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ABSTRACT: Tomatoes (Solanum lycopersicum L.), the second most important vegetable crop worldwide, are a key component in
the so-called “Mediterranean diet”, which is strongly associated with a reduced risk of chronic degenerative diseases. In this work, we
evaluate the differences in the total and individual polyphenol content and hydrophilic antioxidant capacity of seven varieties of
tomato cultivated in Vegas Bajas del Guadiana, Badajoz (Spain), which were collected from two consecutive harvests (2008-2009).
Hydrophilic antioxidant capacity was evaluated using the TEAC assay, while the Folin-Ciocalteau assay with a previous cleanupwas
used to establish total polyphenol content. The method was optimized and validated. Individual polyphenols were quantified using
liquid chromatography/electrospray ionization tandem mass spectrometry (LC-ESI-MS/MS) on a triple quadrupole. All com-
pounds were found to be significantly different when analysis of variance was performed. Results from the principal component
analysis show that phenolic compounds and hydrophilic antioxidant capacity were responsible for the differences among tomato
samples according to variety.

KEYWORDS: Tomato varieties, chemotaxonomic markers, hydrophilic antioxidant capacity, total polyphenols, LC-MS-MS,
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’ INTRODUCTION

Epidemiological studies have shown that consumption of raw
tomato and its tomato-based products (ketchup, tomato sauce, and
tomato juice) is associatedwith adecrease in chronic degenerative dis-
eases.1 In addition to its micronutrient content, such as minerals
(potassium), vitamin C, vitamin E, and folate,2 tomato contains
some valuable bioactive components, including antioxidants. The
main tomato antioxidants are carotenoids, principally lycopene,
which is largely responsible for the red color of the fruit. A number
of epidemiologic studies have associated lycopene with a lower risk
of prostate cancer.3 In addition to carotenoids, other functional
compounds such as phenolics also contribute to the beneficial
effects of tomato products. Recently, the high content of phenolic
compounds such as flavonoids and hydroxycinnamic acids in
tomato has been gaining interest because of their apparent multi-
ple biological effects, including free-radical scavenging, metal
chelation, inhibition of cellular proliferation, and modulation of
enzymatic activity and signal transduction pathways.4 The pre-
sence of antioxidants in tomatoes has been the object of several
studies5-7 on the positive physiological properties attributed to
these compounds. However, to our knowledge, no study has
used the phenolic profile and hydrophilic antioxidant capacity as
a varietal marker of tomatoes.

One of the important features of phenolic compounds is their
usage as taxonomical markers.8-12 Singleton et al.8 showed that
the patterns of phenolic substances in Chenin blanc, French
Colombard, Semillon, and Thompson wines are influenced by
the genetics of the grapevine. The polyphenolic profile determined

by HPLC revealed a similarity within a grape variety and differ-
ences between varieties. Similarly, varieties of white musts,11

wines,10,13 and sparkling wines12 have been shown to have
different phenolic profiles.

Moreover, Russo et al.9 studied the relationship between
chemical composition and biotypes of 24 steam-distilled samples
of essential oils from inflorescences of Origanum vulgare ssp.
hirtum. Four chemotypes were identified on the basis of the
phenolic content, i.e., thymol, carvacrol, thymol/carvacrol, and
carvacrol/thymol chemotypes. Another investigation was carried
out into the composition and variability of the essential oils con-
tained in 63 individual plants taken from 21 populations ofThymus
zygis L. in southern Spain.14 A chemometric investigation of the
infraspecific variability of the essential oils of these populations led
to the distinction of seven main chemotypes: thymol, carvacrol,
linalool, R-terpinyl acetate, thymol/p-eymene/γ-terpinene, 1,8-
cineole/myrcene/spathulenol, and 1,8-cineole/R-terpineol. The
phenolic compound thymol was the most common constituent in
the majority of the samples studied.

An attempt was made, by means of principal component
analysis (PCA) and linear discriminant analysis (LDA), to iden-
tify those parameters that could be useful to classify clones. Phenolic
compounds such as anthocyanins, flavonols, and hydroxycinnamates
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were used as taxonomical markers to discriminate Vitis vinifera L. cv
‘Barbera’ clones.15

The distribution and expression of phenolic constituents and
hydrophilic antioxidant capacity can differ significantly in tomato
varieties. Our initial purpose was to evaluate total polyphenols
(TP), hydrophilic antioxidant capacity, and the levels of flavonols
(kaempferol-3-O-glucoside, rutin, and quercetin), flavanones
(naringenin), hydroxycinnamic acids (chlorogenic, caffeic, caffeic-
O-hexoside, and ferulic acids) and phenolic acids (protocatechuic
and gallic acids) in seven varieties of tomato by liquid chromatog-
raphy coupled to mass spectrometry in tandem mode (LC-ESI-
MS/MS). We observed a different characteristic phenolic profile
for each variety and, surprisingly, found that tomatoes could be
grouped within varieties by their polyphenol content and hydro-
philic antioxidant activity. In this article, 7 different varieties of
tomato (H-9661, H-9997, H-9776, Albastro, Guadiva, Elegy, and
Malva) harvested over two consecutive years, 2008 and 2009, were
identified and classified by their phenolic profile and hydrophilic
antioxidant activity. The analytical variables were subjected to
analysis of variance (ANOVA) and principal component analysis
(PCA).

’MATERIALS AND METHODS

Standards and Reagents. All samples and standards were handled
without exposure to light. Quercetin, rutin, caffeic, gallic, ferulic, protoca-
techuic and chlorogenic acids, and Folin-Ciocalteu (F-C) reagent, ABTS
(2,20azino-bis(3-ethylbenzothiazoline-6-sulfonic acid)), PBS (phosphate-
buffered saline pH 7.4), Trolox ((()-6-hydroxy- 2,5,7,8-tetramethylchro-
mane-2-carboxylic acid 97%), and manganese dioxide were purchased from
Sigma (Madrid, Spain); naringenin and kaempferol-3-O-glucoside from
Extrasynth�ese (Genay, France); hydrochloric acid 35%and acetic acid 99.8%
fromPanreac (Barcelona, Spain); and anhydrous sodiumacetate (2M) from
Merck (Darmstadt, Germany). Methanol and formic acid were obtained
from Scharlau (Barcelona, Spain) and ultrapure water (Milli-Q) from
Millipore System (Bedford, USA).
Sampling and Processing Conditions. Tomato varieties

(Malva, H-9661, H-9776, H-9997, Albastro, Guadiva, and Elegy) were
cultivated in Vegas Bajas del Guadiana, Badajoz (Spain) over two con-
secutive years, 2008 and 2009. Each variety was independently sampled
three times. All varieties were harvested at the same degree of ripeness
(4.3-5�Brix) and were of normal size (75-80 g) to accurately compare
polyphenol levels and hydrophilic antioxidant capacity.

