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Analysis of Stilbenes in Wine by HPLC:
Recent Approaches

Simion Gocan

Babes-Bolyai University, Cluj-Napoca, Romania

Abstract: This review is focused on an HPLC method and its performance in the
wine analysis of the stilbenes. All preparation techniques are used in the analysis
by liquid chromatography as: direct injection, solid liquid extraction, automated
solid phase extraction, and liquid liquid extraction. The HPLC technique with
UV, diode array, fluorescence, electrochemical, or mass spectrometry detection
systems, has an important place in the field of wine analysis. Also, limit of detec-
tion and limit of determination are presented for these types of detectors. The
levels of resveratrol in wine, varies from region to region and from one year to
another. No region can be said to produce wines with significantly higher levels
of trans-resveratrol than all other regions, and levels of cis-reveratrol follow the
same trend as frans-resveratrol. Red wine contains a higher quantity of resvera-
trol than white wine. The average level of trans-resveratrol-glicoside (¢rans-piceid)
in red wine may be of three times that more than of trans-resveratrol.

Keywords: Content of resveratrol in wines, HPLC with several detector types,
Identification of resveratrol and their related compounds, Limit of detection
and quantification, Sample preparation, Stilbenes, Wines

INTRODUCTION

The polyphenols are the biggest classes containing natural products:
phenolic acids and derivatives, flavonoids, lignans, and stilbenes com-
pounds. The flavonoid compounds have been characterized and classified
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according to chemical structure. They are usually subdivided into five
subgroups: flavonols, flavones, flavanones, flavan-3-ols, and anthocyani-
dins. The most representative compound for the stilbenes class is the
resveratrol and their related compounds.

In 1976, Langcake and Pryce!'! demonstrated that resveratrol was
produced by ‘““Vitis vinifera as a response to infection or injury.” This
compound occurs naturally in grapes and a variety of medicinal plants,
where it functions as a phytoalexin that protects against bacterial and
fungal infections and other stress factors.!”) It was demonstrated to pro-
vide resistance in grapes to fungal disease.”! It is synthesized almost
exclusively in the skins of Vitis vinifera grapes, but is also synthesized
in the seeds of muscadine grapes.”*¥

The traditional Japanese folk remedy demonstrated that resveratrol
was the primary active ingredient in a medicine composed of the dried
powdered root of the Japanese knotweed (Polygonum cuspidatum Sieb.
Et Zucc.).”!

Data from the United States of America showed that generally
the consumption of fatty food increased the rate of coronary heart
disease, but data from France did not follow this pattern. This phe-
nomenon has become known as “the French Paradox.”f In 1992,
Renaud and Lorgeril demonstrated that wine consumption was statis-
tically the only factor correlated to the reduction in coronary heart
disease.l”"!

Resveratrol was reported to have numerous health benefits including,
i.e., cardiovascular protective and the reduction of the heart diseases,” 17!
anti-cancer and anti-inflammatory proprieties,''®2®! antioxidant activ-
ity,?*3 antibacterial activity,*!! and was found to inhibit herpes simplex
virus types 1 and 2 (HSV-1 and HSV-2).*%

Grapes are probably the most important source of resveratrol for
humans, since the compound is also found in one of the end products
of grapes, i.e., wine. Resveratrol is found in all variety of wines, but
the highest amount is found in red wines.

The present review is focused on recent approaches on separation,
detection, and identification of stilbenes from wine by modern methods
as high performance liquid chromatography (HPLC) with UV, and diode
array (DA), fluorescence (FL), chemiluminescence (CL), electrochemical
(EL), and mass spectrometry (MS) detectors (D). The possibility of
identification of the resveratrol compounds and their glycosides in wine
by using HPLC-DAD and HPLC-MS or HPLC-MS/MS, is discussed.
The limits of detection and quantification of several methods are
also, presented. Finally, the content of resveratrol in wines produced in
different wineries and vintages from several countries and continents is
discussed here.
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CHEMICAL STRUCTURE OF STILBENES

Resveratrol (3,5,4'-tryhydroxystilbene) is a polyphenolic phytoalexin
compound classified as a stilbene. It exists as two geometric isomers:
trans-(E) and cis-(Z) isomeric forms. The trans- form can undergo iso-
merisation to the cis- form when exposed to UV irradiation. Resveratrol
also exists in a glucoside trans and cis form called piceid (5,4'-dihydroxy-
3-glucopyranosyl stilbene).

Structural features of mechanistic importance were described from
experimental crystal structure and previous calculations on resvera-
trol by Caruso et al.**! The molecular structure of resveratrol shows
relative coplanarity of the trams-resveratrol skeleton. Moreover, the
molecular packing in the solid state reveals an extensive hydrogen bond
network.

