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ABSTRACT: The regular consumption of dealcoholized red wine (DRW) has demonstrated benefits in cardiovascular risk
factors. The analysis of phenolic metabolites formed in the organism, especially those that could come from microbiota
metabolism, would help to understand these benefits. The aim of this study was to determine the widest urinary metabolomic
fingerprinting of phenolics and microbial-derived phenolic acids (n = 61) after regular intake of DRW in men at high
cardiovascular risk by UPLC-MS/MS using a targeted approach. Up to 49 metabolites, including phase II and microbial phenolic
metabolites, increased after DRW consumption compared to baseline (P < 0.05). The highest percentage of increase was found
for microbial metabolites from anthocyanin degradation such as syringic, p-coumaric, gallic acids and pyrogallol and from flavan-
3-ols degradation such as hydroxyphenylvalerolactones and (epi)catechins. These findings provide the most complete metabolic
fingerprinting after wine consumption, amplifying the spectrum of microbial derived metabolites and their potential bioactivity
related with health benefits.
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■ INTRODUCTION

Red wine consumption has been associated with the prevention
of several diseases, mainly cardiovascular diseases.1,2 These
effects were not only explained by its alcoholic content3 but
also by its phenolic composition.4,5 Moreover, there is an
increasing interest in developing new products derived from red
wine due to its reported beneficial effects. These newly
developed products from red wine have a polyphenolic content
similar to red wine but without alcohol (<1.2%, v/v), which
could make them suitable to be considered a functional food
after complying with regulations.6 But before making nutri-
tional claims, bioavailability studies are necessary in order to
ensure that sufficient amounts of the compound are available at
target tissues after consumption of a reasonable dose.
The regular consumption of dealcoholized red wine (DRW)

used in this study has been associated with benefits for blood
pressure5 and inflammatory parameters4 in patients at high
cardiovascular risk. The health benefits of polyphenols have
been classically related to those originally present in foods.7,8

However, in the past few years, there has been an increased
interest in metabolites formed in the organism, particularly
those formed by the intestinal microbiota.9,10 Moreover,

biological activity of these compounds produced in the
gastrointestinal tract has been proved in some cases to be
more active than their parent compounds.11 One of the critical
points for phenolic transformation is the interaction between
polyphenols and microbiota. This interaction has been shown
in two senses. First, polyphenols that arrive at the intestine can
exert a prebiotic effect, stimulating the growth or inhibition of
certain bacteria.12,13 Additionally, microbial enzymes may
produce new molecules from those originally present in the
food, as has been established in in vivo and in vitro studies.14

These structures are phenolic acids formed by gut bacteria
through reactions of hydrolysis, ring-cleavage, decarboxylation,
demethylation, reduction, and dehydroxylation.15 In some
cases, these reactions have been linked to specific bacteria
such as Enterococcus casseliflavus, Butyrivibrio sp C3, Clostridium
orbiscindensor, and Eubacterium ramulus associated with
deglycosylation and ring fission.16 DRW composition com-
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prises a wide range of compounds, from simple compounds
such as phenolic acids or simple flavonoids to more complex
ones such as proanthocyanidins.17 Simple components may be
absorbed in the upper part of the gastrointestinal tract and pass
to the bloodstream, being exposed to metabolism in the
intestine, liver, and tissues. The nonabsorbed polyphenols, such
as proanthocyanidins, flavan-3-ols, or anthocyanins, can be
metabolized by gut microbiota, releasing an extensive number
of metabolites prior to its absorption and phase II
metabolism.11 Therefore, a complete understanding of phenolic
metabolism, taking into account chemical structure, bioavail-
ability, food matrix, background diet, and individual factors, is
essential for associating its effects with its consumption.18 To
our knowledge, there is only a small number of human studies
in which phenolic metabolism is studied after wine
intervention, and they are mainly focused on a single
component and its derived metabolites such as catechin and
resveratrol.19−23 However, foods are complex systems where
several phenolic classes are present, and the number of possible
metabolites found in biofluids derived from all these
combinations is high24 and thus there are more metabolites
that can exert their biological activity in vivo. The importance
of broadening the phenolic study to metabolites formed in the
organism, especially from microbiota, would help to understand
the benefits derived from consumption, bearing in mind that in
some cases metabolites have been proved to be more
biologically active than their parent compounds.11 In the
present study, a long-term feeding trial was performed to
determine changes in the urinary excretion of microbial
phenolic metabolites after DRW consumption, taking into
account all the phenolic classes present in wine composition
and obtaining the widest phenolic metabolic profile after DRW
intake in humans.

