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An LC-MS Method for Analyzing Total Resveratrol in Grape
Juice, Cranberry Juice, and in Wine
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Resveratrol is an antioxidant found in grapes, grape products, and some other botanical sources
with antiinflammatory and anticancer properties. In grapes and wine, it occurs both as free resveratrol
and piceid, the 33-glucoside of resveratrol. Here we report a liquid chromatography—mass
spectrometry method to analyze total resveratrol (including free resveratrol and resveratrol from piceid)
in fruit products and wine. Samples were extracted using methanol, enzymatically hydrolyzed, and
analyzed using reversed phase HPLC with positive ion atmospheric pressure chemical ionization
(APCI) mass spectrometric detection. Following APCI, the abundance of protonated molecules was
recorded using selected ion monitoring (SIM) of m/z 229. An external standard curve was used for
guantitation, which showed a linear range of 0.52—2260 pmol of trans-resveratrol injected on-column
with a correlation coefficient 0.9999. The coefficient of variance of the response factor over the same
concentration range was determined to be 5.8%, and the intra-assay coefficient of variance was
determined to be 4.2% (n = 7). The limit of quantitation, defined as signal-to-noise 10:1, was
determined to be 0.31 pmol injected on-column. The extraction efficiency of the method was
determined to be 92%. The stability of resveratrol under different conditions was also examined. For
example, resveratrol was stable for up to 5 days at 4 °C in the dark but was not stable at room
temperature without protection from light. Resveratrol was detected in grape, cranberry, and wine
samples. Concentrations ranged from 1.56 to 1042 nmol/g in Concord grape products, and from
8.63 to 24.84 umol/L in Italian red wine. The concentrations of resveratrol were silmilar in cranberry
and grape juice at 1.07 and 1.56 nmol/g, respectively.
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INTRODUCTION HO oR
Resveratrol (3, 5, '4rihydroxy-stilbene) (Figure 1) is a O — R HO~_
naturally occurring antioxidant found in grape$),( grape |
P = OH

products such as win€), and some other botanical sources,
like peanuts §). In grapes, resveratrol occurs both as free
resveratrol and piceid (Figure 1), which is the 3-3-mono-
glucoside of resveratrol. In recent years, research on resveratrol
has discovered several beneficial biological effects of this
compound to human health. These include anticancer activity
(4), cardioprotection (5), antioxidant activity (6, 7), inhibition  Figure 1. Structures of resveratrol and piceid.
of platelet aggregation (8), and antiinflammatory activity (9).

The pharmacological activity of resveratrol has stimulated \5jigation, and the application of the resulting assay can be time-
development of analytical methods for its measurement in consuming and low throughput. For example Sato eti) (

different matrixes such as plant extracts, wine, serum, and t'ssuereported a gradient HPLEUV method in whichcis-resveratrol
Most of these methods are based on HPLC with UV absorbance S ) . o
eluted at 40.5 min with gradient elution, and a minimum of 50

detection 10, 11), although fluorometricl@) and electrochemi- . . ) .
L ) 9 1) min was required per HPLC analysis. As an alternative to HPLC

cal detection 13, 14) have been used. Optimization of HPLC i >
parameters is essential to sepacieandtransresveratrol from ~ Pased assays, capillary electrophoresis has been used for the

potential interfering substances since HPLC with UV absorbance @nalysis of resveratrol, and these methods have been reviewed
detection lacks selectivity. Therefore, HPLC—UV analyses of recently (15). Also methods using gas chromatographgss
resveratrol typically require careful method development and spectrometry (GC-MS) have been report&@, (7). Although
GC-MS analysis provides excellent sensitivity and specificity,
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(250-300°C) might cause partial isomerization or degradation
of the sample and result in inaccurate quantitation.