Caruso et al.*¥ described, from experimental crystal structure and pre-
vious calculations on resveratrol, the structural features of mechanistic

Table 1. The structures of stilbenes

Oy 7

Form trans Form cis

Compound R1 R2 R3 R4 R5
Stilbene H H H H H

trans-Resveratrol OH OH H OH H

trans-Pterostilbene H;CO H;CO H OH H

trans-Resveratrol-3-O-Glu (trans-Piceid) O-Glu  OH H OH H

trans-Resveratrol-3-O-Glc (trans-Piceid)  O-Glc OH H OH H

trans-Astringin 0-Glc OH H OH OH
Astringinin OH OH H OH OH
Rhapontigenin OH OH H OCH; OH
Rhaponticin O-Glu OH H OCH; OH
Piceatannol OH OH H OH OH
Pinosilvin OH OH H H H

Pterostilbine OCH; OCH; H OH H

cis-Stilbenes

cis-Resveratrol OH OH H OH H

cis-Resveratrol-3-O-Glu (cis-Piceid) 0-Glu OH H OH H

cis-Resveratrol-3-O-Glc (cis-Piceid) 0-Glc OH H OH H
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importance. The molecular structure of resveratrol shows relative copla-
narity of the frans-resveratrol skeleton. Also, the molecular packing in
the solid state reveals an extensive hydrogen bond network that eluci-
dates the flip flop of the three hydroxyl groups that alternately form
and break H bonds with each of the neighboring phenolic oxygens.
The experimental and theoretical results from this study help to explain
the biological activity of this simple substituted stilbene.

There are many forms of oxidative dimerization of resveratrol,
namely viniferin isomers, which are known today. If the pure trans-
resveratrol is exposed to UV irradiation for periods between 3 and
Smin, partial conversion to cis-resveratrol occurred without other mod-
ifications of the sample, or destruction of either isomer or the appearance
of other products.** A 418 umol/L trans-resveratrol solution exposed to
366 nm UV irradiation for 2 h, became 90.6% cis-resveratrol. After that,
it was exposed to laboratory fluorescent lighting conditions and dropped
to 86.1% over 60 days.*”! The structures of some stilbenes and viniferin
isomers are presented in Table 1.

SAMPLE PREPARATION

The samples should be immediately stored in the refrigerator at 49°C in a
dark glass until analysis. Samples which have been opened must be pro-
tected against sunlight and stored at 4°C and analyses will be performed
within a few days.

Generally speaking, the sample preparation of wine is not necessarily
a very complicated operation. The usual method regarding the sample
preparation of wine can be presented as following:

o Direct injection into chromatograph,

o Solid phase extraction,

o Automation of solid phase extraction,

e Liquid-liquid extraction, and

e Extraction from solid matrix by maceration.

The liquid-liquid (L-L) extraction of the sample is performed by
partitioning of the different substrates between the aqueous phase and
the organic extracting solvent phase is in accord with Nernst’s low.
Any neutral species will distribute between two immiscible solvents, such
that the ratio of the concentrations remain constant, Kp,.

The distribution constant Kp is equal with ratio:

G

K =
D Cr
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where C, is the concentration of compound a in organic phase and C,, is
the concentration of @ in the aqueous phase.

The fraction, E of an analyte « removed from the aqueous sample by
L-L extraction is:

1
PRy .

where, V,/V,, is ratio between the organic- and aqueous-phase volumes,
and #n is the number of extraction.

The wine sample is shaken with an immiscible organic solvent in
which the components are soluble. The most common extraction solvents
are diethyl ether and ethyl acetate (Table 2). The organic layer is
separated, concentrated, and injected into the high performance liquid
chromatography system.

Solid-phase extraction (SPE) is an alternative to L-L extraction. As
known, the SPE technique has been applied to clean, to fractionate,
solvent change over, and compound concentration. Furthermore, with
SPE, many of the problems associated with L-L extraction can be pre-
vented, such as incomplete phase separations, less than quantitative
recoveries, and large consumption of solvent. SPE is more efficient than
L-L extraction, yields a quantitative extraction that is easy to perform,
and solvent use and lab time are reduced. The SPE procedure can be
incorporated into the HPLC system.

In SPE there is the same separation process as in reversed phase
chromatography. The stationary phase is formed of a non-polar sorbent,
for example, a n-octadecylsilane or a n-octylsylane (C;g or Cg) bonded-
phase on silica.

The retention of a compound is determined by its polarity and
experimental conditions: mobile and stationary phase. The nature of
the reversed phase retention can be approximated by a partition process:
sample molecules will be partitioned between the polar mobile phases
(matrix of the wine) and non-polar C;g or Cg stationary phase from a
small column namely “cartridge.” The more hydrophobic compounds
(stilbene derivatives) from the wine are retained more strongly, than
other polar compounds. For eclution of the wine compounds from
cartridge polar solvents are used.

SPE is performed in a five step process:*%

Select the proper SPE cartridge,
Condition the proper SPE cartridge,
Add the sample,

Wash the SPE cartridge, and

o FElute the compounds of interest.
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Analysis of Stilbenes in Wine by HPLC 1611

A lot of experimental condition for SPE from wine are summarized
and presented in Table 2.

HPLC METHODS
Separation and Detection Methods

The separation by HPLC removes the need for derivatization of
stilbenes and has been used extensively with UV and/or fluorescence
detection.

The resveratrol is most the commonly analyte identified and quanti-
fied in a very large variety of wines by HPLC analysis. Reversed phase
high performance liquid chromatography (RP-HPLC) is typically more
convenient and robust than other forms of liquid chromatography, such
as normal phase (NP-HPLC).

The column packings with n-octadecylsilane (ODS or C;g) bonded
phase are used for separations of the resveratrol and their related
compounds. The number of studies that used a polar bonded phase,
NP-HPLC of cyano (CN) bonded phase on a silica support is less than
RP-HPLC, as can seen from Table 3. Furthermore, gradient liquid chro-
matography is more frequently used than isocratic elution. The mobile
phase used with RP-HPLC columns is a mixture of acetonitrile and/or
methanol in combination with water containing small amounts of acid.
Details about the eluent systems, HPLC columns, and detection methods
are summarized in Table 3.

