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Estimation of dietary intake of polyphenols is difficult, due to limited availability of food composition data and bias inherent to dietary assessment

methods. The aim of the present study was to evaluate the associations between the intake of polyphenol-rich foods and the urinary excretion of

several phenolic compounds and therefore explore whether these phenolic compounds could be used as a biomarker of intake. Fifty-three partici-

pants of the SU.VI.MAX study (a randomised primary-prevention trial evaluating the effect of daily antioxidant supplementation on chronic dis-

eases) collected a 24 h urine and a spot urine sample and filled a dietary record during a 2 d period. Thirteen polyphenols and metabolites,

chlorogenic acid, caffeic acid, m-coumaric acid, gallic acid, 4-O-methylgallic acid, quercetin, isorhamnetin, kaempferol, hesperetin, naringenin,

phloretin, enterolactone and enterodiol, were measured using HPLC–electrospray ionisation–MS–MS. In spot samples apple consumption was

positively correlated to phloretin, grapefruit consumption to naringenin, orange to hesperetin, citrus fruit consumption to both naringenin and

hesperetin, with r coefficients ranging from 0·31 to 0·57 (P,0·05). The combination of fruits and/or fruit juices was positively correlated to

gallic acid and 4-O-methylgallic acid, isorhamnetin, kaempferol, hesperetin, naringenin and phloretin (r 0·24–0·44, P,0·05). Coffee consumption

was positively correlated to caffeic and chlorogenic acids (r 0·29 and 0·63, P,0·05 respectively). Black tea and wine consumption were positively

correlated with gallic and 4-O-methylgallic acids (r 0·37–0·54, P,0·001). The present results suggest that several polyphenols measured in a spot

urine sample can be used as biomarkers of polyphenol-rich food intake.

Polyphenols: Flavonoids: Phenolic acids: Biomarker: Urine

Polyphenols are compounds with high antioxidant properties
and are probably the most abundant antioxidants in our diet
(Scalbert & Williamson, 2000). Both experimental and epide-
miological evidence support a role for polyphenols in the pre-
vention of chronic diseases and more particularly CVD and
cancer (Scalbert et al. 2005). Polyphenol intake has been related
to disease in epidemiological studies and especially inverse
associations with cardiovascular risk have been observed
(Hertog et al. 1993a; Hirvonen et al. 2001; Knekt et al. 1996).

Many different types of polyphenol can be found in plant
foods, one plant often containing more than one type of poly-
phenol and progress in epidemiological research on the
relation between polyphenol consumption and disease is lar-
gely hampered by the lack of complete food composition
tables. Although some food composition data are available
for polyphenols, especially on the US Department of Agricul-
ture’s website, content values for some polyphenol types or
foods only consumed in specific countries are still missing.
Furthermore, there is no gold standard for collection of dietary
intake data, which is always subject to a certain under- or
overestimation (Block, 1982; Bingham, 1991). The use of
valid biomarkers for intake may be of help where the esti-
mation of dietary intake is particularly difficult (Horner et al.

2002); the advantage of biomarkers in dietary assessment
being that their random errors are truly random and not depen-
dent on those involved in dietary questionnaires (Bingham,
2002).

So far ideal biomarkers exist for salt and protein intake
(sodium/nitrogen measured in a 24 h urine sample) and
energy expenditure (the doubly labelled water technique)
(Bingham, 2002). This means that with these biomarkers the
exact intake of salt and protein and the exact energy expendi-
ture can be calculated. However, collection of 24 h urine is too
intensive and the doubly labelled water technique is too
expensive for use in large studies. Other biomarkers exist
that do not provide information on the exact dietary intake,
but which are highly correlated with intake. Examples are
the measurement of the fatty acid composition in subcu-
taneous adipose tissue samples to estimate fatty acid intake,
potassium and iodine estimated from urine samples, and
measurement of serum carotenoids and vitamin C as bio-
markers of fruit and vegetable intake (Walters et al. 1973;
Plakke et al. 1983; Drewnowski et al. 1997). We recently
showed in a previous study that various polyphenols belonging
to the main polyphenol classes can be detected and estimated
in urine of free-living subjects. We also showed that their
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daily excretion estimated from 24 h urine samples is correlated
to their concentration in spot urine samples. Polyphenol com-
pounds in relatively easily obtained spot urine samples are
thus potentially useful biomarkers for polyphenol intake in
large epidemiological studies (Noroozi et al. 2000).
Few authors have examined the use of urinary or plasmatic

