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Abstract

This experiment was carried out in order to study the simultaneous effect of on-vine ripening and examined cultivars on
fruit quality, color development and antioxidant content in two different types of tomatoes. ‘Admiro’ and ‘Komet’ (normal
average fruit weight) and ‘Cheramy’ (cherry type) cultivars grown in hydroponic culture were used. Dry matter, soluble solids,
titratable acidity, ascorbic acid, lycopene, B-carotene, total phenolic, total flavonoid content and hydrophilic antioxidant
activity were measured in six ripening stages. Color of fruits was determined by CIELab system. The L*, a*, b* values were used
to calculate hue angle (h°), chroma (C*) and a* to b* ratio. In all analysed cultivars total phenolic content increased as ripening
progressed, reached the maximum at the pink stage and subsequently declined, while the trend of ascorbic acid was cultivar
dependent. DPPH radical scavenging activity showed significant moderately strong positive correlations with total phenolics
and ascorbic acid. The content of B-carotene increased constantly during ripening while lycopene content registered a sharp
rise, especially in the last stage of ripening when 47.2% of the lycopene content was accumulated. During ripening the lightness
(L*) decreased because tomato fruit colour became darker while the ratio of red to green colour increased as a result of
carotenoids synthesis. Among color indexes, hue angle (h°) was best correlated with lycopene content (r = —0.758), followed
by a* (r = 0.748), C* (r = 0.708) and a*/b* (r = 0.683). Better correlations were established between main carotenoids content

(lycopene + B-carotene) and each of the color indexes.
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Introduction

Tomato (Lycopersicon esculentum Mill) is one of the most
widely consumed vegetable food crops worldwide. Tomato is
commonly grown ecither in the field or under greenhouse
conditions but it is also one of the most important horticultural
crops grown in hydroponics (Fanasca ez 4l., 2006).

Besides sensory qualities and nutritional value, tomatoes play
akey role in human diet, being recognized as a health promoting
food. Several epiderniologica% studies have established a link
between consuming tomato and its products and reduced risk of
various maladies like obesity, hyperglycemic  and
hypercholesterolemic attributes, cancer and cardiovascular
diseases (Perveen e al., 2015). The beneficial effects on human
health have been mainly attributed to their rich composition in
bioactive compounds such as carotenoids, ascorbic acid,
tocopherols, phenolic acids and flavonoids and to the synergistic
effects among these different classes of antioxidants (Kuti and
Konuru, 2005; Helyes and Lugasi, 2006; Ilahy ez 4/, 2011; Vinha
et al., 2014). Their activity is based on scavenging free radicals

and preventing lipid oxidation (Lee e# 4., 2004; Radzevicius ez
al., 2009) thereby increasing cell protection from DNA damage
by oxidant species (Garcia-Valverde ez al., 2013).

Tomatoes and related products are a major source of dietary
carotenoids in the human diet which are synthesized massively
during fruit ripening (Guil-Guerrero and Reboloso Fuentes,
2009). The two main carotenoids in tomato fruits are lycopene
(¥sy~carotene), which imparts the red colour of tomato, and -
carotene, which accounts for approximately 7% of tomato
carotenoid content (Kuti and Konuru, 2005). Although it has
no provitamin A activity, lycopene is a potent lipophilic
antioxidant, with greater antioxidant activity than other
carotenoids, which have been demonstrated by # vitro and in
vivo studies to possess antioxidant, hypolipidemic, and
anticarcinogenic activities (Viuda-Martos ez 4l., 2014).

Tomato fruits are also rich in phenolic compounds, which
are considered as potentially health-promoting substances due to
their anti-oxidative, anti-cancer, anti-diabetes and cardiovascular
protective effects. Tomatoes contain quercetin, naringenin, rutin
and chlorogenic acid as the main phenolic compounds
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(Martinez-Valverde ez l., 2002) which, along with ascorbic acid,
are determinants of the hydrophilic antioxidant activity (HAA)
(Garcia-Valverde ez al, 2013).

The content of health-promoting bioactive compounds in
fresh tomatoes is influenced by numerous factors, including

enetic ones such as cultivar or Vanety, environmental factors
%hght, temperature, air composition, mineral nutrition, growth
medium) and cultural practices (training system, irrigation
system), and ripening stage of the fruit at harvest (Helyes and
Lugasi, 2006; Garcia-Valverde ez 4l., 2013).