In some cases, elevated column temperature above ambient, was
used. Currently, there are no studies in the literature that compare the
effect of column temperature on analysis of resveratrol by liquid
chromatography.

Detection and quantification of resveratrol and their related com-
pounds were performed by UV absorption at 306-308 nm wavelengths
and diode-array detection (DAD), because they allow simultancous
detection of multiple wavelengths. Other less common methods used
for detection are the following: fluorometric detection (FLD), electro-
chemical detection (ECD), and mass spectrometry detection (MSD),
(Table 3).

Generally speaking, the HPLC method is preferable for the determi-
nation of the polyphenolic compounds from samples of red wine. The
analyses were performed in a HPLC Waters system (Milford, MA), USA)
equipped with two pumps (Models 510), an automated gradient control-
ler (Model 680), an injector (Rheodyne Model 7125 with a 20 pL loop), a
programmable FLD (Model 470) in series with a tunable absorbance
detector (Model 486).®1 The chromatographic conditions are presented
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in (Table 3). Figure 1, shows two chromatograms with the direct injec-
tion sample of red wine, and after preparation of the red wine by L-L
extraction procedure (Table 2). In the first case, the chromatogram is
more complex and sensitivity for the determination of phenolic com-
pounds is lower, (Figure 1a). However, in the second case, the complexity
of the chromatogram was reduced, allowing separation with good resolu-
tion, detection, and identification of seventeen polyphenolic compounds
(Figure 1b).

As it can observed from Figure 1, the chromatogram (Figure 1b)
shows a bigger resolution, selectivity, and sensitivity compared with the
chromatogram from (Figure la), because the sample matrix after L-L
extraction becomes more simple. In conclusion, we can affirm that
sample preparation of the wine allowed better identification and quanti-
fication of the compounds.

0.20

(@

S

0154

absorbance signal

0.20

—

16

absorbance signal

0 5 RS 20 %5 0 3B
time (min)

Figure 1. Chromatograms were performed by absorbance detection at
4=280nm. Directly injected sample red wine (a), and injected after L-L extrac-
tion procedure of the red wine (b). Sample peaks: 1. galic acid, 2. procatechuic
acid, 3. protocatechuicaldehyde, 4. (+)-catechine, 5. 2,5-dihydroxybenzaldehyde
6. vanilic acid, 7. caffeic acid, 8. syringic acid, 9. (—)-epicatechin, 10. syringalde-
hyde, 11. p- cumaric acid, 12. feluric acid, 13. trans-resveratrol, 14. myricetin, 15.
quercitrin, 16. quercetin, 17. kaempferol. (Adapted from [81])
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Identification of Resveratrol and their Related Compounds

The identification of the compounds after separation is one of the most
difficult steps of chromatographic analysis. For this purpose, a lot of
methods that rely on comparison can be used:

e retention parameter (tg),
e UV spectrum, and
e MS spectrum,

of the compound from the sample with a standard compound or spectral
library.

Column strength in RP-HPLC can be defined in terms of the bonded
phase, i.e., CN column being more weak than the C;g column, or polar
and no polar column, respectively.

The elution in RP-HPLC with the C,g column is achieved in order of
decreasing of the polarity of compounds: trans-, cis-piceid, trans- and
cis-resveratrol.®? Other examples show the same rule in order of elution
of compounds: trans-astringin, trans-piceid, trans-, cis-resveratrol,
e-viniferin, and d-viniferin,®®! and rrans-, cis-resveratrol-3-O-glucoside,
and frans-, cis-resveratrol.’!

In the case of the CN column, order of elution will be reversed vs. the
C,g column: cis-resveratrol glucoside, trans-resveratrol glucoside, cis-
resveratrol and frans-resveratrol,[®> and trans-polydatin, cis polydatin.!®

The UV spectra show a maximum of absorption for resveratrol and
their derivatives: frans-resveratrol 305.6nm,>> 305.7nm,””! 306 nm,
319(s)B and trans-piceid, 317.5nm,>> and 306(s) nm 319 nm,®” respec-
tively, and for cis-resveratrol at 284.3 nm,> 287.8 nm,"” 284 nm,®% and
cis-piceid at 285.5nm,> 285 nm,®” respectively. The use of a fluores-
cence detector in series with a UV absorbance detector allows increasing
selectivity and sensitivity for the determination of the phenolic compound
in wine samples.®!

Published data on the molar absorptivity and chemical stability of
trans- and cis-resveratrol have varied greatly. The trams-resveratrol is
stable for months, except in high pH buffers, when it was protected from
light, however, cis-resveratrol was stable only near pH neutrality when it
was completely protected from light. Accurate values for UV absorbance
for trans-resveratrol in ethanol solutions at A,,,, = 308 nm was & = 30000,
and for cis-resveratrol at Ay, =288 nm was ¢ = 12600.1°%

The mass spectrum is the same for the two isomers of resveratrol;
however, the UV absorption spectra are clearly different, as can see
above. Consequently, there would be a considerable error in quanti-
fying cis-resveratrol by means of a calibration curve of the trans-
resveratrol.l’”!
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Vian et al.l’®! reported the separation and identification of four
compounds: trans-piceid, trans-resveratrol, from the chromatogram of
a Grenache wine at 306 nm, and cis-piceid, cis-resveratrol from same
wine, but at 285 nm. The analyses were carried out using a LC-Waters
(Miliford, MA, USA) equipped with a Model 600 pump and a Model
600 gradient controller connected to a Model 717 auto sampler and a
Model 996 DAD. The chromatographic condition can be seen in
Table 3.
The identification was performing by using the following criteria:

o retention time (frans-resveratrol 10-10.2 min, trans-piceid 5.5-5.7 min,
cis-resveratrol 14.4-14.6 min, cis-piceid 11.7-12 min) and
e UV spectrum (Figure 2).