concentrations of polyphenols as biomarkers of intake in free-
living populations. Isoflavone concentrations in fasting plasma
were found to correlate with soy intake calculated from a
food-frequency questionnaire (Verkasalo et al. 2001;
Yamamoto et al. 2001; Frankenfeld et al. 2003). Correlations
between intake of four flavonols and flavanones and their con-
centration in fasting plasma were also observed in a cohort of
fifty-two women following their ordinary diet (Radtke et al.
2002). In another study with the same polyphenols, flavanones
in fasting plasma appeared to be poor biomarkers of intake
(Erlund et al. 2002) and this could be explained by the
rapid elimination of most polyphenols after intake (Manach
et al. 2005). We preferred to analyse phenolic compounds in
urine samples as their concentrations in urine may better
reflect their intake than their concentrations in fasting plasma.
The aim of the present work was therefore to study corre-

lations between the consumption of polyphenol-rich foods
and beverages and the concentrations of thirteen polyphenols
and metabolites in spot urine samples in a free-living popu-
lation, and to evaluate whether these polyphenols could be
used as a biomarkers of intake for polyphenols or polyphe-
nol-rich foods.

Subjects and methods

Subjects

Subjects were participants of the SU.VI.MAX study, a ran-
domised double-blind placebo-controlled primary-prevention
trial evaluating the effect of daily antioxidant supplementation
(vitamin C, vitamin E, b-carotene, selenium and zinc) at nutri-
tional doses on the incidence of cancer and ischaemic heart
disease. The cohort consisted of women aged 35–60 years
(mean 46·4 (SD 6·7) years) and men aged 45–60 years
(mean 51·1 (SD 4·7) years) at baseline in 1994 and none of
them used vitamin supplements other than those under
study. In total 13 077 subjects were included and were fol-
lowed up for 8 years. Details on recruitment and study
design are described elsewhere (Hercberg et al. 2004). All
SU.VI.MAX subjects living in the Parisian area, who were
highly compliant with the total study protocol (completing
the dietary record every 2 months, coming to every annual
clinical examination) were invited in 2002 to participate in a
satellite protocol to evaluate polyphenols in urine as bio-
markers of polyphenol intake (n 103). Fifty-three of these sub-
jects completed the protocol correctly and were included in
the present analyses. Of them, thirty-one were women and
twenty-two were men and the mean age was 58 years at the
time of the protocol.
The SU.VI.MAX study has been approved by the ethical

committee for studies on human subjects (CCPPRB no. 706)
of Paris-Cochin Hospital, and the ‘Comité National Informa-
tique et Liberté’ (CNIL no. 334641), which advocates that
all medical information is confidential and anonymous.

Dietary record and urine collection

Subjects were first visited by a trained dietitian to explain the
2 d protocol. On the morning of the first day the subjects
started a 2 d dietary record, for which they wrote down every-
thing they ate or drank during the protocol. The collection of
the 24 h urine started in the morning of the second day and
lasted until the third day at the same hour (Fig. 1). During
the second day, three p-aminobenzoic acid tablets were
taken, one after the first urine collection, one at 16.00 hours
and one at 23.00 hours, in order to check the completeness
of the 24 h urine collection (Bingham & Cummings, 1983).
The recovery of the p-aminobenzoic acid in the 24 h urine
was 85% or more for all subjects included in the present ana-
lyses. Urine samples showing a lower p-aminobenzoic acid
recovery were excluded. The spot sample was taken in the
morning of the third day before breakfast and was thus part
of the 24 h urine collection. On the first day, the subjects
did not eat or drink after 23.00 hours. They brought the two
tubes of collected urine (spot and mixed 24 h urine) to the
study centre after the completion of the 24 h urine collection.
The tubes were stored at 2208 until measurement of the
polyphenols.