The technique of crop management was transplantation with a root
ball, with small plants grown in a greenhouse for a period of approxi-
mately 40-45 days. Planting was done on beds 1.5 m wide. The period
for transplantation was between the first days of April and late May, and
the cycles of these varieties ranged between 100 and 125 days. The mean
maximum temperature ranged from 25 to 30 �C, and the variations in
mean minimum temperature were 15-20 �C for the two years.

As a method of fertilization, fertigation (application of fertilizers, soil
amendments, or other water-soluble products through an irrigation
system) was applied.
Extraction of Hydrophilic Compounds. First, tomatoes were

washed, sorted, and collected in a sterilized recipient. Tomato fruits
were then beaten and homogenized over an ice bed; 0.5 g was weighed
and homogenized with 4 mL of 80% ethanol in Milli-Q water; and they
were sonicated for 5 min and centrifugated (4000 rpm at 4 �C) for
20 min. The supernatant was transferred into a flask, and extraction was
repeated. Both supernatants were combined and evaporated under
nitrogen flow; finally, the residue was reconstituted with Milli-Q
water (0.1% of formic acid) up to 4 mL. Samples were frozen at-20 �C
until analysis.

For the solid phase extraction (SPE) cleanup, Oasis MAX cartridges
with 30 mg of mixed-mode anion-exchange and reversed-phase solvent
from Waters (Milford, USA) were equilibrated with 1 mL of methanol
100% and 1mL of 50mM sodium acetate at pH 7, 1mL ofMilli-Qwater,
and 34 μL of hydrochloric acid at 35% were added to 1 mL of nitrogen
evaporation extract before being loaded into the cartridges separately.
These were rinsed with 50 mM sodium acetate at pH 7 (5% methanol),
and finally, the polyphenols were eluted with 1800 μL of methanol (2%
formic acid). The eluted fractions were evaporated under nitrogen,
and the residue was reconstituted with water (0.1% formic acid) up to
250 μL and filtered through a 13 mm, 0.45 μm PTFE filter (Waters).
Analysis of Total Polyphenols. For the TP assay, each sample

was analyzed in triplicate; 20 μL of the eluted fractions was mixed with
188 μL of Milli-Q water in a thermo microtiter 96-well plate (nunc,
Roskilde, Denmark), 12 μL of F-C reagent and 30 μL of sodium
carbonate (200 g/L) were added following the procedure described by
Medina-Rem�on et al.16 The mixtures were incubated for 1 h at room
temperature in the dark. After the reaction period, 50 μL of Milli-Q
water was added, and the absorbance was measured at 765 nm in a UV/
vis Thermo Multiskan Spectrum spectrophotometer (Vantaa, Finland).
This spectrophotometer allowed the absorbance of a 96-well plate to be
read in 10 s. Results were expressed as mg of gallic acid equivalents
(GAE)/100 g fresh weight (FW).
Folin-Ciocalteau Assay validation. ]The method was vali-

dated with gallic acid. To evaluate the linearity, standards between 0.25
and 10 mg/L were studied. The sensitivity was evaluated by determin-
ing the limit of detection (LOD) and limit of quantification (LOQ).
These were calculated bymeasuring the analytical background response
by reading 10 blanks at the maximum sensitivity, and the standard
deviation (SD) was calculated. The LOD was defined as 3 times the SD
of the 10 blanks, whereas the LOQ was 10 times the SD. The intra- and
interday accuracy and precision were determined by spiking the matrix
with known levels of gallic acid at seven different concentrations. The
precision was calculated as the relative standard deviation (RSD). The
assay was validated according to the recommendations of AOAC
International.17

The short-term temperature stability was evaluated by freezing three
aliquots of each of the seven concentrations between 0.25 and 10 mg/L
of gallic acid in Milli-Q water at -20 and -80 �C. The aliquots were
thawed at room temperature for 6 h (themean sample preparation time)
and then analyzed. To evaluate the stability after successive freeze-thaw
cycles, three aliquots of each concentration were stored at -20 and -
80 �C for 24 h and then thawed at room temperature up to four times
over a one-week period. Gallic acid was assessed in each aliquot in a
single run at the end of the last freeze-thaw cycle. Aliquots of each
concentration for long-term stability were prepared and immediately
frozen at -20 and -80 �C until analysis (within 2 years). The concen-
trations of all the stability samples were compared with the mean back-
calculated values for the standards at each concentration from the first
day of long-term stability testing. The same procedures were followed
for sample stability. We used HPLC-UV to calculate the recovery of
seven representative polyphenols with different polarities after spiking
the tomato samples with 5, 10, 25, and 50 mg/L of each standard.

We tested the possible interferences from vitamin C (ascorbic acid
at 50 mg/L and 200 mg/L), sugar (glucose at 2 mg/L), iron (Fe(II) at
1 mg/L), and amino acids (phenylalanine, tyrosine, glutamine, and
arginine at 1 mg/L) according to Roura et al.18

Hydrophilic Antioxidant Capacity. The antioxidant activity in
the tomato samples was measured using ABTSþ radical decolorization
assay.19,20 The ABTSþ radical cation was prepared by passing a 5 mM
aqueous stock solution of ABTS (in PBS) through manganese dioxide
powder. The manganese dioxide excess was removed by filtering the
solution through a 13 mm, 0.45 μm PTFE filter (Waters). Prior to the
assay, the solution was diluted in PBS at pH 7.4 to give an absorbance at
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734 nm of 1.0( 0.01 and preincubated in ice. The ABTSþ radical cation
solution was prepared daily.

One millimolar Trolox in PBS at pH 7.4 was used as an antioxidant
standard for the ABTS assay. Working standards were prepared each day
by diluting 1 mM Trolox with PBS at pH 7.4.