The florescence detection has good sensitivity and specificity and is
being used in the most cases of wines analysis. Vitrac et al.>*! described

0.010

0008

0.006

AU

0.004 1

0.0024

0000+

0.008 1

0,006+

0.002

0.000+
v T T —— T
20 260 280 300 320 340 360 380

Figure 2. UV spectra: 1. trans-resveratrol, 2. trans-piceid, 3. cis-resveratrol and
4. cis-piceid. (Adapted from [55])
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the determination of six stilbenes in wines by HPLC with direct injection
and fluorescence detection. The analysis was performed in a Bischoff LC
equipped with two pumps (Model 2250), an automated gradient control-
ler (Normasoft software), and an automated injector (Alcott, Model
708). Detection was performed either with a programmable FLD
(Groton, Model FD-500) or with a UV-Vis detector (Kontron, Model
430). Experimental conditions are presented in Table 3. Quantifications
were performed at optimal wavelengths for each compound during
separation, as can be seen in Figure 3.

Today, the HPLC-MS system is frequently used for separation,
detection, and concomitant identification of compounds from wines. A
fast method has been developed for the determination of total free resver-
atrol in wine extracts.[*®! The experimental chromatographic conditions

280/310 290/390 260/400, 260/400
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Figure 3. Chromatograms were obtained by fluorescence detection. The wave-
lengths changes are shown at the top of the figure. Direct injection sample of
red wine (a) and standard mixture of polyfenols (b). Standard peak: 1. (+)-
chatechin, 2. (—)-epichatechin, 3. trans-astringin, 4. trans-piceid, 5. cis-piceid, 6.
trans-resveratrol, 7. pallidol, 8. cis-resveratrol. (Adapted from [54])
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are shown in Table 3. The mass spectrometry experiments were per-
formed with a ThermoFinningan PolarisQ ion trap mass spectrometer
(Austin, TX, USA), operating in positive-ion chemical ionization (PICI)
mode with methane as reagent gas. Another mode of operation was direct
exposure probe (DEP) using a ThermoQuest (Austin, TX, USA), instru-
ment equipped with a rhenium filament for analysis of thermally labile
compounds. The sample was lodged on the filament and the solvent
was evaporated gently by a warm air flow. For analysis of a standard
solution, a heating program for the filament was used. The DEP/MS-
SCAN mass spectrum of a resveratrol standard solution at a concentra-
tion of 100 mg/L, showed the [M+H]" ion that is clearly visible at m/z
229. The ion trap was operating simultaneously in normal scan, and
MS/MS mode, respectively. MS/MS collision induced dissociation
(CID) experiments on the selection of the [M+H]" ion of resveratrol at
m/z 229 gave fragments ((M+H]-H,O)" at m/z 211, and other ions, as
can be observed from Figure 4.

The nonanthocyanin phenolic compounds in red wines, were
extracted and analyzed by HPLC-DAD/ESI-MS.[*? A quadruple mass
spectrometer Hewlett-Packard series 1100, (Palo Alto, CA) with a elec-
trospray ionization (ESI) interface was used for simultaneous determina-
tion of nonanthocyanin phenolic compounds in red wines. The ESI was
operated in negative mode scaning from m/z 100 to 3000, using the
following fragmentation program: m/z 0 to 200 (100 V) and from 200
to 3000 (200V), respectively. In the case of the glucosides form of
trans-, and cis-resveratrol, a fragment ion, [M-H-162] corresponding
to resveratrol after the loss of the glucose moiety was observed in addi-
tion to the molecular ion, [M-H]™ m/z 227.

Mark et al.’'! have elaborated and validated a new, simple procedure
for the quantitative analysis of trans-resveratrol and trans-piceid in wine.
The analysis was performed using a Finigan AQA (ThermoQuest, San
Jose, CA, USA) equipped with both APCI and ESI interface. Spectra
were recorded in the negative ion mode between m/z 10 to 700. APCI
negative ion MS spectra of trams-resveratrol shows a principal ion
[M-H]" at m/z 228.9 and trans-piceid [M-H]"m/z at 388.8, and a princi-
pal ion ([M-glucose]-H)* m/z at 226.8, respectively. When operating in
ESI, the negative ion trans-resveratrol gives a principal ion [M-H]"
m/z at 227, and trans-piceid [M-H]" m/z at 338.7, [M+Ac]™ m/z at
478.8, and a principal ion ([M-glucose]-H)" m/z at 276.7, respectively.

