was used. It presents the advantage of being more
robust to data noise, what sometimes hinders the use of DTLD and
GRAM in real noisy data. These two methods may also occasion-
ally produce imaginary solutions and exhibit inflated variance [39].
Another advantage of PARAFAC over GRAM is that it allows mul-
tiple standard additions in SOSAM, as opposed to GRAM, which
is limited to only one. A recent published alternative to cope with
SOSAM when more than one interference occurs in the test samples
is parallel profiles with linear dependencies (PARALIND) [40,41].
Examples of obtaining second-order advantage by the second mode
are the combinations of residual bilinearization with bilinear least
squares (BLLS/RBL) [42], unfold partial least squares (U-PLS/RBL)
[43] and N-way PLS (RBL/N-PLS) [44]. A more complete discussion
about the combination of PARAFAC and SOSAM can be found in
other references [25,26,35,45].

2.3. Figures of merit

The estimation of figures of merit (FOM) is a key requisite
for the validation of multivariate (first-order) and multidimen-
sional (second-order) calibration methods, aiming at their future
recognition by regulatory agencies and organisms. For univariate
(zeroth-order) methods, the estimation of FOM is well known and
established. For higher-order calibration methods, FOM such as
sensitivity, selectivity and limit of detection are estimated based
on the net analyte signal (NAS), which is defined as the part of the
analytical signal that is related uniquely to the analyte of inter-
est and is orthogonal to the signal of sample interferences [46]. For
second-order methods, different ways of estimating NAS have been
proposed in the literature [47–49]. A deeper discussion comparing
these ways can be found elsewhere [50,51].

In this work, sensitivity (SEN) was estimated according to Eq.
(2), which is the specific form of the general expression proposed by
Olivieri and Faber [52], taking into account that only one analyte is
determined. This is the most recent and suitable proposed expres-
sion for estimating SEN in second-order calibration models [51],
which is used independent of the method employed for calculating
NAS:

SEN = g{[(bT Pb, intb) × (cT Pc, intc)]
−1}

−1/2
(2)

In Eq. (2), ‘*’ indicates the element-wise Hadamard matrix product,
b and c are the vectors containing the analyte profiles in the second
and third dimensions, respectively; Pb,int and Pc,int are the projec-
tion matrices that remove the contribution from interferences in
the second and third dimensions, respectively. All these matrices
and vectors contain only normalized profiles. The scalar g is the
integrated total signal for the analyte at unit concentration. When
using PARAFAC, g corresponds to the slope of the straight line fitted
between the scores of calibration samples and reference concentra-
tions of the analyte. Selectivity (SEL) was also estimated according
to Olivieri and Faber [52], as expressed in Eq. (3):

SEL = {[(bT P b) × (cT P c)]}−1/2
(3)
b, int c, int

where the profiles of all the species are normalized. Analytical sen-
sitivity (�) was defined as the ratio between SEN and instrumental
noise (ε), according to Eq. (4). The estimation of ε is calculated as the
pooled standard deviation of the analyte signal in each wavelength
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nd it was obtained in this work from 10 blank replicates:

= SEN
ε

(4)

he inverse of � (�−1) establishes a minimum concentration dif-
erence that is discernible by the analytical method considering
he experimental noise as the only source of error, regardless of
he specific technique employed. The limits of detection (LOD) and
uantitation (LOQ) were estimated according to Eqs. (5) and (6),
espectively:

OD = 3.3
ε

SEN
(5)

OQ = 10
ε

SEN
(6)

Besides these FOM, accuracy, as the recovery for each concen-
ration level, and precision, as its respective standard deviation
repeatability), were also estimated.

It is important to stress that when second-order standard
ddition is used, FOM such as SEN, SEL, � , LOD and LOQ are sample-
pecific and cannot be defined for the method as a whole. In such
ases, the authors sometimes report average values for a set of
amples [26,39].

