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A two-year field study (2013—2014) was performed to evaluate phytochemical content
and antioxidant activity of two high-lycopene tomato breeding lines (HLT-F71 and HLT-
F72) grown under open field conditions as compared to the traditional cultivar (cv) Rio
Grande. Two open-field trials were conducted in 2013 and 2014. Three tomato cvs were
used: two high-lycopene tomato advanced breeding lines (HLT-F71 and ‘HLT-F72”) (F7
generation), and the open-pollinated cv Rio Grande commonly grown in Tunisia.
Regardless the growing years and cvs, lycopene content ranged from 98.8 to 280.0 mg/kg
fw, total phenolics from 176.1 to 831.8 mg GAE/kg fw flavonoids from 169.7 to 552.1
mg RE/kg fw and total vitamin C from 183.4 to 370.0 mg/kg fw. Significant year-to-year
variability was only detected in total phenolics and flavonoid content. No significant
year-to-year variability in antioxidant activity was detected in high-lycopene lines.
Disregarding the cv, tomato berries harvested on July 2014 had 143% - 224% higher total
phenolics and 8% to 47% higher flavonoid contents compared to tomato berries harvested
on July 2013. However, disregarding the cv, tomato berries harvested on July 2013 had
6% -17% higher lycopene and 8% -21% higher LAA compared to berries harvested on
2014. During the second growing year, the higher temperature, particularly prior to
harvest, determined a decrease in lycopene content and a significant increase in total
phenolics regardless the cv. Although the huge variability in total phenolics and the
decrease in lycopene content during the second harvest, the antioxidant activity was not
affected by year-to-year variability. This reveals consistent functional quality of these cvs
and minimal genotype*environmental conditions interaction.

Introduction

Tomato  (Solanum

lycopersicum  L.)

berries, Fernandez-Garcia 2014a, b). Consequently tomato fruits

commonly consumed in the Mediterranean diet, offer a
diverse mixture of nutrients that are essential for human
nutrition and contribute to the promotion of good health
and wellbeing. Increased consumption of fresh or
processed tomato products (canned tomatoes, sauce, juice,
ketchup, soup, etc.) is directly associated with a reduced
risk of contracting several widespread human pathologies,
including cardiovascular diseases, prostate, lung and
stomach cancers, osteoporosis and UV radiations
associated skin disorders (Erdman et al., 2009; Qu et al.,
2013; Soares et al., 2014; Fernadndez-Garcia 2014a, b).
Flavonoids, phenols, ascorbic acid (vitamin C),
tocochromanols (Vitamin E) and carotenoids, mainly
lycopene, are important bioactive molecules of ripe
tomato fruits (Lenucci et al., 2006; Ilahy et al., 2011a, b;
2015). These compounds synergizes to exert a positive
effects on human health through oxidative and still not
fully understood non-oxidative mechanisms (Erdman et
al., 2009; Soares et al., 2014; Takashima et al., 2012;

are increasingly considered as “functional food” (Ilahy et
al., 20114, b; llahy et al., 2015; Siddiqui et al., 2014).

Lycopene content represents 90% of the total
pigments in ripe tomato fruits (llahy et al., 2011a, b). In
vitro studies revealed that lycopene is 2-fold and 10-fold
more effective in quenching reactive oxygen species than
B-carotene and a-tocopherol, respectively (Di Mascio et
al.,, 1989) and has the highest Trolox Equivalent
Antioxidant Capacity (TEAC) value among all
carotenoids (Rice-Evans et al., 1997). This has stimulated
development, by conventional breeding techniques, of a
large number of new tomato lines with increased levels of
lycopene (high-lycopene tomatoes) to satisfy the
increasing demand of growers, processors and consumers
for high nutritive quality food (llahy et al., 2009; Ilahy et
al., 2016).