■ MATERIALS AND METHODS
Standards and Reagents. The following compounds (% purity

when available) were used: 2,4-dihydroxybenzoic acid (≥97%), 2,6-
dihydroxybenzoic acid (98%), 2,5-dihydroxybenzoic acid (98%), 3,5-
dihydroxybenzoic acid (97%), 4-hydroxybenzoic acid (≥98%), 3-
hydroxybenzoic acid (≥98%), gallic acid (≥98.5%), syringic acid
(≥95%), phenylacetic acid (≥98%), 3-hydroxyphenylacetic acid
(≥97%), 2-hydroxyphenylacetic acid (99%), 3,4-dihydroxyphenyl-
acetic acid (98%), 3-(4-hydroxyphenyl)propionic acid (≥98%), 3-
(3,4-dihydroxyphenyl)propionic acid or dihydrocaffeic acid (98%), p-
coumaric acid (≥98%), o-coumaric acid (97%), caffeic acid (≥95%),
ferulic acid (≥98%), protocatechuic acid (>97%), sinapic acid (≥98%),
enterolactone (95%), pyrogallol (≥98%), ethylgallate (≥96%),
(−)-epicatechin (≥98%), (+)-catechin (≥98%), and β-glucuroni-
dase/sulfatase (from Helix pomatia) were purchased from Sigma−
Aldrich (St. Louis, MO, USA). 4-Hydroxyhippuric acid (>99%) was
purchased from PhytoLab GmbH & Co. KG (Vestenbergsgreuth,
Germany). 3-(3-Hydroxyphenyl)propionic acid was purchased from
Apin Chemicals Limited (Abingdon, UK). Vanillic acid, 4-O-
methylgallic acid, m-coumaric acid, and taxifolin (>90%) were
purchased from Extrasynthes̀e (Genay, France). Standard of
epicatechin-5-O-glucuronide was chemically synthesized and charac-
terized as previously published.25 Liquid chromatography grade
solvents methanol, acetonitrile, glacial acetic and formic acids were
purchased from Scharlau Chemie, SA (Sentmenat, Spain). Hydro-
chloric acid was purchased from Panreac Quiḿica, SAU (Castellar del
Valles̀, Spain). Ultrapure water (Milli-Q) was obtained from Millipore
(Bedford, MA, USA). Synthetic urine was prepared as previously
described.26

Subjects and Study Design. In this study, the urine of 36 men
(mean age of 61 ± 9) at baseline and after one month of DRW
consumption was obtained from a previous clinical trial.4 Baseline

characteristics of the participants were included in Supporting
Information Table 1. Subjects were first asked to follow a 2-week
run-in period in which they were requested to exclude all grape-
derived products and alcoholic beverages. After that, the subjects
consumed 272 mL of DRW (0.42% alcohol) daily for 4 weeks during
the meals. The Institutional Review Board of the hospital approved the
study protocol, and all participants gave written consent before
participating in the study. Urine samples (24 h) were collected at
baseline and after the intervention period with DRW and immediately
were stored at −80 °C until analysis. This trial has been registered in
the Current Controlled Trials in London, International Standard
Randomized Controlled Trial Number (ISRCTN88720134).

DRW was elaborated with the Merlot grape variety, from the
Penedes̀ appellation (Catalonia, Spain). The phenolic composition of
DRW (Table 1) was analyzed throughout the study period (n =

5).27−29 Total phenolic composition was measured by Folin−
Ciocalteu.30 Individual phenolic compounds were quantified as
previously reported by Ibern-Gomez et al.27 and Romero-Perez et
al.28 The five time points analyzed along the study period did not show
significant differences in the phenolic composition (data not shown).

Extraction of Phenolic Acid Metabolites from Urine. Solid-
phase extraction was performed using Oasis MCX 96-well plates
(Waters, Milford, Massachusetts) as previously described.26 Briefly, 1
mL of urine was subjected to enzymatic hydrolysis using β-
glucuronidase/sulfatase from Helix pomatia at 37 °C for 45 min
after being acidified with 50 μL of 0.58 mol/L acetic acid. Immediately
afterward, samples were acidified to pH 2 with 6 mol/L HCl. The plate
was conditioned with methanol and 2% formic acid in water. The
hydrolyzed samples were then loaded onto the plate, washed with 2%
formic acid in water, and analytes were then eluted with methanol.

Table 1. Phenolic Composition (Mean ± SD) of the
Dealcoholized Red Winea

phenolic compound (mg/L) DRWb

gallic acidc 73.17 ± 7.01
protocatechuic acidc 5.85 ± 0.51
tyrosolc 47.81 ± 3.90
catechinc 126.45 ± 13.35
epicatechinc 70.57 ± 8.22
procyanidinsd 187.84 ± 15.10
trans-caftaric acidc 19.21 ± 1.62
trans-caffeic acidc 12.18 ± 0.92
trans-coutaric acidc 5.62 ± 0.52
2-S-glutathionylcaftaricc 10.76 ± 1.26
quercetin-3-glucuronidec 11.25 ± 1.42
quercetinc 23.82 ± 2.37
isorhamnetinc 2.96 ± 0.14
delphinidin-3-glucosidec 14.71 ± 1.62
petunidin-3-glucosidec 12.04 ± 1.15
peonidin-3-glucosidec 6.68 ± 0.57
malvidin-3-glucosidec 49.86 ± 4.27
malvidin-(6-acetyl)-3-glucosidec 10.41 ± 1.20
malvidin-(6-coumaroyl)-3-glucosidec 3.54 ± 0.33
trans-resveratrole 2.73 ± 0.23
cis-resveratrole 2.75 ± 0.15
trans-piceide 10.53 ± 0.96
cis-piceide 7.08 ± 0.87
total phenol (meq gallic acid/L)f 2694.92 ± 86.79

