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Several studies have shown that tomato (Solanum lycopersicum) is an excellent source of antioxidant
compounds such as lycopene and other carotenoids. More recent studies have revealed the presence of
different polyphenolic compounds in the skin of this fruit, such as resveratrol, quercetin and rutin, which
have shown positive effects in the prevention and treatment of some types of cancer, such as colon, stomach
and prostate cancer. The present study identified the main polyphenolic compounds in three tomato cultivars
(Saladet, Bola and Cherry) harvested in Mexico. Physicochemical properties showed that samples were of
optimal quality, and antioxidant activity was found to be highest in the skin of the tomatoes, regardless of the
variety or geographical origin. Fruits from the Cherry cultivar showed the highest concentration of phenolic
compounds (98.59 mg GAE/100 g), with an antioxidant activity of 234 um TE/100 g. Chlorogenic acid,
rutin, naringin, resveratrol and quercetin were identified by HPLC-RP in the skin and seeds of Mexican
tomatoes, and their concentrations depend on the variety and geographical origin of the fruits.
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INTRODUCTION

Worldwide, non-infectious diseases (cancer, chronic
respiratory diseases and diabetes mellitus) are currently
the main cause of mortality (63%) (Cause-specific mortality,
2009). Given the above, five main risk factors have been
identified: high blood pressure, high cholesterol levels,
obesity, physical inactivity, and insufficient intake of fruits
and vegetabl es (World Health Organization, 2009). As such,
the World Health Organization (GINA/OMS, 2010)
promotes an increase in the intake of fruits and vegetables
for the prevention of disease, since these foods arerichin
vitamins, essential micronutrients, fiber, vegetable proteins
and phytochemicals, being an essentia part of a healthy
diet (Boeinget al., 2006).

One of the vegetabl es considered an excellent source of

antioxidant compounds, such aslycopene, istomato (Vitale
et al., 2010). Recent studies have shown the presence of
polyphenolic compounds — e.g., chlorogenic acid, rutin,
naringin, resveratrol, quercetin — in both the skin and the
seeds of this fruit (Ragab et al., 2006). Polyphenols have
been demonstrated to aid in the treatment of some chronic
diseases such as colon, stomach and prostate cancer (Liu
et al., 2008). They also help regulate LDL cholesterol in
cardiovascular disease (Saleem et al., 2005) and insulin
concentrationin diabetesmellitus (Bravo, 1998).

Lycopene is the most abundant and studied antioxidant
in tomato (Slimestad and Verheul, 2009). Severa studies
were conducted to identify other phytochemicals, and these
studies led to innovations in the fruit, such as transgenic
tomatoes with increased levels of resveratrol and other
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phytonutrients (Paradiso et al., 2013) to improve the
characteristicsof thefruit. These bioactive compoundshave
been quantified in several foods of vegetable origin, such
asgrape, peanuts, nutsand wine (Wu et al., 2013; Rosales-
Martinez et al., 2014; and Acufa-Avilaet al., 2016).

Onthe other hand, production of tomatoesin Mexicois
avery important horticultural activity, and this country is
the main producer worldwide, mostly exporting to Canada
and the United States (SAGARPA, 2010; and Rios et al.,
2014). However, inthe last few years, tomato overproduction
has caused considerable waste of crops and therefore of
bioactive compounds (SAGARPA, 2010; and Bagtida, 2012).

In the present study, antioxidant compounds other than
lycopene, such as chlorogenic acid, rutin, naringin,
resveratrol and quercetin, were analyzed and quantified in
threetomato cultivarsfrom Mexico, with theaim of proposing
the use of surplus fruit as a source of phytochemicals to
produce functional foods.

MATERIALS AND METHODS.

Raw Material

Threetypes of tomato (Solanum lycopersicum) at different
ripening stages were collected in thefield: Saladet, Cherry
and Bola. The harvest datesfor each region were asfollows:
San LuisPotosi, June 16, 2013; Estado de M éxico, September
18, 2013. Cherry tomato samples were obtained from a
greenhousein each region in October 2012. All the samples
weretransported under refrigeration to thelaboratory, where
they were selected and washed. The fruits were stored at
room temperature until they reached the “Red” maturation
stage as specified by the Official Mexican Standard, which
establishesthat over 90% of the surface of the fruit must be
redincolor (NMX-FF-031-1997-SCFl, 1997).