Different findings are reported regarding the
functional quality of high-lycopene tomato cultivars (cvs)
grown under open field conditions. Experiments
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conducted in the Mediterranean region (Tunisia, Italy and
Israel) demonstrated consistent functional quality
associated to satisfying horticulural performances
(Lenucci et al., 2006; Hdider et al., 2013; llahy et al.,
2011a, b; Levin et al., 2006). Lycopene concentration was
at least two fold higher in red-ripe high-lycopene tomato
cvs than in traditional cvs. However, experiments
conducted in other regions reported low functional quality
in recently developed tomato hybrids carrying dg genes,
known to increase considerably lycopene content
(Siddiqui et al., 2014).

These different findings may be ascribed to many
reasons; 1)most of the studies were conducted using
plants from one year of harvest and without considering
the likely diverse responses of different cvs (limited
biological variability), 2) these cvs carry light-responsive
high-pigment (hp) mutations and modulate their
photosynthetic activity accordingly, 3) the ongoing
negative effects of climate change are a relevant topic for
the Mediterranean basin which appears to be getting
warmer and drier (Giorgi and Lionello 2008). Therefore,
the aim of this study was to investigate the effect of the
year-to-year variation on the functional quality of high-
lycopene tomato advanced breeding lines (HLT-F71 and
HLT-F72) and the ordinary (Rio Grande) tomato cv
grown simultaneously under open-field condition.

Materials and methods

Plant Culture

Trials were carried out in 2013 and 2014. Three
tomato cvs were used: two high-lycopene tomato
advanced breeding lines with the assigned names HLT-
F71 and ‘HLT-F72’ (F7 generation), selected by the
National Agricultural Research Institute of Tunisia, and
the open-pollinated cv Rio Grande (Petoseed, Saticoy,
CA, USA) commonly grown in Tunisia. The high-
lycopene tomato cvs HLT-F71 and HLT-F72 have been
developed  through  conventional plant-breeding
techniques taking into account the careful selection of the
high-lycopene trait (llahy et al., 2016).

Seeds were sown on 13 February 2013 and 20
February 2014. Seedlings were transplanted in an open-
field at the National Agricultural Research Institute of
Tunisia (36°50’40.791”’N ; 10°11°13.795’E) with a
spacing of approximately 0.4 m within the row and 1.5 m
between rows, matching a density of about 16,667
plants/ha and grown to maturity. The experimental design
was a randomised complete block with three blocks
(replicates). Irrigation was applied using a drip method
with 4 L h™* drippers placed at 0.4 m intervals along the
irrigation line. Standard agronomical techniques were
used for drip irrigation, plant nutrition and pathogen
prevention as described by Ilahy et al. (2011a). For each
trial, all cvs under analysis were grown simultaneously
and subjected to identical treatments and, obviously,
environmental conditions in order to minimize the
influence of pre- and post-harvest factors, agronomic and
cultural practices, ripening stage at harvest and storage

conditions on genotype-related variability (Abushita et al.,
2000; Dumas et al., 2003; George et al., 2004).

Fruit Sampling

Tomato fruits were hand harvested randomly from the
rows and from the middle of the plant of each block at the
red-ripe stage and delivered quickly to the laboratory.
Fully ripe healthy tomato berries, homogeneous for
intense red-colour and size, blemish free were visually
selected (at least 2 kg for each cv and for each block).
Tomato fruits were cut into small pieces and
homogenized in a mixer (Waring Laboratory & Science,
Torrington, CT, US). The obtained juice was frozen at -
20°C and used to determine total carotenoids, lycopene,
total phenols, flavonoids, total vitammin C contents as
well as the HAA and LAA within less than one week, in
order to minimize the depletion of nutrients that
inevitably occurs even during frozen homogenate storage
(Phillips et al., 2010).

Analytical Procedures

Determination of lycopene content: Lycopene
extraction and determination was conducted as described
by Fish et al. (2002) on triplicate independent aliquots
(0.3 g) of the homogeneous suspension. The method uses
a mixture of hexane/ethanol/acetone (2:1:1 by vol.)
containing 0.05% butylated hydroxytoluene (BHT).
During the extraction process, some precautions were
taken, like working in a reduced luminosity room and
wrapping glass materials in aluminium foil to avoid
lycopene loss by photo-oxidation. For lycopene
quantification, the absorbance of the hexane extract was
read at 503 nm using a Cecil BioQuest CE 2501
spectrophotometer (Cecil Instruments Ltd., Cambridge,
UK). Lycopene molar extinction ¢ =17.2 10*M™cm™ in n-
hexane was used for lycopene content determination and
results were expressed as mg/kg fresh weight (fw).

