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Abstract: This paper reports the results of a study performed to develop a
rapid and straightforward chromatographic method for the identification and
quantification of trans-resveratrol in commercial trans-resveratrol containing
dietary supplements. The method employs an Alltech Platinum EPS 100 A C-
18 column operated under isocratic elution mode with a 70:30 (v/v) water-
acetonitrile mixture as the mobile phase, at flow rate of 1.0mLmin−1. Peak
detection is performed at 306nm with limit of detection (LOD) of 0.27�gmL−1

and limit of quantification (LOQ) of 0.95�gmL−1 and linear calibration graph
within the concentration range of 2.63 to 10.53�gmL−1. Other data related
to the successful method validation include representative linear regression
equation and correlation coefficient of the calibration graph for quantification
of trans-resveratrol, as well as the results of replicate analysis of real samples and
of a recovery study, carried out to evaluate precision and accuracy, respectively.
The method is successfully applied to study the stability of trans-resveratrol in
methanol solution under various storage conditions and to analyse commercial
preparations of trans-resveratrol containing dietary supplements.
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INTRODUCTION

Resveratrol (3,5,4’-trihydroxystilbene) is a phenolic compound belonging
to the class of stilbenes that is present in a relatively limited
number of plant species, including grape wine, Vitis vinifera,�1� in
which it was observed to occur as a response to fungal infection
or injury.�2� Grape and red wines are the major dietary sources of
resveratrol and recent studies have associated the moderate consumption
of red wine with the reduction of the risk of coronary heart
disease (CHD).�3,4� Resveratrol, as other phenolic compounds, is
a potent antioxidant and epidemiological studies have suggested
a direct correlation between high phenolic compounds intake and
reduced CHD mortality, by suppressing the oxidation of low density
lipoprotein.�5� Resveratrol may occur in the trans- and cis-isomeric
forms (Figure 1), with numerous reports suggesting trans-resveratrol to
be the most bioactive form of this molecule.�6,7� Clinical studies have
reported evidence that trans-resveratrol may exhibit a great number
of cell protective actions, such as antimutagenic,�8� antiestrogenic,�9�

and anti-inflammatory.�10� The chemopreventive and chemotherapeutic
properties of trans-resveratrol against cancer have been investigated,
evidencing the ability of this stilbene at inhibiting cellular events
associated with carcinogenesis, including tumor initiation, promotion,
and progression.�11,12�

The trans-isomer of resveratrol is easily converted to the cis-
form under exposure to UV light.�13� Usually, plant tissues contain
primarily trans-resveratrol, whereas processed plant extracts may contain
higher proportions of the cis-isomer.�14,15� For example, in the grape
skin of Vitis vinifera cis-resveratrol is rarely detected, whereas both
isomers are usually identified in red wine, where the presence of cis-
resveratrol has been attributed to the photochemical isomerization of
the trans-form during the winemaking process.�16� Therefore, most of the
analytical methods reported in literature are usually committed to the
identification and quantification of trans-resveratrol. The majority of
these methods are based on high performance liquid chromatography

Figure 1. Chemical structure of trans- and cis-resveratrol.
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(HPLC) with UV,�17,18� fluorescence,�19� electrochemical,�20� and mass
spectrometry (MS)�12,21� detection. However, gas chromatography
(GC),�22� capillary electrophoresis (CE),�23� and micellar electrokinetic
chromatography (MEKC)�24� have also been employed.

The use of complementary or alternative beneficial products
for human health is growing worldwide, and the supposed health
beneficial effects of trans-resveratrol has recently increased the demand
of consumers for resveratrol-containing functional foods, which are
primarily marketed as an herbal or dietary supplement in the form
of pills, capsules, powders, and extracts from raw botanical sources
(i.e., grape seeds/skins; Japanese knotweed Polygonum cuspidatum).�25�

The growing interest of the market for resveratrol containing dietary
supplements has prompted us to develop a rapid and robust method
for the identification and quantization of trans-resveratrol in commercial
preparations. The method has been developed with the additional
purpose of further investigating the stability of trans-resveratrol in
methanol solution under various storage conditions. The method was
developed using a reversed-phase HPLC column operated under isocratic
elution mode.