aAnalyses were performed at five time points along the study in
duplicate. bDRW, dealcoholized red wine. cDetermined as previously
described by Ibern-Gomez et al.27 dDetermined as previously
described by Queipo-Ortuño et al.12 eAnalyzed following the work
by Romero-Perez et al.28 fAnalyzed by Folin−Ciocalteu method-
ology.30
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Table 2. Multiple Reaction Monitoring (MRM) Transitions, Declustering Potential (DP), and Collision Energy (CE) for Each
Microbial and Conjugate Metabolite Identified in This Study

analyte MRM transitions identified by DP CE quantified as

hydroxybenzoic acids
2,4-dihydroxybenzoic acid 153/109 STDa −50 −20 STD
2,6-dihydroxybenzoic acid 153/109 STD −50 −20 STD
2,5-dihydroxybenzoic acid 153/109 STD −50 −20 STD
3,5-dihydroxybenzoic acid 153/109 STD −50 −20 STD
protocatechuic acid 153/109 STD −50 −20 STD
vanillic acid 167/152 STD −50 −20 STD
syringic acid 197/121 STD −50 −25 STD
4-hydroxybenzoic acid 137/93 STD −50 −16 STD
3-hydroxybenzoic acid 137/93 STD −50 −16 STD
4-hydroxyhippuric acid 194/100 STD −50 −20 STD
3-hydroxyhippuric acid 194/150 PISb −50 −20 4-hydroxyhippuric acid
gallic acid metabolites
gallic acid 169/125 STD −40 −20 STD
4-O-methylgallic acid 167/108 STD −50 −26 STD
methylgallic acid 167/108 PIS −50 −26 4-O-methylgallic acid
methylgallic sulfate 263/183 PIS −50 −25 gallic acid
ethylgallate metabolites
ethylgallate 197/169 STD −50 −25 gallic acid
ethylgallate sulfate 277/197 PIS −50 −25 gallic acid
ethylgallate glucuronide 1,2 373/197 PIS −50 −25 epicatechin-5-O-glucuronide
hydroxyphenylacetic acids
phenylacetic acid 135/91 STD −30 −12 STD
3-hydroxyphenylacetic acid 151/107 STD −50 −12 STD
2-hydroxyphenylacetic acid 151/107 STD −50 −12 STD
3,4-dihydroxyphenylacetic acid 167/123 STD −50 −12 STD
homovanillic acid 181/137 STD −40 −10 vanillic acid
hydroxycinnamic acids
m-coumaric acid 163/119 STD −50 −30 STD
o-coumaric acid 163/119 STD −50 −30 STD
p-coumaric acid 163/119 STD −50 −30 STD
caffeic acid 179/135 STD −50 −21 STD
ferulic acid 193/134 STD −50 −25 STD
sinapic acid 223/164 STD −50 −25 STD
hydroxyphenylpropionic acids
3-(4-hydroxyphenyl)propionic acid 165/121 STD −30 −16 STD
3-(3-hydroxyphenyl)propionic acid 165/121 STD −30 −16 STD
dihydrocaffeic acid 181/137 STD −40 −10 STD
flavan-3-ols
(epi)catechin glucuronide 1,2,3,4 465/289 PIS −50 −25 epicatechin-5-O-glucuronide
(epi)catechin sulfate 1,2,3 369/289 PIS −50 −25 (epi)catechin
methyl(epi)catechin glucuronide 1,2,3 479/303 PIS −50 −30 epicatechin-5-O-glucuronide
methyl(epi)catechin sulfate 1,2,3 383/303 PIS −50 −25 (epi)catechin
glycinates
vanilloylglycine 224/180 PIS −50 −25 4-hydroxyhippuric acid
feruloylglycine 250/100 PIS −50 −25 4-hydroxyhippuric acid
hydroxyphenylvalerolactones
DHPV 1 207/163 PIS −50 −25 (epi)catechin
DHPV 2 207/163 PIS −50 −25 (epi)catechin
DHPV glucuronide 1,2 383/207 PIS −50 −25 epicatechin-5-O-glucuronide
DHPV sulfate 1,2 287/207 PIS −50 −25 (epi)catechin
MHPV 1 221/162 PIS −50 −25 (epi)catechin
MHPV glucuronide 1 397/221 PIS −50 −25 epicatechin-5-O-glucuronide
MHPV sulfate 1,2 301/221 PIS −50 −25 (epi)catechin
other polyphenols
enterolactone 297/253 STD −50 −25 STD
pyrogallol 125/69 STD −50 −25 STD

aSTD, standard available. bPIS, product ion scan.

Journal of Agricultural and Food Chemistry Article

dx.doi.org/10.1021/jf402394c | J. Agric. Food Chem. 2013, 61, 9166−91759168



Eluates were evaporated to dryness and reconstituted with 100 μL of
taxifolin (1.64 μmol/L) dissolved in mobile phase.
Extraction of Conjugated Phenolic Metabolites from Urine.