Then, 245 μL of ABTSþ solution was added to 5 μL of Trolox or to
the tomato samples, and the solutions were stirred for 30 s. The
absorbance was recorded continuously every 30 s with a UV/vis Thermo
Multiskan Spectrum spectrophotometer for 1 h. PBS blanks were run in
each assay.

The working range for Trolox (final concentration 0-750 μM) was
based on triplicate determinations and consisted of plotting the absor-
bance as a percentage of the absorbance of the uninhibited radical cation
(blank). The activities of the tomato samples were assessed at four diff-
erent concentrations, which were within the range of the dose-response
curve. Each sample was analyzed in triplicate at these four concentra-
tions. Results of Trolox equivalent antioxidant capacity (TEAC) were
expressed as (mmol Trolox equivalent (TE)/100 g FW).
LC-MS/MS Analysis. Tomato fruit polyphenols were identified in a

previous study using LC-ESI-LTQ-Orbitrap-MS.21 We selected the most
predominant polyphenols of these tomatoes to evaluate the differences
between the seven varieties of tomato. These polyphenols were quantified
using LC-ESI-MS/MS. An API 3000 (PE Sciex, Concord, Ontario,
Canada) triple quadrupole mass spectrometer equipped with a Turbo
Ionspray source in negative-ion mode was used to obtain MS/MS data.
Turbo Ionspray source settings were as follows: capillary voltage,-3500 V;
nebulizer gas (N2), 10 (arbitrary units); curtain gas (N2), 12 (arbitrary
units); collision gas (N2), 4 (arbitrary units); focusing potential,-200 V;
entrance potential, -10 V; and drying gas (N2), heated to 400 �C and
introduced to a flow rate of 8000 cm3/min. The declustering potential and
collision energy were optimized for each compound in infusion experi-
ments: the individual standard solution (10 μg/mL) dissolved in 50:50
(v/v)mobile phase was infused at a constant flow rate of 5μL/min using a
model syringe pump (Harvard Apparatus, Holliston, MA, USA).

For quantification purposes, data was collected in the multiple reaction
monitoring (MRM)mode, tracking the transition of the specific parent and
product ions for each compound. In particular, we selected 10 transitions
corresponding to the most abundant polyphenols in tomato fruit: ferulic
acid m/z 193f134 (CE: -20 V); chlorogenic acid m/z 353f191 (CE:
-20 V); caffeic acid m/z 179f135 (CE:-20 V); caffeic acid-O-hexoside
m/z 341f179 (CE:-20V); quercetinm/z 301f151 (CE:-30V); rutin
m/z 609f300 (CE: -50 V); protocatechuic acid m/z 153f109 (CE:
-20V); gallic acidm/z 169f125 (CE:-20V); naringeninm/z 271f151
(CE:-30V) and kaempferol-3-O-glucosidem/z 477f285 (-30V); ethyl
gallate was used as an internal standard m/z 197f169 (CE:-25 V). The
standards of these polyphenols confirmed the previously reported frag-
mentation patterns. The compounds were deduced from the different
transition signals and from comparing the observed accurate transitions and
retention times with those of the standards.

Quantification of polyphenols was performed by the internal standard
method. Polyphenols were quantified with respect to their correspond-
ing standard. When standards were not available, as in the case of caffeic
acid-O-hexoside, it was quantified with respect to the corresponding
hydroxycinnamic acid (caffeic acid).

The liquid chromatograph was an Agilent series 1100 HPLC instru-
ment (Agilent, Waldbronn, Germany) equipped with a quaternary
pump, an autosampler, and a column oven set to 30 �C. A Luna C18

column 50� 2.0 mm i.d., 5 μm (Phenomenex, Torrance, CA, USA) was
used. The injection volume was 20 μL, and the flow rate was 0.4 mL/min.
Mobile phases consisted of 0.1% formic acid in Milli-Q water (A) and
0.1% formic acid in acetonitrile (B). Separation was carried out in 15min
under the following conditions: 0 min, 5% B; 10 min, 18% B; 13 min,
100%B; 14min, 100%B; 15min, 5%B. The columnwas equilibrated for
5 min prior to each analysis.
Statistical Analysis. The significance of the results was analyzed

using the Statgraphics Plus v.5.1 Windows Package (Statistical Graphics
Co., Rockville, MD). Analysis of variance (ANOVA) was used to
compare the means of groups of measurement data, and principal
component analysis (PCA)was carried out to obtain correlations among
variables.

’RESULTS

Validation of the Method for the Analysis of Total Poly-
phenols in Tomato Samples.The F-Cmethod was linear over
0.25 to 10 mg/L for gallic acid. Least squares regression analysis
gave the following result for the calibration curve: mean (SD);
slope, 0.100 (0.001); y intercept, -0.003 (0.001); r2 = 0.9993
(0.0004); and a standard deviation of residuals, 0.053. The LOD
and LOQ were 0.006 mg/L and 0.019 mg/L, respectively. The
intra- and interday precision and accuracy were evaluated at
seven different concentrations (Table 1); for the values analyzed,
recovery and precision were between the accepted values for
AOAC International.17

Freeze and thaw cycles did not significantly modify the gallic
acid concentration at either temperature tested; they were
between 91.7% and 106.5% at -80 �C and between 94.9% and
106.2% at -20 �C. For short-term stability, the recoveries of
gallic acid were between 90.1% and 104.0% at -20 �C and
between 85.2% and 102.6% when the temperature was -80 �C.
Long-term storage at -20 and -80 �C did not affect the gallic
acid concentration. It decreased to 95% after 2 years, at both
temperatures. We observed no statistically significant differences
(P > 0.05) in TPs in the tomato samples after testing freeze and
thaw cycles, and short-term and long-term stability. The storage
and sample handling conditions used for the assays allowed the
phenols to remain stable.