Determination of total phenol content: Total phenols
were extracted as described by Martinez-Valverde et al.
(2002) on triplicate independent aliquots (0.3 g) of the
homogeneous suspension. Briefly, 5 mL of 80 % aqueous
methanol and 50 pL of 37 % HCIl were added to each
sample. The extraction was performed at 4 °C, for 2 h,
under constant shaking (300 rpm). Samples were
centrifuged at 10000 g for 15 min. The total phenols assay
was performed by using the Folin-Ciocalteu reagent as
described by Spanos and Wrolstad (1990) on triplicate 50
pL aliquots of the supernatant. The absorbance was read
at 750 nm wusing a Cecil BioQuest CE 2501
spectrophotometer (Cecil Instruments Ltd., Cambridge,
UK). The linear reading of the standard curve was from 0
to 300 pg gallic acid equivalent mL™.Results were
expressed in mg of gallic acid equivalent (GAE)/kg fw.

Determination of total flavonoid content: The total
flavonoid content was determined as described by
Zhishen et al. (1999) on ftriplicate independent aliquots
(0.3 g) of the homogeneous suspension. The resulting
methanolic extract (50 pL aliquots) was used for
determination of total flavonoids. Samples were diluted
with distilled water to a final volume of 0.5 mL, and 30
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pL of 5 % NaNO, was added. After 5 min, 60 puL of 10 %
AICIl; was added and finally 200 pL of 1 M NaOH was
added after 6 min. The absorbance was read at 510 nm in
a Cecil BioQuest CE 2501 spectrophotometer (Cecil
Instruments Ltd., Cambridge, UK). The linear reading of
the standard curve was from 0 to 250 pg rutin mL™ and
total flavonoid content was expressed as mg of rutin
equivalent (RE)/kg fw.

Total vitamin C content: Total vitamin C (AsA +
DHA) content was determined as reported by Kampfenkel
et al. (1995) on triplicate samples of the homogeneous
suspension (0.1 g). AsA and DHA were extracted using
6% metaphosphoric acid and detected at 525nmin a
spectrophotometer (Cecil BioQuest CE 2501) and
expressed in mg/kg fw. The linear reading of the standard
curve was from 0 to 700 pmol AsA.

Hydrophilic and lipophilic antioxidant activity assay:
The measurement of the hydrophilic and lipophilic
antioxidant actvity (HAA and LAA, respectively) was
performed using the TEAC assay. The antioxidant activity
was measured using the ABTS decoloration method
(Pellegrini et al., 2007). The TEAC assay is standardly
used for antioxidant activity assessement of fruit and
vegetables, its numerous advantages consist in
reproducibility, simplicity, and a good estimate of the
antioxidant activity of pure compounds and complex
matrices (Thaipong et al., 2006; Pellegrini et al., 2007).
Hydrophilic and lipophilic antioxidants were extracted
from 0.3 g of the homogeneous suspension (three
independent replicates) with 50% methanol or 50%
acetone, respectively, at 4°C under constant shaking (300
rpm) for 12 h. Samples were centrifuged at 10000 g for 7
min. Supernatants were recovered and used for
antioxidant activity measurements. The antioxidant
activities were measured at 734 nm in a Cecil BioQuest
CE 2501 spectrophotometer (Cecil Instruments Ltd.,
Cambridge, UK). Two different calibration curves were
constructed using freshly prepared trolox solutions for
HAA and LAA determinations. The linear reading of the
standard curves was from 0 to 16 uM Trolox for both
HAA and LAA. Values were expressed as puM of
Trolox/100 g of fw.

