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ABSTRACT: The present study aims to compare the phenolic profiles of organic and conventional tomatoes bought in the
market. For the quantification and identification of individual polyphenols, liquid chromatography coupled to mass spectrometry
in tandem mode (LC-MS/MS) was carried out. Confirmation of the compounds previously identified on the triple-quadrupole
was accomplished by injection in the high-resolution system (QToF-MS). In this way, 34 compounds were identified in tomato
fruits. Recoveries of targeted polyphenols exceed 78% for conventional and organic tomatoes, respectively. The method intraday
precision ranged between 3 and 5%, whereas the interday one was below 12%. Comparing the analyses of tomatoes from
conventional and organic production systems demonstrated statistically higher levels (P < 0.05) of phenolic compounds in
organic tomatoes. This methodology allowed finding differences in the bioactive components of organic and conventional
tomatoes not previously reported.
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■ INTRODUCTION
The consumption of raw tomato is associated with a decrease
in chronic degenerative diseases.1 Tomatoes contain some
valuable bioactive components, including polyphenols.2−4 The
polyphenol content of plants is affected by cultivation, growing
conditions, degree of ripeness, and plant variety.5−9 The nutrient
composition of plants, including secondary plant metabolites,
may be affected by different production systems, such as or-
ganic and conventional.10,11 These systems differ in the amounts
of nutrients applied as fertilizers and in organic matter applied
to the soil. The synthesis of secondary plant metabolites,
proteins, and soluble solids is influenced by inorganic nitrogen
availability. Moreover, organically produced plants have a longer
ripening period because of a slower release of the supplied
nutrients compared to conventional plants,12 and as poly-
phenols are synthesized during the ripening period and the
plant synthesizes them as phytoalexins under stress conditions,
one may expect a higher content of these compounds in
organically grown plants. In previous works made with market
tomato-based products, organic ketchups and tomato juices had
a significantly higher phenolic content than conventional
alternatives.13,14 However, for these products, there is a lack
of information about which tomato varieties have been used
and if there are some differences in the technological treat-
ments applied, so it is necessary to perform a study with the
same varieties and grown under the same weather conditions,
in which the only difference is organic or conventional growth.
Grinder-Pedersen et al.15 compared conventionally produced

diets (CPD) and organically produced diets (OPD) in a human
crossover intervention study (n = 16) in terms of the intake and
excretion of five selected flavonoids and the effect on markers

of oxidative defense. The urinary excretion of quercetin and
kaempferol was higher (P < 0.05) after 22 days of intake of the
OPD than of the CPD. Therefore, the food production method
not only affected the content of the major flavonoids in foods
but also affected urinary flavonoids and markers of oxidation in
humans.
Liquid chromatography (LC) coupled to mass spectrometry

(MS) with electrospray ionization (ESI) is one of the most
powerful tools to analyze phenolic compounds. For this kind
of application, liquid chromatography electrospray ionization
time-of-flight mass spectrometry (LC-ESI-QToF) allows the
exact mass measurements of both MS and MS/MS ions to be
achieved, which is essential for the characterization of small
molecules.
We carried out a study to find phenolic profile differences

between conventional and organic tomatoes in the content
of flavonols (kaempferol-3-O-rutinoside, rutin, and quercetin),
flavanones (naringenin and naringenin-7-O-glucoside), flavones
(apigenin-7-O-glucoside), and hydroxycinnamic acids (ferulic,
p-coumaric, caffeic, and chlorogenic acids). Therefore, we pro-
pose an analytical approach to obtain the phenolic profile of
organic and conventional tomatoes. The methodology was
optimized and validated. Confirmation of the compounds was
accomplished by injection in the high-resolution system (LC-
QToF-MS) using accurate mass measurements in MS and
MS2 modes. Moreover, the combination of LC-QToF-MS and
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triple-quadrupole enabled us to identify 34 polyphenols in
tomato fruits.

■ MATERIALS AND METHODS
Standards and Reagents. All samples and standards were

handled without exposure to light. Caffeic, p-coumaric, and chloro-
genic acids, rutin, and quercetin were purchased from Sigma (Madrid,
Spain) and naringenin, naringenin-7-O-glucoside, apigenin-7-O-gluco-
side, and kaempferol-3-O-rutinoside from Extrasynthes̀e (Genay,
France). Hydrochloric acid 35% was from Panreac (Barcelona, Spain)
and anhydrous sodium acetate (2 mol/L) from Merck (Darmstadt,
Germany). Ethanol and formic acid of HPLC grade were obtained
from Scharlau (Barcelona, Spain), and ultrapure water (Milli-Q) was
from a Millipore system (Bedford, MA, USA).
Samples: Organic and Conventional Tomatoes. Organic and