. Experimental

.1. Reagents, solutions and samples

RVT (98.3%) was kindly provided by Pharma Nostra (Anápo-
is, Brazil). A 100.0 �g mL−1 stock solution of RVT was prepared
n ethanol (Synth, Brazil), since RVT has low solubility in water.
rom this, a dilute solution at 10.0 �g mL−1 in RVT was prepared
n deionised water (Milli-Q). All the buffers used were prepared
rom a 0.1 mol L−1 universal buffer solution for UV spectrophoto-

etric measurements composed of citric acid (Sigma), potassium
onobasic phosphate (Synth), sodium tetraborate (Ecibra, Brazil),

ris(hydroxymethyl)aminomethane (Sigma) and potassium chlo-
ide (Synth), with an appropriate amount of 0.4 mol L−1 HCl
Nuclear, Brazil) or 0.4 mol L−1 NaOH (Nuclear) [53]. Human plasma
amples (fresh frozen plasma) of five healthy volunteers, who had
iets without RVT for at least 1 week, where obtained at the Hemo-
entro of the University of Campinas and were kept in the freezer
t −8 ◦C. It was assumed that the RVT concentration of the plasma
amples is zero. All the glassware used was previously cleaned with
0% (v/v) HNO3 (Synth) and then with deionised water.

.2. Apparatus and software

The spectra were obtained in a Varian Cary Eclipse Spectroflu-
rimeter, using a 10.00 mm quartz cuvette. Measurements of pH
ere carried out in a Corning 350 pH meter. The data were imported
sing a homemade program and treated in MATLAB Version 6.5
The MathWorks, Natick, USA). The PARAFAC calculations were car-
ied out with the N-way toolbox for Matlab Version 2.10 [54]. A
omemade routine was used for estimating SEN, SEL, � , LOD and
OQ.

.3. Procedure

A previous experiment was carried out aiming at estimating
he distribution of acid and base forms of RVT as a function of

H. Twenty-one 3.00 �g mL−1 RVT solutions were prepared in
eionised water and buffered in pH values from 5.0 to 9.6.

For RVT determination by standard addition, plasma samples
ere spiked with appropriate amounts of standard solutions,

esulting in an RVT concentration range from 0.10 to 5.00 �g mL−1.
a 82 (2010) 640–645

The plasma from a different individual was employed for each con-
centration level. All the samples were diluted 10 times in deionised
water. Five 10.00 mL volumetric flasks were used for each mea-
surement; in each flask, 1.00 mL of diluted RVT spiked plasma was
added followed by 1.00 mL of a pH 5.00 buffer solution; then, 0,
50, 100, 150 and 200 �L of a 10.00 �g mL−1 RVT standard solu-
tion were added, respectively, to each of the five flasks. All the
flasks were completed to the mark with deionised water. All the
determinations were carried out in triplicate. Ten replicates of a
blank sample (non-spiked diluted plasma) were also recorded for
estimating instrument noise.

All the spectral surfaces were obtained in the excitation range
from 280 to 360 nm (5 nm steps) and in the emission range from 380
to 550 nm (2 nm steps). The excitation and emission monochroma-
tor slit widths were 5.0 and 10.0 nm, respectively, and the scanning
rate was 9600 nm min−1.

4. Results and discussion

Some precautions were taken during the experiments in order
to prevent RVT isomerization to the cis form, which presents lower
fluorescence than the trans form [55]. All the working solutions
were prepared fresh daily and protected with aluminum foil. A
rapid scanning rate was chosen in order to reduce the exposure
time of RVT to irradiation during the measurements. In a prelim-
inary test, excitation–emission matrices (EEMs) of a 3.00 �g mL−1

RVT solution were obtained in triplicate and no perceptible change
was noted in these spectra. Thus, it was concluded that the preven-
tion of cis isomerization was assured. Another important variable
was the pH of the measurements. It has been reported that RVT
presents maximum emission intensity at pH 10 [56], but consid-
ering the estimated pKa values found in the literature [56–59], the
system should be more complex, since more than one RVT emis-
sion species might be present. Thus, an experiment was carried out
aiming at estimating pKa1 of RVT.