Sample Preparation

Thefruitswere separated into three different fractions: skin,
pulp and seeds. The pericarp (skin) was carefully detached
from the pulp manually, and its thicknessranged from 0.15
t0 0.25 mm. The seedswere separated fromthe locules, and
the mucilage was removed using a strainer. Pulp was the
remaining fraction of the tomatoes after these operations.
Finally, 18 samplesof thethreedifferent fractionsfrom each
variety and geographical origin were obtained and stored
at -20 °Cindark glassflasks until analysis.

Physicochemical Parameters
The percentage of moisture was measured according to

(AOAC, 1975). Tota evaporation of water from the whole
fruit, pericarp and seedswascarried outin aBINDER stove
at 110 °C until constant weight was reached (3 h).

The acidity of the juice from the tomato pulp was
measured by volumetric titration using 0.01 N NaOH
according to (NMX-F-102-S, 1978). Thetotal acidity was
calculated in terms of the predominant acid, in this case
citric acid, according to equation 1:

(P—T)«N+P Eq.= V=100

Mm=a

04 citric acid =

(1)

where P=volume of 0.01 N NaOH (mL) used inthetitration
of thesample; T =volumeof 0.01 N NaOH (mL) usedinthe
titration of the blank; N = normality of NaOH (meg/ml); PEq
=equivalent massof citric acid (0.064 g/meq); V = calibrated
volume (mL); m = massof the sample(g); a=aliquot (mL).

The pH of every sample of fresh tomato juice was
measuring using apH 21 HANNA potentiometer, according
to the Official Mexican Standard (NMX-F-317-S, 1978).
Relative density was measured with a pycnometer (NM X-
V-032-S, 1980). The soluble solids (°Brix) were measured
using an ATAGO “Abbe” refractometer according to (NMX-
F-103, 1982), quantifying the percentage of solidsdissolved
infreshly extracted tomato juice.

Methanol Extraction of Phenolic
Compounds

Soluble phenols were extracted from fresh skin, pulp and
seeds according to the method described by Singleton and
Rossi (1965) with some modifications. Two grams of sample
were weighed and mixed with 10 mL of methanol solution
(100%) and stirred for 24 hinthe dark at room temperature.
The solution was filtered under vacuum using Whatman
number 5 filter paper. The extractions were performed in
triplicate. The extract was stored in a freezer for no more
than four days before analysis.

Total Phenols (TP)

The total phenol contents were quantified following the
method of Singleton and Rossi (1965). One hundred
microliters of the polyphenolic extract and 100 uL of Folin-
Ciocalteu reagent were mixed and maintained inthe dark for
3 minat roomtemperature; afterwards, 2 mL of a5% sodium
bicarbonate solution and 2.8 mL of digtilled water were added
to obtain afinal volume of 5mL, and the mix waskept for 1
h in the dark at room temperature. Then, absorbance was
measured at 725 nm using 100% methanol as a standard.
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The TP contents of samples were obtained by comparison
with astandard calibration curve prepared using gallic acid
in concentrations of 0to 500 pg/mL., with R?= 0.9945.

Antioxidant Capacity

Antioxidant capacity was determined by chelation of the
stableradical 2,2-diphenyl-1-picrylhydrazyl (DPPH) (Brand-
Williamsetal., 1995). A 0.1-mL aliquot of themethanol extract
of each sample was mixed with 3.9 mL of a 0.004% (w/v)
DPPH methanol solution. Absorbance of DPPH was
immediately measured at 517 nm. Sampleswereleft to react
with DPPH for 30 min the dark, and then the absorbance
was measured using pure methanol as the blank. The
percentage of inhibition compared to theinitial absorbance
of the DPPH-methanol solution was expressed as equivalent
Hmoles of 6-hydroxy-2, 5, 7, 8-tetramethylchromane-2-
carboxylic acid (TROLOX) per 100 g of fresh sample
(molesTE/100 g mf). A reference curvewas made, including
the regression equation relating the concentration of
TROLOKX to the inhibition percentage for each methanol
solution. The percentage of discoloration of DPPH was
calculated according to (Equation 2).