conventional tomatoes (cv. Daniella) were bought in Barcelona
markets over two consecutive years, 2010 and 2011. All conventional
and organic tomatoes selected had the same degree of ripeness
(4.3−5 °Brix) and were normal-sized (75−80 g). Conventional farms
utilize fertilizers containing soluble inorganic nitrogen and other
nutrients, which are more directly available to plants. Organic systems
emphasize the accumulation of soil organic matter and fertility over
time through the use of cover crops, manures, and composts and rely
on the activity of a diverse soil ecosystem to make nitrogen (N) and
other nutrients available to plants. The amount of N present in cover
crops varies from year to year, but, typically, organic plots currently
receive between 240 and 260 kg of N ha−1 per year in addition to the N
fixed by the legume cover crop. Conventional tomatoes usually receive
50 kg ha−1 of an N−P−K starter fertilizer and 118 kg ha−1 of ammonium
nitrate as side dressing.16 Tomatoes were bought and frozen until the
analyses were carried out.
Extraction and Isolation of Phenolic Compounds. Sample

treatment was performed by duplicate, in a darkened room with a red
safety light to avoid the oxidation of the analytes during the process,
following the procedure of Vallverdu-́Queralt et al.5 with some
modifications. Tomatoes (skin, flesh, and pips) were blended to obtain
a tomato paste containing an average particle size of about 1 mm.
Then, 0.5 g of the paste was weighed and homogenized with 4 mL of
80% ethanol in Milli-Q water and centrifuged (4000 rpm at 4 °C) for
20 min. The supernatant was transferred into a flask, and the ex-
traction was repeated on the pellet with the same conditions. Both
supernatants were combined and evaporated under nitrogen flow.
Finally, the residue was reconstituted with up to 1.5 mL of Milli-Q
water containing 0.1% formic acid.
Solid-phase extraction (SPE) of these extracts was carried out

following the procedure previously reported17,18 using Oasis MAX
cartridges (30 mg) from Waters. These cartridges were selected
because they provided the highest recoveries. First, 1 mL of methanol
and subsequently 1 mL of sodium acetate (50 mmol/L, pH 7) were
loaded into the cartridges to equilibrate the cartridges; then, 1 mL of
each extract was diluted with 1 mL of Milli-Q water and acidified with
34 μL of hydrochloric acid at 35% before being loaded into the
cartridges. These were rinsed with 1 mL of 50 mmol/L sodium acetate
(pH 7) at 5% of methanol. The polyphenols were eluted with 1800 μL
of methanol containing 2% formic acid. The eluted fractions were
evaporated under nitrogen flow, and the residue was reconstituted
with up to 250 μL of water containing 0.1% formic acid and filtered
with 13 mm polytetrafluoroethylene (PTFE) 0.45 μm filters from
Waters (Milford, MA, USA) into an insert-amber vial for HPLC
analysis. Samples were stored at −20 °C until analysis.
HPLC-ESI-MS/MS Analysis. To evaluate the differences between

organic and conventional production systems, target analytes were
identified and quantified using HPLC-ESI-MS/MS. An API 3000 (PE
Sciex, Concord, ON, 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 (au); curtain gas (N2), 12 au; collision gas (N2), 4 au; focusing
potential, −200 V; entrance potential, −10 V; drying gas (N2), heated

to 400 °C and introduced to a flow rate of 6000 cm3/min. The
declustering potential and collision energy were optimized for each
compound in infusion experiments: individual standard solutions
(10 μg/mL) dissolved in 50:50 (v/v) mobile phase were infused at a
constant flow rate of 5 μL/min using a model syringe pump (Harvard
Apparatus, Holliston, MA, USA). Full-scan data acquisition was
performed scanning from m/z 100 to 800 in profile mode and using a
cycle time of 2 s with a step size of 0.1 u and a pause between each
scan of 2 ms. To confirm the identity of some compounds, neutral loss
scan and precursor ion scan experiments were carried out as described
by Vallverdu-́Queralt et al.19

For quantitative purposes, two MRM transitions were selected for
each of them, after having observed their product ion scan spectra.
Table 1 shows the two MRM transitions together with the collision

energy for polyphenols and internal standard (ethyl gallate). Each
polyphenol was identified on the basis of its retention time, two
selected MRM transitions, and their relative abundance. Quantitative
analysis was performed by means of standard addition method because
blank samples were not available.