4.1. Estimation of pKa1 of RVT through a PARAFAC model

A PARAFAC model can be used for estimating acid–base distri-
bution profiles and pKa values based on spectrophotometric data
[60]. Thus, EEMs of 3.00 �g mL−1 RVT solutions in deionised water
were obtained over the pH range from 5.0 to 9.6. An array formed
by 21 pH values, 17 excitation wavelengths and 86 emission wave-
lengths was decomposed and the best PARAFAC model was selected
with non-negativity constraints in all the modes and two factors,
which were associated with acidic and basic RVT forms. The load-
ings related to excitation and emission spectra are shown in Fig. 1.
Moreover, the loadings of the first mode provided a distribution
profile of RVT forms (Fig. 2). Two third-order polynomial curves
were fitted to acidic and basic distributions, and the intersection
of these curves provides an estimation of the pKa1 of RVT of 8.7.
This value is very close to 8.8, which was determined spectrofluo-
rimetrically [56]. Other values found in the literature are 8.2 [57]
and 8.3 [58], both determined by UV/vis absorbance spectropho-
tometry, and 9.49 [59], determined by capillary electrophoresis. It
is important to note that spectrofluorimetrically estimated pKa val-
ues correspond to excited molecular states that in most cases are
different from values for the fundamental state. Considering these
results and taking into account that RVT has a slower isomerization
within a pH range from 5.0 to 8.0 [61], it was decided to conduct
RVT determination in plasma buffered at pH 5.0.
4.2. RVT determination in plasma

Fig. 3 displays spectral surfaces of a pure plasma sample and the
same sample spiked with 0.50 �g mL−1 of RVT. Pure plasma shows
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ig. 1. Deconvoluted (a) excitation and (b) emission spectra of acidic (dotted line)
nd basic (solid line) forms of RVT in water obtained through the loadings of a
ARAFAC model.

n intense band with excitation/emission maxima at 300/380 nm
Fig. 3a). After RVT addition, as a result of the sum of intensi-
ies of plasma and RVT, the observed band widened and increased
Fig. 3b). Nevertheless, this spectral change is somewhat difficult to
e visualized, because the signal of RVT is strongly overlapped by
ryptophan. Tryptophan presents a broad and intense fluorescence

and centered at excitation/emission of 298/348 nm [62], being the
ain interference in this spectral region of human plasma. As can

e seen in Fig. 1, RVT acidic form (the species determined here) in
ure water presents excitation/emission maxima at 316/403 nm.

ig. 2. Estimation of pKa1 of RVT. Distribution of acidic (squares) and basic (circles)
orms of RVT in water as a function of the pH, obtained through the first dimension
oadings of a PARAFAC model. The loadings were fitted to third-order polynomial
urves.
Fig. 3. Excitation–emission surfaces of (a) a pure plasma sample and (b) a sample
of this same plasma spiked with 0.50 �g mL−1 RVT.

It is also important to mention that the initial part of the wave-
length region corresponding to RVT emission was excluded from
the analysis due to the presence of Rayleigh scatter, which shows
no linear behavior and therefore cannot be modelled by PARAFAC.
An attempt to alternatively use a missing values routine provided
poor results.

The concentration range chosen for RVT determination was
from 0.10 to 5.00 �g mL−1, in accordance with the relevant litera-
ture [5,13–21]. As already mentioned, the interaction between RVT
and serum proteins leads to a remarkable fluorescence quenching
[22]. Three previous tests also demonstrated the presence of an
individual matrix effect, since the RVT emission fluorescence was
quenched in plasma to an extent that varied from sample to sample.
Firstly, a spectral array formed by three different plasma sam-
ples spiked with the same RVT concentration (2.00 �g mL−1) was
decomposed by a PARAFAC model and the resulting scores (sam-
ple loadings) related to RVT showed more than 100% of difference.
Secondly, an EEM for a plasma sample spiked with 2.0 �g mL−1 was
digitally subtracted from an EEM for the same plasma sample not
spiked with RVT. The resulting spectral surface was compared with
a sample of 2.0 �g mL−1 of RVT in pure water, and the observed
intensity maximum was about four times higher in water than in
plasma. Finally, this matrix effect can also be observed in Fig. 4.
Here, a plot of PARAFAC scores obtained for the five different plas-
mas used in this work, each one spiked with a different analyte
concentration level, is shown. As can be seen, there is no linear rela-
tionship between these scores and the RVT concentration. These
observations corroborated the impossibility of using an external
calibration and led to the choice of standard addition. The cho-
sen strategy uses PARAFAC scores, which are equivalent to the

interference-free RVT signal, for plotting standard addition curves.
The determinations were carried out in the classical situation of
constant total volume.