Solid-phase extraction was performed using Oasis HLB 96-well plates
(Waters, Milford, Massachusetts) as previously described.31 Briefly, the
plate was conditioned with 1 mL of methanol and 1.5 mol/L of formic
acid in water. One milliliter of urine was loaded onto the cartridge
plate. Then, the cartridges were washed with 1 mL of acidified water
(1.5 mol/L of formic acid) and 1 mL of 5% methanol. Analytes were
eluted with methanol containing 0.1% formic acid. The eluates were
evaporated to dryness and reconstituted with 100 μL of taxifolin (1.64
μmol/L) dissolved in mobile phase.
UPLC-MS/MS Analysis of Conjugated and Microbial Metab-

olites in Urine. The analysis of metabolites in urine with or without
enzymatic hydrolysis was carried out by UPLC coupled to tandem
mass spectrometry (UPLC−MS/MS) adapted from a previous
validated methodology.26,31 A Waters Acquity UPLC system (Milford,
MA, USA) equipped with a binary solvent manager and a refrigerated
autosampler plate was used. It was coupled to an AB Sciex API 3000
triple quadrupole mass spectrometer equipped with a turbo ion spray
ionizing in negative mode. The analytical column used for chromato-
graphic separation was an Acquity UPLC BEH C18 (Milford, MA,
USA) (1.7 μm, 2.1 mm × 5 mm), using a prefilter, working at 40 °C,
at a flow rate of 0.5 mL/min with an injection volume of 5 μL. The
linear gradient elution was carried out with 0.1% formic acid in water
as phase A and 0.1% formic acid in acetonitrile as phase B at a flow rate
of 500 μL/min with the following proportions (v/v) of phase A [t
(min), %A]: (0,92), (2.5,50), (2.6,0), (3,0), (3.1,92), (3.5,92). The
MS/MS parameters used were: collision cell exit potential (−15 V),
focusing potential (−200 V), entrance potential (−10 V), nebulizer

gas (10 arbitrary units), curtain gas (12 arbitrary units), collision gas (5
arbitrary units), auxiliary gas temperature (400 °C), auxiliary gas flow
rate (6000 cm3/min), and capillary voltage (−3700 V). Collision
energy and declustering potential were optimized for each compound
(Table 2). The identification of metabolites was done by comparing
retention time with available standards or by product ion scan (PIS)
when standards were not available. For quantification purposes, data
were collected in the multiple reaction monitoring (MRM) mode,
tracking the transition of parent and product ions specific for each
compound (Table 2), using a dwell time of 10 ms. Calibration curves
were constructed with available standards in synthetic urine26 and
subjected to the same procedure as the samples. Concentrations of
metabolites with no available standard were estimated using the most
similar compound standard curve and results were expressed as their
equivalents (Table 2). Limits of detection and limits of quantification
had already been published.26

Statistical Analysis. The MetaboAnalyst web-based platform for
data analysis32 was used for data normalization and the evaluation of
mean differences of phenolic metabolites, through a t-test for paired
samples. Normalization was carried out by a cube root transformation
and a range scaling of the data. Statistical significance was defined as P
≤ 0.05.

■ RESULTS AND DISCUSSION

Identification of Microbial-Derived and Phase II
Phenolic Metabolites in Urine. A total of 37 metabolites
were determined after enzymatic hydrolysis and 24 conjugated
metabolites were determined without enzymatic hydrolysis.

Figure 1. Multiple reaction monitoring (MRM) trace chromatograms and product ion scan (PIS) of (A) vanilloylglycine, Vgly (m/z 224), (B)
feruloylglycine, Fgly (m/z 250), (C) dihydroxyphenyl-γ-valerolactone, DHPV (m/z 207), and (D) methylgallic acid, MetG (m/z 167) in hydrolyzed
urine samples after DRW intake.
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From the metabolites determined after enzymatic hydrolysis, 30
were identified by comparison with the pure available standard.
The other seven metabolites were tentatively identified by PIS
experiments. Previously, attempts were made to identify
glycinated (n = 18) metabolites of phenolic acids (results not
shown) after DRW consumption but only three were positively
identified based on their mass spectra. Feruloylglycine and
vanilloylglycine were tentatively identified based on their
published mass spectra.33,34 The mass spectra and fragmenta-
tion pattern generated for vanilloylglycine (m/z 224) showed
the ion m/z 180, loss of 44 amu (−COOH), m/z 165, loss of
59 amu (−CH2−COOH), m/z 123, loss of 101 amu (−CO-
NH-CH2-COOH), and m/z 108, loss of 15 amu (−CH3) and
101 amu, and m/z 100, which were coincident with the
previous identifications of vanilloylglycine (Figure 1A).33

Feruloylglycine (m/z 250) showed the fragments m/z 206,
m/z 163, m/z 149, m/z 134 (loss of 101 and 15 amu), and m/z
100 reported in previous studies (Figure 1B).34,35 3-
Hydroxyhippuric acid (m/z 194) was identified based on its
mass spectra as previously published,31,36 showing a character-
istic fragment of m/z 150. In addition, two peaks of
dihydroxyphenyl-γ-valerolactone (DHPV) (m/z 207) (Figure
1C) and one peak of methoxy-hydroxyphenyl-γ-valerolactone
(MHPV) were identified according to the typical spectra and

fragmentation pattern.26 At MRM of 167/108, corresponding
to the 4-O-methylgallic acid fragmentation, an additional peak
was detected in samples. After studying its mass spectra,
fragments coincided with those from the PIS of the 4-O-
methylgallic acid standard (m/z 152, m/z 123, m/z 108)
(Figure 1D), meaning the presence of a possible isomer,
tentatively identified as 3-methylgallic acid. The concentration
of some previously identified metabolites such as vanillic acid,
4-O-methylgallic acid, epicatechin, and MHPV were under the
limit of detection of the method.
Besides the above-mentioned metabolites, conjugated

metabolites derived from flavanol and microbial degradation
metabolites were also investigated. Glucuronides and sulfates of
(epi)catechin and methyl(epi)catechin, DHPV and MHPV,
previously identified after cocoa and almond consumption,31,37

were also found in urine. In addition, four new phenolic acid
conjugates derived from methylgallic acid and ethylgallate were
tentatively identified by PIS (Figure 2). The mass spectra and
fragments generated by methylgallic sulfate (m/z 263) showed
m/z 183, corresponding to the loss of 80 amu (−SO3), and
m/z 168, corresponding to the subsequent loss of 15 amu
(−CH3). This metabolite was confirmed through the PIS of
m/z 183 in the CID-MS/MS experiments,29 showing the
fragmentation of methylgallic m/z 124, loss of 59 amu,