EXPERIMENTAL

Materials and Methods

Chemicals and Samples

Distilled water, further purified by a Milli-Q Water Purification System
(Millipore, Bedford, MA, USA), was used to prepare all solutions and
eluents; HiPerSolv HPLC grade acetonitrile was purchased from BDH
(Milan, Italy); HPLC grade Chromasolv methanol, was obtained by
Fluka (Milan, Italy); trans-resveratrol was purchased from Sigma (Milan,
Italy); single use Anatop 10LC, 0.2�m inorganic membrane filters
were obtained by Whatman (Springfield, UK). The trans-resveratrol
containing dietary supplements, Activin Plus® and Acutil Senior®, were
purchased from Phoenix Srl (Peschiera Borromeo, Milan, Italy) and
Angelini Acraf S.p.A. (Rome, Italy), respectively.

Equipment

The experiments were performed with a Gilson (Middleton, WI, USA)
Liquid Chromatograph consisting of a Model 305 solvent delivery pump,
a Model 805 manometric module, a Model 115 variable wavelength UV

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
6
:
5
5
 
2
3
 
J
a
n
u
a
r
y
 
2
0
1
1



2092 A. Brizzi et al.

detector, and a Rheodyne (Cotati, CA, USA) Model 7125 injection valve
with a 20�L sample loop. Chromatograms were recorded and processed
by a Gilson Model 712 System Controller Software. An Alltech Platinum
EPS 100 A C-18 5�m column (250× 4�6mm ID) was supplied by
Alltech Italia Srl, (Sedriano, Milan, Italy).

Analytical Conditions

The identification of the isomeric forms of resveratrol was performed
on the basis of their retention times. A 10.53�gmL−1 stock solution of
trans-resveratrol was prepared by dissolving the weighted amount
of the analyte in the proper volume of methanol. This solution was
diluted with methanol to obtaining five working solutions covering
the concentration range 2.63 to 10.53�gmL−1. Quantification of trans-
resveratrol was performed by the external standard method using a five
point regression curve of the UV absorption data collected at 306nm.
The peak of cis-resveratrol was identified by its retention time, with
the new peak appearing after UV irradiation at 365nm of the trans-
resveratrol solution. As cis-resveratrol is not commercially available, the
calibration graph for this compound was obtained at 285nm (maximum
absorption for cis-resveratrol) with the same solutions used for the trans-
isomer, after exposure of the solution to UV light at 365nm for 60
min, which is the time necessary to determine the conversion of at
least 90% of the trans- to cis-isomer. The quantity of this compound
was ascertained on the basis of the decrease in the trans-isomer
following UV irradiation.�14� The concentrations of the standard solution
previously reported for trans-resveratrol were obviously corrected for the
percentage of conversion obtained.�26�

Sample Preparation

The evaluation of the stability of trans-resveratrol in methanol solution
was carried out by preparing a stock solution of 5.59�g mL−1 trans-
resveratrol in methanol that was divided in several aliquots, which were
stored in dark glass vials, covered with aluminium foil. All aliquots were
stored in the dark, part at room temperature and the others at −20�C.
Aliquots of each sample were taken at every 10 min and trans-resveratrol
was quantified by the developed HPLC method. A weighed amount
of each commercial preparation was dissolved in the proper volume of
methanol, in a volumetric flask protected from light in order to obtain
solutions containing trans-resveratrol within the concentration range of
2.63 to 10.53�gmL−1. Sample solutions were sonicated for 90 min at
room temperature and then filtered through a 0.2�m single use inorganic
membrane filter, before being injected onto the HPLC column.
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RESULTS AND DISCUSSION

Initial phases of the investigation were focused on the optimization of
the chromatographic conditions required to obtain selective resolution
of trans- and cis-resveratrol by reversed phase HPLC, using a C−18

column eluted under isocratic conditions with mobile phase consisting of
a water-acetonitrile mixture. The influence of the content of acetonitrile
into the hydro-organic mobile phase on the retention factor of trans-
resveratrol is depicted by the plot displayed in Figure 2. As expected, the
retention factor of trans-resveratrol decreased with increasing the content
of acetonitrile into the mobile phase.