The liquid chromatograph was an Agilent series 1100 HPLC in-
strument (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. Mobile phases consisted of 0.1% formic acid in Milli-Q water
(A) and 0.1% formic acid in acetonitrile (B). The injection volume was

Table 1. HPLC-MS/MS Parameters for Polyphenols and
Internal Standard

analyte rta
MRM

transitionb
collision
energy

chlorogenic acid 3.43 353→191 −20.00
353→179

caffeic acid 3.80 179→135 −20.00
179→107

p-coumaric acid 5.82 163→119 25.00
163→145

ferulic acid 6.00 193→134 −20.00
193→149

rutin 8.21 609→300 −50.00
609→151

kaempferol-3-O-rutinoside 9.18 593→285 −30.00
593→255

apigenin-7-O-glucoside 9.66 431→269 −20.00
431→161

naringenin-7-O-glucoside 10.70 433→271 25.00
433→151

quercetin 11.93 301→151 −30.00
301→121

naringenin 13.03 271→151 −30.00
271→119

internal standard: ethyl gallate 8.65 197→169 −20.00
art, retention time. bThe first line reports the quantifier MRM
transition and the second line the qualifier transition.
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20 μL, and the flow rate was 0.4 mL/min. Separation was carried out
in 20 min under the following conditions: 0 min, 5% B; 16 min, 40%
B; 17 min, 95% B; 19 min, 95% B; 19.5 min, 5% B. The column was
equilibrated for 5 min prior to each analysis.
HPLC-ESI-QToF Analysis. For accurate mass measurements, a

HPLC-ESI-QToF was used following the procedure of Vallverdu-́
Queralt et al.20 The chromatography was performed on an Agilent
1200 RRLC using the column and the gradient elution described
above. Flow rate was 0.4 mL/min, and injection volume was 5 μL. The
column was equilibrated for 5 min prior to each analysis. The HPLC
system was coupled to a hybrid quadrupole ToF QSTAR Elite
(ABSciex). The MS acquisition was performed in negative ionization
using IDA between m/z 90 and 1100. MS parameters were as follows:
ion spray voltage, −4200 V; declustering potential, −60 V; focusing
potential, −190 V; declustering potential 2, −15 V; ion release delay,
6 V; ion release width, 5 V; temperature, 400 °C with curtain gas (N2),
50 au; auxiliary gas, 50 au; and nebulizer gas (N2), 50 au. IDA was
performed using the following criteria: ions that exceed 5 counts; ion
tolerance, 50 mDa; collision energy, fixed at −30 V; dynamic back-
ground subtract activated. The QToF was calibrated as recommended
by the manufacturer.
The elemental composition of each polyphenol was selected

according to the accurate masses and the isotopic pattern (through
the Formula Finder feature in Analyst QS 2.0) and searched for in the
Dictionary of Natural Products (Chapman & Hall/CRC) and the
MOTO database (http://appliedbioinformatics.wur.nl/moto). The
interpretation of the observed MS/MS spectra in comparison with
those found in the literature was the main tool for putative identi-
fication of polyphenols.
Validation Method. Validation assays were performed by means

of the standard addition method. Therefore, we estimated the
unknown amount of the analytes in organic and conventional
tomatoes, and we evaluated the linear dynamic range and sensitivity
in the analysis in both organic and conventional tomatoes. Recoveries,
precisions, limits of detection (LODs), limits of quantitation (LOQs),
and stabilities were calculated after determination of the natural levels
of each polyphenol in organic and conventional tomatoes.
Standard Addition Method. Analyte quantification was

performed by the standard addition method (five points). For this
purpose, five aliquots (0.5 g each) of organic tomato and five aliquots
(0.5 g each) of conventional tomato were spiked with the same
amount of the internal standard (ethyl gallate); four aliquots of each
group were then spiked with different concentrations of phenols
(between 11.70 and 465.80 μg/g) and submitted to the extraction
process. The spiked level was chosen to increase the original content
of polyphenols in organic and conventional tomatoes by a factor
between 2 and 3.
Recovery and Precision. After a preliminary screening of the

phenolic profile in organic and conventional tomatoes, analyte
recoveries were assessed by analyzing the percentage of recovery of
each polyphenol in conventional and organic tomatoes. The samples
were spiked with four different concentrations (50, 100, 150, and
200% of expected value) of each polyphenol before extraction. The
spiked samples were extracted by triplicate and analyzed under the
previously established optimal conditions. The percentage of recovery
was calculated for each polyphenol, whereas the corresponding relative
standard deviation (RSD) was representative for intraday precision.
Interday precision was estimated as the RSD performed within three
different days.
Limits of Detection and Limits of Quantitation. The sensitivity

of the method was evaluated determining the LODs and LOQs. With
regard to the two MRM transitions, the quantifier transition was used
for quantitative purposes, whereas the confirmation transition was
used for qualitative analysis and for method limits. The LOD was
calculated as the quantity of analyte able to produce a chromatographic
peak 3 times higher than the noise of the baseline in a chromatogram
(S/N = 3) of a nonfortified sample, after having estimated the
endogenous amount. The LOQ was set at 10 times higher than the
noise of the baseline in a chromatogram (S/N = 10).21

Stability. Three aliquots with four different quantities (50, 100,
150, and 200% of expected value) were used to evaluate the short-term
temperature stability at −20 and −80 °C. The aliquots were thawed at
room temperature for 6 h (the mean sample preparation time) and
then analyzed. To evaluate the stability after successive freeze−thaw
cycles, three aliquots of each concentration (50, 100, 150, and 200% of
expected value) were stored at −20 and −80 °C for 24 h and then
thawed at room temperature up to four times over a 1 week period.
Analytes were 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 1 year). The concentrations of all the stability
samples were compared with the mean of back-calculated values for
the standards at each concentration from the first day of long-term
stability testing.