Polyphenol measurements

An HPLC–electrospray ionisation–MS–MS offering a high
selectivity of detection for a wide range of phenolic com-
pounds and short run times was developed (Ito et al. 2005).
In brief, urine samples (250ml) were supplemented with an
internal standard (taxifolin), and incubated with deconjugating
enzymes to hydrolyse glucuronides and sulphate esters. The
freed aglycones were extracted with ethyl acetate. The organic
extracts were redissolved in 25% aqueous methanol and
injected into the HPLC–ESI–MS–MS system using a short
Zorbax Eclipse XDB-C18 (2·1 i.d. £ 30mm, 3·5mm; Agilent
Palo Alto, US) and an API-2000 (Applied Biosystems,
Ontario, Canada) mass spectrometer. A 4min gradient of
water–formic acid (100:0·1) and acetonitrile–water–formic
acid (95:5:0·1) was applied. The whole cycle, including
elution and re-equilibration of the column, did not exceed
6min per sample. Mass detection was carried out with nega-
tive ionisation in multiple reaction monitoring mode. Cali-
bration curves were prepared by spiking blank urine with
aliquots of standard mixture solutions with duplicated injec-
tions at each concentration level.

Statistical analysis

Spearman rank correlation coefficients were calculated to evalu-
ate the relation between the spot and 24 h urine sample and food
intake for those variables where a possible association could be

8.00 hours

24 h
urine sample

Spot urine
sample

8.00 hours 8.00 hours

Fig. 1. Time scheme for urine collection during the 2 d food record period.

For details of procedures, see this page. A, day B, night.
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expected. Kappa coefficients were calculated to evaluate the
agreement across tertiles of polyphenol concentration and food
intake. The analyses included the total number of subjects,
including non-consumers of the different food products.

Results

Consumption of the main dietary sources of polyphenols was
recorded by the fifty-three subjects during the 2 d of the exper-
iment. Almost all subjects consumed fruit, vegetables and
coffee (Table 1). Some other foods were eaten by only a
few subjects (grapefruit and orange). Thirteen phenolic com-
pounds were estimated in the urine collected by these fifty-
three subjects (Table 2). Some of these phenolic compounds
are metabolites of dietary polyphenols formed either in the
human tissues by methylation (4-O-methylgallic acid from
gallic acid and isorhamnetin from quercetin) whereas others
are formed by the gut microflora (m-coumaric acid from caf-
feic acid, enterolactone and enterodiol from either lignans or
lignins). In the 24 h urine samples, enterolactone was found
in the highest quantity, followed by caffeic acid and narin-
genin, whereas isorhamnetin, quercetin and kaempferol were
found in the lowest concentration (Table 2). In the spot
urine samples enterolactone was also the most abundant, fol-
lowed by chlorogenic acid and naringenin. Correlations
between excretion of these polyphenols and the consumption
of polyphenol-rich foods were studied using either 24 h
urine samples or spot urine samples. Polyphenols measured
in the 24 h urine samples were all well correlated to those
measured in the spot sample (r 0·42–0·74, P,0·0001 to
,0·02), with the exception of caffeic acid (r 0·04, P¼0·75).