Statistical Analysis

The year-to-year variations in the nutritional
properties of the red-ripe berries of the ordinary Rio
Grande tomato cv and the two high-lycopene tomato
advanced breeding lines (HLT-F71 and HLT-F72) were
assessed by analysis of variance (ANOVA). When a
significant difference was detected, means were compared
using the least significant difference (LSD) test (P <
0.05). All statistical comparisons were performed using
SAS Version 6.1 software (SAS Institute, Cary, NC,
USA). Correlations were performed using Pearson’s
correlation coefficient (r).

Results and discussion

Climatic Data

Climatic data including temperature (T°C: min, max,
average), relative humidity (RH: min, max, average) and
rainfall (mm) are presented in figure 1. During the two
years 2013 and 2014, temperatures and relative humidity
(RH) have the same pattern of variation. At the beginning
of the cycle, the temperature values are between 10 and
15 © C to stabilize at around 30 ° C at the stage of
harvesting. The RH values are between 75 ° C and 60 ° C
during the summer. The same seasonal pattern was
observed for rainfall with an exceptional event exceeding
20 mm recorded in April 2013.
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Figure 1 Climatic data: A/Temperature (T°C: min, max,
average), B/ relative humidity (RH: min, max, average)
and C/ rainfall (mm) during the 2013 and 2014 growing
Seasons.
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Lycopene Content

The amounts of lycopene, total phenolics, total
flavonoids and total vitamin C in the ordinary Rio Grande
and the high-lycopene ‘HLT-F71’ and ‘HLT-F72’ tomato
breeding lines are reported in table 1. Lycopene content
was not significantly influenced by the growing year (P >
0.05). Lycopene content in tomato fruit harvested on July
2013 ranged from 104.9 mg/kg fw in Rio Grande to 280.0
mg/kg fw in HLT-F71. This content was lower in tomato
berries harvested on July 2014 and ranged from 98.8 in
Rio Grande to 239.1 mg/kg fw in HLT-F71. Therefore,
compared to Rio Grande, variation ranging from 67% to
166% and from 54% to 141% in lycopene content was
noticed during the first and the second harvest
respectively. In addition, compared to the growing season
2014, fruit harvested on July 2013 had 6% - 17% higher
lycopene regardless the cv. The decrease in lycopene
accumulation potential in tomato cvs can be ascribed
mainly to differences in temperature. In fact, the
prolonged heat stress may have been responsible for the
low lycopene content of the fruits harvested on July 2014.
This is in agreement with Brandt et al., (2006) who
focused on the effect of environmental conditions on
lycopene content and colour of ripening tomatoes and
reported that the biosynthesis of lycopene is inhibited if
the temperature of the fruits exceeds 30 °C (Please cite
lit. Because stress, especially heat, increase lycopene
content). The high-lycopene tomato breeding lines
showed the highest lycopene content. When compared to
Rio Grande, 68-167% and 54-142% increases in lycopene
content were observed during the first and the second
harvest respectively. Across the two years, we observed a
significantly higher amount of Iycopene in 2013
compared to 2014.

The obtained values are in the range reported recently
by llahy et al., (2011a, b; 2016) and Lenucci et al., (2006)
ranging from 28 to 893 mg/kg fw measured in different
tomato cvs grown under open field conditions from
different geographical areas.

Tomato hp mutations are best known to raise not only
lycopene levels in red-ripe tomato berries (Mochizuki and
Kamimura, 1984; Wann et al., 1985; Levin et al., 2006;
llahy et al., 2016) but also the content of other plastid-
accumulating metabolites (Lenucci et al., 2006; Ilahy et
al., 2011b). The massive accumulation of these valuable
compounds can be ascribed to a complex combination of
factors comprising a superior biosynthetic and
accumulation/sequestration potential of the metabolites in
these cvs than in the traditional ones (Lenucci et al.,
2012).