Table 1. Intra- and Interday Accuracy and Precision of the Assay

calibrator concentration (mg L-1) means measured concentration (mg L-1) precision, RSDa (%) recovery, error (%)

intraday interday intraday interday intraday interday intraday interday

1.12 1.07 1.01 0.98 0.10 0.12 90.57 91.97

2.24 2.14 2.24 2.06 0.10 0.11 100.08 96.25

4.48 4.27 4.38 4.25 0.09 0.09 97.77 99.60

6.73 6.41 6.69 6.40 0.09 0.10 99.38 99.87

8.97 8.55 8.93 8.21 0.06 0.08 99.58 96.00

11.21 10.69 11.62 11.03 0.05 0.07 103.67 103.21

13.40 13.81 13.89 14.51 0.04 0.05 103.66 105.10
aRSD: relative standard deviation.
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Absolute recoveries for the 7 polyphenol standards in the
tomato samples using SPE were as follows: polyphenol, mean
(SD); gallic acid, 92.5 (4.5); naringenin, 98.2 (3.4); caffeic acid,
96.7 (10.7); rutin, 87.3 (4.8); quercetin, 77.5 (5.4); protocate-
chuic acid, 108.8 (3.2); and chlorogenic acid, 101.1 (5.2). These
recoveries are between the accepted values established by AOAC
International.17

Total Polyphenols and Hydrophilic Antioxidant Capacity
in Tomato Samples. SPE has been introduced to eliminate
interfering nonphenolic reductants before the F-Cassay.We tested
for interferences from vitamin C (ascorbic acid at 50 mg/L and 200
mg/L), sugar (glucose at 2 mg/L), iron (Fe(II) at 1 mg/L), and
amino acids (phenylalanine, tyrosine, glutamine, and arginine at
1 mg/L), according to Roura et al.18 None of these substances
reacted with the F-C reagent after SPE. After the SPE proce-
dure, the phenolic levels were between 56.54% and 64.70% lower
than the values obtained before the extraction procedure.
The content of TP evaluated by the F-C assay after SPE and

the relative contribution of individual compounds to the hydro-
philic antioxidant capacity of tomato samples from both seasons
(2008 and 2009) were analyzed and expressed as the mean( SD
as shown in Table 2. The F-C assay showed that Albastro and
H-9776 contained the lowest concentrations of phenolics, fol-
lowed by H-9997 and Guadiva. The varieties that possessed the
highest concentrations were H-9661, Elegy, and Malva for the
F-C assay.
A similar trend was observed in the TEAC results. The lowest

hydrophilic antioxidant capacities were determined for Albastro
and H-9776, followed by H-9997 and Guadiva. H-9661 con-
tained the highest antioxidant capacity with Elegy ranked second,
followed by Malva. No significant changes (P > 0.05) in TP
content and hydrophilic antioxidant capacity were observed over

the two consecutive years, 2008 and 2009. This data indicates
that the TP and hydrophilic antioxidant content of tomatoes was
mainly influenced by varietal factors rather than environmental
conditions or year changes.
Quantification of Individual Polyphenols in Tomato Sam-

ples. The most abundant polyphenols in tomato varieties are
quantified in Table 3. The statistically significant differences
found between the varieties for each compound analyzed were
highlighted with different superindexes. An HPLC chromato-
gram of the crude extract of the H-9661 variety, including the
identification of each peak, is shown in Figure 1.
The main polyphenol in all the varieties was rutin (m/z

609f300), present at levels ranging between 0.79 and 21.80 μg/
g FW, followed by naringenin (m/z 271f151), which was found at
levels between 0.50 and 6.90 μg/g FW. The variety with the highest
levels of individual polyphenols was H-9661, followed by Elegy and
Malva, and this was reflected in the analysis of total phenolics and
hydrophilic antioxidant capacity as well.
Hydroxycinnamic acids were mainly represented by ferulic acid

(m/z 193f134) in H-9661, H-9776, Albastro, and Elegy, with
chlorogenic acid (m/z 353f191), caffeic acid (m/z 179f135),
and caffeic acid-O-hexoside (m/z 341f179) present in all the
varieties. Chlorogenic acid levels were similar in all the varieties,
whereas the amounts of caffeic and caffeic acid-O-hexoside were
higher in H-9661, Elegy, and Guadiva. Ferulic acid was particu-
larly high in H-9661, whereas in other varieties, this hydroxycin-
namic acid was below the limit of quantification.
Regarding the family of phenolic acids, the main compound

was gallic acid (m/z 169f125) in Albastro and Elegy, followed
by protocatechuic acid (m/z 153f109) inMalva andH-9661. In
some varieties, gallic and protocatechuic acids were below the
detection level.

Table 2. Total Polyphenols (mg GAE/100g FW) and Hydrophilic Antioxidant Capacity (mmol TE/100g FW) of the Seven
Varieties (Mean ( SD), Malva, H-9661, H-9776, H-9997, Albastro, Guadiva, and Elegy, Investigated in this Study over 2008
and 2009a

total polyphenols (mg GAE/100 g FW) hydrophilic antioxidant capacity (mmol TE/100 g FW)

Malva 10.04( 0.30 e 1.79( 0.10 e

H-9661 13.32( 0.70 g 2.80( 0.20 g

H-9776 8.64( 0.20 b 1.29 ( 0.10 b

H-9997 9.01( 0.40 c 1.40( 0.10 c

Albastro 8.60( 0.30 a 1.25( 0.09 a

Guadiva 9.06( 0.20 d 1.63( 0.08 d

Elegy 12.69 ( 0.40 f 1.98( 0.10 f
aDifferent letters in the columns represent statistically significant differences (P < 0.05). SD, standard deviation; GAE, gallic acid equivalent; FW, fresh
weight; TE, Trolox equivalent

Table 3. Quantification of Individual Polyphenols (Mean ( SD) Described in the Literature21,37 for Seven Varieties, Malva,
H-9661, H-9776, H-9997, Albastro, Guadiva, and Elegy, Expressed as μg/g FW over 2008 and 2009a