Recently, a method using tandem solid-phase extraction
coupled with LC-MS was reported for the determinaticans-
resveratrol in wine 7). Here, we report a LC-MS method to
determinecis- andtrans-resveratrol (including both free res-
veratrol and the aglycon released from piceid) in wine, grape
products, and cranberry juice. In addition, the stability of
resveratrol under different storage conditions was evaluated.

MATERIALS AND METHODS

Materials. -p-Glucosidase antrans-resveratrol were purchased
from Sigma Chemical (St. Louis, MO). All organic solvents were HPLC
grade and were purchased from Fisher Scientific (Fair Lawn, NY).
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Figure 2. Calibration curve for the LC-MS analysis of trans-resveratrol.
Positive ion APCI mass spectrometry was used with selected ion

Cranberry and grape samples were provided by Ocean Spray (Lakeville-monitoring (SIM) for detection. The correlation coefficient was determined

Middleboro, MA) as juice, concentrate, or powder. Grape juice was

purchased from grocery store and was not from concentrate or powder.

Cranberry raw juice was prepared by hydraulic pressing of frozen
cranberries which have been combined with rice hulls to facilitate the
process. Italian wines were obtained from Marco Maci Winery (San
Marco, Italy).

Sample Preparation.A 10 mL aliquot of each wine sample was

to be 0.9999 over the range of 0.52—2260 pmol.

formic acid in water as the cosolvent at a flow rate of 2&@min. At

the end of the gradient, the column was flushed with 95% methanol
for 2 min at 50QuL/min to remove strongly retained compounds before
re-equilibration with 25% methanol for 5 min at 5@@/min. The
column temperature was 2&, and the autosampler was maintained

evaporated under vacuum to remove ethanol, and the residue wasat 4°C. Positive ion atmospheric pressure chemical ionization (APCI)

reconstituted with 6 mL of deionized water and adjusted to pH 6.0
with 0.1 M NaOH. Each solution was treated with 30 r3ep-
glucosidase (2.4 units/mg) and incubated at°87for 18 h. After
enzymatic hydrolysis, the samples were extracted four times with 7

mass spectrometry was used for the detection and quantification of
resveratrol without solvent splitting. The optimum APCI conditions
included a nitrogen nebulizer pressure of 40 psi (2.8 bar), a vaporizer
temperature of 340C, a nitrogen drying gas temperature of 2&Dat

mL of ethyl acetate saturated with water. The ethyl acetate extracts 7.5 L/min, a capillary voltage of 4000 V, a corona current of 5%
were combined and evaporated to dryness under vacuum. The residuéind a fragmentor voltage of 70 V. Selected ion monitoring (SIM) was

from the ethyl acetate extract was redissolved in 26@f methanol/
water (6:4; v/v) prior to LC-MS analysis. Powder and juice samples
were prepared in a similar manner with the following modifications.
Each powder sample (0.1 g) was reconstituted with 1 mL of deionized
water using vortex mixing, and then 20 mL of methanol was added.
Methanol (20 mL) was also added to 1 g aliquots of each juice sample.
After stirring overnight, each extraction mixture was centrifuged at

used to record the abundance of the protonated molecule of resveratrol
atm/z229 with a dwell time of 1.00 s. Quantitation was based on the
LC-MS peak area of resveratrol, and a standard curve was run everyday
immediately before and again after analysis of samples.

RESULTS AND DISCUSSION

2280y for 5 min, the supernatant was removed and saved, and the solid Method Validation. Resveratrol ionizes well in both positive

residue was washed with 10 mL methanol and centrifuged again.

and negative ion APCI and electrospray. In the positive and

Methanol in the combined supernatants was removed using a rotarypegative ion APCI spectra of resveratrol, protonated and
evaporator, and the residue was redissolved in 10 mL deionized Waterdeprotonated molecules formed the base peak/aR29 and

for enzymatic hydrolysis. Finally, each extract was redissolved in 2
mL of methanol/0.5% formic acid (3:7; v/v) prior to LC-MS analysis.