Urine samples (24 h)

Gallic acid was higher in wine consumers compared to non-con-
sumers (mean 3·2mg/d v. 0·4mg/d, P,0·0001). The same was
true for the difference in 4-O-methylgallic acid (mean 11·1mg/
d v. 2·3mg/d, P¼0·004). Also the concentration of naringenin
found in urine was higher in consumers of citrus fruits (juices
included) than in non-consumers (mean 18·3mg/d v. 3·0mg/d,
P¼0·04). No other significant differences in polyphenols
between consumers and non-consumers were observed.

Correlations between excretion of specific phenolic com-
pounds and intake of particular foods were studied based on
their known occurrence in these foods (Table 3). Apple con-
sumption is correlated with m-coumaric acid, isorhamnetin,
kaempferol and phloretin; orange consumption with hesperetin;
citrus fruit and juice intake and total fruit juice intake with
hesperetin and naringenin; and fruit and fruit juice intake with
naringenin and phloretin. Total fruit intake is associated with
kaempferol. Vegetable consumption was positively correlated
to enterolactone concentrations and wine consumption to m-
coumaric acid, gallic and 4-O-methylgallic acid (Table 4). For
the statistically significant correlations between foods and 24 h
urine polyphenol concentrations, kappa coefficients were

Table 1. Mean food intake (g/d) for the total cohort and for consumers
of major polyphenol-rich foods*

(Mean values and standard deviations)

Total (n 53)
Non-consumers

excluded

Food Mean SD Mean SD n

Apple 58·7 113·5 239·2 95·0 13
Peach 34·1 55·1 95·1 51·6 19
Red fruits 47·5 128·7 228·6 201·5 11
Grapefruit 18·9 78·6 333·3 57·7 3
Grapefruit juice 17·5 81·1 231·3 219·3 4
Orange 10·8 44·3 190·0 0 3
Orange juice 37·1 87·7 196·5 97·9 10
Citrus fruits 31·5 88·3 238·6 99·9 7
Citrus fruits þ juices 92·0 172·6 203·2 209·2 24
Fruits 267·7 228·8 322·5 212·7 44
Fruit juices 64·3 119·7 162·2 143·5 21
Fruits þ fruit juices 336·7 265·4 237·1 254·2 48
Vegetables 277·0 180·0 287·8 174·6 51
Onion 6·3 18·4 41·9 28·7 8
Fruits þ vegetables 544·7 330·5 544·7 330·5 53
Dark bread 18·8 38·3 82·9 33·6 12
Cereals 33·7 47·6 68·8 47·1 26
Potatoes 56·4 87·8 130·0 90·8 23
Chocolate 11·4 26·9 26·4 36·1 23
Coffee 250·0 262·6 331·3 253·7 40
Black tea 259·9 367·6 510·2 371·1 27
Herbal tea 25·7 78·8 226·7 71·7 6
Wine 104·2 136·2 240·2 98·6 23

* Means are calculated over the 2 d food record period. For details of procedures,
see p. 192.

Table 2. Mean amount of polyphenols in 24 h urine
(mmol/d) and in the spot sample (mmol/l) collected
from fifty-three free-living subjects*

(Mean values and standard deviations)

Polyphenol Mean SD

Chlorogenic acid 24 h 4·2 7·8
Spot 6·6 6·8

Caffeic acid 24 h 11·4 8·5
Spot 6·2 2·4

m-Coumaric acid 24 h 5·4 13·1
Spot 2·7 6·2

Gallic acid 24 h 1·6 2·4
Spot 1·1 1·3

4-O-Methylgallic acid 24 h 6·1 10·2
Spot 4·4 6·8

Quercetin 24 h 0·7 0·5
Spot 0·4 0·4

Isorhamnetin 24 h 0·5 0·5
Spot 0·3 0·3

Kaempferol 24 h 0·8 2·0
Spot 0·4 1·0

Enterolactone 24 h 23·9 26·6
Spot 10·7 8·8

Enterodiol 24 h 2·0 3·3
Spot 0·8 1·0

Hesperetin 24 h 3·0 15·2
Spot 1·8 5·1

Naringenin 24 h 9·9 23·9
Spot 5·6 13·3

Phloretin 24 h 0·73 1·9
Spot 0·42 0·5

Total flavonoids† 24 h 22·6 60·8
Spot 15·4 48·9

Vegetable polyphenols‡ 24 h 24·7 27·4
Spot 11·1 9·0

Fruit polyphenols§ 24 h 22·0 60·8
Spot 15·0 49·0

* For details of procedures, see p. 192.
† Quercetin þ isorhamnetin þ phloretin þ naringenin þ