Absorbance of blank — Absorbance of sample
Absorbance of blank

*100
(2
Analysis of Phenolic Compounds by HPLC

Percentage of inhibition =

This procedure was carried out according to the method of
Nicoletti et al. (2007) with some modifications. Before the
analysis, themethanol extracts described above werefiltered
with nylon syringe filters (0.45 um in diameter). For the
separation of Individual Phenols (1P), a Beckman-Coulter
High-Performance Liquid Chromatography (HPLC) system
was used, equipped with 168 DAD, 120 solvent modules,
manual injection in reverse Phase with Diode Arrangement
(PDA), and a controller and detector of UV/visible light.
Chromatographs showing absorbance at 280, 306, 320 nm
were obtained; these correspond to the wavelengths of
maximum absorbance for naringin, resveratrol and
chlorogenic acid respectively and 370 nm wasused for rutin
and quercetin. Separation was performed on a reversed-
phase C18 Waters Spherisorb ODS column with alength of
250 mm, adiameter of 4.6 mm, and aninternal particlesize of
5 um. The separation column was kept at atemperature of
30+ 1 °C, and theflow rate of the mobile phasewas 1 mL/
min. Phenolic compounds were separated by a gradient
obtained using amixture of 0.5% formic acid in water (Phase
A) and acetonitrile (Phase B). Both phases were filtered

using vacuum and inorganic membranefilters (0.2 umthick)
in an environment that was strictly free of lint and dust
particles. Theamount of both samplesand standardsinjected
was20 pL. Theelution programwasasfollows: 8 minlinear
gradient increasing from 10 to 18% of acetonitrile in water
acidified with formic acid at 0.5% (v/v); 2 minisocratic with
18% acetonitrile; 5minlinear gradient increasing from 18 to
25% acetonitrile; 3min linear gradient increasing from 25to
35% acetonitrile; 10 minisocratic with 35% acetonitrile; 2
min increasing the gradient to 60% acetonitrileto conclude
the elution; 5 minto return to the 10% initial condition.

Quantification of single phenolswas made according to
the external standard method, drawing HPLC standard
calibration curvesfor chlorogenic acid (5-100 mg/L), rutin
(20-160mg/L), naringin (5-20 mg/L), resveratrol (0.1-5mg/L)
and quercetin (5-35 mg/L).

Statistical Analysis

All data are reported as the mean + standard deviation of
three repetitions. A one-way analysis of variance (ANOVA)
was performed and interpreted using a lowest significant
difference of p < 0.05, followed by a Tukey test (p < 0.05).
Both analyses were made using the statistics software
Minitab version 16.

RESULTS AND DISCUSSION.

Physicochemical Parameters

Table 1 showsthe physicochemical parametersof thethree
selected tomato varieties. Cherry presented the highest
value for acidity, followed by Saladet and Bola. All are
within the acidity intervalsreported by Nuez et al. (2001)
of 0.3-0.4% and by Zambrano et al. (1996) of 0.20-0.40%. It
has been reported that acidity decreases significantly as
the fruit ripens, due to the degradation of polymeric
carbohydrates (starch, pectic compounds and
hemicellulose), increasing the concentration of
monosaccharides. The differences between samples are
dueto the variety and origin (Zambrano et al., 1996). The
mean pH valueswere 3.92, 4.34 and 4.44 for Cherry, Saladet
and Bola, respectively. These values are also within the
intervals of 4-4.6 reported by Guzman (2004) and 4.34-4.36
reported by Odriozola et al. (2008) in tomatoes from the
varieties Rambo, Durinta, Bodar, Pitenza, Cencara and
Bola. Nuez et al. (2001) reported pH values of 4.2 and 4.4
intomato pulp, aswell as4.5 °Brix, which are similar to the
values observed in the present study. Zambrano et al.
(1996) reported values of 4.4-4.9 °Brix and mentioned a
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Table1: Physical-Chemical Propertiesof Tomato Juice(M ean + Sandard Deviation, n=3)
Variety/Region | Titratable Acidity (Citric Acid% ) pH Soluble Solids (°Brix) | Relative Density (g/mL)
Cherry
San Luis Potosi 0.35+0.02 3.80+0.04° 3.7+ 005 1.017 + 0.0016°
Edomex 0.33+0.01® 4,03+ 0.05° 38+ 004 1.005 + 0.0230°
Saladet