Total Phenolics and Flavonoid Content

Total phenolics and flavonoid contents were
significantly influenced by the growing year as shown in
Table 1 (P<0.05). Total phenolic content in tomato fruit
harvested on July 2013 ranged from 176.1 mg/kg fw in
Rio Grande to 265.2 mg/kg fw in HLT-F71. Significant
increase in the total phenolics content was detected in all

the tomato cvs during the second year of harvest. Total
phenolics content ranged from 454.7 mg GAE/kg fw in
Rio Grande to 831.9 mg GAE/kg fw in HLT-F71.
Therefore, compared to Rio Grande, variation ranging
from 32% to 45% and from 24% to 82% in total phenolics
content were observed during the first and the second
harvest respectively. In addition, compared to the growing
season 2013, fruit harvested on July 2014 had 143% to
224% higher total phenolics regardless the cv. Total
phenolics values were in accordance with those of llahy et
al. (20114, b), Hdider et al., (2013) and llahy et al., (2016)
ranging from 105 to 877 mg GAE/kg fw in different high-
lycopene tomato cvs depending on the ripening stage,
from 105.8 to 394.5 mg GAE/kg fw at the red-ripe stage
depending on the cv and from 216.1 to 641.8 mg GAE/kg
fw depending on the fraction. Higher values ranging from
1200 to 1330 mg GAE/kg fw were reported by Lenucci et
al. (2006) for red-ripe berries of high-pigment tomato cvs
grown in Southern Italy. Nevertheless, lower values
ranging from 87 to 177 mg GAE/kg fw in the pulp of
different tomato cvs from different geographical areas
were reported (Toor and Savage 2005; Chandra and
Ramalingam 2011; Chandra et al. 2012).

Flavonoid content was also significantly influenced by
the growing year (P< 0.05). Flavonoid content ranged
from 169.7 mg RE/kg fw to 375.9 mg RE/kg fw and from
184.5 mg/kg fw to 552.1 mg/kg fw in tomato berries
harvested on July 2013 and 2014 respectively. Therefore,
compared to Rio Grande, flavonoid content was 86% to
120% and 23% to 199% higher during the growing season
2013 and 2014 respectively. Compared to the growing
season 2013, fruit harvested on July 2014 had 8% to 47%
higher flavonoid content regardless the cv. Recently llahy
et al. (2011a, b) Hdider et al. (2013) and llahy et al.,
(2016) reported flavonoid content values ranging from
105.6 to 590.6 mg RE/kg fw in different high-lycopene
tomato cvs depending on the ripening stage, from 105.6 to
394.5 mg RE/kg fw at the red-ripe stage depending on the
cv and from 222 to 783 mg RE/kg fw depending on the
fraction.

The flavonoid values obtained are much higher when
compared to those of the ordinary tomato cv Rio Grande
and Donald grown under different growing conditions
ranging from 120.2 to 133 mg RE/kg fw.

The massive total phenolics and flavonoid
accumulation in hp tomato cv during the 2014 growing
season can be ascribed to: 1) the high-lycopene trait, in
fact, in red-ripe tomato fruits, naturally carrying
mutations that increase carotenoid content, such as high
pigment (hp-1, hp-1*, hp-2, hp-2), hp-2%%) mutations, are
also characterized by a dramatic increase in plastid
biogenesis and in the production of other compounds such
as flavonoids and vitamin C (Mochizuki and Kamimura,
1984; Mustilli et al. 1999; Bino et al. 2005), 2) the
prolonged heat stress conditions during the 2014 growing
seasons which may induced a decrease in lycopene
content and an accumulation of both total phenolics and
flavonoids to overcome those particular conditions.
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Table 1 Phytochemical content in high-lycopene tomato breeding lines and Rio Grande grown in 2013 and 2014

Analysis Growing year HLT-F71 HLT-F72 Rio Grande

Lycopene 2013 280.0+10.0a 176.249.7a 104.9+£7.5a
(mg/kg fw) 2014 239.1+£10.3a 152.6+5.0a 98.8+5.2a
Total phenolics 2013 256.2+18.2b 233.8+19.3b 176.1£11.2b
(mg/kg fw) 2014 831.8+81.1a 568.4+21.8a 454.7+23 3a
Flavonoids 2013 375.1+£33.0b 315.9420.6a 169.7+17.4a
(mg ER/kg fw) 2014 552.11+25.24a 228.7+15.9b 184.5+4 4a
Total vitamin C 2013 212.21£18.62a 370.1424.0a 183.4+7.9a
(mg/kg fw) 2014 328.31+41.09a 317.6+13.6a 206.2+3.1a