■ RESULTS AND DISCUSSION

It is well-known that the biosynthesis of phenolic compounds
in plants is strongly influenced by the cultivar5 and mode of
fertilization.22 The level of carbon-based secondary metabolites
such as phenolic compounds is usually higher in organic
plants23,24 due to their defensive role in plants under stress
conditions.25 Data on the phenolic composition of fruits and
vegetables grown either organically or conventionally remain
scarce in the literature as these compounds have only recently
been considered to be interesting functional microconstituents
due to their potential role in the prevention of cardiovascular
diseases, degenerative diseases, and cancer.26 Among papers
mentioning total phenolic content, the majority describe a
higher phenolic concentration in organically grown fruits or
vegetables.27 Our results are in accordance with these studies
because organic tomatoes showed a higher content of
polyphenols than conventional tomatoes.

Validation Results. Standard Addition Method. Linear
regression parameters are reported in Table 2. A good linearity
was verified, with all correlation coefficients exceeding 0.9907.
Slopes were very similar for curves representing organic and
conventional tomatoes, suggesting a comparable matrix effect.
LODs and LOQs are also shown in Table 2. The noise level
depended on the matrix and, therefore, the same analyte was
characterized by different LODs and LOQs in organic and
conventional tomatoes. The LODs varied between 0.13 and
0.66 μg/g fresh weight (FW) for conventional tomatoes and
between 0.18 and 0.61 μg/g FW for organic tomatoes. The
LOQs ranged between 0.43 and 2.20 μg/g FW for conventional
tomatoes and between 0.60 and 2.04 μg/g FW for organic
tomatoes.

Recovery and Precision. After a preliminary determination
of the polyphenol content in organic and conventional
tomatoes, Table 3 reports the definitive values of the estimated
quantities by the standard addition, recoveries, and precision
data in organically and conventionally grown tomatoes. Recoveries
ranged between 78 and 98%, and intraday and interday precisions
were less than 5 and 11%, respectively, for all of the analytes. For
the values analyzed, recovery and precision were between the
accepted values of AOAC International.21

Stability. Freeze and thaw cycles did not significantly modify
the polyphenol concentration at either temperature tested;
polyphenol recoveries were between 85 and 98% at −80 °C
and between 81 and 97% at −20 °C. For short-term stability,
the recoveries of polyphenols were between 80 and 98% at −20 °C
and between 78 and 94% when the temperature was −80 °C.
Long-term storage at −20 and −80 °C did not affect the
polyphenol recoveries. They were between 75 and 91% after

Journal of Agricultural and Food Chemistry Article

dx.doi.org/10.1021/jf204702f | J. Agric. Food Chem. 2012, 60, 3373−33803375



1 year, at both temperatures. Therefore, the storage conditions
used for the assays allowed the phenols to remain stable.
Application of the Method for the Analysis of

Conventional and Organic Tomatoes. The results
concerning the quantitative determination of the target poly-
phenols are summarized in Table 3, whereas those related to
the screening of polyphenols (hydroxycinnamic acids, flavonols,
flavanones, flavones, and their derivatives) are given in Table 4.
To avoid the effect of water evaporation and concentration of
solids taking place on the quantification, the estimated values
were expressed as FW and dry weight (DW).
The main polyphenol in all tomatoes was rutin, followed

by naringenin, as reported in other studies.5,28 Rutin and
naringenin concentrations were significantly higher in
organically grown tomatoes. Chassy et al.29 found signifi-
cantly higher mean levels of soluble solids, flavonoids, total
phenolics, and ascorbic acid in organic tomatoes than in their
conventional counterparts grown in model plots over a 3 year
period. However, in their study, a complete phenolic profile
identification was not performed because only flavonoids were
identified.
Simple Phenolic Acid Derivatives. Phenolic acids and their

derivatives are widely distributed in plants. They are known to
act as antioxidants not only because of their ability to donate
hydrogen or electrons but also because of their stable radical
intermediates, which prevent the oxidation of various food
ingredients.30

The examination of the chromatograms in full scan mode on
the triple-quadrupole system revealed the presence of ferulic
(m/z 193), caffeic (m/z 179), and p-coumaric (m/z 163) acids
(Table 4). MS2 of these ions showed the deprotonated
molecule [M − H]− and the typical loss of CO2, giving [M − H
− 44]− as a characteristic ion. These results were confirmed by
injection in the high-resolution system (ToF-MS) using accurate
mass measurements and the MS2 fragmentation patterns.
Absolute differences in the levels of ferulic, caffeic, and

p-coumaric acid were found in organic and conventional tomatoes
(Table 3). Phenolic acids were higher in organic tomatoes, having
contents of 34.25 μg/g FW (380.55 μg/g DW) for p-coumaric
acid and 41.70 μg/g FW (463.33 μg/g DW) for caffeic acid,
whereas for conventional tomatoes phenolic acids ranged between
20.59 μg/g FW (257.38 μg/g DW) for p-coumaric acid and
22.88 μg/g FW (286.00 μg/g DW) for caffeic acid. We tentatively
attributed the higher concentration of phenolic acids in organic
tomatoes to mode of fertilization.22