A PARAFAC model was built for the three repetitions of each
sample from arrays formed by five measurements (0–4 standard
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Table 1
Results obtained for RVT determination in plasma.

Plasma
sample

Expected RVT
concentration (�g mL−1)

Predicted RVT
concentration (�g mL−1)a

Recovery (%) Number
of factors

CORCONDIA (%) Regression error
(�g mL−1)

1 0.10 0.11 ± 0.02 110.0 6 2 0.01
2 0.50 0.47 ± 0.06 94.0 4 12 −0.03
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the SEN for determination of this sample.
The values of �−1 provided good estimations of concentration

differences that the method is able to discern in the absence of
experimental error. LOD and LOQ estimated values are considered
3 1.00 1.06 ± 0.06
4 2.00 1.91 ± 0.08
5 5.00 5.37 ± 0.02

a Mean and standard deviation of three determinations.

dditions), 17 excitation wavelengths and 86 emission wave-
engths, totalising 15 models. Models with 2–8 factors were tested.
he best models were selected with four factors in the most of the
ases, non-negativity constraints on the tree modes and always
ccounted for more than 99.90% of total data variance. Table 1
hows the number of extracted factors and the respective COR-
ONDIA mean values for the best PARAFAC models. These values
aried between 2 and 58%, pointing out that the models include
oth trilinear and non-trilinear variations. Nevertheless, the best
odels were chosen as a function of the lowest prediction errors,

ot of trilinearity consistence. Models with three factors presented
lmost 100% of trilinearity consistence, but much larger errors of
rediction and residual variance. The factors obtained were related
o RVT and three interferences. In one case, five interferences
ere modelled, meaning the presence of two more fluorescent

pecies in the composition of this specific plasma sample. The
cores and loadings obtained are shown in Fig. 5. PARAFAC loadings
Fig. 5b and c) allowed identification of interference 1 as trypto-
han and suggested nicotinamide adenine dinucleotide (NADH)
nd riboflavin or their metabolites as possibilities for attribution
o interferences 2 and 3 [62]. The scores plot (Fig. 5a) shows that
nly RVT scores change with standard additions while the remain-
ng components (interferences) stay almost constant. RVT scores

ere used in univariate linear regressions and all the standard addi-
ion curves presented correlation coefficients (r) of at least 0.99.
able 1 also shows the predictions, the percentage of recovery and
he regression errors for each sample. The recovery varied from
4.0 to 110.0%. At a 95% confidence level t-tests showed that there
re no significant differences between the predicted and reference
oncentration values for the first four plasma samples.

.3. Estimation of figures of merit
Table 2 shows the estimations for SEN, SEL, � , LOD and LOQ. As
reviously discussed (Section 2.3), in the present situation these
OM are sample-specific. Since there are great differences among
he plasma samples, it was considered not representative to express

ig. 4. Scores obtained for a PARAFAC model for five different plasma samples, each
ne spiked with a different RVT concentration level.
06.0 4 52 0.06
95.5 4 58 −0.09
07.4 4 14 0.37

FOM for the method as a whole. These great differences demon-
strated the strong individual matrix effect that leads to different
levels of fluorescence quenching. It is very interesting to note the
consistency between the results of Table 2 and Fig. 4. The lower the
score sample in Fig. 4, meaning high levels of quenching, the lower
Fig. 5. PARAFAC-SOSAM model for RVT determination in plasma. (a) Scores; (b)
excitation loadings; (c) emission loadings. Solid line: RVT; dotted line: tryptophan;
dashed line: interference 2; dash-dotted line: interference 3.
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Table 2
Estimated figures of merit.

Plasma
sample

RVT concentration
(�g mL−1)

SENa SEL � (mL �g−1) �−1 (�g mL−1) LOD (�g mL−1) LOQ (�g mL−1)

1 0.10 1450 0.15 1.9 × 103 0.001 0.002 0.005
2 0.50 316 0.08 4.1 × 102 0.002 0.008 0.024
3 1.00 1050 0.08 1.4 × 103 0.002 0.002 0.007
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4 2.00 632 0.11 8
5 5.00 182 0.05 2

a Values expressed as the ratios between the units of fluorescence intensity and o

uitable for clinical analysis. Besides these FOM, accuracy was also
valuated, through a mean recovery of 102.6%, and precision, at the
evel of repeatability, providing a mean standard deviation of 8.1%
Table 1).