Figure 2. Multiple reaction monitoring (MRM) trace chromatograms and product ion scan (PIS) of (A) methylgallic sulfate, MetG-Sulf (m/z 263)
with its confirmation through the PIS of m/z 183 in the CID-MS/MS experiments; (B) ethylgallate sulfate, EG-Sulf (m/z 277) with its confirmation
through the PIS of m/z 197 in the CID-MS/MS experiments and (C1 and C2) ethylgallate glucuronide 1 and 2, EG-Gluc 1,2 (m/z 373) with its
confirmation through the PIS of m/z 197 in the CID-MS/MS experiments.
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previously reported (Figure 2A).38 In addition, three ethyl-
gallate conjugates were tentatively identified. The peak at m/z
277 was identified as ethylgallate sulfate obtaining a product ion
at m/z 197 (loss of 80 amu) and two peaks at m/z 373 as
ethylgallate glucuronides which also showed the typical
fragment of the glucuronide moiety (m/z 113 and 175)
(Figure 2, C1 and C2). These conjugates were confirmed
through the CID-MS/MS experiments of the product
compound, ethylgallate (m/z 197), which showed its typical
fragments at m/z 169 and m/z 124.39 Additionally, more than
20 conjugated phenolic acids derived from hydroxybenzoic,
hydroxyphenylacetic, hydroxycinnamic, and hydroxypropionic
acids were investigated, but identification by mass spectra was
not conclusive (data not shown).
Changes in Microbial-Derived and Phase II Phenolic

Metabolites in Urine after DRW Consumption. The
concentration of phase II and microbial-derived metabolites
in urine at baseline and after consumption of DRW is presented
in Tables 3 and 4. In this study, 21 phase II metabolites (Table
3) and 28 microbial metabolites (Table 4) significantly
increased in urine after DRW compared to baseline.
In the present study, 11 (epi)catechin phase II metabolites

(glucuronides, sulfates, and methyl conjugates) significantly
increased after DRW (P < 0.05) with fold changes (FC) from
1.67 to 11.43 (Table 3). According to red wine composition,
procyanidins are the most abundant polyphenols, followed by
flavanols and anthocyanins.17 Procyanidins are polymeric
molecules that could arrive intact to the lower gastrointestinal
tract and be hydrolyzed by microbiota into more simple
components before absorption.36,40,41 Procyanidins may suffer
an interflavan cleavage from microbiota activity which results in
catechin and epicatechin.11 Then, (epi)catechins which were
formed from procyanidins metabolism or which were present in
the original food, could be subjected to C-ring-opening, giving
rise to diphenylpropan-2-ol, later converted into 5-(3′,4′-
dihydroxyphenyl)-γ-valerolactone.11 This step has been de-
scribed for Eggerthella lenta and Flavonifractor plautii.42 In this
study, two glucuronide and two sulfate conjugates of DHPV
and one glucuronide and one sulfate of MHPV increased after
DRW intake compared to baseline (P < 0.05) (Table 3).
Nevertheless, the origin of valerolactones is not exclusively
from (epi)catechins but also from epicatechin gallate and
epigallocatechin, which could release DHPV and also
trihydroxyphenylvalerolactones.11,15 This last compound was
expected to be in low concentration in the urine of the
participants of this study because epigallocatechins are present
in low concentrations in wine,17 thus it could not be identified
in the present study. At intestinal level, valerolactone ring may
suffer a break resulting in valeric acids and a possible
interconversion between both forms was described but largely
displaced to the former.11 The hydroxyphenylpropionic acids
analyzed in this study significantly increased after DRW intake
(Table 4). They have been described from several routes of
polyphenols: (i) β-oxidation of valeric acids, (ii) ring fission of
the flavonol, (iii) breakdown of naringenin, and (iv) double-
bond reduction of caffeic acid.11,43 Hydroxyphenylpropionic
acids could also be transformed into hydroxycinnamic acids
after microbial hydrogenation and methylation in the liver.11,40

Almost all the hydroxycinnamic acids reported in this study
increased significantly after DRW intake in a fold change of
1.29−2.31, being the highest increment for p-coumaric, an
anthocyanin microbial metabolite44 and also derived of coutaric
acid hydrolysis.40 The metabolic origin of hydroxybenzoic acids

may come from several routes of polyphenol metabolism: (i) by
β-oxidation of hydroxyphenylpropionic acids and gallates which
could be further glycinated into hydroxyhippuric acids,11,36 (ii)
microbial metabolism of anthocyanins,16,44 and (iii) from
quercetin metabolism.45 In our study, nearly all the
hydroxybenzoic acids increased in a significant way after
DRW intake, although no significant increase was observed for
protocatechuic acid. The highest increase was observed for
syringic acid (2.78-fold change), while the other hydroxyben-
zoic acid metabolites ranged from 1.33 to 1.93 fold changes
(Table 4). This high increase was due to the fact that syringic
acid is the main microbial metabolite of malvidin-3-gluco-
side,16,44,46 the most prevalent anthocyanin in wine.17 The
further metabolism of syringic acid such as enzymatic