Phenolic acid-O-hexosides were identified in ToF-MS mode
using accurate mass measurements and MS2 fragmentations

(Table 4). Caffeic acid-O-hexosides (m/z 341) were detected in
all conventional and organic tomatoes. The MS2 of m/z 341
showed a characteristic fragmentation involving cleavage of the
intact sugar [M − H − 162]− (m/z 179) and the ion
corresponding to the loss of CO2 (m/z 135).
In addition, the analysis in ToF-MS mode revealed the

presence of two homovanillic acid-O-hexosides (m/z 343) and
two coumaric acid-O-hexosides (m/z 325). The MS2 of m/z
343 and 325 showed ions corresponding to the deprotonated
molecule [M − H]−, the loss of a hexose [M − H − 162]−, and
the loss of the carboxylic group (Table 4).
The analysis in ToF-MS mode also showed the presence of

ferulic acid-O-hexoside (m/z 355). The MS2 of m/z 355
showed ions at m/z 193, 178, and 149 corresponding to the
loss of a hexose moiety [M − H − 162]− and the loss of a
methyl and acid group from the aglycone (Table 4).

Hydroxycinnamoylquinic Acid Derivatives. Preliminary
structure−activity relationship studies of cinnamic acids and
derivatives demonstrated the importance of the catechol group
in the antiradical efficacy.31 The examination of chromatograms
in full scan mode in the triple-quadrupole system of organic and
conventional tomatoes revealed a peak at m/z 353 correspond-
ing to chlorogenic acid (Table 4). Chlorogenic acid was the
most abundant hydroxycinnamic acid, ranging from 36.87 μg/g
FW (460.88 μg/g DW) in conventional tomatoes to 56.99 μg/g
FW (633.22 μg/g DW) in organic tomatoes (Table 3). These
results are in line with those reported by Caris-Veyrat et al.,32

who retrieved significantly higher concentrations of chlorogenic
acid from organic tomatoes (P < 0.05) in comparison to the
conventional variant. These results were confirmed by injection
in the ToF-MS using accurate mass measurements and the MS2

fragmentation patterns.
Neochlorogenic and cryptochlorogenic acid were also

present (Table 4). It was possible to differentiate the isomers
of chlorogenic acid by their relative intensities in MS2 spectra
according to the method cited by other authors using liquid
chromatography−tandem mass spectrometry.33 Another caf-
feoylquinic isomer acid was also detected, which might be a
stereoisomer of the neochlorogenic acid, chlorogenic acid, or
cryptochlorogenic acid as described by other authors.20,34

The analysis in ToF-MS mode also showed the presence of
two dicaffeoylquinic acid isomers (m/z 515). The MS2 of m/z
515 showed the ion [M − H − 162]− (m/z 353, corresponding
to the loss of a caffeic acid unit) and the deprotonated quinic
acid (m/z 191). Two tricaffeoylquinic acids (m/z 677) were
also identified in both varieties of tomatoes. MS2 experiments
of m/z 677 of both compounds revealed characteristic

Table 2. Method Validation Parameters: Slopes (m), Correlation Coefficients (R2) and Limits of Detection (LOD) and
Quantification (LOQ)

conventional tomatoes organic tomatoes

analyte m (103) R2 LOD (μg/g FW) LOQ (μg/g FW) m (103) R2 LOD (μg/g FW) LOQ (μg/g FW)

caffeic acid 3.50 0.9933 0.30 0.99 3.30 0.9911 0.22 0.73
chlorogenic acid 4.23 0.9943 0.26 0.88 3.60 0.9907 0.29 0.97
ferulic acid 0.78 0.9958 0.42 1.39 0.43 0.9926 0.53 1.77
p-coumaric acid 4.40 0.9934 0.28 0.94 4.08 0.9934 0.22 0.73
naringenin 2.10 0.9932 0.19 0.63 2.60 0.9918 0.20 0.67
naringenin-7-O-glucoside 2.10 0.9934 0.13 0.43 2.35 0.9958 0.18 0.60
rutin 7.30 0.9927 0.21 0.70 7.62 0.9990 0.24 0.80
quercetin 2.90 0.9919 0.66 2.20 2.35 0.9957 0.61 2.04
kaempferol-3-O-rutinoside 22.35 0.9957 0.36 1.20 25.30 0.9908 0.33 1.10
apigenin-7-O-glucoside 0.82 0.9985 0.23 0.77 0.80 0.9950 0.26 0.86
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fragmentations involving cleavage of three caffeoyl moieties for
tricaffeoylquinic acid isomers (Table 4).