Recently Buiarelli et al.”® have developed a method for the direct
determination of some stilbenes (zrans- and cis-resveratrol, trans-and
cis-resveratrol glucoside, trans-and cis-piceatannol, and trans-and cis-
piceatannol glucoside) in Italian wines. Analysis was performed by
HPLC/MS using a triple quadrupole (QqQ) PE-SCIEX API 356 (Perkin
Elmer Sciex Instruments, Foster City, CA, USA), in multiple reaction
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Figure 4. Principal ions produced by CID experiment on trans-resveratrol
[M+H]*. (Adapted from [68])

monitoring (MRM) mode, acquiring two diagnostic product ions from
the chosen precursor. Operating by ESI in negative ion mode it gives
higher sensitivity for all the target compounds than APCI. Negative
ion ESI gave the best results, because of their acidity stilbenes are more
efficiently ionized in negative ion mode and are easily deprotonated in
the liquid phase. The chromatographic conditions are presented in
Table 3.

The standard solution was prepared either in an aqueous solution of
HCOONH, or HCOOH. The mass spectrum of trans-resveratrol is domi-
nated by the [M-H]™ ion m/z at 227.0, which confirms the molecular
weight. However, the MS/MS product ion spectrum of m/z at 227.0
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shows the two product ions at m/z 185.0 [M-H-CH,CO]™ and the more
abundant ion at m/z 143.0 [M-H-2CH,CO] ", which involved the sequen-
tial loss of two ketone molecules, H,C=C =0, being monitored by
MRM analyses. The retention times, tg, for trans- and cis-resveratrol
are 25.4min and 31.1 min, respectively.

The trans-resveratrol glucoside (trans-piceid) mass spectrum shows
[M-H]™ ion at m/z 389.2 and the format adduct [M+HCO;]” m/z at
435.2. Furthermore, in MS/MS was observed an ion at m/z 227.2 (repre-
sent deprotonated molecule of trans-resveratrol), which derives from the
loss of the glucoside moiety [M-C¢H;,0s]"; and tr for trans- and
cis-piceid are 17.1 min and 26.2 min, respectively.

The trans-piceatannol in the negative ion ESI-MS spectrum pre-
sented the molecular ion m/z at 243.0 [M-H] ", and tg 19,7 min. However,
in ESI-MS/MS spectrum was observed the nf[M-H] ™ ion m/z at 243.0,
which easily confirms the molecular weight, and the fragment ions m/z
at: 158.9, and 201.0 derived from successive losses of C,;H,O.

For the identification of trans- astringin, MS (Q/TOF) was carried
out. The negative ion TOF full scan ion spray mass spectrum of astringin
in red wine samples are the following: [M-H] ™ m/z at 405.30 and a main
fragment ion [M-CgH;,0s]” m/z at 243.18 and m/z at 359.20. The spec-
trum was obtained by combining the spectra acquired during the elution
of the peak at tg 12.10 min.

The resveratrol dehydrodimer (J-viniferin) is one of the major stil-
benes, which were produced in vitro by the oxidative dimerization of
resveratrol by plant peroxidases or fungal laccases.®” It was recently
identified in wines and grape cell cultures. This dimmer was identified
by HPLC-DAD-MS and structural by NMR. The mass spectra were per-
formed by HPLC/MSD trap in ESI mode (Agilent 1100 series, Santa
Clara CA USA). By this experiment, it was confirmed that e-viniferin,
[M-H]", m/z at 453.1 and J-viniferin and [M-H]", m/z at 453.0 were
trans-resveratrol dimmer, and the same results gave MS/MS spectra:
[M-H]™, m/z at 453.1 and 453.0, (M-H]-H,O)™ m/z at 435.1, 435.1,
respectively.

The specificity of the detectors is: moderate for UV, better with
DAD:; good with fluorescence, and high with MS.

Limit of Detection and Quantification

Two important characteristics for the liquid chromatography method are
the limit of detection (LOD) and limit of quantification (LOQ). The LOD
is definite as the minimum detectable amount of analyte or, in other
words, is the smallest concentration that can be detected reliably. The
LOD is related to both the signal (S) and the noise (N) of the liquid
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chromatographic system. Usually, LOD is defined as a peak whose signal
to noise S/ N ratio typically is 2 or 3. It is recommended that S/N ratio of
3 (signal 3, and noise 1) be used as the limit of detection for HPLC
methods.

The LOQ can be defined as the smallest concentration of analyte,
which gives a response with a specified level of accuracy and precision.
The LOD can be defined in many ways. One method uses a similar
technique to that for LOD but requires S/N ratio of at least 10 (signal
100, and noise 10). The range of a method can be defined as the lower
and upper concentrations for which the analytical method has adequate
accuracy, precision, and linearity.

The LOD and LOQ values that were determined are affected by the
experimental conditions of the separation: column, elution conditions,
detector, and especially chemical structure of the compound. Problems
caused by differences in the wavelengths for maximum UV absorption
of the individual compound can be resolved by using DAD.

Detection based on fluorescence is generally more sensitive with one
order of magnitude than UV absorption, as can be observed from Table 4.

To demonstrate the difference between performance DAD vs. MSD,
two papers were selected."!"7 In these papers, the chromatographic con-
ditions were absolutely identical, as can be discussed below.