hesperetin þ kaempferol.
‡ Enterolactone þ kaempferol.
§ Hesperetin þ narangenin þ kaempferol þ phloretin.
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mostly statistically significant, ranging from 0·23 to 0·62, indi-
cating an acceptable agreement between consumption and
urine measurement.

Correlationswith food intake and excretion of a combination of
polyphenols were also studied. Urinary excretion of
enterolactone þ kaempferol, both known to be present or
formed after vegetable consumption, were positively related to
vegetable intake (r 0·34, P¼0·01) with a statistically significant
kappa coefficient (k 0·23; 95% CI 0·02, 0·45). Urinary excretion
of isorhamnetin þ hesperetin þ naringenin þ kaempferol þ
phloretin, all present in fruits or formed after fruit consumption,
were positively related to intake of fruits (r 0·27, P¼0·06), fruit
juices (r 0·28, P¼0·04) and the total of fruits and fruit juices (r
0·38, P¼0·006). Kappa coefficient was only statistically signifi-
cant for fruit juices (k 0·24; 95% CI 0·04, 0·45) and the total of
fruits and fruit juices (k 0·21; 95% CI 0·001, 0·41).

Spot urine samples

When evaluating the spot urine samples only phloretin
remained positively correlated to apple consumption
(Table 5). Red fruit consumption was positively associated
with kaempferol, but inversely with m-coumaric acid. The
positive correlations between hesperetin and naringenin and
the different citrus fruits were stronger for the spot samples
than for the 24 h samples. The consumption of orange, and
thereby of total citrus fruits, was also correlated to caffeic
acid. The combination of fruits and/or fruit juices was posi-
tively correlated to gallic and 4-O-methylgallic acid, isorham-
netin, kaempferol, hesperetin, naringenin and phloretin.
Coffee consumption was positively correlated to caffeic and
chlorogenic acid, the latter being inversely correlated to
black tea consumption (Table 6). Black tea consumption
was furthermore inversely associated to m-coumaric acid
and positively with gallic and 4-O-methylgallic acid. Wine
was also positively associated to these two latter polyphenols.
For the statistically significant correlations between foods and
urine polyphenol concentrations kappa coefficients were
mostly statistically significant, ranging from 0·26 to 0·49, for
those correlations where these statistics could be calculated.

Correlations between the sum of selected phenolic com-
pounds and food consumption was also examined. The sum
of isorhamnetin þ hesperetin þ naringenin þ kaempferol þ
phloretin was positively associated to intake of fruits (r 0·34,
P¼0·01), fruit juices (r 0·44, P¼0·001) and the total of fruits
and fruit juices (r 0·47, P¼0·0004). The kappa coefficient was
only statistically significant for fruit juices (k 0·36; 95% CI
0·17, 0·55) and the total of fruits and fruit juices (k 0·26;
95% CI 0·06, 0·46), but these statistics were difficult to inter-
pret due to the low number of observations in each cell.

Discussion

The present study shows various correlations between the con-
sumption of polyphenol-rich foods or beverages and urinary
excretion of polyphenols. Such a link has been well estab-
lished in controlled intervention studies with specific foods,
but few studies have examined these correlations in free-
living populations. The present results suggest that phenolic
compounds in spot urine samples may be useful biomarkers
of polyphenol intake in an epidemiological setting. Phenolic

compounds considered here were selected for their widespread
occurrence in the human diet, and for being representative of
the main types of polyphenol class (Ito et al. 2005). Isofla-
vones were not included due to the low consumption in
France of soy-containing products, the main dietary origin
of isoflavones. Furthermore, catechins were not included due
to a too limited sensitivity of the analytical method.