San Luis Potosi 0.28+0.02° 439+ 0.01% 45+001° 1.023 + 0,0002°°

Edomex 0.22+ 0.0 428+ 0,01° 48+024° 1.025 + 0.0012%°
Bola

San Luis Potosi 0.21+0.01° 442 +0.01% 57+0.21% 1.051 + 0.0068%
Edomex 0.19+0.01° 4.46 + 0.01% 5.6+ 0.08° 1.057 + 0.0010°

Note: #>¢ Different letters in the same column indicate significant difference (Tukey method) (p<0.05).

significant increase in soluble solids during the ripening
of the fruit.

Therelativedensitiesof tomato juice (1.0196-1.0288) from
Saladet and Bola are within theinterval established by the
Mexican Official Standards, unlike Cherry, which showed a
lower relative density, probably dueto thelower content of
soluble solids of this variety, as indicated by a low Brix
value.

All physicochemical values agree with those reported
by the National Medical Sciences and Nutrition Institute
Salvador Zubirdn (INCMNSZ) in Mexico (Mufioz et al.,
2010), aswell as(FAO, 1985), indicating that theraw materias
selected for the present study had good quality and were at
the optimal ripening stage.

Moisture contents in the three cultivars were 90.47 +
1.13 and 95.93 + 0.09%, agreeing with the values reported
by Mufioz et al. (2010) from INCMNSZ and FAO (1985),
who reported values of 92.8 and 94.2%, respectively; as
well as Guil-Guerrero and Reboll oso-Fuentes (2009), who
studied eight cultivars from Spain and reported moisture
contents of 92.5-96%. Values may vary according to the
climatic conditions, ripening stage and cultivar. The
percentages of moisture for tomato skin sampleswere 83.48
+1.13and 89.53 + 0.83%; for seeds, these valueswere 82.99
+0.28 and 89.20 + 0.01%; which are lower thosereported by
Toor and Savage (2005), who ohserved va ues between 94.33
+ 0.1% and 93.67 + 0.12% in skin and seeds, respectively.
Differences in skin values may be due to thickness, since
this parameter varies considerably according to the peeling

method (with hands or using a knife). In the study by Toor
and Savage (2005), no peeling method or thickness is
mentioned.

Total Phenolic Compounds

Figure 1 shows the results obtained for content of total
phenols in each cultivar, fraction and region. Analyses of
total phenolic compounds, antioxidant activities and
individual phenolswere carried out only in skin and seeds,
since preliminary tests showed very low valuesin the pulp.
Theresultsare discussed by fraction, cultivar and region of
origin, asfollows.

Fraction. A significantly higher content (p < 0.05) of
phenolic compounds was observed in the skin than in the
seeds, regardless of the cultivar or geographic origin (Figure
1). Values from the present study were higher than those
reported by Toor and Savage (2005) (skin 26.9 to 30.3 mg
GAE/100 g and seeds 15.8 to 28.8 mg GAE/100 g) for three
tomato cultivars. Navarro et al. (2011) reported a higher
content of phenolic compounds in tomato skin (158.10 +
7.70 mg GAE/100 g); however, this study does not specify
skin thickness or whether the sampleisfresh or dried. Strack
(1997) notes that the highest value observed in the skin
may be due to stress suffered by the plant, which may be
biotic or abiotic, such as UV rays, pesticides, pathogens
and predators. Such stress triggers defense mechanismsin
the form of synthesis of secondary metabolites, such as
phenolic compounds. These tend to accumulate in the
external parts of the plant to protect the seeds, whose main
function is to originate a new plant. Therefore, a higher
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Figure1: Total Phenolic Compoundsin M exican Tomato, M ean + Sandard Deviation,n=3
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Note: * GAE, Gallic acid equivalents in 100 grams fresh sample. a, b, ¢ Different letters between the same fraction and region indicate
significant difference with respect to the variety. * ** Different signs in the same variety and fraction indicate significant difference
with respect to the region. Determined by Tukey method (p<0.05).

concentration of phenols is found in the skin than in the
pulp.