Depending on consumer and market requirements,
tomatoes are harvested at different stages of ripening from
breaking to red colour (Wold ez al., 2004).

During ripening, various biochemical, physiological and
structural processes take place including degradation of
chlorophylls, synthesis and storage of carotenoids (mainly
lycopene andf—carotene ) and aromatic compounds, alterations
in organic acid metabolism, a softemng of the fruit tissue which
occur in conjunction with an increase in CO, production (the
respiratory climacteric) and an increase in ethylene production
by the fruit (Ilahy ez 4/, 2011; Dominguez et al., 2012). The
amount of other important antioxidants, such as ascorbic acid
and phenolics, is also variable during tomato ripening. Ascorbic
acid content might increase with ripening due to enhanced
respiration (Garcia-Valverde e 4l, 2013) while phenolic
compounds are synthesized by tomatoes because of their
involvement in the defense mechanisms against reactive oxygen
species, which are produced in great quantities during the
climacteric crisis. All these events determine major changes in
texture, color, flavor, and aroma but also gready affect the
antioxidant activity of tomato fruits (Pék ez 4/, 2010).

Contribution of HAA and LAA to total antioxidant activity
varies during tomatoes ripening. Kotikov4 ez 4l (2011) found
that HAA has far more significant impact on total antioxidant
activity (83%) as compared with LAA. HAA was increasing
during all ripening stages and was strongly correlated with
ascorbic acid content. Nour ¢ 4/ (2014) observed a continuous
increase of HAA during development and ripening of tomato
fruits until the pink or light red stages where, depending on the
cultivar, HAA reached maximum values and then declined
significantly. Ilahy e al. (2011) recorded the highest HAA in
tomato fruits at the green stage of ripening and the lowest value
at the red-ripe stage.

Several previous studies have investigated variation in
phytochemical composition in different tomato genotypes, as a
function of ripening degree (Thompson ez 4., 2000; Raffo ez L.,
2002; Kotikova et al., 2009; Radzevicius ez al., 2009; llahy ez al.,
2011; Pék et al, 2011; Opara ez al, 2012; Hdider et al., 2013;
Aghofack-Nguemezi and Schwab, 2015) but no such reports on
tomatoes grown in hydroponics. The production of hydroponic
tomatoes has increased significantly during the last few years
(Aljouni ez al, 2001). The cultivation of plant material in
hydroponics ensures reproducibility by uniformity of growth
conditions and homogeneity of nutrient concentrations. This
kind of cultivation, carried out under controlled conditions, also
eliminates problems linked to the disinfection of soil and balance
of nutrients encountered in natural soil due to the non-
homogeneous distribution of nutrients (Sgherri e 4l 2010).
Lycopene and other antioxidants content in hydroponic
tomatoes, which represent an important and growing section in
the tomato industry, has not been well investigated.
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The present study aimed to investigate the trends related to
the effect of genotype and on-vine ripening on the major
bioactive compounds (lycopene, B-carotene, total phenolics, total
flavonoids and ascorbic acid) and hydrophilic antioxidant
activity occurring in one cherry type and two standard tomato
cultivars grown simultaneously in hydroponics. There were also
investigated correlations between the content of antioxidant
compounds, hydrophilic antioxidant activity and the color

evolution of the tomato fruit surface.

Materials and Methods

Tomato samples

The tomato samples were cultivated on coconut fiber in a
commercial hydroponic greenhouse located at Gradinari, Oltenia
region, South-Western Romania (44°57N, 24°28°E) during the
2014 spring growing season (May-July). Two indeterminate round-
type tomato hybrids (‘Admiro’, ‘Komet’) and one indeterminate
cherry type tomato hybrid (‘Cheramy’) were investigated.

hybnds were grown simultancously, sub)ected to identical
cultural practices and environmental conditions, in order to
minimize the influence of pre-harvest factors on genotype-related
variability of hydroponic tomatoes.