. Conclusions

In recent years, RVT has become an analyte of increasing inter-
st, due its antioxidant properties and its association with the
rench paradox. This work developed a method for direct determi-
ation of RVT in human plasma. The analytical strategy employed
ombined spectrofluorimetric data and the second-order advan-
age for determination in the presence of uncalibrated interferences
ithout need of prior extraction or separation steps. Good results
ere obtained in the concentration range from 0.10 to 5.00 �g mL−1

ith errors of prediction of at maximum 10%. The method was also
alidated by using the most recent proposed expressions for esti-
ating FOM for second-order methods. Among the advantages of

his method over the traditional HPLC procedures, low cost, speed,
ack of need for reagents or solvents and no production of chemical

aste can be cited. The acquisition of one spectral surface requires
ess than 1 min, which can be compared with the time spent for
typical chromatographic run for RVT determination, which was
1 min [5]. The contribution of this work could be extended to
eveloping methods for the determination of RVT in other complex
atrices, such as wines and grape juices.
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44] V.A. Lozano, G.A. Ibañez, A.C. Olivieri, Anal. Chim. Acta 615 (2009) 165.
45] M.M. Sena, M.G. Trevisan, R.J. Poppi, Quim. Nova 28 (2005) 910.
46] A. Lorber, Anal. Chem. 58 (1986) 1167.
47] C.N. Ho, G.D. Christian, E.R. Davidson, Anal. Chem. 52 (1980) 1071.
48] Y. Wang, O.S. Borgen, B.R. Kowalski, J. Chemom. 7 (1993) 117.
49] N.J. Messick, J.H. Kalivas, P.M. Lang, Anal. Chem. 68 (1996) 1572.
50] A.C. Olivieri, Anal. Chem. 77 (2005) 4946.
51] P. Valderrama, J.W.B. Braga, R.J. Poppi, Quim. Nova 32 (2009) 1278.
52] A.C. Olivieri, N.M. Faber, J. Chemom. 19 (2005) 583.
53] D.D. Perrin, B. Dempsey, Buffers for pH and Metal Ion Control, Chapman and

Hall, New York, 1974.
54] C.A. Andersson, R. Bro, Chemom. Intell. Lab. Syst. 52 (2000) 1.
55] L. Camont, C.H. Cottart, Y. Rhayem, V. Nivet-Antoine, R. Djelidi, F. Collin, J.L.

Beaudeux, D. Bonnefont-Rousselot, Anal. Chim. Acta 634 (2009) 121.
56] J.M. López-Nicolás, F. García-Carmona, J. Agric. Food Chem. 56 (2008) 7600.
57] T. Galeano Díaz, I. Durán Merás, D. Airado Rodríguez, Anal. Bioanal. Chem. 387

(2007) 1999.
58] Y. Takagai, T. Kubota, H. Kobayashi, T. Tashiro, A. Takahashi, S. Igarashi, Anal.

Sci. 21 (2005) 183.

59] J. Cao, G.H. Chen, Y.S. Du, F.F. Hou, Y.L. Tian, J. Liq. Chromatogr. Relat. Technol.

29 (2006) 1457.
60] M.M. Sena, J.C.B. Fernandes, L. Rover Jr., R.J. Poppi, L.T. Kubota, Anal. Chim. Acta

409 (2000) 159.
61] K.E. Allan, C.E. Lenehan, A.V. Ellis, Aust. J. Chem. 62 (2009) 921.
62] O.S. Wolfbeis, M. Leiner, Anal. Chim. Acta 167 (1985) 203.


	Direct determination of trans-resveratrol in human plasma by spectrofluorimetry and second-order standard addition
	Introduction
	PARAFAC and second-order standard addition
	Parallel factor analysis
	Second-order standard addition
	Figures of merit

	Experimental
	Reagents, solutions and samples
	Apparatus and software
	Procedure

	Results and discussion
	Estimation of pKa1 of RVT through a PARAFAC model
	RVT determination in plasma
	Estimation of figures of merit

	Conclusions
	Acknowledgements
	References