Cultivar

Cherry showed the highest phenolic content, followed by
Saladet and Bola. Differences proved to be significantly (p
<0.05) (Figure2). Cherry may suffer greater stressto adapt
to the environment that the other varieties, since it is
obtained by artificial selection on traditional tomatoes
planted outdoors. This leads to the production of more
secondary metabolites as an adaptation mechanism; among
these are phenolic compounds.

Toor and Savage (2005) report values of 30.3 mg GAE/
100 gintheskin and 28.8 mg GAE/100 g in the seeds, which
aresignificantly lower to those obtained in the present study
for the skin and similar for the seeds. For Bola, the same
authorsfound valuesof 30.3mg GAE/100ginskinand 15.8
mg GAE/100 g in seeds, both significantly higher than those
from the present study. The same authors reported a total
phenol content of 26.9 mg GAE/100 g in fresh Cherry skin

and 21.6 mg GAE/100 g in seeds of the same sampl e, values
significantly lower than those of the present study.

Geographic Origin

Samples of the three cultivars obtained in the State of San
Luis Potosi showed higher contents of total phenolic
compounds in both fractions. These differences may be due
to climate and soil conditions, as mentioned by Elbradawy
and Sdllo (2016). Tomatoisaplant better adapted to semi-arid
climates such as the region of San Luis Potosi, where soils
arerichin clay and salts and contribute to the activation of
defense mechanisms. In contrast, climate conditions in the
State of México offer lesssaline soilswithamorealkalinepH
and higher relative humidity. Thisprobably causesthe plants
to have a less stressful growing environment and therefore
less need to employ defense mechanisms, hence a lower
content of phenolic compounds (Mondragon, 2007).

Differencesin the contents of phenolic compounds may
be due to the cultivar, type of soil and geographic origin,
among other factors (Giuntini et al., 2005).
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Figure2: Antioxidant Activity in M exican Tomato, M ean + Sandar d Deviation,n =3
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Note: * Mmol trolox equivalents/100 g fresh sample. ab,c Different letters between the same fraction and region indicate significant
difference with respect to the variety. * ** Different signs in the same variety and fraction indicate significant difference with respect
to the region. Determined by Tukey method (p<0.05). * Values of Toor et al. (2006).

Figure 2 shows the values obtained for antioxidant ~ NorthItaly (129, 208, 271 and 166 umol TE/100 g of fresh
activitiesof thesamples. TheresultsareexpressedasTrolox ~ sample). Published work has also stated that the
Equivalents (umol TE) infreshsamplesand wereanalyzed  antioxidant activity of tomato skinis 2.5 times higher than
according to the variables of fraction, cultivar and that of pulp (George et al., 2004), due to the presence of
geographic region. As shown in Figure 2, antioxidant  different antioxidant compounds such as vitamins
activities of the samplesvary according to the cultivar, being (ascorbic acid and vitamin E), phenolic compounds
highest for Cherry, followed by Saladet and Bolasamples.  (flavonoids, phenolic acids, tannins and stilbenes), and
Tomatoes with the hlgh&Gt antioxidant activitieswerefrom carotenoids such as |ycopene and B-Carotene, among
San Luis Potosi. others, which are synthesized to protect against different
threats from the environment in which the plant develops
(Raffo et al., 2006). This may explain the need for higher
antioxidant activity in skin than in seeds. On the other
hand, Al-Wandawi et al. (1985) reported that tomato seeds
contain essential amino acids and particularly high
amounts of minerals (Fe, Mn, Znand Cu), aswell asmono-

Cherry had the highest values for antioxidant activity unsaturated fatty acids (such asoleic acid). However, other
in both skin and seeds, followed by Saladet and finaly antioxidants have not been reported, as few articles have
Bola. Ilahy et al. (2011) reported similar values for studied this fraction, even though it is relevant for total
antioxidant activitiesin four tomato varietiescultivated in antioxidant activity of tomatoes.