In order to study the influence of on-vine ripening on bioactive
compounds content and antioxidant activity, tomatoes were
harvested at six different ripening stages (mature green, breaker,
turning, pink, red and deep-red) according to Yamaguchi (1983).
For each ripening stage, at least 1 kg of tomato fruit sample was
randomly harvested. After collecting, the fruits were washed, blotted
with a paper towel, packed in a portable refrigerator and they were
transported to the laboratory. Color measurements were performed
then fruit samples were cut into pieces and ground to a
homogeneous puree usinga model 7011HS Waring blender. From
this puree, several sub-samples were taken on triplicate to measure
dry matter content, soluble solids content and titratable acidity
whereas the remaining was frozen at — 20°C and used to determine
lycopene, B-carotene, total phenolics, total flavonoids, ascorbic acid,
as well as hydrophilic antioxidant activity. Experiments were
performed three independent times and all analyses were conducted
in triplicate. Error bars represent standard deviations from the three
expetiments performed in triplicate.

Chemicals and reagents

Folin-Ciocalteu  reagent (2 N), 6-hydroxy-257.8
tetramethylchroman-2-carboxylic acid (Trolox), HPLC grade
acetonitrile, acetone, n-hexane and methanol were purchased from
Merk (Germany). Gallic acid (99% purity), anhydrous sodium
carbonate (99% purity), aluminium nitrate, potassium acetate,
quercetin and 2,2-diphenyl-1-picrylhydrazyl (DPPH, 90% purity)
were from Sigma-Aldrich é) Germany). Ultrapure water was
obtained from a Milli-Q water purification system (TGI Pure
Water Systems, USA).

Determination of dry matter content, soluble solids content and
titratable acidity

Dry matter content was determined by the following
gravimetric assay: a known amount (5 g) of each fresh tomato
sample was heated in an electric-oven (Memmert, Germany) at
105 °C, until the complete loss of moisture and constant weight
achieved.

The soluble solids content was determined by placinga drop of
filtered purce on the prism of a digital refractometer with
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automatic temperature compensation (Euromex, Arnhem, The
Netherlands) and expressed as °Brix at 20 °C. Titratable acidity (%
as citric acid) was measured by a direct titration method (AOAC,
2005). Briefly, the homogenized sample was mixed with distilled
water and dtrated with 0.1 N NaOH solution using
phenolphthalein as indicator.

Determination of ascorbic acid

Ascorbic acid was analyzed by RP-HPLC on a Finningan
Surveyor Plus system (Thermo Electron Corporation, San Jose, CA,
USA) equipped with a diode array detector. Five of frozen
tomato homogenate were mixed and diluted to 100 mL with 0.1 N
HCI and the mixture was kept at room temperature for 30 min.
After the suspension had been centrifuged (4200 rpm, 10 min), the
supernatant was filtered through a 02 um pore size filter. For the
separation a Hypersil Gold aQ column (25 cm x 46 mm),
termostated at 10 °C, was used. The mobile phase was a 50 mM
water solution of KH,POj buffer adjusted to pH 2.8 with ortho-
phosphoric acid. A mobile phase flow rate of 0.7 mL/min was used,
with detection of analytes at 254 nm. Ascorbic acid content was

expressed as mg/kg fresh weight (fw).

Determination of lycopene and B-carotene

Lycopene and [-carotene were determined according to the
method of Nagata and Yamashita (1992). Briefly, 1.0 g of tomato
puree was extracted with 16 mL of acetone-hexane (2:3, v/v)
solvent and, after 15 min of shaking in a test tube and phase
separation, the absorbance of the hexane layer was measured in a 1
cm path length quartz cuvette at 663, 645, 505, and 453 nm using
a UV-Vis spectrophotometer (Varian Cary 50 UV-Vis, Varian
Co, USA). The contents of lycopene and [B-carotene were
calculated according to the following equations: Lycopene
(mg/ 100 mL) = — 0.0458 X Agg + 0204 X Ags + 0372 X Asps —
0.0806 x Asss; B—Carotene (mg/ 100 mL) = 0216 x Ags — 1.220
X Agss —0.304 X Asos + 0452 X Auss. The results were expressed in

mg/kgfw.