Flavone Derivatives. The flavone apigenin is known to have
a number of biological functions such as possible anti-inflammatory,

Table 4. Analytes Tentatively Identified in Organic and Conventional Tomatoes

analytea rtb [M − H]− m/z ions accurate mass mDac MFd

caffeic acid-O-hexoside 1 1.43 341 179 (100), 135 (30) 341.0877 1.60 C15H18O9

caffeic acid-O-hexoside 2 1.54 341 179 (100), 135 (30) 341.0877 0.70 C15H18O9

neochlorogenic acid 1.65 353 191 (100), 179 (70), 135 (30) 353.0877 0.70 C16H18O9

caffeic acid-O-hexoside 3 2.16 341 179 (100) 341.0877 2.30 C15H18O9

homovanillic acid-O-hexoside 1 2.22 343 343 (100), 137 (70), 109 (40) 343.1034 1.10 C15H20O9

ferulic acid-O-hexoside 2.49 355 193 (60), 178 (30), 149 (100) 355.1034 2.50 C16H20O9

homovanillic acid-O-hexoside 2 2.82 343 343 (100), 137 (70), 109 (40) 343.1034 2.10 C15H20O9

caffeic acid-O-hexoside 4 2.90 341 179 (100), 135 (50) 341.0877 0.70 C15H18O9

coumaric acid-O-hexoside 1 2.99 325 163 (85), 119 (100) 325.0928 1.40 C15H18O8

coumaric acid-O-hexoside 2 3.26 325 163 (90), 119 (100) 325.0928 0.20 C15H18O8

chlorogenic acid* 3.43 353 191 (100), 179 (5) 353.0877 1.50 C16H18O9

caffeic acid* 3.80 179 135 (100), 107 (40) 179.0349 1.40 C9H8O4

cryptochlorogenic acid 4.14 353 191 (70), 173 (100), 135 (20) 353.0877 0.80 C16H18O9

naringenin-C-diglycoside 4.96 595 595 (100), 505 (35), 475 (60), 385 (50), 355 (45) 595.1667 0.70 C27H32O15

chlorogenic acid isomer 5.15 353 191 (100) 353.0877 1.00 C16H18O9

rutin-O-hexoside 5.20 771 771 (100), 609 (80), 300 (20) 771.1989 1.60 C33H40O21

p-coumaric acid* 5.82 163 163 (40), 119 (100) 163.0400 0.86 C9H8O3

ferulic acid* 6.00 193 193 (20), 178 (70), 149 (20), 134 (100) 193.0506 1.19 C10H10O4

apigenin-C-hexoside-hexoside 6.26 593 503 (10), 473 (40), 353 (10) 593.1511 0.30 C27H30O15

rutin-O-pentoside 7.66 741 741 (100), 609 (90), 300 (20) 741.1883 0.70 C32H38O20

apigenin-C-hexoside-pentoside 7.78 563 503 (10), 473 (35), 383 (15), 353 (25) 563.1406 0.90 C26H28O14

quercetin-O-dihexoside 7.90 625 463 (100), 300 (40) 625.1410 1.60 C27H30O17

rutin* 8.21 609 609 (100), 300 (40) 609.1460 0.50 C27H30O16

naringenin-C-hexoside 9.03 433 433 (30), 343 (20), 313 (40) 433.1140 0.60 C21H22O10

naringenin-O-hexoside 9.12 433 433 (10), 271 (70) 433.1140 0.10 C21H22O10

kaempferol-3-O-rutinoside* 9.18 593 593 (100), 285 (70), 255 (20) 593.1511 0.70 C27H30O15

dicaffeoylquinic acid 1 9.50 515 515 (20), 353 (100), 335 (20), 191 (45), 173 (60) 515.1194 0.10 C25H24O12

apigenin-7-O-glucoside* 9.66 431 431 (25), 269 (60), 161 (75) 431.0983 0.80 C21H20O10

dicaffeoylquinic acid 2 10.25 515 515 (25), 353 (70), 191 (100), 179 (75) 515.1194 1.60 C25H24O12

naringenin-7-O-glucoside (prunin)* 10.70 433 433 (30), 271 (100), 151 (50) 433.1140 1.10 C21H22O10

tricaffeoylquinic acid 1 11.31 677 677 (25), 515 (100), 353 (40), 191 (15) 677.1511 1.40 C34H30O15

quercetin* 11.93 301 301 (10), 151 (100) 301.0353 0.40 C15H10O7

tricaffeoylquinic acid 2 12.98 677 677 (55), 515 (100), 353 (20), 173 (15) 677.1511 1.00 C34H30O15

naringenin* 13.03 271 151 (100), 119 (70) 271.0611 1.50 C15H12O5

aThe asterisk (*) indicates comparison with standard. brt, retention time. cmDa. millidaltons of error between the mass found and the of each
polyphenol. dMF, molecular formula.