Table 2 Hydrophilic and lipophilic antioxidant activity in high-lycopene tomato breeding lines and Rio Grande grown

in 2013 and 2014

Antioxidant activity Growing year HLT-F71 HLT-F72 Rio Grande
2013 279.4+3 5a 235.8+153a 116.7+8.4b
HAA (uM Trolox/100 g fw) 2014 287.147.8a 178.2+1.1a 169.342.4a
2013 387.6+16.4a 249.2+12.6a 146.0+8.6a
LAA (uM Trolox/100 g fw) 2014 319.6+8.2a 229.146.2a 134.9+32a

Table 3 Pearson correlation coefficients (r) and related significance between antioxidant content and antioxidant

activities
TEAC assay 2013 2014

Compounds r P r P
Hydrophilic fraction

Total vitamin C 0.38 ns 0.60 ns

Total phenolics 0.81 <0.01 0.90 <0.01

Flavonoids 0.83 <0.01 0.93 <0.01

Lipophilic fraction
Lycopene 0.98 <0.01 0.95 <0.01

n (sample size) = 21 (ns = no significant correlation)

Total Vitamin C Content

Total vitamin C content was not significantly
influenced by the growing year as shown in Table 1 (P >
0.05). Total vitamin C in tomato berries harvested on July
2013 ranged from 183.4 mg/kg fw in Rio Grande to 370.1
mg/kg fw in HLT-F72. On July 2014, total vitamin C
content ranged from 206 mg/kg fw in Rio Grande to 328
mg/kg fw in HLT-F71. Therefore, compared to Rio
Grande, variation ranging from 15% to 101% and from
54% to 59% in total vitamin C content were observed
during the first and the second harvest respectively.
Compared to the growing season 2013, HLT-F71 and Rio
Grande fruit harvested on July 2014 had 12% and 54%
higher total vitamin C compared to Rio Grande. llahy et
al., (2016) reported that total vitamin C content in
different tomato fraction ranged from 138.6 to 497.8
mg/kg fw. Similar increase in vitamin C contents was
reported for the photomorphogenic tomato mutants (hp-1
and hp-2) by Mochizuki and Kamimura 1984 and Mustilli
et al. 1999. The amounts of total vitamin C in high-
lycopene tomato berries were similar to previous studies
on field-grown hp tomato ranging from 125 to 333 mg/kg
fw (Lenucci et al., 2006; llahy et al. 2011a).

Hydrophilic and Lipophilic Antioxidant Activity

The hydrophilic and lipophilic antioxidant activities
determined using the TEAC assay are reported in Table 2.
Only the HAA was significantly influenced by the
growing year (P < 0.05). The HAA in tomato berries
harvested on July 2013 ranged from 116.8 uM Trolox/100
g fw in Rio Grande to 266.1 uM Trolox/100 g fw in HLT-
F71. However, in tomato berries harvested on July 2014,
the HAA ranged from 169.3 pM Trolox/100 g fw in Rio
Grande to 279.4 uM Trolox/100 g fw in HLT-F71.
Therefore compared to Rio Grande, variation ranging
from 58% to 128% and from 5% to 65 % were recorded
during the growing seasons 2013 and 2014 respectively.
Compared to the 2013 growing season, the HAA was 5%
to 44% higher in HLT-F71 and Rio Grande but was 3%
lower in HLT-F71. The contribution of the HAA to the
total antioxidant activity ranged from 40% to 46% and
from 43% to 64% during the 2013 and 2014 growing
seasons respectively.

Our results are in line with those of llahy et al.
(2011a) and Hdider et al. (2013) ranging from 166 to
488.6 uM Trolox/100 g fw for different high-lycopene
tomato cvs harvested at different ripening stages. Ilahy et
al. (2011b) reported values ranging from 498.4 to 572.1
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uM Trolox/100 g fw for different high-lycopene tomato
cvs harvested at the red-ripe stage.