Determination of total phenolics

Total phenolic content was quantified spectrophotometrically
using the Folin-Ciocalteau reagent according to the method
described by Singleton and Rossi (1965). Gallic acid was used for
the construction of the calibration curve. Five grams of tomato
puree were mixed with 10 mL of methanol containing 0.5%
hydrochloric acid and sonicated during 50 min at room
temperature. After extraction, samples were centrifuged for 5 min
at 4200 rpm and supernatants were filtered through 045 um
polyamide membranes. 100 puL of each tomato methanolic extract
were mixed with 5 mL of distilled water and 500 pL of Folin-
Ciocalteau reagent. After a 5 min reaction time, 1.5 mL of 20%
sodium carbonate solution was added. The reaction mixture was
diluted with distilled water to a final volume of 10 mL. The same
procedure was also applied to the standard solutions of gallic acid.
The absorbance at 765 nm of each mixture was measured on a
Varian Cary 50 UV-Vis spectrophotometer (Varian Co., USA)
after incubation for 30 min at 40 °C. Results were reported in mg
of gallic acid equivalents (GAE) /kg fw.

Determination of total flavonoids

Total flavonoid content was determined as described by
Mohammadzadeh ez 4 (2007). Briefly, 0.5 mL of each tomato
methanolic extract was diluted with methanol (1:10) and mixed in

a test tube with 0.1 mL of 10% aluminum nitrate, 0.1 mL of 1 M
aqueous potassium acetate and 4.3 mL methanol. After 40 min
reaction time, the absorbance of the mixture was measured at 415
nm using an Evolution 600 UV-Vis spectrophotometer (Thermo
Scientific, USA). Quercetin was used for preparing the standard
curve (0-100 mg/L). Total flavonoid content was expressed as
milligrams of quercetin equivalents (QE) /kg fw.

Determination of hydrophylic antioxidant activity

The hydrophilic radical scavenging activity was evaluated in
methanolic extracts using the DPPH (2,2-diphenyl-1-picryl-
hydrazyl) assay as described by Oliveira ez 4. (2008), with some
modifications. The extraction of samples was made according to
the same protocol as described for total phenolic content. Each
methanol tomato extract (50 pL) was mixed with 3 mL of
methanolic solution containing 0.004% (v/v) DPPH. The
mixture was shaken vigorously and kept in the dark for 30 min.
The absorbance was then read at 517 nm using an Evolution 600
UV-Vis spectrophotometer (Thermo Scientificc USA). The
radical scavenging activity was calculated as a percentage of DPPH
inhibition using the following formula: DPPH scavenging activity
(%) = [1 — As/Appers] X 100 where As represents the absorbance
of the sample extract with DPPH and Apper is the absorbance of
the DPPH solution without sample. Trolox (6-hydroxy-2,5,7.8-
tetramethylchromane-2-carboxylic) was used as a standard and
80% methanol was used as a blank. Results were expressed in
mmol Trolox/kgfw.

Color measurements

Color space coordinates (L¥, a% b*) were taken from each
tomato at the equatorial region using an Evoluton 600
spectrophotometer (Thermo Scientificc, USA) equiped with
DRA-EV-600 diffuse Reflectance Accessory and the VL
ColorCalc software. These values correspond to the degree of
ightness (L*) and the degree of red (when a* > 0), green (when a* <
0), yellow (when b* > 0), and blue (when b* < 0) colour. The
spectrophotometer was calibrated against standard white plate and
checked for calibration between measurements. For each sample at
least five measurements were performed at different positions.
Hue angle (h°, colour shade) was calculated from arctan (b*/a*)
while the parameter chroma (C*, colour saturation) was calculated
a5 (@®+ 592

Statistical analysis

Results of all analysis were expressed as mean value + standard
deviation. Data were statistically analyzed using Statgraphics
Centurion XVI software (StatPoint Technologies, Warrenton,
VA, USA). Analysis of variance (ANOVA) was conducted,
followed by LSD multiple range test for multiple comparisons to
establish significant differences between means with a confidence
level of 95%. Correlations were estimated using Pearson’s
correlation coefficient (r).

Results and Discussion

The dry matter contents of the investigated tomato cultivars at
the six different ripening stages are shown in Fig, 1.

Statistically significant differences were found among cultivars,
the cherry type cultivar showing significantly higher values at the
deep-red stage (845%) than the other standard tomato varietics
(4.81% and 5.98% for ‘Komet’ and ‘Admiro’ cultivars respectively).