ferulic
acid

chlorogenic
acid

caffeic
acid

caffeic acid-
O-hexoside quercetin rutin

protocatechuic
acid

gallic
acid naringenin

kaempferol-
3-O-glucoside

Malva BQL 0.36 ( 0.01 a 0.68 ( 0.01 c 0.26 ( 0.01 a 0.73 ( 0.02 f 19.79 ( 0.77 e 0.20 ( 0.02 a BQL 3.03 ( 0.21 d BQL
H-9661 0.35 ( 0.03 c 0.46 ( 0.01 c 1.02 ( 0.05 d 0.94 ( 0.04 f 0.76 ( 0.04 f 20.44 ( 0.47 e 0.46 ( 0.02 b BQL 6.90 ( 0.19 e BQL
H-9776 0.10 ( 0.05 a 0.40 ( 0.01 b 0.53 ( 0.01 a 0.32 ( 0.01 b 0.42 ( 0.01 a 2.68 ( 0.05 b BQL BQL 0.75 ( 0.04 b BQL
H-9997 BQL 0.38 ( 0.03 b 0.53 ( 0.04 a 0.47 ( 0.08 d 0.47 ( 0.04 b 4.65 ( 0.04 c BQL BQL 0.50 ( 0.01 a 0.27 ( 0.03 a
Albastro 0.20 ( 0.01 b 0.39 ( 0.02 b 0.55 ( 0.02 a 0.38 ( 0.02 c 0.63 ( 0.04 c 0.79 ( 0.06 a BQL 0.96 ( 0.04 a 1.59 ( 0.25 c BQL
Guadiva BQL 0.38 ( 0.03 b 1.25 ( 0.01 e 0.44 ( 0.06 d 0.69 ( 0.06 d 6.07 ( 0.51 d BQL BQL 1.71 ( 0.06 c BQL
Elegy 0.21 ( 0.01 b 0.40 ( 0.02 b 0.63 ( 0.01 b 0.83 ( 0.02 e 0.69 ( 0.05 d 21.80 ( 0.68 f BQL 0.93 ( 0.01 a 0.70 ( 0.01 b 0.59 ( 0.01 b

aDifferent letters in the columns represent statistically significant differences (P < 0.05). SD, standard deviation; FW, fresh weight; BQL, below
quantification limit.
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Flavonol concentration varied from one variety to another.
Flavonols were mainly characterized by quercetin (m/z 301f151)
and rutin (m/z 609f300) in all the varieties, and kaempferol-3-
O-glucoside (m/z 477f285) in H-9997 and Elegy. Quercetin
levels were similar in all the varieties, whereas the amounts
of rutin were higher in Malva, H-9661, and Elegy. Kaempferol-3-
O-glucoside reached its maximum concentration in Elegy and
H-9997.
Flavanones were mainly represented by naringenin (m/z

271f151) in all the varieties. As can be observed, the amounts
of naringenin present in H-9661 and Malva were higher than
those in other varieties.
Correlation between Tomato Compounds and Seven

Different Varieties. The ANOVA of the polyphenolic data and
hydrophilic antioxidant activity showed that there were significant
differences (P > 0.05) among the varieties (Table 3). PCA was
performed on all the samples and variables (total phenolics,
hydrophilic antioxidant activity, ferulic, chlorogenic, caffeic, caf-
feic-O-hexoside, protocatechuic, and gallic acids, and quercetin,
rutin, naringenin, and kaempferol 3-O-glucoside) and was able to
separate the tomato samples according to variety.
Two principal components (PC1 and PC2) were obtained and

accounted for 74.59% of the variability of the original data
(Figure 2). The statistical analysis for the data showed a strong
positive correlation between TP content, rutin, and ferulic and
caffeic-O-hexoside acids. Moreover, a positive correlation was
observed between protocatechuic acid and naringenin. In contrast,
ferulic and caffeic-O-hexoside acids, rutin and TP content were
weakly correlated with naringenin and caffeic and proto-
catechuic acids.
The score plot of PC1 versus PC2 from the full-data PCA

model plotted in Figure 2 describes differences between the
seven varieties of tomato. Tomato samples are gathered in seven
different groups (Figure 3). Guadiva andMalva are situated close
together in the bottom part of the plot; H-9997, Albastros and
H-9776 are situated in the left part of the score plot; whereas the
variety H-9661 appears on the right-hand side and Elegy in the
upper part of the plot. The H-9661 variety correlated well with
naringenin and protocatechuic acids, whereas the H-9997 and
H-9776 varieties scored lower values of these parameters as they
were located on the left-hand side. However, the Elegy variety
correlated well with kaempferol-3-O-glucoside and gallic acid,

although this sample scored lower values of naringenin and
caffeic and protocatechuic acids. Moreover, H-9661 and Elegy
correlated well with rutin, TP content, hydrophilic antioxidant
capacity, and caffeic-O-hexoside and ferulic acids as these vari-
eties scored the highest levels of these parameters.

’DISCUSSION

The antioxidant capacity and polyphenol content of tomatoes
are greatly affected by both the ripening stage and part of the
fruit;22,23 therefore, in our experiment tomato fruits were har-
vested at the same degree of ripeness (4.3-5�Brix). Since 98% of
total flavonols occur in the skin, tomato types with different fruit
size and thus different skin-volume ratios or different skin color
are expected to have varying flavonol contents.24 However, in our
experiment, since all the varieties were normal-sized (75-80 g),
the skin-volume ratio and fruit size were not expected to be a
determining factor for the polyphenol content.

In addition, all the studied varieties were cultivated in Vegas
Bajas del Guadiana, Badajoz (Spain), in order to attenuate the
variability due to the country of origin. Analysis of cherry tomato
cv. Favorita obtained from Spain, South Africa, England, and
Scotland has shown widely varying flavonol contents of 21.5,
16.0, 3.4, and 6.6 μg/g FW, respectively, based on whole fruit
samples.25

Stewart et al.25 suggested that choice of cultivar is a major factor
contributing to the total phenol content in tomatoes when grown
under similar environmental conditions. Two normal-sized field

Figure 1. HPLC chromatogram of the crude extract of the H-9661 variety including the identification of each peak. 1:gallic acid; 2:protocatechuic acid;
3: caffeic-O-hexoside; 4: caffeic acid; 5: chlorogenic acid; 6: ferulic acid; 7: rutin; 8: kaempferol-3-O-glucoside; 9: naringenin; 10: quercetin.

Figure 2. Principal components plot of the seven varieties of tomato.
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grown tomatoes, cv.'s Bond and Havanera, grown alongside each
other in Spain, contained 10.9 and 6.6 μg/g FW of flavonols,
respectively. Therefore, to evaluate the effects of the cultivar, we
chose seven normal-sized varieties of tomato harvested at the
same degree of ripeness (4.3-5�Brix) from Vegas Bajas del
Guadiana, Badajoz (Spain): Malva, H-9661, H-9776, H-9997,
Albastro, Guadiva, and Elegy.

Total phenolic content is indicative of the amount of poly-
phenols in vegetables. The F-C method is the most commonly
used assay to analyze TP in tomatoes.26,27 However, TP content
is sometimes overvalued, as tomatoes contain reducing sub-
stances (ascorbic acid, sugars, and amino acids) that interfere
with the assay.16,28 In this work, we developed an optimized F-C
method with SPE to accurately establish the real content of TP in
tomato samples.