Table 3. Concentrations (Mean ± SEM) of Phase II
Metabolites of (Epi)catechin, Hydroxyphenylvalerolactones,
and Hydroxybenzoic Acids in 24 h Urine Samples in 36
Subjects at Baseline and after DRW Intake

urine samples (μmol, 24 h)

metabolites baseline DRW
fold

change

hydroxybenzoic acids
gallic acid metabolites
methylgallic sulfate 2.97 ± 0.74 19.94 ± 3.08*a 6.71
ethylgallate metabolites
ethylgallate sulfate 2.16 ± 0.76 15.81 ± 1.64* 7.32
ethylgallate
glucuronide 1

36.73 ± 6.01 114.52 ± 10.73* 3.12

ethylgallate
glucuronide 2

101.74 ± 22.40 240.98 ± 24.23* 2.37

flavan-3-ols
(epi)catechin
glucuronide 1

0.46 ± 0.14 5.26 ± 2.66* 11.43

(epi)catechin
glucuronide 2

0.26 ± 0.19 2.24 ± 0.95* 8.61

(epi)catechin
glucuronide 3

5.35 ± 1.09 8.92 ± 1.68* 1.67

(epi)catechin
glucuronide 4

3.36 ± 0.65 10.19 ± 1.93* 3.03

(epi)catechin sulfate 1 1.38 ± 0.24 5.22 ± 0.93* 3.78
(epi)catechin sulfate 2 0.98 ± 0.26 4.13 ± 0.73* 4.21
(epi)catechin sulfate 3 0.67 ± 0.18 1.34 ± 0.35
methyl(epi)catechin
glucuronide 1

2.04 ± 0.53 8.55 ± 1.92* 4.19

methyl(epi)catechin
glucuronide 2

0.96 ± 0.36 3.92 ± 0.91* 4.08

methyl(epi)catechin
glucuronide 3

0.75 ± 0.23 1.38 ± 0.46

methyl(epi)catechin
sulfate 1

2.37 ± 0.33 5.62 ± 0.76* 2.37

methyl(epi)catechin
sulfate 2

8.37 ± 1.67 19.42 ± 2.68* 2.32

methyl(epi)catechin
sulfate 3

0.13 ± 0.05 0.60 ± 0.15* 4.61

hydroxyphenylvalerolactones
DHPV glucuronide 1 8.22 ± 1.82 31.73 ± 5.30* 3.86
DHPV glucuronide 2 62.40 ± 13.16 145.76 ± 20.32* 2.34
DHPV sulfate 1 14.70 ± 7.84 23.69 ± 6.32* 1.61
DHPV sulfate 2 512.44 ± 52.44 889.74 ± 110.51* 1.74
MHPV glucuronide 1 23.81 ± 4.43 38.43 ± 7.08* 1.61
MHPV sulfate 1 8.38 ± 1.68 12.65 ± 2.60* 1.51
MHPV sulfate 2 23.90 ± 4.89 30.49 ± 4.42
aThe asterisk indicates that the mean value is significantly different
from the baseline concentration (P < 0.05).
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demethylation of the B-ring could degenerate into gallic acid
(5.60-fold change, Table 4), and the subsequent decarbox-
ylation44 could release pyrogallol (4.12-fold change, Table 4).
In vitro studies have shown that the incubation of other minor
wine anthocyanins such as cyanidin and peonidin with
microbiota16 released protocatechuic and vanillic acids.
Delphinidin and petunidin derivatives, present in wine

composition in lower concentrations than malvidin derivatives,
could also suffer microbial degradation. These compounds
could produce gallic and 3-methylgallic acids, respectively.46−48

In our study, gallic and methylgallic acids showed a 5.60- and
1.60-fold significantly increase, respectively, after DRW intake
(Table 4). Gallic acid metabolites have been clearly associated
with wine consumption as they are present in wine composition
and could also be released from anthocyanins, gallates, through
the cleveage of gallic ester moiety, and syringic acid.44,49−52 In
addition, ethylgallate, which was originally present in wine,53

also increased after DRW, along with its glucuronide and sulfate
metabolites. The formation of hydroxyphenylacetic acids could
come from three described routes: (i) α-oxidation of
hydroxyphenylpropionic acids,11 (ii) through the cleveage of
the upper unit of dimeric procyanidins, or (iii) quercetin
degradation via ring fission.11,41,43 Participants of this study
significantly increased the concentrations of mono-, dihydro-
lyphenylacetic, and phenylacetic acids, except for homovanillic
acid, after one-month of DRW intake.
However, not only flavanols but flavonols and anthocyanins