Nour Vet al. / Not Bot Horti Agrobo, 2015, 43(2):404-412

10.00

9.00

8.00 1

7.00

6.00 - 0 Cheramy
@ Admiro

@ Komet

5.00 4

4.00 4

Dry matter (%)

3.00 1

2.00 1

1.00

0.00 +
Mature
green

Breaker  Turning Pink Red Deep-red

Stages

Fig. 1. Variation of dry matter content of tomato fruits during ripening,

Different ripeness stages within the same cultivar have been compared
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Bars for the same cultivar showing differenc lecters are significandly different (p<0.05)
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During ripening, the fruit dry matter content registered a decrease
from mature green to the turning or pink stage, depending on the
cultivar, followed by a slight increment in the last two stages, as
reported in previous studies (Helyes and Lugasi, 2006; Opara ez 4L,
2012; Nour et 4L.,2014).

At the deep red stage soluble solids content was determined
between 3.75% (Komet) and 670% (‘Cheramy), values in
accordance with previous studies on tomatoes grown in soilless
culture (Fanasca e# 4k, 2006). As regards the evolution during
ripening, at ‘Komet' cultvar soluble solid content remained
practically constant in the last four stages of ripening while in
‘Cheramy’ cultivar soluble solid content increased steadily, although
no statistical differences were observed between pink, red and deep-
red tomatoes (Fig, 2).

Titratable acidy (as citric acid) ranged from 0.22% (‘Komet’) and
0.32% Cheramy{ at the deep-red stage, values similar to the results
reporrf.d by Fanasca e# 4l. (2006) for standard tomatoes grown in
soilless culture. No dear trend of titratable acidity was observed
duringripeningin the different cultivars studied (Fig. 3).

In ‘Cheramy’ and ‘Komet’ cultivars ascorbic acid content grew
up significantly evenly during ripening (Fig, 4), reaching maximum
values at the deep-red stage while in the fruits of ‘Admiro’ cultivar
ascorbic acid content increased significandy from mature green to
turning and was kept constant in the last stages. This tendencies do
not agree with that observed by Nour e# 4. (2014), who found that
ascorbic acid reached its maximum level at the pink or red stage of
fruit ripening, depending on the cultivar, and then declined
significantly or by Cano ez 4/ (2003) who found that ascorbic acid
remained practically constant in the first three ripening stages,
increasing slightly in the last stage when the fruit was fully ripe. Tlahy
etal. (2011) found also that total vitamin C content during ripening
was genotype dependent, the highest amount being recorded at the
orange-red ripening stage in some cultivars (220-333 mg/kg fw), but
at the green-orange and red-ripe stages for others. However, other
authors (Periago e al, 2009; Kottkova et al, 2011) have also
observed a significant increase of ascorbic acid content during
ripening. These different variations have been noted by other
authors and have been assigned to varietal, environmental and
agronomical factors.

All along the ripening process ‘Cheramy’ cultivar showed
significantly higher ascorbic acid content than the other tomato
cultivars, ic. between 41.96 mg/kg fw (mature green) and 24426
mg/kg fw (deep red). In general, these ascorbic acid values were in
accordance with those reported by Garcia-Valverde ez 4 (2013)
who found from 2.79 mg/kg fw (breaker) t0 297.62 mg/kg fw (red)
in ‘Cherry Pera’ cultivar. However, higher values ranging from 378.3
to441.5 mg/kg fw were reported by Fanascaez /. (2006) in standard
tomato cultivars grown in soilless culture.

The changes in B-carotene content during ripening process are
showed in Fig. 5. The content of this carotenoid increased constantly
during ripening in all analysed tomato cultivars. This is in accordance
with other authors, who observed a constant increase in B-carotene
content as ripening progressed (Radzevicius e 4., 2009; Ilahy ez 4,
2011). However some previous studies have reported that -
carotene content increased in the earier ripening stages and then
decreased (Cano e 4/, 2003) while others found no statistical
differences between breaker, pink and red tomatoes or no consistent
pattern of change during ripening (Garcia-Valverde ez4l., 2013).