Fraction

A trend similar to that observed for total phenols was
observed for fraction; antioxidant activity is significantly
higher (p < 0.05) in skin than in seeds, regardless of the
variety and region.
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Cultivar

Figure 2 shows that antioxidant activity is higher (p <
0.05) in Cherry than in Saladet and Bola. Toor and Savage
(2005) observed higher antioxidant activity in Saladet (242
pumol TE/100 g of fresh sampl€) and Bola (198 umol/100 g)
than did the present work. These authors reported 197
pumol TE/100 g for Cherry samples, avalue lower than that
of our study. Differences are attributed to the contents of
ascorbic acid, total flavonoids and hydrophilic phenolic
compounds present in the skin of the fruits. Other authors
note that the antioxidant properties of tomatoes depend
greatly on lycopene content (Martinez-Valverde et al.,
2002); however, both studies agree that the concentration
of ascorbic acid plays an important role in antioxidant
activity. The variations observed for different cultivars
also depend on environmental conditions, different
substrates in the soil, genotype differences, and stress
suffered by the plant.

Geographical Region

Antioxidant activities for samples obtained in Estado de
México were lower than those for samples from San Luis
Potosi. Wang et al. (1996) and Toor et al. (2006) reported
that accumulation of antioxidant compoundsinthe pericarp
is favored under higher solar radiation and temperature
and that the highest antioxidant activities are observed
when crops are harvested during spring and summer, as
opposed to autumn and winter. The region of San Luis
Potosi favors antioxidant synthesisdueto its arid to semi-
arid environmental conditions, with higher temperatures
than Estado de México. Stewart et al. (2000) reported that
growth temperatureisrelated to the antioxidant activity of
the crops. Ingreenhouses, UV radiation isfiltered by glass
or plastic, and the plants thus produced have | ess exposure
to radiation and therefore lower antioxidant activity than
those cultivated outdoors. Evidenceindicatesthat UV light
damages plant DNA and induces the accumulation of
flavonoids and other phenolic compounds in the outer
tissues with the aim of protection against damage. It has
also been reported that tomato fruits exposed to direct
sunlight during growth contain higher levelsof carotenoids
that those growing in shaded areas (McCollum, 1954).

In addition, different studies revealed that moderate
saline stress on the soil improvestomato attributes (L uthria
etal., 2006). Wittwer and Castilla (1995) showed that sodium
chloride in soils reduces titratable acidity, potassium and
nitrogen in the fruits while increasing lycopene, b-carotene

and ascorbic acid, as well as sweetness, flavor intensity
and antioxidant capacity. The presence of saltsin the soil
reduceswater absorption by the plant and leadsto adecrease
in growth rate and productivity. This effect isrelated to the
osmotic effect produced by dissolved salts and to the
damage produced by the specific toxicity of the particular
compounds or ion excess. When large amounts of salts
enter the plant via transpiration flow, they are transported
towards the leaves, where they produce marginal burn and
evenimpair growth and productivity (Martinez et al ., 2010).
At this point, the plant begins defense mechanisms against
salts by synthesizing several compounds with antioxidant
characteristics.

Cherry samples from San Luis Potosi showed the
highest antioxidant activity (Figure 2). Raffo et al. (2006)
reported valuesof 0.170 and 0.420 mM TE/100 g for fresh
sample in two different crops of Cherry and reported that
antioxidant activity of the hydrophilic fraction is
significantly affected by genotype and treatment,
regardless of the ripening stage, due to the presence of
rutin, naringin, ascorbic acid and chlorogenic acid. The
authors also mention that the highest antioxidant activity
is found in fruits harvested during the months of March
and April. Antioxidant activity depends on several
environmental factors before and after harvest (Lenucci et
al., 2006). It has al so been documented that Cherry tomato
crops that suffered water stress showed improved sugar
levels, titratable acidity, vitamin C and antioxidant activity
(Sanchez et al., 2011). Inbrief, concentration of secondary
metabolites in tomatoes is influenced by several factors,
such ascultivar, geographic area (climate and soil), ripening
stage, time of harvest, agronomic practices (irrigation and
fertilization), and storage conditions (Leonardi et al., 2000).