Regarding LAA, values ranged from 146.0 uM
Trolox/100 g fw in Rio Grande to 387.6 uM Trolox/100 g
fw in HLT-F71 during the 2013 growing season and from
134.9 uM Trolox/100 g fw to 319.6 uM Trolox/100 g fw
in HLT-F71. Therefore, compared to Rio Grande,
variations ranging from 70% to 165% and from 69% to
136% were recorded during the growing seasons 2013
and 2014 respectively. Compared to the 2014 growing
season, the LAA was 8% to 21% higher regardless the cv.

Our results are in line with those of Ilahy et al.
(2011a) and Hdider et al. (2013) ranging from 139 to
488.6 uM Trolox per 100 g fw for different high-lycopene
tomato cvs harvested at different ripening stages. llahy et
al. (2011b) reported values ranging from 348.8 to 540.1
uM Trolox per 100 g fw for different high-lycopene
tomato cvs harvested at the red-ripe stage. Lower LAA
mean values were reported by Toor and Savage, (2005) of
20 puM Trolox per 100 g fw in the peel, 7 uM Trolox per
100 g fw in the pulp and 10.9 uM Trolox per 100 g fw in
the seed. llahy et al., (2016) reported that the LAA in
different open field grown tomato fraction ranged from
139.9to 632.4 uM Trolox/100 g fw.

Correlations

Considering data from all tomato cvs, highly
significant correlations between LAA values and
lycopene content (r = 0.89; P < 0.01) and (r = 0.95; P <
0.01) in 2013 and 2014 growing years respectively were
obtained (Table 3). This is in agreement with the well
recognized fact that LAA of tomato fruits was mainly
attributed to the presence of carotenoids particularly
lycopene (Lenucci et al., 2006; llahy et al., 2016).

Regarding the hydrophilic fraction (Table 3), and
considering our data, no significant correlations between
HAA values and total vitamin C was found in 2013 and
2014 growing seasons (r = 0.38; P > 0.05 and r = 0.60; P
> 0.05 respectively). This may be due to the fact that the
hydrophilic extract contains other compounds that
influence the antioxidant activity. Kahkonen et al. (1999)
reported that the antioxidant capacity might not always
correlate with the amount of phenols. Moreover, Raffo et
al. (2002) found that the correlation of the HAA values to
phenols depends on the simple phenol composition. In
fact, HAA value was correlated to caffeic acid but not to
chlorogenic acid, p-coumaric acid, rutin, quercetin or
naringenin. The lack of correlation could be due to the
content of total phenolics and flavonoids, which may
account for most of the HAA value. In fact, there was a
good significant correlation between HAA values and
total phenolics (r = 0.81; P < 0.01 and r = 0.90; P < 0.01)
and flavonoids (r = 0.83; P < 0.01 and r = 0.93; P < 0.01)
during the growing seasons 2013 and 2014 respectively
(Table 3). The HAA was certainly correlated with the
levels of all the main antioxidants (vitamin C, flavonoids
and total phenols), but it was not the simple sum of their
content. It can also depend on synergistic effect among all
hydrophilic antioxidants and their interactions with other
constituents of the fraction (Lenucci et al., 2006; llahy et

al., 2011a, 2016). The higher correlation coefficient of the
HAA to both total phenolics and flavonoids during the
2014 growing season can be ascribed to the massive
accumulation of both compounds as a result of the heat
stress.

Conclusions

The inter-annual variability of environmental factors
and climatic conditions, deeply affects the phytochemical
content (particularly total phenolics and flavonoids) in
high-lycopene tomato berries with no or little effect on
the antioxidant activity of both hydrophilic and lipophilic
extracts. This reveals minimal genotype*environmental
conditions interaction and therefore consistent functional
quality of these cvs. Large-scale, multiyear comparisons
with standard and defined agronomic practices are still
needed to evaluate whether agronomic practices influence
antioxidant bioactive compounds in tomato cvs.
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