These conflicting results regarding the accumulaton of -
carotene during fruit ripening observed by many authors (Egea ez 4,
2009) were assigned either to the different growing conditions and



Nour Vet al. / Not Bot Horti Agrobo, 2015, 43(2):404-412

409
Table 1. Color parameters (L, a*, b*) and indexes (h°, C) of tomato fruits ac different ripeness stages
Stages
Cultivar Mature green Breaker Turning Pink Red Deep-red
Colour lightness (L*)
‘Cheramy’ 54.50 +2.32 42.00 + 3.88 54.50 + 3.98 56.20 £ 3.77 48.10 + 3.11 44.10 + 2.88
‘Admiro’ 64.60 + 1.89 62.40 + 4.22 81.30 + 4.66 49.50 £ 3.12 46.50 +2.98 42.80 +3.22
‘Komet’ 58.30 £ 2.55 60.90 + 3.66 62.20 + 4.45 54.80 + 4.33 48.00 + 3.76 46.70 £ 4.12
Colour index (a*)
‘Cheramy’ - 1.80+0.12 5.80+£0.33 21.60 £ 1.23 23.00 £+ 1.09 26.90 + 1.40 29.90 + 1.61
‘Admiro’ -0.80 +0.15 8.70 + 0.42 3.20+0.61 27.90 + 1.35 29.70 + 1.46 28.40 + 1.43
‘Komet’ -0.70 £ 0.21 2.30 £ 0.24 12.70 £ 0.70 20.10 £ 0.92 26.30 + 1.33 27.20 £ 1.52
Colour index (b*)
‘Cheramy’ 10.70 + 0.47 15.80 £ 0.72 38.70 £ 1.81 42.20+2.26 41.90 + 1.92 40.90 + 1.82
‘Admiro’ 2250 + 1.22 27.80 + 1.44 29.10 + 1.66 32.90 + 1.61 35.80 + 1.82 41.20 £ 1.95
‘Komet’ 24.00 + 1.13 19.30 £ 1.23 20.20 £ 1.25 31.10 + 1.54 3290 + 1.67 29.90 + 1.44
Hue angle (h°)
‘Cheramy’ 80.46 + 1.04 69.88 £ 0.21 60.87 £ 0.25 61.43 +0.15 57.33+0.16 53.87 £ 0.26
‘Admiro’ 87.99 + 0.49 72.66 +0.06 65.63+0.23 59.73 £ 0.02 50.34 + 0.05 45.45 +0.08
‘Komet’ 88.03 £ 0.71 83.89 £ 0.29 62.15+0.17 57.15 £ 0.10 51.39+0.11 47.74+0.22
Chroma (C*)
‘Cheramy’ 10.85 + 0.44 16.83 +0.79 4432 +£2.18 48.06 +2.51 49.79 +2.37 50.66 + 2.42
‘Admiro’ 22.51+£1.21 29.13 £ 1.50 3195+ 1.76 43.14 £ 2.10 46.52 +2.33 50.04 + 2.42
‘Komet’ 2021 £ 1.12 2142 +1.25 27.15 + 1.43 37.03 +£1.79 42.12+2.13 40.42 +2.09
Table2. Pearson correlations (r) between lycopene conten lycopene + B-carotene content and CIELab indices

Lr 2 b* C* h° a*/b*
Lycopene content —-0.521 0.748 0.615 0.708 —-0.758 0.683

(0.0264) (0.003) (0.0066) (0.001) (0.0003) (0.0018)
Lycopene + -0.535 0.774 0.635 0.725 -0.772 0.693
B-carotene content (0.0221) (0.0002) (0.0047) (0.0007) (0.0002) (0.0014)

*P-values (shown in parentheses) below 0.05 indicate staristically significant correlations at the 95.0% confidence level

cultivars or to the different functions of B-carotene in tomato fruits:
firsdly its involvement in the process of photosynthesis as a
photoprotective antioxidant in the immature fruits and secondly,
the contribution to the color of fruits at the final stages of fruit
ripening,

The B-carotene content ranged from 193 (mature green
‘Komet) to 102 mg/kg fw (deep red ‘Admiro’). At the deep-red
stage, its content was significantly higher in fruits of ‘Admiro’ cultivar
(102 mg/kg), followed by ‘Cheramy’ (824 mg/kg) and ‘Komet
(667 mg/kg), values which are consistent with those reported by
Fanasca e 4. (2006) for tomatoes grown in soilless culture.

The results on lycopene content showed a significant variation
among the analysed tomato cultivars (Fig 6). In the decp-red stage,
the lycopene levels detected in the fruits ranged from 3855
fw (‘};Xdﬁlciro’) to 47.78 mg/kg fw (‘Cheramy), values in mmg:{oodkﬁ
agreernent with the results published by previous studies, which have
also demonstrated that there is a significant difference in the ability of
tomatoes to synthesize carotenoids in relation to variety (Adalid ez
al, 2010; Frenich ez 4/, 2005; Kuti and Konuru, 2005). However,
Fanasca et 4l. (2006) found only between 18.59-27.96 mg/kg
lycopene in standard tomatoes grown in soilless culture.