Analysis of Phenolic Compounds by HPLC

Table 2 showsthe retention time obtained for each standard
injected individually. Figure 3 presents the chromatograms
of the selected standards. Figures 3 and 4 show the
chromatograms of the skin samplesfromthethree cultivars
and both geographical regions. Chromatograms for seeds
were obtained in the same manner, and only results for
Cherry are shown in Figure 5, where the five standards of
the study are identified: chlorogenic acid, rutin, naringin,
resveratrol and quercetin. Naringin wasonly found in seeds
from Cherry. The presence of different phenolic compounds,
such as chlorogenic acid, rutin and resveratrol, agreeswith
Nicoletti et al. (2007), who analyzed samples of transgenic
tomatoesand identified caffeic acid, naringerin, kaempferal,
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Table2: Phenolic CompoundsContent in M exican Tomato Fruit (M ean £ Sandard Deviation, n=3)

Poliphenal Compound (ug/100 g fm)
Fraction
Variety Region Clorogénic Acid Rutin Naringin Reswer atr ol Quercetin
Rt(min) | 7.68+0.02 15.98+0.03 | 17.02+0.02 | 20.3+0.01 | 22.04+0.03
op skin 5.80 + 0.59"° 2214+ 007 | 6842007 | 209+008° | 283+0.10°
5ol seed 7.24+0.10™ 7.98+0.10° ND 04+00%F | 275+024°
ola
skin 250+ 0.07° 1786+ 058 | 380+001° | 094+016° | 540+0.14de
EDOMEX
seed 10.33+ 0.94° ND ND 038+005° | 291+034
op skin 417+ 0.10°™ 11658 +455 | 1.79+020° | 701+094% | 1118+ 0.60°
seed 499+ 013 1478 + 0107 ND ND 501+ 0.10°
Saladet :
skin 3.37+050™ 5591+04° | 118+010 | 118+044° | 1443010
EDOMEX
seed 851+ 0.38°™ ND ND 028+0.10" | 334+010
o skin 1589+ 0.37 7049+ 1.0%° | 1540+019* | 314+010° | 1071+ 020"
on seed 1874+ 0112 817+017° 162+017 | 286+010F | 617028
erry :
skin 6.82+ 0.56° 511+166° | 498+004 | 174+027 | 6.88+0.78
EDOMEX
seed 8.84+ 0.62°° 13.85+ 0.10% ND 061+010° | 831+023

Note: * ND = Not detected. ab,c,d,e,f Different letters between the same column and fraction, indicate significant difference with respect
to the polyphenol compound. Determined by Tukey method (p<0.05). Rt (min): retention time in min. (Mean + standard deviation,
n=3).

Figure3: Separation of Polyphenolic Sandar ds, | dentification of Peaks: ChlorogenicAcid, Rutin, Naringin,
Resveratrol and Quercetin
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Figure4: Chromatogram of Tomato Skin Variety A) Bola, B) Saladet and C) Cherry
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and glycosylated trans and cis resveratrol in addition to
the phenols mentioned above.

Quantification of Phenolic Compounds in
Skin and Seeds

Table 2 shows the quantity of each phenolic compound by
cultivar and geographical origin. It can be observed that
chlorogenic acid is present in both the skin and seeds of all

the samples, with the highest values in seeds regardless of
geographical origin. Some studies demonstrated that the
concentration of this phenolic acid is related to ripening
stage, being highly concentrated in the green stage and
decreasing as color ripens, as shown by Nicoletti et al.
(2007). These authorsidentified chlorogenic acid in green
fruits (35.39 mg/kg fresh weight) but not inred fruits. Other
authors note that the highest concentration of chlorogenic
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Figure5: Chromatogram of Cherry Variety Tomato Seed
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acid intomato is found in the seeds (Manach et al., 2004),
which agrees with the present work. The lowest value of
chlorogenic acid in seeds was observed in Saladet from
San L uisPotosi, whilethe highest valuewasfound in Cherry
from San Luis Potosi.