In the analysis of grape powder and juice samples, the composition of

the injecting solvent was adjusted to match the starting solvent
composition to avoid potential peak distortion that might be caused by
stronger injecting solvent. A standard solution of resveratrol was
prepared by dissolving a weighed aliquot éns-resveratrol in a
minimum volume of methanol and then diluting the sample to a
designated volume using MeOH/0.5% formic acid (7:3; v/v). For
identification ofcis-resveratrol, a mixture afis- andtrans-resveratrol
was prepared by irradiating an aliquot of ttrans-resveratrol stock
solution with UV light at 254 nm for 2 h1(0).

To determine the stability of resveratrol, a stock solution of:vb
resveratrol was prepared in methanol, and aAl0@liquot was taken
and stored at-80 °C as reference. Additional aliquots were stored in

227, respectively. No peak other than the isotope peak showed
abundance over 10%. Containing three phenolic hydroxyl
groups, resveratrol is acidic in solution. Therefore, formic acid
was added to the HPLC mobile phase to suppress on-column
ionic dissociation of resveratrol. The strong acidity of the mobile
phase used in this study suppressed negative ion formation and
facilitated the formation of protonated molecules. Therefore,
positive ion mode was used for all analyses. Since the
concentrations of resveratrol in the samples might vary over a
wide range (possibly 3 orders of magnitude), APCI was selected
over electrospray in order to obtain the broadest possible
dynamic range and linearity of response (18).

The recovery of resveratrol using methanol and ethyl acetate

polypropylene Eppendorf tubes under the following conditions: (1) €Xtraction was also determined. Grapes were purchased from
room temperature with exposure to light; (2) room-temperature sealed local supermarket. Peel and seeds were removed, the remaining
in the dark; (3) 4C in the dark; and (4)-20 °C in the dark. Aliquots flesh was homogenized using a blender, and standard solutions
were removed from each tube at specific intervals and storeeB@at of trans-resveratrol were spiked into the grape homogenates.
°C until analysis using LC-MS in a single assay. The stability of The methanol extraction, enzymatic hydrolysis, ethyl acetate
resveratrol was determined by the ratio of signal response Obtainedextraction, and LC-MS quantitation steps were then carried out
from each sample to the signal response from the reference stored afy, tpe spiked and unspiked grape homogenates. The recovery
—80 °C, which was assumed to be stable. . : .

was calculated by comparing the differences in resveratrol

LC-MS Analysis. LC-MS was carried out using an Agilent (Palo . : .
Alto, CA) G1946A LCMSD quadrupole mass spectrometer equipped concenttraftlo?s get(\;vezré Sdpllfd 3:?0' untspII:.ed samplgs to tthhe
with a series 1100 HPLC system consisting of a binary pump, automatic amount of standard added. or 2('; extraction procedure, the
0.

solvent degasser, thermostated antosampler and column compartmenf,ECOVEry was det_ezrmihed to be 9 _
and a Hypersil ODS column (&m, 100x 2.1 mm). The solvent system The LC-MS calibration curve dfans-resveratrol was linear
consisted of a 28 min gradient from 25 to 39% methanol with 0.5% over more than 3 orders of magnitude. As showifrigure 2,
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Figure 3. Stability of resveratrol under different storage conditions.

the correlation coefficient of the calibration curve was deter- ] |
mined to be 0.9999 over the range of 0.2260 pmol oftrans- 10000 | H
resveratrol injected on-column. When response factor was trans-resveratrol |
def!ned as (peak area)/(amount injected), the coefficient _of 5000 | i‘\ cis-resveratrol
variance of the response factor over the same concentration

range was determined to be 5.8%. The limit of quantitation, ‘
defined as signal-to-noise of 10:1, was determined to be 0.31 R R R
pmol injected on-column with a coefficient of variance of 2.6% 0 5 10 15 20 25 30
(n=6). The intra-assay coefficient of variance was determined
to be 4.24% (n= 7).