In all investigated tomato cultivars, the total amount of lycopene
markedly increased during fruit ripening. The greatest increase was
registered in the sixth stage of ripening when 47.2% of the lycopene
content was accumulated. This result is in eement with that
obtained by Helyes and Lugasi (2006) who found that 46% of the
lycopene content was synthesized in thislast stage.

Fig 7 shows the evolution of total phenolics content of tomato
fruits during ripening, Our results showed that although there were
significant differences among total phenolic contents of the three

cultivars studied, the patterns of variation were quite similar duri
fruit ripening, Total phenolics content increased during the first
ripeness stages, reached a maximum value at the pink stage and then
dedlined significanty during the last two stages. Helyes and Lugasi
(2006) found also the highest phenolic content at the pink stage
while other studies observed different patterns of variation in
phenolic content between the studied cultivars, with peaks in the
amount of phenols reached either at the orange-red or at the green-
orange stage of ripening (Ilahy e 4/, 2011; Hdider ez 4l., 2013). In
the study of Garcia-Valverde ez 4l (2013) statistically significant
differences were found between cultivars and ripening stages, but no
dlear trend was observed throughout ripening, Raffo e 4. (2002)
found also that total phenolics content showed slight, but significant,
decreases at later stages of ripeness. They considered that the decrease
of phenolic compounds in the fruit may be associated with the
involvernent of these compounds in the defense mechanisms against
reactive oxygen species, which are produced in great quantities
during the dlimacteric crisis as a consequence of the increase of the
respiratory rate of the fruit.

At the deep red ripe stage the phenolic content of the fruits
ranged from 14821 to 23145 mg GAE /kg while at the pink stage
the total phenolic content varied between 172.87 and 287.62 mg
GAE/kg. The fruits of cherry cultivar showed significantly higher
values than the other cultivars, in which total phenolic contents were
very similar (Fig, 7). Other studies reported also higher phenolic
content in cherry type tomatoes compared to standard tomatoes
(Kacjan-Marsic ez al., 2011). Higher levels of total phenolic content
in cherry tomatoes, compared to cultivars with larger fruits, are due
to the higher skin to volume ratio of these varieties, which could
enhance their phenolic content, since they occur mainly within the
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skin of the fruit (Stewart ¢ 4L, 2000). In general, the phenolics values
were comparable to that reported by Ilahy ez 4/ (2011) while higher
values ranging from 18692 and 55863 mg GAE/kg fw were
reported by Garcia-Valverde ezl (2013).

Litde is known about physiological functions of flavonoids
during ripening of tomaro fruits but it is assumed that some specific
flavonoids may play important roles in the regulation of dimacteric
ethylene biosynthesis while, in return, ethylene may stimulate their
biosynthesis in the epicarp of tomato fruits during the ripening
stages. Itis hypothesized that naringenin and caffeic-acid-hexose may
be part of natural mechanisms by which ripe tomato fruits prevent
the over ripening when they are still attached to the mother plant
(Aghofack-Nguemezi and Schwab, 2015).

As for phenolics, the results showed that the flavonoid content
was significantly different between the various ripeness stages (Fig, 8).
The pattern of variation in total flavonoids content was similar at
tomato cultivars, a statistically significant increase in the amount of
flavonoids was evidenced at turning, followed by a decrease at the red
stage and a final slight increase at the deep-red stage.

Hydrophilic antioxidant activity of tomato extracts followed the
same trend in all cultivars, increasing from the mature green to the
pink stage, afterwards decreasing significandy (Fig, 9). At the decp-
red stage, hydrophilic antioxidant activity ranged from 2.54 mM
Trolox/kg (‘Admiro’) to 292 mM Trolox/kg (‘Cheramy), values
comparable with those previously reported by Cano ¢z 4. (2003) in
ripe tomato fruits. As other authors have found (Garcia-Valverde ez
al.,2013; Tlahy ez al., 2011), hydrophilic antioxidant activity showed

xﬁuﬁcant moderately strong positive correlations with total
enolic and ascorbic acid content (p<0.05; r=0.570 and r=0.516,
respectwely

A statistically significant stronger correlation was found between
total phenolic content and ascorbic acid content in all cultivars
(r=0.804; p<0.05), a finding consistent with the results reported by
Kotikovaeral (2011) and Garcia-Valverde e 4. (2013).