Unlike chlorogenic acid, contents of flavonoids such as
rutin, quercetin and naringin were highest in the skin of the
fruits. Navarro et al. (2011) also reported the presence of
these flavonoids in tomato skin. Rutin was highest in the
skin of Saladet, followed by Cherry from San Luis Potosi
and Estado de México. Nicoletti et al. (2007) reported rutin
concentrations of 80.3 mg/kg of fresh weight intomato skin
from Saladet, which is higher than that of the San Luis
Potosi samples.

Naringin was mostly detected in the skin fraction, and
Cherry samples showed the highest concentration of this
flavonoid. Nicoletti et al. (2007) reported naringenin
(obtained by hydrolysis of naringin) at a concentration of
31.68 mg/kg of fresh weight in the skin of Saladet, whichis
higher than the value observed in the present study.

Regarding resveratrol, the results reveal small amounts
in both seeds and skin of most samples. Higher amounts of
this stilbene were found in the skin of the fruits from San
LuisPotosi, particularly in Saladet (7.01 £+ 0.94 ug/100 g of
fresh sample), followed by Cherry (3.14 £+ 0.10 pg/100 g)
and Bola (2.09 + 0.08 pug/100 g). It is noteworthy that the

transisomer of resveratrol isusually detected, even though
in nature, higher amounts exist in the glycosylated form.
Nicoletti et al. (2007) have studied the development of
tomatoes enriched with polyphenalic functional compounds
such asstilbenes by experimenting with genetically modified
fruits. It has been possible to increase the amount of
resveratrol in this type of transgenic tomato up to 48.48 +
0.99 mg/kg of fresh sample. However, in traditional non-
modified tomatoes, resveratrol was not found (isomer or
glycosylated). Much of the epidemiological and clinical
evidence for the prevention of diseases associated with
resveratrol comesfrom the consumption of red wine, grapes
and grape juice (Signorelli and Ghidoni, 2005; Lin et al.,
2010; and Gresele et al., 2011). Further studies on this
antioxidant are needed in other plant sources such astomato,
due to its wide availability and potential to provide
significant amountsto a larger population.

Resultsfor quercetin are shown in Table 2. The highest
concentrations of this metabolite were found in both skin
and seeds of all the samples, with the highest
concentrationsin the skin, regardless of cultivar or region.
Among these, the concentration was highest in Saladet
skin samplesfrom Estado de México (14.43+0.10 ug/100g
of fresh simple), followed by Cherry and Bola.

Regarding seeds, the lowest quercetin values were
observed in Bola samplesfrom San LuisPotosi (2.75+ 0.24
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/100 g of fresh sample), while the highest value wasfound
in Cherry (8.31 + 0.23 ug/100 g) from Estado de México.
Nicoletti et al. (2007) did not identify thisflavonoid inripe
tomato samples. It has been reported that quercetin has
antioxidant, anti-cancer, anti-inflammatory, anti-aggregatory
and vasodilation effects (Erlund, 2004).

CONCLUSION

Mexican tomatoes are an important source of antioxidant
compounds, and it isimperativeto consume the wholefruit,
since the loss of the skin and seed fractions during
processing — at home or at the industrial level — undermine
health benefits. The highest concentrations of phenolic
compounds and antioxidant activities are found in the skin
and seeds of the fruit, regardless of variety or geographic
origin. The highest phenolic concentration was found in
Cherry, followed by Saladet and Bola. Single phenolic
compounds such as chlorogenic acid, naringin, resveratrol,
rutin and quercetin were identified in samples of the three
cultivars selected in the present study, which indicates the
presence of antioxidant compounds other than lycopenein
Mexican crops. The concentrations and types of antioxidant
compounds in tomatoes depend on several factors, such as
environmental and agronomic conditions. The study of
phytonutrients from tomato may be the basis for future
projects involving technological development for the
formulation of new productswith functional characteristics.
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