Table 3. Estimated Quantities and Recoveries (Relative Standard Deviations) of Polyphenols from Organic and Conventional
Tomatoes

conventional tomatoes organic tomatoes

analyte
estimated quantity
(μg/g FW ± SDa)

lowest spiked
levelb

recoveryc ±
SD

RSDd

(%)
estimated quantity
(μg/g FW ± SD)

lowest
spiked level recovery ± SD

RSD
(%)

caffeic acid 22.88 ± 0.45 46.60 98.40 ± 3.22 3.27 41.70 ± 0.81 93.16 97.04 ± 2.95 3.05
chlorogenic acid 36.87 ± 0.61 69.90 96.23 ± 2.89 3.00 56.99 ± 0.90 116.50 96.12 ± 3.10 3.23
ferulic acid 21.69 ± 0.40 69.90 94.15 ± 4.49 4.77 35.11 ± 0.63 69.90 96.88 ± 4.01 4.15
p-coumaric acid 20.59 ± 0.36 46.60 94.89 ± 2.87 3.02 34.25 ± 0.55 69.90 97.65 ± 2.90 2.97
naringenin 36.46 ± 0.69 116.50 85.11 ± 3.97 4.69 87.38 ± 0.98 163.00 88.10 ± 3.51 3.98
naringenin-7-O-
glucoside

7.68 ± 0.15 23.30 87.02 ± 3.14 3.58 13.91 ± 0.28 23.30 88.63 ± 3.02 3.41

rutin 119.82 ± 1.49 233.00 93.44 ± 4.72 5.05 272.75 ± 2.98 465.80 95.11 ± 4.51 4.74
quercetin 5.69 ± 0.12 11.70 77.81 ± 3.88 5.00 11.42 ± 0.18 23.30 78.20 ± 3.41 4.36
kaempferol-3-O-
rutinoside

6.03 ± 0.11 11.70 89.15 ± 3.27 3.67 12.70 ± 0.24 23.30 91.34 ± 3.02 3.31

apigenin-7-O-
glucoside

28.28 ± 0.63 46.60 91.05 ± 2.65 2.90 31.63 ± 0.52 46.60 93.54 ± 2.87 3.07

aSD, standard deviation. bThe lowest spiked level (50%) was applied for doubling or tripling the endogenous concentration of each compound.
cMean recovery of all spiked levels (50, 100, 150, and 200%). dRSD, relative standard deviation.
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cytotoxic, and free radical scavenging properties. Studies of
human malignant cancer cell lines have shown that apigenin
inhibits cancer cell growth via apoptosis.35 The analysis in full
scan mode in the triple-quadrupole system showed the
presence of apigenin 7-O-glucoside (m/z 431). The product
ion scan of m/z 431 showed peaks at m/z 269 and 151, which
were attributed to the loss of a glucose moiety [M − H − 162]−

and to the ion corresponding to retro-Diels−Alder (RDA)
fragmentation, as described by other authors.36,37 These results
were confirmed by injection in the ToF-MS using accurate
mass measurements and the MS2 fragmentation patterns
(Table 4). The smallest differences between organic and con-
ventional tomatoes were shown for apigenin-7-O-glucoside.
Levels of apigenin-7-O-glucoside were higher in organic
tomatoes than in conventional ones. However, the differences
were not so pronounced as in the case of phenolic and hydro-
xycinnamoylquinic acid derivatives. Organic tomatoes contained
31.63 μg/g FW (351.44 μg/g DW) apigenin-7-O-glucoside,
whereas conventional tomatoes contained 28.28 μg/g FW
(353.50 μg/g DW) (Table 3).
Apigenin-C-hexoside-pentoside (m/z 563) and apigenin-C-

hexoside-hexoside (m/z 593) were tentatively identified in
ToF-MS mode in conventional and organic tomatoes. The
product ion scan of C-diglycosides revealed characteristic losses
of 60, 90, and 120 u corresponding to cross-ring cleavages in
the sugar unit (Table 4). Apigenin-C-hexoside-hexoside and
apigenin-C-hexoside-pentoside could be distinguished by the
presence of the ion [M − H − 60]− according to the method
cited by other authors.20,38

Flavanone Derivatives. The chromatograms in the triple-
quadrupole revealed the presence of naringenin (m/z 271). It
was identified by comparing their retention times with their
reference substance. These results were confirmed by injection
in the high-resolution system (ToF-MS) using accurate mass
measurements and the MS2 fragmentation patterns (Table 4).
Naringenin has been identified as one of the major polyphenols
in tomatoes. A recent study demonstrated that subchronic
administration of flavanones significantly attenuated the loss of
dopaminergic neurons in the substantia nigra pars compacta
(SNpc) and the decrease in striatal dopamine (DA) con-
centrations. This suggests that these compounds may be
considered as potential candidates for a dietary supplement in
the treatment of Parkinson’s disease.39