For quantitative analysis of trams-resveratrol and trans-piceid in
wine, a HPLC system with UV-vis and MS detection was used.’!! The
HPLC system consisted of a Gynkotek M 580 GT pump, Rheodyne
8125 injector (20 pL loop) (Cotati, CA, USA), and a Gynkotek M
340S UV DAD (Gynkotek GmbH, Germering, Germany). HPLC-MS
analysis was carried out using a Finnigan AQA (Thermo-Quest, San
Jose, CA, USA) equipped with both APCI and ESI in negative ion. This
system showed greater ionization stability and has been the method of
choice for analysis. The chromatographic conditions were the same for
both systems of detection. The LOD (S/N=3) was 0.9 pmol for trans-
resveratrol and 0.6 pmol for trams-piceid when was using UV-vis at
306 nm detection. However, when using MS detection, the LOD was
0.3 pmol and 0.2 pmol, respectively for (n=35). In this case, the LOD
obtained by MS is three times lower, vs. DAD.

A method has been developed for LOD determination of trans-, and
cis-resveratrol by using a Waters Integrity HPLC-DAD-MS system
(Waters, Millipore, Milford, MA, USA). The same separation conditions
were used for both types of detectors. The detection by MS was per-
formed in the selected ion monitoring (SIM) mode at m/z 228. This
comparative study show the following values for trams-, and cis-
resveratrol in MS-SIM mode 1.202pg/mL and 2.558 pg/mL, respec-
tively, and for DAD (305nm) 0.948 ng/mL and (280 nm) 0.834 pg/mL,
respectively.l””)
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Table 4. Performance comparison of several detector types
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Range of
LOD LOQ linearity

Type of detector Compound (ng/mL) (pg/mL) (ug/mL) Ref.

Absorbance

UV, 306 nm trans-resveratrol <0.03 43
cis-resveratrol 0.100

UV, 306 nm trans-resveratrol 0.9 pmol 51

(205 pg)
trans-piceid 0.6 pmol
(234pg)

UV, 306 nm trans-resveratrol 0.032 0.10 55

285nm cis-resveratrol 0.034 0.11

UV, 306 nm trans-resveratrol 1.548 57

UV, 280nm trans-resveratrol 0.020 73

DAD 306 nm trans-resveratrol 0.025 59

UV, 306 nm trans-resveratrol 0.002 0.007 74

DAD trans-resveratrol 0.030 0.4-8.5 92

DAD 280 nm Catechin 0.20 0,67 1-25 63

280 epicatechin 0.16 0,53 1-25

360 rutin 0.11 0,35 0.2-20

300 trans-resveratrol 0.06 0,22 0.1-20

300 cis-resveratrol 0.21 0,72 0.5-20

360 quercetin 0.16 0,55 0.2-20

UV 280 nm trans-astringin 0.32¢ 8ng 58

286 nm trans-piceid 0.20; Sng

306 nm trans-resveratrol 0.20; 5ng

306 nm cis-resveratrol 0.32; 8ng

321 nm g-viniferin 0.32; 8ng

321 nm d-viniferin 0.32; 8ng

UV 306 nm cis-polydatin 0.20%; 66

0.075¢
trans-polydatin 0.11%;0.048¢

DAD 305nm trans-resveratrol 0.948 3.16  2.50-50. 77
cis-resveratrol 0.834 2.781 1.23-40.

UV 280 nm galic acid 0.06 0.19 0.7-7.2 81
protocatechuic acid 0.12 0.39 1.0-10.4
protocatechuicaldehyde  0.03 0.10 0.6-6.4
(+)-catechin 0.11 0.36 3.4-33.6
vanilic acid 0.07 0.23 0.5-4.8
caffeic acid 0.06 0.20 0.4-44
syringic acid 0.05 0.16 0.4-44
(—)-epicatechin 0.34 1.13 3.6-36.4
Syringaldehide 0.04 0.13 0.7-6.8

(Continued)
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Table 4. Continued
Range of
LOD LOQ linearity
Type of detector Compound (ng/mL) (pug/mL) (ng/mL) Ref.
p-cumaric acid 0.08 0.26 0.4-4.0
feluric acid 0.08 0.27 0.5-5.6
trans-resveratrol 0.02 0.07 0.4-4
miricetin 0.06 0.20 0.6-6.0
quercitrin 0.51 1.60 2.5-23.6
quercetin 0.54 1.50 1.6-16
Kaempferol 0.21 0.70 1.5-15.2
Florescence
FL Xex/Aem, Nm 81
278/360 (+)-catechin 0.093 0.31
278/360 vanilic acid 0.068 0.22
278/360 (—)-epicatechin 0.003 0.01
278/360 syringaldehide 0.031 0.10
330/360 trans-resveratrol 0.003 0.01
FL Zex/Aem, nm 54
280/310 (+)-catechin 0.02 0.07 0.5-10
280/310 (—)-epicatechin 0.01 0.05 0.5-10
290/390 trans-astringen 0.01 0.06 0.5-10
290/390 trans-piceid 0.01 0.05 0.1-10
260/400 cis-piceid 0.03 0.1 1.0-10
300/390 trans-resveratrol 0.01 0.03 0.5-10
260/400 pallidol 0.02 0.03 0.5-10
260/400 cis-resveratrol 0.02 0.07 1.0-10
FL Zex/Aem, nm,  trans-resveratrol 0.118 57
360/374
L Jex/Aem, M, trans-resveratrol 0.003 73
360/374
FL Jex/ZAem, nM 63
280/315 (+)-catechin 0.003 0.01  0.01-1
280/315 (—)-epicatechin 0.005 0.02  0.03-1
324/370 trans-resveratrol 0.003 0.01  0.01-1
260/370 cis-resveratrol 0.001 0.004 0.01-0.1
Chemoluminescence
CL luminal /potassium 0.000166 0.0005-0.750 59
ferricyanide/trans- (70 pmol)
resveratrol
Mass spectrometry
MS with APCI, trans-resveratrol <0.3 pmol 51
and ESI (68 pg)

negative ion

(Continued)
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Table 4. Continued