A prerequisite for the evaluation of the total antioxidant
contents and antioxidative capacities of tomato products is the
separation of hydrophilic and lipophilic fractions, which contain
vitamin C and polyphenols or vitamin E and carotenoids, res-
pectively. In this work, we took into account the hydrophilic
antioxidant capacity due to polyphenols and vitamin C.

Curiously, our TP content results were comparable to the
existing data. However, total polyphenol levels in tomatoes have
been overestimated until now because previously cleanup SPEwas
not assessed. Gahler et al.29 reported TPs in tomatoes, and their
results varied from 9.86 to 22.32 mg of GAE/100 g FW.Minoggio
et al.19 analyzed different polyphenol fractions of tomato cultivars
and found that the content of total phenolics varied from 4.43 to
25.84 mg GAE/100 g FW. Our data are in agreement with the
results shown by these authors. Shen et al.30 also analyzed tomato
cultivars and determined a TP content from 1.8 to 2.3 mg GAE/
100 g FW. Therefore, the tomatoes analyzed in this work from
Vegas Bajas del Guadiana had a slightly higher total phenolic
content than tomatoes analyzed in the other works.

When the hydrophilic antioxidant capacity was evaluated, our
results were within the range described by other authors. Gahler
et al.29 determined hydrophilic antioxidant capacity in tomato
fruit, and their results were 0.045 mmol TE/100 g FW, whereas
Minoggio et al.19 reported hydrophilic antioxidant capacities
from 60 to 230mmol TE/100 g FW in tomato lines and cultivars.
These results show that the hydrophilic antioxidant capacity
differs greatly between studies, probably due to the variety, stage
of ripeness, light, temperature, climatic growing conditions, or
soil characteristics of tomato fruits.31 The antioxidative effects
of the examined tomatoes correlated with the TP content, which
suggests that these bioactive components contribute significantly
to the hydrophilic antioxidant capacity of tomato fruits. Surpris-
ingly, Minoggio et al.19 found that almost all the tomato lines

they tested with low carotenoid content produced high levels
of phenolics and consequently had the strongest antioxidant
capacity.

The qualitative and quantitative determination of individual
polyphenols in foods is becoming extremely interesting in the
field of nutrition and food technology. The highest concentra-
tions of tomato polyphenols have been found in epidermal and
placental tissues.24 Stewart et al.25 measured the distribution of
flavonols in Spanish cherry tomatoes and found a flavonol
content of 25.3 μg/g FW in the whole fruits, 143.3 μg/g FW
in the peel or epidermis, and 0.12 μg/g FW in the flesh, whereas
the seed had 1.5 μg/g FW.

According to the USDA flavonoid database, red tomatoes
contain on a year average basis 15 μg/g FW of flavonoids
determined as aglycones. Naringenin (45%) is reported to be
the main flavonoid, followed by quercetin (39%), myricetin
(10%), and kaempferol (5%).24 Other studies report rutin to
be the major flavonoid in several tomato cultivars.32,33 In our
investigation, rutin (quercetin-3-O-rutinoside) was the dominant
flavonol in all the samples, followed by naringenin.

The naringenin content in these varieties fell within the range
(4.50- 9.50μg/g FW) reported byMartinez-Valverde et al.34 The
rutin content of Malva, H-9661, and Elegy was very similar to the
value (19.4 μg/g FW) found by Proteggente et al.35 Minoggio
et al.19 also reported levels of rutin between 0.7 and 23.5 μg/g FW,
and our values are in accordance with these results.

Some studies have reported quercetin and kaempferol in
tomato fruits.36,37 In our study, quercetin achieved a content of
0.76 μg/g FW in the H-9661 variety, and kaempferol-3-O-
glucoside was only detected in H-9997 and Elegy. The differing
flavonol levels in tomato fruits found in different studies are
probably due to the variety, state of ripeness, light, temperature,
climatic growing conditions, or soil.

Tomato fruits also contain hydroxycinnamic acids, which are
found as simple esters, chlorogenic acid being the most pre-
dominant.38 The concentration of this hydroxycinnamic acid
in pulp is nearly twice that in pericarp tissues.39 The chlorogenic
acid content in the varieties we studied fell within the range
(0.3-5.8 μg/g FW) reported by Minoggio et al.19 All the
varieties contained caffeic acid, and our results are in accordance
with the value (<1 μg/g FW) found by Minoggio et al.19 Ferulic
acid was also found in this work, but only in H-9661, H-9776,
Albastro, and Elegy. The variations in the content of hydro-
xycinnamic acids depend on the degree of maturity of the tomato
fruits concerned and on agricultural practices. Chlorogenic acid
appears in young fruits and decreases during fruit maturity.38

Some of the varieties we analyzed also contained phenolic
acids, the most predominant being gallic acid, as described in

Figure 3. Score plot of PC1 vs PC2 of all the varieties analyzed. Varieties: 1, H-9997; 2, Guadiva; 3, Malva; 4, Albastros; 5, Elegy; 6, H-9776; 7, H-9661.
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other studies,30 with a value lower than 1 μg/g FW in Albastro
and Elegy. We also found protocatechuic acid, but only in Malva
and H-9661, and at a level close to the limit of detection.

The variables studied enabled the differentiation of H-9661,
H-9997, H-9661, Malva, Guadiva, Albastros, and Elegy. Signifi-
cant differences among the varieties were observed after applying
analysis of variance, and these were then confirmed by principal
component analysis. H-9661 and Elegy were clearly distinct from
all other varieties, while this distinction was not so clear for
Guadiva and Malva.

In conclusion, phenolic and hydroxycinnamic acids and
flavonoids, total polyphenols, and hydrophilic antioxidant capa-
city can be used as chemotaxonomic tomato markers to distin-
guish between tomatoes according to variety.

’AUTHOR INFORMATION

Corresponding Author
*Tel: þ34-934034843. Fax: þ34-934035931. E-mail: lamuela
@ub.edu.