Most observed correlations between urinary excretion of
polyphenols and food intake were expected from their content
in food and established recovery in urine in intervention studies
with specific foods (Manach et al. 2004). The main dietary
source of phloretin is apple (Spanos & Wrolstad, 1992) and
this explains the correlation between phloretin excretion and
apple consumption. Naringenin is the main flavonoid of grape-
fruit (Rousseff et al. 1987). It is also present in orange and
orange juice, but in lower amounts than hesperetin, the main fla-
vanone in orange. Both have been found in urine after grapefruit
and orange juice administration (Ameer et al. 1996; Erlund et al.
2001; Ito et al. 2005). As expected, naringenin excretion corre-
lates with grapefruit and grapefruit juice intake, and hesperetin
with orange and orange juice intake. Both also correlate with
intake of citrus fruits and citrus juices.

Gallic acid is a common constituent of wine and tea
(Landrault et al. 2001; Hodgson et al. 2004). Correlations
between urinary excretion of gallic acid and its metabolite
4-O-methylgallic acid and intake of these beverages were
clearly observed in the present work. Positive correlations
with tea consumption have been previously observed in two
studies evaluating long-term and acute black tea consumption
(Hodgson et al. 2000, 2004). The same metabolites were also
recovered in urine after wine ingestion (Caccetta et al. 2000;
Cartron et al. 2003). Quercetin is present in the skin of apple
and in theNetherlands apple has been identified as amain dietary
source of quercetin together with tea (Hertog et al. 1993b). We
could only observe a weak correlation between isorhamnetin,
the O-methylated metabolite of quercetin, in 24 h urine and
apple intake. Phloretin therefore appears to be a better biomarker
than quercetin or isorhamnetin for apple intake.

4-O-Methylgallic acid and isorhamnetin are, respectively,
the two major metabolites of gallic acid and quercetin,
formed by methylation in various human tissues and more par-
ticularly in the liver (Manach et al. 2004). Strong correlations
were observed between each polyphenol and its methylated
metabolite (r 0·75, P¼0·0001 and r 0·83, P¼0·0001 for
gallic acid and quercetin, respectively).

Chlorogenic acid is a major constituent of coffee (Clifford,
1999). Chlorogenic acid has been detected in urine after con-
sumption of coffee (Ito et al. 2005). A strong correlation is
observed here between urinary excretion of chlorogenic acid
in the spot urine sample and coffee consumption. A correlation
is also observed with caffeic acid. However, it is weaker than for
chlorogenic acid, due to some variations in the yield of hydroly-
sis between subjects and samples (Ito et al. 2005). Enterolactone
was positively associated with vegetable intake, as has been pre-
viously reported (Lampe et al. 1999).

Inverse associations can mainly be explained by simul-
taneous non-consumption of other foods; coffee drinkers for
example will not drink tea (Mennen et al. 2003), and this
explains the inverse correlation coefficients between tea con-
sumption and chlorogenic and m-coumaric acid. Similarly,
the positive association between caffeic acid and wine in the
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24 h urine samples can be explained by the fact that wine con-
sumers are also coffee consumers. This last correlation could
also be explained by the presence in wine of caftaric acid, a caf-
feoyl tartrate ester (Baderschneider & Winterhalter, 2001).

A few other positive correlations (most often weak) were
observed: kaempferol with apple, red fruit and fruits; gallic
acid and 4-O-methylgallic acid with fruit juices; caffeic acid
with orange and citrus fruits; or m-coumaric acid with apple.
These compounds or their metabolic precursors are known
to be present in these food sources although not necessarily
in high amounts.