With the mobile phase consisting of a 70:30 (v/v) water-acetonitrile
mixture, a solution of trans-resveratrol in methanol irradiated with UV
light at 365nm for 30 min displayed a chromatogram with two resolved
peaks, whose average retention times of quintuplicate runs were 7.78
and 10.02 min, respectively, with RSD better than 0.30% (see Figure 3
and Table 1). The peak eluting at retention time of 7.78 min was
confirmed to be trans-resveratrol, since its retention time was identical
to that of the authentic standard solution of trans-resveratrol. The cis-
isomer of resveratrol was identified by comparison of the retention time
of the additional peak observed after UV irradiation at 365nm of the
stock solution of trans-resveratrol. This additional peak was drastically
smaller than that of trans-resveratrol due to the molar adsorptivity of the
cis-isomers at 306nm, which is about 3.4 times lower than that of the
trans-form.�13�

Figure 2. Variation of the retention factor of trans-resveratrol as a function
of the percent (v/v) of acetonitrile into the mobile phase consisting of water-
acetonitrile mixture. Column, Alltech Platinum EPS 100 A packed with 5�m
C−18 stationary phase (250× 4�6mm ID); flow rate, 1.0mL min−1; sample
size and concentration, 20�L and 5.26�gmL−1, respectively; UV detection at
306nm, 0.1 absorption units full scale; retention times, minutes.
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Figure 3. Separation of trans- and cis-resveratrol in a 5.59�gmL−1 trans-
resveratrol solution exposed to UV light at 365nm for 30 min. Column and
experimental conditions as in Figure 2, except percent of acetonitrile into the
mobile phase of 30% (v/v).

The limit of detection (LOD) was determined from the amount
of trans-resveratrol required to give a signal-to-noise ratio of 3 and
was 0.27�gmL−1, whereas the limit of quantification (LOQ), defined
as the lowest concentration giving a signal-to-noise ratio of 10, was
0.95�gmL−1. The calibration graph for quantitative analysis was
constructed by plotting the concentration of the standard solutions of
trans-resveratrol as a function of peak area, which showed good linearity
in the concentration range 2.63 to 10.53�gmL−1. The representative
linear regression equation was y = 32475x − 4165�8 with a significant
correlation coefficient (0�99985).

Table 1. Intra-day and inter-day repeatability of the retention time (tR) of trans-
and cis-resveratrol

Intra-day repeatability Inter-day repeatability

Analyte taR (min) SD (min) RSD (%) tbR (min) SD (min) RSD (%)

trans-resveratrol 7.78 0.02 0.23 7.65 0.07 0.90
cis-resveratrol 10.01 0.03 0.30 9.96 0.11 1.10

aAverage value of quintuplicate analysis carried out within the same day.
bMean value of five chromatographic runs per day over a period of three
consecutive days.
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Table 2. Intra-day and inter-day repeatability of the peak area of trans- and
cis-resveratrol

Intra-day repeatability Inter-day repeatability

Peak areaa Peak areab

(arbitrary RSD (arbitrary RSD
Analyte units) SD (%) units) SD (%)

trans-resveratrol 263667.73 2531.25 0.96 264012.18 4805.02 1.82
cis-resveratrol 24442.5 322.6 1.32 24085.46 551.16 2.29

aAverage value of quintuplicate analysis carried out within the same day.
bMean value of five chromatographic runs per day over a period of three
consecutive days.

The repeatability and precision of the method were assessed by
analyzing 5 repeated times a 5.59�g mL−1 standard solution of trans-
resveratrol before and after exposition to UV light for 30 min, during
the same day and over a period of three days. Retention times and peak
areas were employed to evaluate intra-day and inter-day repeatability
(see Tables 1 and 2). In the latter case, the measured values, representing
the means of 5 determinations per day and per analyte, were used for
the evaluation of the overall inter-day precision for the method. The
chromatogram displayed in Figure 3 and data reported in Table 1 show
that the two isomeric forms of resveratrol were completely resolved in
about 10 min with highly repeatable retention times. Also satisfactory
was the intra-day and the inter-day repeatability of the detector response
(see Table 2).