Range of
LOD LOQ linearity
Type of detector Compound (ug/mL) (pug/mL) (ng/mL) Ref.
trans-piceid <0.2 pmol
(78 pg)
MS trans-resveratrol 1.202 4.005 2.5-50 77
cis-resveratrol 2.558 8.525 1.23-40.06
MS trans-resveratrol 0.048 57
MS trans-resveratrol 200 pg 76
TOFMS, ESI trans-resveratrol 0.048 0.160 0.2-6.0 56
trans-piceid 0.048 0.160  0.2-40.0
trans-piceatanol 0.050 0.167 0.2-6.0
MS/MS with trans-resveratrol 0.005 0.026 0.026-1.675; 60
APCI negative cis-resveratrol 0.005 0.022 0.012-1.460
ion
Electrochemical
EC;+0.75V trans-resveratrol 0.003 43
cis-resveratrol 0.015

“Detection limit calculated according to IUPAC rules (25 uL).
bisocratic.
‘GE gradient elution.

The application of LC-ESI-MS/MS was investigated for the analysis
of trans-resveratrol in red wine, grape skin, grape pomace, and wine-
making by products. The LOD was calculated in the low part per billion
range (10 pg/L). These results were compared with those obtained using
an LC-UV/DAD method.[*%

Electrochemical detection is a particularly useful method for determi-
nation of electroactive compounds, such as phenols, with better sensitiv-
ity than UV detection. The value of +0.75V was considered the best
potential with very good selectivity. The detection limit (S/N=3) was
0.003 pg/mL for trans-resveratrol and 0.015 pg/mL for cis-resveratro].[**!

CONTENT OF STILBENES IN WINE

Grapes are probably the most important source of resveratrol for
humans, since the compound is also found in one of the end products
of grape wine. Resveratrol is found in all variety of wines, but the highest
amount is found in red wines.

The interest of the scientific community in the resveratrol and related
compounds in the wine has increased over the last years. Several reviews
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on resveratrol content in different varieties of wines from different
regions of world was published.®” "

Stervbo et al.”! published a review in connection with resveratrol
content in red wines based on relevant published data. Red wine contains
an average of 1.9+ 1.7mg/L trans-resveratrol, ranging from non-
detectable levels to 14.3mg/L trans-resveratrol. The average level of
trans-resveratrol-glucoside (trans-piceid) in red wine may be as much as
29.2mg/L. The resveratrol monomers (trans-resveratrol, cis-resveratrol,
trans-piceid, and cis-piceid) were identified and quantified in Spanish
white and rose wines. The white wines had levels between 0.051 and
1.801 mg/L. Rose wines had a total average level of 2.15mg/L for resver-
atrol isomers. This value is situated between those of red and white
wines.® Furthermore, a short review is focused on direct analysis of
food samples and wines by HPLC.®! The importance of sample prepara-
tion in determination of phenolic compounds in plant materials, particu-
larly fruit and wine was resumed in a large review.”” A comparison of
published methods of HPLC analysis for resveratrol and other related
phytoalexins in peanut extract and wines were summarized, and a
RP-HPLC method for analyzing was developed.”

A group of fifty two commercial wines from different Italian regions,
cultivars, and winemaking technologies, was analyzed by HPLC-UV-
DAD, in order to assess the influence of several parameters on the
trans-resveratrol concentration.’”! The information obtained by this
study was that amounts of zrams-resveratrol in red wines range from
0.32 to 8.29mg/L, however, white wines have a lower amount of trans-
resveratrol, not always quantifiable. The conclusion was that this
difference in trans-resveratrol concentration is certainly due to the differ-
ent winemaking procedure. Also, the quantitative data for twenty two
Italian types of grape variety wines obtained by HPLC-MS/MS analysis
was reported.”® In particular, piceid has been shown to be the stilbene
present at the highest concentration, more in cis-form ranging from a
minimum of 0.82mg/L for a white wine, Pinot Grigio, to a maximum
of 38.87mg/L for Montepulciano 3. Appreciable amounts of frans-,
and cis-resveratrol, have been determined in red wine samples, ranging
from 0.63 to 3.39mg/L, and from non-quantifiable to 4.93mg/L,
respectively.

Eighteen monovarietal red wines®”! and twenty-six varietal white
wines®® were analyzed from different Spanish appellations and vintages.
Total resveratrol content has been quantified in a survey of forty five
Monastrel monovarietal Spanish red wine types as glucoside and agly-
cone forms of resveratrol.*”! Furthermore, when wines were made using
macerative fermentation with dabble amounts of solid parts, “double
pasta” reached the highest levels of total stilbene content expressed as
resveratrol equivalent, i.e., 30 mg/L with an average of 18.8 mg/L. The

[37
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Manastrell variety can be characterized by high resveratrol glucoside con-
centration and low free isomer content. In fifty-eight bottle red wines
from the 1999 harvest, belonging to seven denominations of Origin of
the Canary Island (Spain) wine the content of trans-resveratrol was deter-
mined.l”¥ The average level found in bottled red wines was 2.89 mg/L.
Also, trans-resveratrol content was similar in all red wines commercially
available from the Canary Islands with an average value of 3.00 ppm.®!