’ACKNOWLEDGMENT

The authors would like to express their gratitude: for financial
support to CICYT (AGL2007-66638-C02, AGL2009-13906-
C02 and AGL2010-22319-C03), RETICS RD06/0045/0003
from the Spanish Ministry of Science and Innovation (MI-
CINN), Spain, CIBERobn CB06/03 (CIBERobn is an initiative
of the Instituto de Salud Carlos III, Spain) and for the samples
supplies to ‘‘CONESA’’ (CONSERVAS VEGETALES DE EX-
TREMADURA S.A.U). This work has been funded in part by the
CONSOLIDER INGENIO 2010 Programme, FUN-C-FOOD
CSD2007-063 and also by MICINN. A. V-Q received support
from MICINN.

’ABBREVIATIONS USED

F-C, Folin-Ciocalteau;; SPE, solid phase extraction; TP, total
polyphenols; LC-MS/MS, liquid chromatography coupled to mass
spectrometry in tandem mode; ABTS, 2,20azino-bis(3-ethyl-
benzothiazoline-6-sulfonic acid); PBS, phosphate-buffered
saline 5 mM; Trolox, (()-6-hydroxy- 2,5,7,8-tetramethylchro-
mane-2-carboxylic acid; GAE, mg of gallic acid equivalents; FW,
fresh weight; LOD, limit of detection; LOQ, limit of quantifica-
tion; SD, standard deviation; HPLC, high pressure liquid chro-
matography; TEAC, Trolox equivalent antioxidant capacity; TE,
Trolox equivalent; FS, full scan; CE, collision energy; PIS, pro-
duct ion scan; Prec, precursor ion scan; NL,, Neutral loss;; MRM,
multiple reaction monitoring; ANOVA, analysis of variance;
PCA, principal component analysis; PC, principal component.

’REFERENCES

(1) Borguini, R.; Torres, E. Tomatoes and tomato products as
dietary sources of antioxidants. Food Rev. Int. 2009, 25, 313–325.

(2) Agarwal, A.; Shen, H.; Agarwal, S.; Rao, A. V. Lycopene content
of tomato products: its stability, bioavailability and in vivo antioxidant
properties. J. Med. Food 2001, 4, 9–15.
(3) Giovannucci, E.; Rimm, E. B.; Liu, Y.; Stampfer, M. J.; Willett,

W. C. A prospective study of tomato products, lycopene, and prostate
cancer risk. J. Natl. Cancer Inst. 2002, 94, 391–398.
(4) Crozier, A.; Jaganath, I. B.; Clifford, M. N. Dietary phenolics:

chemistry, bioavailability and effects on health. Nat. Prod. Rep. 2009,
26, 1001–1043.

(5) Giovannucci, E. Tomatoes, tomato-based products, lycopene,
and cancer: review of the epidemiologic literature. J. Natl. Cancer Inst.
1999, 91, 317–331.

(6) Helmja, K.; Vaher, M.; Pussa, T.; Raudsepp, P.; Kaljurand, M.
Evaluation of antioxidative capability of the tomato (Solanum
lycopersicum) skin constituents by capillary electrophoresis and high-
performance liquid chromatography.Electrophoresis 2008, 29, 3980–3988.

(7) Lenucci, M. S.; Cadinu, D.; Taurino, M.; Piro, G.; Dalessandro,
G. Antioxidant composition in cherry and high-pigment tomato culti-
vars. J. Agric. Food Chem. 2006, 54, 2606–2613.

(8) Singleton, V. L.; Trousdale, E.White wine phenolics: varietal and
processing differences as shown by HPLC. Am. J. Enol. Vitic. 1983,
34, 27–34.

(9) Russo, M.; Galletti, G. C.; Bocchini, P.; Carnacini, A. Essential oil
chemical composition of wild populations of Italian oregano spice
(Origanum vulgare ssp. hirtum (Link) Ietswaart): A preliminary evalua-
tion of their use in chemotaxonomy by cluster analysis. 1. Inflorescences.
J. Agric. Food Chem. 1998, 46, 3741–3746.

(10) Romero-Perez, A. I.; Lamuela-Raventos, R. M.; Buxaderas, S.;
de la Torre-Boronat, R. C. Resveratrol and piceid as varietal markers of
white wines. J. Agric. Food Chem. 1996, 44, 1975–1978.
(11) De la Presa-Owens, C.; Lamuela-Raventos, R. M.; Buxaderas,

S.; De la Torre-Boronat, M. C. Differentiation and grouping character-
istics of varietal grape musts from Penedes region 0.1. Am. J. Enol. Vitic.
1995, 46, 283–291.

(12) Andres-Lacueva, C.; Ibern-Gomez,M.; Lamuela-Raventos, R.M.;
Buxaderas, S.; de la Torre-Boronat,M. Cinnamates and resveratrol content
for sparkling wine characterization. Am. J. Enol. Vitic. 2002, 53, 147–150.

(13) Darias-Martin, J. J.; Andres-Lacueva, C.; Diaz-Romero, C.;
Lamuela-Raventos, R. M. Phenolic profile in varietal white wines made
in the Canary Islands. Eur. Food Res.Technol. 2008, 226, 871–876.

(14) Perez-Sanchez, R.; Ubera, J. L.; La font, F.; Galvez, C. Compo-
sition and variability of the essential oil in Thymus zygis from Southern
Spain. J. Essent. Oil Res. 2008, 20, 192–200.

(15) Ferrandino, A.; Guidoni, S. Anthocyanins, flavonols and hydro-
xycinnamates: an attempt to use them to discriminate Vitis vinifera L. cv
'Barbera’ clones. Eur. Food Res.Technol. 2010, 230, 417–427.

(16) Medina-Rem�on, A.; Barrionuevo-Gonz�alez, A.; Zamora-Ros,
R.; Andres-Lacueva, C.; Estruch, R.; Martínez-Gonz�alez, M. A.; Diez-
Espino, J.; Lamuela-Raventos, R. M. Rapid Folin-Ciocalteu method
using microtiter 96-well plate cartridges for solid phase extraction to
assess urinary total phenolic compounds, as a biomarker of total
polyphenols intake. Anal. Chim. Acta 2009, 634, 54–60.

(17) Horwitz, W. Official Method of Analysis of AOAC INTERNA-
TIONAL (Appendix D), 17 th ed.; revision 2; AOAC: Gaithersburg,
Maryland, 2003, Vol. 2.