The stability of resveratrol in methanol in the dark was
investigated under various storage conditions including room
temperature, 4C, and—20 °C. Resveratrol stability was also
determined at room temperature when exposed to light. As
shown inFigure 3, resveratrol was stable at20 °C for up to
5 days and at 4C for up to 3 days. However, when stored in
methanol at 4°C for 4 days, the resveratrol concentration
decreased t6-85% of the reference value. At room temperature,
a decrease in resveratrol was observed even at 2 h, and the
amount was reduced to75% after 8 h. When exposed to light
at room temperature, only 70% of resveratrol remained after 4
h of storage, and the level decreased to 30% after 48 h. In
conclusion, resveratrol should be protected from light during
extraction, storage, and analysis. Standard solutions and extracts T e T e
containing resveratrol should be stored&0 °C and analyzed 0 5 10 15 20 25 30
within 5 days. Fresh standard solutions should be prepared at Retention Time (min)
least weekly. When large numbers of samples are to be analyzed
using automated injection, the autoinjector should be thermo- Figure 4. HPLC chromatograms of standard resveratrol and an extract of

o L grape powder. (A) LC-MS chromatogram with SIM of m/z 229 showing
stated to= 4 °C, and samples should be analyzed within 2 days. getection of protonated molecules of standard cis- and trans-resveratrol.

Previously, we verified that there is no difference between (B) LC-MS chromatogram with SIM of m/z 229 for a grape powder extract.
the ionization efficiency of 1®is- and alltrans-retinoic acid, ~ (C) HPLC-UV chromatogram recorded during the grape powder extract
which differ only by the geometry on one carberarbon double analysis shown in panel B indicating lower selectivity and lower sensitivity
bond (20). Since the only difference between the structures of compared to APCI mass spectrometric detection.
trans andcis-resveratrol is the geometry of the carbararbon the Gg HPLC column with a retention time of 19 min followed
double bond, in this study we assumed that ionization efficiency by cis-resveratrol at 26 min. For exampkégure 4 shows the
of cis- andtrans-resveratrol are the same for quantitation of LC-MS analysis of a mixture otis- and trans-resveratrol
cis-resveratrol. Since onlyyans-resveratrol was available as a standards and the analysis of a grape powder sample. Although
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standardcis-resveratrol was prepared by irradiatingrans- three peaks were detected in the selected ion chromatogram of
resveratrol methanolic solution with UV light at 254 nm m/z229 of the grape powder extractSidure 4B), the peaks
according to a published methodQ). Identification ofcis- corresponding tais- andtrans-resveratrol were identified by

resveratrol in samples was carried out by comparison of the comparison to the standard mixture (Figure 4A). The identity
HPLC retention time, UV absorbance at 306 nm, and positive of the third peak eluting at 23.5 min was not determined.
ion APCI mass spectrometric response with ¢ieeresveratrol However, in a separate analysis, the product ionsigfand
standard prepared in-houseans-Resveratrol eluted first from  trans-resveratrol as well as those of the unknown peak were
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m/z method. (A) Baseline separation of cis- and trans-resveratrol standards was
obtained. (B) Analysis of a grape concentrate extract showing resolution of

Figure 5. MS-MS spectra of the ion of m/z 229 eluting at 22.5 min in the cis- and trans-resveratrol from the unknown peak.

LC-MS-MS analysis of a grape concentrate extract. (A) trans-Resveratrol;

(B) unidentied peak at 225 min. Table 1. Concentrations of Resveratrol in Italian Wines

scanned using LC-MS-MS. As shown Figure 5, the frag- trans- cis- total
mentation of this unknown peak (Figure 5B) showed no wine description '95(‘1’49,[8“0' fes(‘f@"o' fes(‘f,\'%”o'
similarity to that oftrans-resveratrol (Figure 5A). The frag- T red biend 1093 20 033
mentation ofcis-resveratrol (not shown) is identical to that of 2. primitivo 957 1113 20.70
trans-resveratrol. Therefore, this unknown peak is unrelated to 3. negroamaro 8.92 15.92 24.84
resveratrol and was not quantified in this study. Since most ~ * "egianar 13.87 10.05 2892
measurements of resveratrol are being carried out using HPLC 5. negroamaro 6.79 10.57 17.36
with absorbance detection, the UV chromatogram at 306 nm & fegieanare e e 1038