are present in DRW composition. Other minority components
such as tyrosol and hydroxytyrosol can be metabolized to
homovanillic alcohol, homovanillic acid, 3,4-dihydroxyphenyla-
cetaldehyde and 3,4-dihydroxyphenylacetic acid,54 or sinapic,
which could also be transformed into syringic acid.49 In
addition, in this study, the concentration of enterolactone
metabolite increased after DRW intake (Table 4). This has
been described as a metabolite of lignans, which have been in
wines55 and was formed by selected strains of Bifidobacterium
genus and Lactonifactor longoviformis.16,56 Therefore, the
increases of phenolic acids in urine after DRW consumption
would be represented by the proportion of the phenolic
compounds ingested through red wine and by the proportion
of microbial transformation of different classes of wine
polyphenols.
The targeted metabolism of phenolic acids after wine

products intake has not been deeply studied. Intervention
studies with wine and derived products studied the phase II
metabolism of individual classes of polyphenols such as
catechins or resveratrol.22,29 A few other studies have implied
the microbiota metabolism of wine phenolics. Cacceta et al.23

determined 4-O-methylgallic acid, caffeic acid, and proto-
catechuic acid in plasma after intake of RW and DRW. While
the two first metabolites increased significantly after wine
consumption, no significant differences were observed for
protocatechuic acid.23 These results in plasma are in accordance
with our study with urine samples. In addition, the similar
content of urinary protocatechuic acid as well as other
nonsignificant phenolic acids between baseline and after
DRW intake could imply its origin from the habitual dietary
pattern of participants which was maintained during the study
with no differences in nutrient intake, daily intake of
antioxidants, and fat intake.4 Recently, two human intervention
studies reported the gut microbial derived degradation products
after the intake of extracts of grape juice during four days57 or
four weeks58 by GC-MS. In their studies, authors found the
strongest urinary markers for syringic acid, 3- and 4-
hydroxyhippuric acid, pyrogallol, 3-hydroxyphenylacetic acid,
3-hydroxyphenylpropionic, and 4-hydroxymandelic acid.57,58

These results are also in accordance to our study, except for 3-
hydroxyhippuric acid, which no significant differences were
observed between baseline and DRW intake period, and for 4-

Table 4. Concentrations (Mean ± SEM) of Microbial
Phenolic Acids Metabolites in 24 h Urine Samples in 36
Subjects at Baseline and after DRW Intake

urine samples (μmol, 24 h)

metabolites baseline DRW
fold

change

hydroxybenzoic acids
2,4-dihydroxybenzoic acid 1.57 ± 0.17 2.67 ± 0.37*a 1.70
2,6-dihydroxybenzoic acid 6.19 ± 0.60 8.74 ± 0.88* 1.41
2,5-dihydroxybenzoic acid 16.23 ± 1.65 27.29 ± 2.90* 1.68
3,5-dihydroxybenzoic acid 3.93 ± 0.66 7.57 ± 1.26* 1.93
protocatechuic acid 12.10 ± 1.15 14.45 ± 1.66
syringic acid 0.73 ± 0.15 2.03 ± 0.32* 2.78
4-hydroxybenzoic acid 25.79 ± 2.21 34.30 ± 2.81* 1.33
3-hydroxybenzoic acid 3.77 ± 1.27 5.67 ± 1.57* 1.50
4-hydroxyhippuric acid 54.05 ± 5.42 72.13 ± 9.02* 1.33
3-hydroxyhippuric acid 192.30 ± 39.81 237.58 ± 54.21
gallic acid metabolites

gallic acid 0.85 ± 0.18 4.76 ± 0.53* 5.60
methylgallic acid 2.97 ± 0.42 4.76 ± 0.68* 1.60

ethylgallate metabolites
ethylgallate 1.06 ± 0.37 4.97 ± 0.73* 4.69

hydroxyphenylacetic acids
phenylacetic acid 22.15 ± 2.21 27.66 ± 3.00* 1.25
3-hydroxyphenylacetic
acid

24.72 ± 3.50 56.57 ± 6.90* 2.29

2-hydroxyphenylacetic
acid

5.89 ± 0.40 7.41 ± 0.54* 1.26

3,4-
dihydroxyphenylacetic
acid

1.61 ± 0.17 2.37 ± 0.24* 1.47

homovanillic acid 164.35 ± 13.99 215.13 ± 25.55
hydroxycinnamic acids
m-coumaric acid 0.54 ± 0.09 0.83 ± 0.20* 1.54
o-coumaric acid 0.07 ± 0.02 0.10 ± 0.03
p-coumaric acid 0.64 ± 0.07 1.48 ± 0.15* 2.31
caffeic acid 5.42 ± 0.34 7.05 ± 0.55* 1.30
ferulic acid 11.80 ± 0.98 15.25 ± 0.94* 1.29
sinapic acid 0.99 ± 0.18 1.43 ± 0.20* 1.44
hydroxyphenylpropionic acids
3-(4-hydroxyphenyl)
propionic acid