The developed method was applied to monitor the conversion
of trans-resveratrol into its cis-form when exposed to UV light. The
experiment was carried out preparing a 5.26�gmL−1 solution of trans-
resveratrol in methanol, which was irradiated for 150 min at 365nm.
Aliquots of the irradiated solution were subjected to HPLC analysis at
different time intervals to monitor the isomerization and cis-resveratrol
formation by evaluating the decrease of the concentration of trans-
resveratrol. The results of this study are reported in Figure 4, showing
that after 60 min more than 90% of trans-resveratrol was converted into
its cis-isomer, as it has been previously reported.�14�

A further study was performed to evaluate the stability of a solution
of trans-resveratrol in methanol stored in the dark at −20�C and at
room temperature. The experiments were carried out by analyzing, by
the developed method, aliquots of a stock solution of trans-resveratrol
stored in the dark both at room temperature and at −20�C. As it has
been reported by Wang et al.,�14� the concentration of trans-resveratrol
was unvaried for up to five days storage at −20�C and no conversion
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2096 A. Brizzi et al.

Figure 4. Evaluation of the conversion of trans-resveratrol into its cis-isomer
by the decrease of the concentration of trans-resveratrol as a function of the
time of irradiation with UV light at 365nm of a 5.26�gmL−1 trans-resveratrol
solution in methanol.

of the trans- to cis-isomer was observed. However, Wang�14� reported
a slight decrease of the concentration of trans-resveratrol for solutions
stored in the dark at 4�C that was not observed in our investigation,
which evidenced that also at 4�C the concentration of trans-resveratrol
was practically unaffected up to five days storage. On the other hand,
the concentration of trans-resveratrol varied from 8.96 to 6.10�g mL−1

when the above solution was exposed to the laboratory day-light for 6h
at room temperature.

The proposed method was than applied for the identification and
quantification of trans-resveratrol in two commercially available trans-
resveratrol containing dietary supplements (see Fig. 5). Each sample was
treated as reported in the Experimental section and trans-resveratrol was
identified and quantified by the proposed method. The content of trans-
resveratrol in the pills of Acutil Senior® (labeled amount, 5 mg/pill)
and in the capsules of Activin Plus® (labeled amount, 0.5 mg/capsule)
determined in quintuplicate analysis resulted to be 5�26± 0�8 mg/pill and
0�54± 0�02 mg/capsule, respectively.

In order to determine the accuracy of the method a recovery study
was performed. Known amounts of trans-resveratrol were added to
each commercial preparation and the resulting spiked samples were
subjected to the entire analytical method. Three different amounts of
trans-resveratrol, corresponding to 80, 100, and 120% of the labeled
content, were added. All samples were injected five times and an average
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Figure 5. Chromatograms of samples of Acutil Senior® (panel A) and Activin
Plus® (panel B) analyzed by the proposed method. Chromatographic conditions
as in Figure 3.

of the response peak areas was the basis for the found concentration.
The recoveries were calculated on the basis of the difference between
the total concentration determined in the spiked samples and the
concentration observed in the non-spiked samples. Data reported in
Table 3 show that the overall recovery ranged between 98, 87 (±4�05),
and 106.70% (±2�98), indicating that the method is adequately accurate
and precise. The accuracy of the method was further evaluated by
quintuplicate analysis of samples containing known amounts of trans-
resveratrol, which resulted in RSD values lower than 5.0%.

Table 3. Recovery of trans-resveratrol added to each of two commercial
preparations at levels corresponding to 80, 100, and 120% of labeled amounts
(l�a��

Recoverya (%)
Commercial Overallb (%)
preparation 80% (l�a�� 100% (l�a�� 120% (l�a�� mean ± SD

Acutil senior 101.01 94.20 101.4 98�87± 4�05
Activin plus 108.8 108.02 103.30 106�70± 2�98

aEach commercial preparation was assayed five times before and after addition
of trans-resveratrol and average of results is presented.
bObtained by pooling all recovery data. SD, standard deviation.
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CONCLUSIONS