recorded during the LEUV-MS analysis is shown for com- novello
parison inFigure 4C. Multiple peaks including many that were
more abundant than resveratrol were detected in the UV
absorbance chromatogram. Tdisresveratrol peak was barely
detectable, and there was a peak coeluting tkéths-resveratrol,
which would interfere with its quantification. In summary, LC-
MS is more selective and much more sensitive than HPLC with

UV absorbance detection for the quantitative analysisisf were in the range 0.723.18 mg/L (3.14-13.87M). A pre-

andtrans-resveratrol. vious analysis of resveratrol in red wine using HPLC with UV
Although the retention time ofis-resveratrol was 26 min  apsorbance detection reported similar results of 0.15-3.59 and
with the HPLC solvent system used for the analyses reported0.30-2.95 mg/L fortrans andcis+esveratrol, respectivel2().
here, additional method development was carried outto increase |n the present study, eight different grape and cranberry
the throughput of this separation. Using the same mobile phasepreparations were analyzed for resveratrol content, and the
and gradient of 35 to 55% solvent B over 20 niis- andtrans- results are summarized irable 2. A significant finding of our
resveratrol were resolved with baseline separation in 12 min analyses is that the resveratrol content of cranberry juice is
(Figure 6A). By applying the modified method, the throughput  comparable to that of grape juice. To the best of our knowledge,
of this assay could be doubled without altering the mobile phasethe presence of resveratrol in cranberry juice has not been
composition or mass spectrometer parameters. In this modifiedpublished previously. This indicates that cranberry juice serves
HPLC method, the unknown peak in the grape samples wasas another dietary source of resveratrol. Another important
still resolved fromcis- and trans-resveratrol (Figure 6B), finding is that powdered preparations and concentrates of grape
ensuring accurate determination @§- and trans-resveratrol. juice, which are used commercially for preparing juice products,
The HPLC retention times afis- andtrans+esveratrol irFigure still contain significant levels of resveratrol. In some of these
6B are different from those ifrigure 6A because a different  processed grape samples, the relative proportiorssefand
HPLC system (Waters 2690A) was used. However, all relevant trans-resveratrol were almost equal and similar to those in red
species are separated using either chromatograph, illustratingnine. Since resveratrol occurs primarily as thensisomer in
the robustness of the modified method. grapes (22), isomerization probably occurred during processing

Analysis of Grape and Cranberry Products. Seven differ-
ent Italian red wines were analyzed for concentrations of total
cis-andtranstesveratrol. The results are summarizedable
1. Concentrations otis-resveratrol varied from 1.26 to 3.65
mg/L (5.49-15.92uM), and concentrations afans-resveratrol
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Table 2. Resveratrol in Grape and Cranberry Samples (8) Bertelli, A. A. E.; Giovannini, L.; Gianness, D.; Migliori, M.;
Bernini, W.; Fregoni, M.; Bertelli, A. Antiplatelet activity of
trans- cis- total synthetic and natural resveratrol in red witré. J. Tissue React.
resveratrol resveratrol resveratrol 1995,17, 1-3.
sample (nmollg) (nmollg) (nmol/g) (9) Pace-Asciak, C. R.; Hahn, S. E.; Diamandis, E. P.; Soleas, G.;
1. Concord grape powder 1185.00 216.92 140192 Goldber_g, D. M. The red wine phenolics tr_ans-resvergtrol anq
2. Concord grape powder 108.63 46.16 154.79 quercetin block human platelet aggregation and eicosanoid
3. Concord grape powder 69.96 16.20 86.16 synthesis: implications for protection against coronary heart
4. Concord grape powder 2.35 2.69 5.04 diseaseClin. Chim. Actal995,235, 207—219.
5. Concord grape 4.89 3.05 7.94 (10) Sato, M.; Suzuki, Y.; Okuda, T.; Okotsuka, K. Contents of
concentrate resveratrol, piceid, and their isomers in commercially available
6. Concord grape extract 191 187 3.78 wines made from grapes cultivated in JapBiosci. Biotech.
7. cranberry raw juice 0.93 0.14 1.07 Biochem.1997,61, 1800—1805.
8. Concord grape juice 113 0.43 1.56 (11) Zhu, Z.; Klironomos, G.; Vachereau, A.; Neirinck, L.; Goodman,