Two naringenin-O-hexosides (m/z 433) and one naringenin-
C-hexoside (m/z 433) were tentatively identified in the ToF-
MS mode (Table 4). The MS2 mass spectrum of m/z 433,
which has been assigned to O-substitution, showed an ion at m/
z 271 corresponding to the loss of a hexoside moiety [M − H
− 162],− whereas the product ion scan of naringenin-C-
hexoside revealed characteristic losses of 90 and 120 u from m/
z 433 corresponding to cross-ring cleavages in the sugar unit.
Both naringenin and naringenin-7-O-glucoside (prunin) were

higher in organic tomatoes (Table 3). Naringenin levels were
36.46 μg/g FW (455.75 μg/g DW) in conventional tomatoes
and 87.38 μg/g FW (970.88 μg/g DW) in organic tomatoes,
whereas levels of naringenin-7-O-glucoside varied from 7.68 μg/g
FW (96.00 μg/g DW) in conventional to 13.91 μg/g FW
(154.56 μg/g DW) in organic tomatoes.
Moreover, a peak showing m/z 595 could be attributed to

naringenin-C-diglycoside (Table 4). The MS2 of this ion
displayed losses of 90 and 120 u from m/z 595 and 475,
respectively, which confirmed the presence of two hexose
(glucose or galactose) units.

Flavonol Derivatives. The examination of the chromato-
grams in the triple-quadrupole in MS mode of organic and
conventional tomatoes revealed the presence of some peaks
at m/z 609, 593, and 301 corresponding to rutin, kaempferol-3-
O-rutinoside, and quercetin, respectively. These results were
confirmed by injection in the high-resolution system (ToF-MS)
(Table 4). The MS2 of m/z 609 and 593 showed peaks cor-
responding to the deprotonated molecule [M − H]− and the
loss of the rutinoside unit, [M − H − 308]−. Flavonol aglycons
such as quercetin gave as a characteristic ion the deprotonated
molecule [M − H]− and ions corresponding to RDA frag-
mentation.
The organic tomatoes had higher levels of rutin, 272.75 μg/g

FW (3030.56 μg/g DW), than the conventional ones, 119.82 μg/g
FW (1497.75 μg/g DW). Similarly, the rates of quercetin
and kaempferol-3-O-rutinoside were much lower in the
conventionally produced tomatoes (Table 3). Mitchell et al.40

described results in line with our study, reporting that the mean
levels of the flavonoids quercetin and kaempferol were
significantly higher (P < 0.001) in tomato samples from the
organic cropping system than in those produced convention-
ally. They suggested that there is a significant difference be-
tween the two systems in the amount of flavonoids occurring in
ripe fruit at harvest. Therefore, different food cultivation
methods may result in differences in the content of secondary
metabolites such as polyphenol compounds, and such an
increase may have health-related effects because polyphenols
increase significantly after organic food consumption.
The analysis in the ToF-MS confirmed the presence of rutin-

O-hexoside (m/z 771) and rutin-O-pentoside (m/z 741) in
both conventional and organic tomatoes (Table 4). The MS2

mass spectrum of m/z 771 showed peaks at m/z 609 and 300
corresponding to the loss of a hexoside [M − H − 162]− and to
the radical anion of the aglycone (m/z 300) as described in
other studies using a triple-quadrupole mass spectrometer.19,41

The MS2 mass spectrum of m/z 741 was assessed, showing
peaks at m/z 609 and 300 corresponding to the loss of a
pentoside [M − H − 132]− and to the radical anion of the
aglycone (m/z 300).
In addition, quercetin-O-dihexoside (m/z 625) was also

identified in the ToF-MS (Table 4). The MS2 of m/z 625
showed ions at m/z 463 and 300 corresponding to the loss of
one hexoside unit and two hexoside units, respectively.
A number of studies have addressed the question of whether

agricultural chemicals and other agricultural methods including
organic farming affect nutrient content. The question is still
unresolved. When plants are grown with artificial nutrients,
they are supposed to lose their natural defense mechanisms.
This may result in reduced disease resistance and diluted
contents of minerals, vitamins, and defense-related secondary
metabolites, which are considered beneficial for human health.
In the present study the growing conditions of tomatoes
(conventional versus organic) affected the content of phenolic
compounds of these vegetables. The organically produced
tomatoes displayed a higher phytochemical concentration than
conventionally produced tomatoes. Thus, vegetable and fruit
products grown in organic agriculture would be expected to be
more health-promoting than those produced conventionally.
The LC-MS-MS method was completely validated, providing a
sensitive analysis for polyphenol detection and showing
satisfactory data for all parameters tested. Good results were
obtained with respect to linearity and recovery as well as an
excellent level of precision.
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