Several authors have proposed some urinary or plasmatic
biomarkers to compare fruit and vegetable intake in a popu-
lation. Nielsen et al. (2002) observed a good correlation
between the sum of quercetin, kaempferol, isorhamnetin,
tamarixetin, naringenin, hesperetin and phloretin measured
in 24 h urine samples, and fruit and vegetable consumption
by human subjects following their free-living diet (r 0·35,
P,0·005, n 94) and concluded that it was a good biomarker
for fruit and vegetable consumption. A good correlation was
also observed between the sum of the same flavonoids in
urine and the consumption of fruit and vegetables in a con-
trolled study with two levels of intake (Krogholm et al.
2004). We did not observe a correlation between the sum of
these flavonoids excreted in urine and the total fruit and veg-
etable consumption, but this sum was correlated to fruit and
fruit juice intake. This combination of flavonoids could there-
fore be used as a biomarker of fruit and fruit juice intake. It
compares well with other biomarkers previously proposed to
assess fruit and vegetable consumption. Drewnowski et al.
(1997) observed correlation coefficients of 0·29 and 0·36,
respectively, between serum b-carotene, vitamin C and total
fruit and vegetable intake. In the study by Block et al.
(2001), these correlation coefficients were 0·35 and 0·59,
respectively. Correlations were also reported between serum
total carotenoids or serum lutein and carotenoid intake esti-
mated from three 24 h recalls with respective correlation coef-
ficients of 0·35 and 0·41 (Resnicow et al. 2000). A validation
study of the dietary methods used in the UK arm of the EPIC
study showed a correlation of 0·48 for vitamin C and 0·21 for
b-carotene when a 7 d diary record was compared with the
plasma concentrations of these nutrients (Bingham et al.
1997), whereas another study in the UK showed correlations
of 0·64, 0·47 and 0·45 for lutein, lycopene and b-carotene,
respectively, with intakes estimated from a 4 d weighed
food record (Scott et al. 1996). The study by Jansen et al.
(2004) showed a correlation of 0·21 between total plasma
carotenoids and total fruit and vegetable intake estimated
from a food frequency questionnaire, with the highest corre-
lation for b-cryptoxanthin (r 0·41). The strongest correlation
between total plasma carotenoids and total fruit and vegetable
intake has been observed in a study by Campbell et al. (1994;
r 0·59). At these levels of correlation, carotenoids are accepted
as sufficiently valid biomarkers for fruit and vegetable intake.
The correlations we observed with phenolic compounds are all
in the same line as these studies and support the use of urinary
polyphenols as biomarkers for intake of polyphenol-rich fruits.
The polyphenol combination considered in the present study
might be particularly useful as a biomarker of fruit intake
rather than fruit and vegetable intake, in accordance with
the high polyphenol content in fruits (Manach et al. 2004).

Adding more polyphenols from fruits might still improve the
accuracy of such a biomarker to take into account the diversity
of the fruit sources.

The present work provides a validation of phenolic bio-
markers in spot urine using a 2 d dietary record. It is therefore
not known whether they reflect the true habitual intake of
polyphenol-rich foods. Finally, when a complete food compo-
sition table on polyphenols becomes available, it will also be
possible to correlate the total polyphenol intake calculated
using these data to the concentrations of the phenolic com-
pounds in the spot samples and to validate their use as bio-
markers of polyphenol intake.

In conclusion, the present results indicate that several
phenolic compounds in spot urine samples collected from
free-living subjects can be used as biomarkers of specific poly-
phenol-rich foods: chlorogenic acid for coffee consumption,
phloretin for apple consumption, naringenin for grapefruit
consumption and hesperetin for orange consumption. The
combination of several polyphenols (isorhamnetin þ

hesperetin þ naringenin þ kaempferol þ phloretin) may be a
good indicator for total fruit consumption. Confirmation of
the quality of these biomarkers when evaluating long-term
dietary intake remains necessary.
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