In a survey of 120 commercial wines from Portugal and France, the
highest concentrations of stilbenes were found in red wines.*? The
resveratrol contents by HPLC in a number of 98 commercial wines from
Aragon, from several vintages, were analyzed.*# Concentration of cis-
resveratrol ranged between 0.20-5.84mg/L in red wines and between
0.02-3.17mg/L in rose wines, and for trans-resveratrol levels ranged
between 0.32-4.44mg/L in red wines and between 0.12-2.80mg/L in
rose wines. French red wines are an abundant source of phenolic
compounds, especially catechins.*!

A lot of the Greek wines (eighteen white and eighteen red varietal
wines) were analyzed for their content of frans-resveratrol. As it is
known, red wines were found to have higher concentrations of trans-
resveratrol between 0.352-1.99 mg/L compared to with those obtained
from white varieties 0.005-0.57 mg/L.*”! The concentration of the
trans-resveratrol in wines from Greek markets was determined. Gener-
ally, the wines were not from a single vintage; no conclusion can be made
for the role of age regarding the content of the trans-resveratrol in Greek
wines.*% A rapid HPLC method has been developed for the determina-
tion of trans-resveratrol in twenty nine red Greek wines of appellation
of origin. The concentrations found varied between 0.550-2.534 mg/L.I"¥

The levels of trans-resveratrol in thirty six commercial red wines pro-
duced in the southern region of Brazil have been determined by isocratic
UV-HPLC methods. The concentrations of trans-resveratrol were found
in the range from 0.82 to 5.75mg/L with a mean value of 2.57 mg/L. The
results indicate that these wines contain significant levels of trans-
resveratro].[*¥!

In a relative recent paper,” " sixty-seven red wines from Hungarian
Villany region, of vintages from 1996 to 2003, were analyzed for their
polyphenolic composition by HPLC. The trans-resveratrol content levels
were found between 1.1-3.1 mg/L with a mean of 2.3mg/L. Another
new, and simple method for the determination of phenolic compounds
such as resveratrol and piceid isomers from seventy Hungarian red wines
and three white wines from two wineries, has been elaborated and vali-
dated.P" Trans-resveratrol and trans-piceid were found in red wines
between 0.1-14.3 mg/L and 3.8-16.4mg/L concentrations, respectively.

A group of fifteen commercially red and five white wines from
different Romanian regions were studied. The concentrations of

[49]
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trans-resveratrol found in red wines are in the range from 0.803-—
8.807mg/L and for cis-resveratrol are in the range from 0.385 to
3.285mg/L.1°"!

The trans-resveratrol concentration in musts and wines produced
from seven red and four white grape cultivars from wine growing regions
of Turkey, were analyzed by HPLC methods.”®! The level of trans-
resveratrol for white wines and must were found from 0.116-1.931 mg/L
and from 0.0082-0.291 mg/L concentrations, respectively. In the case of
red wine and must samples, the concentrations are in the range from
0.176-4.403 mg/L and from 0.0004-0.102 mg/L, respectively.

The mean of total phenolic acid concentrations in Niagara (Ontario,
Canada) wines are situated in a narrow range from 0.200 mM/L (Gamay
Noir) to 0.250mM /L (Pinot Noir).""! In this study, of the hydroxystil-
bene components, Pinot Noir wines were by far the highest polydatin
concentrations, whereas their concentrations of free resveratrol isomers
were among the lowest.

The forty-two vines produced from grapes grown in the Snake River
Valley of Idaho USA, were examined.”?! The samples examined were
from four monovarietal wines. Trans- and cis-piceid and resveratrol were
found in the samples. Free stilbene levels ranging from 0.97 for Riesling
wine to 12.88 for Cabernet Sauvigon wines were expressed as trans-
resveratrol in mg/L. Phenolic content was determined in muscadine
grapes by HPLC with fluorescence detection and allowed separation and
detection of ellagic acid from resveratrol.’* Contrary to previous results,
ellagic acid in the skins (16.5mg/100 g) and not resveratrol (0.1 mg/100 g)
was the major phenolic in muscadine grapes.

CONCLUSIONS

The interest of the scientific community in the determination of stilbenes
in wine by HPLC with modern detectors has increased over the last years.
A large number of examples reported in this review shows that RP-HPLC
with gradient elution is the preferred method. There are a lot of studies
concerning the determination of LOD and LOQ for the separation of
resveratrol and their related compounds by HPLC with several types of
detectors. Several rapid methods by HPLC-MS for analysis of resveratrol
have been published, also. The highest levels of trans-resveratro measured
are: for red wines from 2.53 to 14.30 mg/L with an average of 5.72mg/L;
and for cis-resveratrol from 3.29 to 5.84mg/L with an average of
4.69mg/L. The average level of trans resveratrol for rose wines is
2.47mg/L and for white wines 1.37mg/L. Generally, levels of cis-
resveratrol follow the same pattern as trans-resveratrol. The average level
of trans-resveratrol-glucoside (transpiceid) in a red wine may be three
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times of that of trans-resveratrol. The level of resveratrol varies from
region to region and from one year to another.
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