Table 1 lists thelevels of color parameters (L*, a*, b*) and CIELab
indexes (h, C*) of tomato fruits at different ripening stages. During
fruit ripening color parameter a* had a sharp increase, changing ﬁom
negative (green colour) to positive (red colour), the highest increase
being recorded between mature green and turning stages of ripening,
evolution which is related to the beginning of carotenoids synthesis.
In the last three stages of ripening the colour lightness (L*) decreased,
indicating darkening of the tomato red colour. The lowest ratio of
the red and green colour with a negative value (~1.80) was recorded
in the green fruits of the cultivar ‘Cheramy’ while the highest value of
color parameter a* (29.90) was recorded in completely ripened
tomatoes of the same cultivar.

Chroma (C) is a color index representing the quantitative
attribute of colorfulness, so that as C*increases, color becomes more
intense. Color chroma index (C”) varied at different fruit ripeness
stages of the investigated cultivars (Table 1). Thelowest C*value was
detected in the green fruits of the cultivar ‘Cheramy while the
highest chroma value was recorded in the tomatoes of the same
cultivar at the dee red stage.

Hue angie of all investigated cultivars significantly decreased
during ripening (Table 1). The analysed tomato cultivars developed
asimilar color at the deep-red stage, with average hue angles between
45 and 53 degrees. Considering the a* to b*ratio as a reference index
for the ripening stage (Raffo ez 4/, 2002; Batu, 2004), tomatoes of the
investigated cultivars were dassified in the light red maturity dass
(065 >ab*>095).

Correlations between lycopene content and color indexes have
also been explored in this study. A significant negative correlation (r
= —0.521) was found between lycopene content and lighmess (L),
indicating that higher L* values were related to lower lycopene
content. Significant moderately strong positive correlations were
found between lycopene content and a*, b, a*/b* and chroma (C¥),
proving once again that, in vine ripening conditions, these
parameters could be used as objective ripening indexes (Arias ez 4/,
2000). The strongest correlation was found between lycopene
content and hue angle (h°) (r = —0.752) which is consistent with
previous studies (Hertog etal 2007). Besides, CIELab hue angle is
the most commonly used parameter to indicate the development of
red coloration during the ripening of tomato fruits (Pék ¢ 2L, 2011).
Correlation  coefficients between main carotenoids content
(lycopene + B-carotene) and each of the color indexes were found to
be higher compared to those established in the correlations with
lycopene.

Conclusion

Antioxidant compounds (lycopene, (-carotene, phenolics,
flavonoids and ascorbic acid) and the hydrophilic antioxidant
activity of fresh consumption tomato cultivars depend significandy
on the cultivar and ripening stage. In all stages of ripening we have
measured significantly higher lycopene, total phenolics, total
flavonoids and ascobic acid content in the cherry type hybrid
‘Cheramy’ than in the large fruited cultivars ‘Admiro’ and ‘Komet.
These results are due to the higher skin to volume ratio of cherry
tomato fruits and to the higher levels of these compounds in the
skin. The content of B-carotene increased constantly during
ripening while lycopene content registered a sharp rise, especially in
the last stage of ripening, when 47.2% of the lycopene content was
accumulated. The patterns of variation of total phenolic content
and antioxidant activity were quite similar during fruit ripening in
all investigated cultivars. They increased during the first stages of
ripening, reached maximum at the pink stage and declined
significantly during the last two stages. Hydrophilic antioxidant
activity showed significant moderately strong positive correlations
with total phenolics and ascorbic acid while a stronger correlation
was found between total phenolic content and ascorbic acid
content in all cultivars. The analysis of CIELab color
measurements revealed that the beginning of carotenoids synthesis
is associated with a sharp increase of parameter a* while the
ripening process is accompanied by the decrease of lightness and
hue angle and the increase of Chroma (C*) and 4" to 4" ratio.
During ripening of tomato fruits significant moderately strong
correlations were found between lycopene content and all color
indexes but the strongest correlation was found with hue angle (r =

-0758).
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