(18) Roura, E.; Andres-Lacueva, C.; Estruch, R.; Lamuela-Raventos,
R. M. Total polyphenol intake estimated by a modified Folin-Ciocalteu
assay of urine. Clin. Chem. 2006, 52, 749–752.

(19) Minoggio, M.; Bramati, L.; Simonetti, P.; Gardana, C.; Iemoli,
L.; Santangelo, E.; Mauri, P. L.; Spigno, P.; Soressi, G. P.; Pietta, P. G.
Polyphenol pattern and antioxidant activity of different tomato lines and
cultivars. Ann. Nutr. Metab. 2003, 47, 64–69.

(20) Miller, N. J.; Sampson, J.; Candeias, L. P.; Bramley, P. M.;
RiceEvans, C. A. Antioxidant activities of carotenes and xanthophylls.
FEBS Lett. 1996, 384, 240–242.

(21) Vallverd�u-Queralt, A.; J�auregui, O.; Medina-Rem�on, A.;
Andr�es-Lacueva, C.; Lamuela-Ravent�os, R. M. Improved characteriza-
tion of tomato polyphenols using liquid chromatography/electrospray
ionization linear ion trap quadrupole Orbitrap mass spectrometry and
liquid chromatography/electrospray ionization tandemmass spectrometry.
Rapid Commun. Mass Spectrom. 2010, 24, 2986–2992.

(22) Cano, A.; Acosta, M.; Arnao, M. B. Hydrophilic and lipophilic
antioxidant activity changes during on-vine ripening of tomatoes
(Lycopersicon esculentumMill.). Postharvest Biol. Technol. 2003, 28, 59–65.

(23) Dumas, Y.; Dadomo, M.; Di Lucca, G.; Grolier, P. Effects of
environmental factors and agricultural techniques on antioxidant con-
tent of tomatoes. J. Sci. Food Agric. 2003, 83, 369–382.



4001 dx.doi.org/10.1021/jf104400g |J. Agric. Food Chem. 2011, 59, 3994–4001

Journal of Agricultural and Food Chemistry ARTICLE

(24) Slimestad, R.; Fossen, T.; Verheul, M. J. The flavonoids of
tomatoes. J. Agric. Food Chem. 2008, 56, 2436–2441.
(25) Stewart, A. J.; Bozonnet, S.; Mullen, W.; Jenkins, G. I.; Lean,

M. E. J.; Crozier, A. Occurrence of flavonols in tomatoes and tomato-
based products. J. Agric. Food Chem. 2000, 48, 2663–2669.
(26) Gautier, H.; Diakou-Verdin, V.; Benard, C.; Reich, M.; Buret, M.;

Bourgaud, F.; Poessel, J. L.; Caris-Veyrat, C.; Genard, M. How does
tomato quality (sugar, acid, and nutritional quality) vary with ripening
stage, temperature, and irradiance?. J. Agric. Food Chem. 2008, 56,
1241–1250.

(27) Hussein, L.; Medina, A.; Barrionuevo, A.; Lamuela-Raventos,
R. M.; Andres-Lacueva, C. Normal distribution of urinary polyphenol
excretion among Egyptian males 7-14 years old and changes following
nutritional intervention with tomato juice (Lycopersicon esculentum). Int.
J. Food Sci. Nutr. 2008, 60, 1–10.

(28) Luthria, D. L.; Mukhopadhyay, S.; Krizek, D. T. Content of
total phenolics and phenolic acids in tomato (Lycopersicon esculentum
Mill.) fruits as influenced by cultivar and solar UV radiation. J. Food
Comp. Anal. 2006, 19, 771–777.

(29) Gahler, S.; Otto, K.; Bohm, V. Alterations of vitamin C, total
phenolics, and antioxidant capacity as affected by processing tomatoes to
different products. J. Agric. Food Chem. 2003, 51, 7962–7968.

(30) Shen, Y. C.; Chen, S. L.; Wang, C. K. Contribution of tomato
phenolics to antioxidation and down-regulation of blood lipids. J. Agric.
Food Chem. 2007, 55, 6475–6481.
(31) Herrmann, K. Flavonols and flavones in food plants: a review.

J. Food Technol. 1976, 11, 433–448.
(32) Slimestad, R.; Verheul, M. J. Seasonal variations in the level of

plant constituents in greenhouse production of cherry tomatoes. J. Agric.
Food Chem. 2005, 53, 3114–3119.
(33) Le Gall, G.; Dupont, M. S.; Mellon, F. A.; Davis, A. L.; Collins,

G. J.; Verhoeyen, M. E.; Colquhoun, I. J. Characterization and content of
flavonoid glycosides in genetically modified tomato (Lycopersicon
esculentum) fruits. J. Agric. Food Chem. 2003, 51, 2438–2446.

(34) Martinez-Valverde, I.; Periago, M. J.; Provan, G.; Chesson, A.
Phenolic compounds, lycopene and antioxidant activity in commercial
varieties of tomato (Lycopersicum esculentum). J. Sci. Food Agric. 2002,
82, 323–330.
(35) Proteggente, A. R.; Pannala, A. S.; Paganga, G.; Van, B. L.;

Wagner, E.; Wiseman, S.; Van De Put, F.; Dacombe, C.; Rice-Evans,
C. A. The antioxidant activity of regularly consumed fruit and vegetables
reflects their phenolic and vitamin C composition. Free Radical Res.
2002, 36, 217–233.
(36) Bahorun, T.; Luximon-Ramma, A.; Crozier, A.; Aruoma, O. I.

Total phenol, flavonoid, proanthocyanidin and vitamin C levels and
antioxidant activities of Mauritian vegetables. J. Sci. Food Agric. 2004,
84, 1553–1561.

(37) Slimestad, R.; Verheul, M. Review of flavonoids and other
phenolics from fruits of different tomato (Lycopersicon esculentumMill.)
cultivars. J. Sci. Food Agric. 2009, 89, 1255–1270.
(38) Fleuriet, A.; Macheix, J. J. Metabolism of hydroxycinnamic acid-

derivatives in the tomato cv cherry : 2 quinyl esters and glucose
derivatives of hydroxycinnamic acids during growth and ripening of
tomato fruit. Phytochemistry 1981, 20, 667–671.
(39) Winter, M.; Herrmann, K. Esters and glucosides of hydroxy-

cinnamic acids in vegetables. J. Agric. Food Chem. 1986, 34, 616–620.