Reversed phase high performance liquid chromatography, using a C−18

column operated under isocratic elution mode with a 70:30 (v/v) water-
acetonitrile mixture as the mobile phase, has emerged as being useful to
develop a versatile procedure for the rapid resolution and quantification
of trans- and cis-resveratrol. The method has been successfully validated
and efficiently applied to monitor the conversion of trans-resveratrol
into its cis-form when exposed to UV light and when stored in the
dark either at room temperature or at −20�C. The method is highly
reproducible, the quantification of trans-resveratrol is linear over a
useful concentration range, and the results of the recovery studies show
good accuracy. The method can be successfully applied to identify and
quantify the trans-isomer of resveratrol in trans-resveratrol containing
dietary supplements commercialized either as pills or as capsules, which
can be analyzed without sample pretreatment, except dissolution of the
commercial preparation in the proper volume of methanol to obtain
solutions of concentration within the range of linearity of the calibration
graph.

REFERENCES

1. Burn, J.; Yokota, T.; Ashihara, H.; Lean, M.E.J.; Crozier, A. Plant foods
and herbal souces of resveratrol. J. Agric. Food Chem. 2001, 50, 3337–3340.

2. Langcake, P.; Pryce, R.J. The production of resveratrol by Vitis vinifera and
other members of the Vitaceae as a response to infection or injury. Physiol.
Plant Pathol. 1976, 9, 281–283.

3. Renaud, S.; De Lorgeril M. Wine, alcohol, platelets and the French paradox
for coronary heart disease. Lancet 1992, 339, 1523–1525.

4. Renaud, S.C.; Gueguen, R.; Schenker, J.; d’Houtaud, A. Alcohol and
mortality in middle-aged men from eastern France. Epidemiology, 1998, 9,
184–188.

5. Frankel, E.; Kanner, J.; German, J.B.; Parks, E.; Kinsella, J.E. Inhibition of
oxidation of human low-density lipoprotein by phenolic substances in red
wine. Lancet 1993, 341, 454–457.

6. Roupe, K.; Remsberg, C.; Yanez, J.; Davies, N. Pharmacometrics of
stilbenes: seguing towards the clinic. Curr. Clin. Pharm. 2006, 1, 81–101.

7. Varache-Lembe‘ge, M.; Waffo-Te’guo, P.; Richard, T.; Monti, J.P.;
Deffieux, G.; Vercauteren, J.; Me’rillon, J.M.; Nuhrich, A. Structure-activity
relationships of polyhydroxystilbene derivatives extracted from Vitis Vinifera
cell cultures as inhibitors of human platelet aggregation. Med. Chem. Res.
2000, 10, 253–267.

8. Sgambato, A.; Ardito, R.; Faraglia, B.; Boninsegna, A.; Wolf, F.I.;
Cittadini, A. Resveratrol, a natural phenolic compound inhibits cell

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
6
:
5
5
 
2
3
 
J
a
n
u
a
r
y
 
2
0
1
1



Identification and Quantification of Trans-Resveratrol 2099

proliferation and prevents oxidative DNA damage. Mutat. Res. Gen. Toxic.
End. 2001, 58, 357–362.

9. Lu, R.Q.; Serrero, G. Resveratrol, a natural product derived from grape,
exhibits antiestrogenic activity and inhibits the growth of human breast
cancer cells. J. Cell. Physiol. 1999, 179, 297–304.

10. Huang, K.S.; Lin, M.; Cheng, G.F. Anti-inflammatory tetramers of
resveratrol from roots of Vitis amurensis and the conformations of seven-
membered ring in some oligostilbenes. Phytochemistry 2001, 58, 357–362.

11. Jang, M.; Cai, L.; Udeani, G.O.; Slowing, K.V.; Thomas, C.F.; Beecher,
C.W.W.; Fong, H.H.S.; Farnsworth, N.R.; Kinghorn, A.D.; Metha, R.G.;
Moon, R.C.; Pezzuto, J.M. Cancer chemopreventive activity of resveratrol,
a natural product derived from grapes. Science 1997, 275, 218–220.

12. Kimura, Y.; Okuda, H. Resveratrol isolated from Polygonum cuspidatum
root prevents tumor growth and metastasis to lung and tumor-induced
neovascolarization in Lewis lung carcinoma-bearing mice. Nutr. Cancer
2001, 131, 1844–1849.