D. W. determination otrans-resveratrol in human plasma by
high-performance liquid chromatography. Chromatogr. B

or storage. Since the four grape powder samples were processed _ 1999,724, 389-392. _

differently by the manufacturer, it was expected that levels of (12) ;ﬁ;egtgg ;ﬁg‘é'n \e/"ig”g:‘aagépbggéi;"da:%ds\:ﬁ;";'”ﬁsriﬁzver:gm'

resveratrol would be different in each. performance liquid-chromatography and highly sensitive fluo-
rometric detectionJ. Chromatogr. A1994,663, 191—197.

CONCLUSIONS (13) McMurtrey, K. D.; Minn, J.; Pobanz, K.; Schultz, T. P. Analysis
of wines for resveratrol using direct-injection high-pressure
An LC-MS method for the quantitative analysis @§- and liquid-chromatrography with electrochemical detectidnAgric.

trans-resveratrol has been developed, validated, and applied to Food Chem1994,42, 2077—2080.

the analysis of wine, grape, and cranberry products. The method (14) Andlauer, W.; Kolb, J.; Siebert, K.; Furst, P. Assessment of
provides excellent sensitivity with a limit of quantitation of 0.31 resveratrol bioavailability in the perfused small intestine of the
pmol and linearity of over at least 3 orders of magnitude. The rat. Drugs Exp. Clin. Res2000, xxui (2) 47—55.

. . . (15) Gu, X.; Chu, Q.; O'Dwyer, M.; Zeece, M. Analysis of resveratrol
extraction efficiency of the sample preparation method was in wine by capillary electrophoresis. Chromatogr. A2000,

determined to be 92%. The stability ¢fans-resveratrol in 881, 471481,

methanol was determined and the results shows tiaais- (16) Goldberg, D. M.; Yan, J.; Ng, E.; Diamands, E. P.; Karumanchiri,
resveratrol solutions are stable-a0 °C for up to 5 days, or A.; Soleas, G.; Waterhouse, A. L. Direct-injection gas-
at 4°C for up to 2 days when protected from exposure to light. chromatographic mass-spectrometric assayrémsresveratrol.
Resveratrol was detected in cranberry juice at a concentration Anal. Chem1994,66, 3959—3963.

similar to grape juice, which shows that cranberry may serve (17) Gamoh, K.; Nakashima, K. Liquid chromatography/mass spec-
as an alternative dietary source for the antioxidant resveratrol. trometric determination ofrans-resveratrol in wine using a
Grape and cranberry juices contain primatigns-resveratrol, Tandem solid-phase exraction meth&apid Commun. Mass

Spectrom1999,13, 1112—1115.

(18) van Breemen, R. B.; Nikolic, D.; Xu, X.; Xiong, Y.; van
Lieshout, M.; West, C. E.; Schilling, A. B. Development of a
method for quantitation of retinol and retinyl palmitate in human

whereas processed juice products contain higher proportions of
cis-resveratrol. The sensitivity and specificity of this LC-MS
method would be suitable for investigations of the pharmaco-

logical significance of these different resveratrol isomers. serum using high-performance liquid chromatography-atmo-
spheric pressure chemical ionization-mass spectrometry.
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