287.44 ± 27.16 389.20 ± 39.36* 1.35

3-(3-hydroxyphenyl)
propionic acid

6.22 ± 1.09 10.07 ± 2.05* 1.62

dihydrocaffeic acid 14.09 ± 1.39 17.29 ± 1.50* 1.23
glycinates
vanilloylglycine 0.80 ± 0.09 1.31 ± 0.16* 1.64
feruloylglycine 9.23 ± 1.05 11.24 ± 1.31
hydroxyphenylvalerolactones
DHPV 1 6.73 ± 1.21 13.61 ± 2.68* 2.02
DHPV 2 18.50 ± 3.67 37.04 ± 4.31* 2.00
other polyphenols
enterolactone 8.73 ± 1.10 14.81 ± 3.40* 1.70
pyrogallol 1.96 ± 0.43 8.08 ± 1.78* 4.12
aThe asterisk indicates that the mean value is significantly different
from the baseline concentration (P < 0.05).
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hydroxymandelic acid that was not determined in the present
study.
The potential prebiotic effect of rich phenolic sources such as

DRW has already been reported,12 but the role of these
metabolites at intestinal level remains unknown. Some of the
metabolites formed in the organism, such as hydroxyphenyl-
propionic or hydroxybenzoic acids, have been proved to have
the ability to inhibit the growth of pathogenic bacteria and
nonpathogenic bacteria59 in in vitro studies and proposed as
being responsible for phenolic health benefits in the
organism.11 However, more studies are needed to clarify this
point because huge interindividual variability is described for
polyphenol, probably to the high variability of bacterial
species,60 and thus beneficial effects.18 Changes in the bacterial
population may modify the metabolites that have formed, so
the approach of urinary metabolism could be the key to
understanding what is happening at intestinal level and linking
to its biological effects.
To our knowledge, this study constitutes the most complete

report of gut and microbial metabolites derived from wine
consumption in humans. The numerous metabolites described
to come from microbial degradation highlight the important
role of intestinal bacteria in polyphenol degradation, modulat-
ing bioavailability and possible effects in the organism.
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Rey, A. I.; Tomaś-Barberań, F. A. Iberian pig as a model to clarify
obscure points in the bioavailability and metabolism of ellagitannins in
humans. J. Agric. Food Chem. 2007, 55, 10476−10485.
(36) Gonthier, M. P.; Donovan, J. L.; Texier, O.; Felgines, C.;
Remesy, C.; Scalbert, A. Metabolism of dietary procyanidins in rats.
Free Radic. Biol. Med. 2003, 35, 837−844.

(37) Urpi-Sarda, M.; Garrido, I.; Monagas, M.; Gomez-Cordoves, C.;
Medina-Remon, A.; Andres-Lacueva, C.; Bartolome, B. Profile of
plasma and urine metabolites after the intake of almond [Prunus dulcis
(Mill.) D.A. Webb] polyphenols in humans. J. Agric. Food Chem. 2009,
57, 10134−10142.
(38) Ito, H.; Gonthier, M. P.; Manach, C.; Morand, C.; Mennen, L.;
Remesy, C.; Scalbert, A. Polyphenol levels in human urine after intake
of six different polyphenol-rich beverages. Br. J. Nutr. 2005, 94, 500−
509.
(39) Sun, J.; Liang, F.; Bin, Y.; Li, P.; Duan, C. Screening non-colored
phenolics in red wines using liquid chromatography/ultraviolet and
mass spectrometry/mass spectrometry libraries. Molecules 2007, 12,
679−693.
(40) Gonthier, M. P.; Cheynier, V.; Donovan, J. L.; Manach, C.;
Morand, C.; Mila, I.; Lapierre, C.; Remesy, C.; Scalbert, A. Microbial
aromatic acid metabolites formed in the gut account for a major
fraction of the polyphenols excreted in urine of rats fed red wine
polyphenols. J. Nutr. 2003, 133, 461−467.
(41) Appeldoorn, M. M.; Vincken, J. P.; Aura, A. M.; Hollman, P. C.;
Gruppen, H. Procyanidin dimers are metabolized by human
microbiota with 2-(3,4-dihydroxyphenyl)acetic acid and 5-(3,4-
dihydroxyphenyl)-gamma-valerolactone as the major metabolites. J.
Agric. Food Chem. 2009, 57, 1084−1092.
(42) Kutschera, M.; Engst, W.; Blaut, M.; Braune, A. Isolation of
catechin-converting human intestinal bacteria. J. Appl. Microbiol. 2011,
111, 165−175.
(43) Rechner, A. R.; Smith, M. A.; Kuhnle, G.; Gibson, G. R.;
Debnam, E. S.; Srai, S. K.; Moore, K. P.; Rice-Evans, C. A. Colonic
metabolism of dietary polyphenols: influence of structure on microbial
fermentation products. Free Radic. Biol. Med. 2004, 36, 212−225.
(44) Hidalgo, M.; Oruna-Concha, M. J.; Kolida, S.; Walton, G. E.;
Kallithraka, S.; Spencer, J. P.; de Pascual-Teresa, S. Metabolism of
anthocyanins by human gut microflora and their influence on gut
bacterial growth. J. Agric. Food Chem. 2012, 60, 3882−3890.
(45) Loke, W. M.; Jenner, A. M.; Proudfoot, J. M.; McKinley, A. J.;
Hodgson, J. M.; Halliwell, B.; Croft, K. D. A metabolite profiling
approach to identify biomarkers of flavonoid intake in humans. J. Nutr.
2009, 139, 2309−2314.
(46) Kern, M.; Fridrich, D.; Reichert, J.; Skrbek, S.; Nussher, A.;
Hofem, S.; Vatter, S.; Pahlke, G.; Rüfer, C.; Marko, D. Limited stability
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