13. Trela, B.C.; Waterhouse, A.A. Resveratrol: isomeric molar absorptivities
and stability. J. Agric. Food Chem. 1996, 44, 1253–1257.

14. Wang, Y.; Catana, F.; Yang, Y.; Roderick, R.; van Breemen, R.B. An LC-
MS method for analyzing total resveratrol in grape juice, cranberry, and
wine. J. Agric. Food Chem. 2002, 50, 431–435.

15. Cantos, E.; Garcia-Viguera, C.; de Pascual-Teresa, S.; Tomàs-Barberàn,
F.A. Effect of postharvest ultraviolet irradiation on resveratrol and other
phenolics of Cv. Napoleon table grapes. J. Agric. Food Chem. 2000, 48,
4606–4612.

16. Sun, B.; Ribes, A.M.; Leandro, M.C.; Belchior, A.P.; Spranger, M.I.
Stilbenes: quantitative extraction from grape skins, contribution of grape
solids to wine and variation during wine maturation. Anal. Chim. Acta
2006, 563, 382–390.

17. Sobolev, S.V.; Cole, R.J. trans-Resveratrol content in commercial peanuts
products. J. Agric. Food Chem. 1999, 47, 1435–1439.

18. Zhu, Z.; Klironomos, G.; Vachereau, A.; Nerinck, L.; Goodman, D.W.
Determination of trans-resveratrol in human plasma by high performance
liquid chromatography. J. Chromatogr. B 1999, 724, 389–392.

19. Pezet, R.; Point, V.; Cuenat, P. Method to determine resveratrol and
pterostilbenes in grappe betties and wines using high performance liquid
chromatography and highly sensitive fluorometric detection. J. Chromatogr.
A 1994, 663, 191–197.

20. Mc Murtrey, K.D.; Minn, J.; Pobanz, K.; Schultz, T.P. Analysis of wines for
resveratrol using direct-injection high-pressure liquid chromatography with
electrochemical detection. J. Agric. Food Chem. 1994, 42, 2077–2080.

21. Nicoletti, I.; De Rossi, A.; Giovinazzo, G.; Corradini, D. Identification and
quantification of stilbenes in fruits of transgenic tomato plants (Lycopersicon
esculentum Mill.) by reversed phase HPLC with photodiode array and mass
spectrometry detection. J. Agric. Food Chem. 2007, 55, 3304–3311.

22. Jeandet, P.; Bessis, R.; Shaghi, M.; Meunier, P. Production of the
phytoalexin resveratrol by grapes as a response to botrytis attack under
natural conditions. J. Phytopathol. 1995, 143, 135–139.

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
6
:
5
5
 
2
3
 
J
a
n
u
a
r
y
 
2
0
1
1



2100 A. Brizzi et al.

23. Dobiasova, Z.; Pazourek, J.; Havel, J. Simultaneous determination of
trans-resveratrol and sorbic acid in wine by capillary zone electrophoresis.
Electrophoresis 2002, 23, 263–267.

24. Hsieh, M.-C.; Lin, C.-H. On-line identification of trans-resveratrol in red
wine using a sweeping technique combined with capillary electrophoresis/77
K fluorescence spectroscopy. Electrophoresis 2004, 25, 677–682.

25. Medina-Bolivar, F.; Condori, J.; Rimando, A.M.; Hubstenberger, J.;
Shelton, K.; O’Keefe, S.F.; Bennett, S.; Dolan, M.C. Production and
secretion of resveratrol in hairy root cultures of peanut. Phytochemistry
2007, 68, 1992–2003.

26. Goldberg, D.M.; Ng, E.; Karumanchiri, A.; Yan, J.; Diamandis, E.P.;
Soleas, G.J. Assay of resveratrol glucosides and isomers in wine by direct-
injection high-performance liquid chromatography. J. Chromatogr. A 1995,
780, 89–98.

Received December 5, 2007
Accepted January 22, 2008
Manuscript 6250

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
6
:
5
5
 
2
3
 
J
a
n
u
a
r
y
 
2
0
1
1


