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Abstract

The increased interest in organic tomatoes production demands breeders to develop new cultivars, which besides suitability
in low-input production system and marketable quality, have to exhibit high nutritional value, including health-promoting
compounds. In this respect, this paper aimed to assess and compare the nutritional value of four Romanian tomato cultivars,
two with determinate growth (‘Arges 11° and ‘Arges 123°) and two with indeterminate growth (‘Costate 21" and ‘Stefinesti
22’), created and recommended for organic production in open field and protected cultivation. The tomato cultivars were laid
out in a high plastic tunnel crop and the tomato fruits were evaluated as chemical composition, being determined the following
parameters: moisture, ash, soluble solids, pH, acidity and content in some antioxidant compounds, such as vitamin C,
polyphenols, flavonoids, anthocyanins, lycopene and B-carotene. Considering some chemical parameters important in
revealing tomato flavor, such as soluble solids, pH and acidity, ‘Stefinesti 22’ cultivar showed the best ratio among them. The
differences in antioxidant composition among cultivars were not statistically significant (P>0.05) for most of the analyzed
parameters, with the exception of lycopene content which showed significant variation. Thus, ‘Costate 21’ showed the highest
amount of lycopene within indeterminate cultivars (17.49 mg 100 g' FW), while ‘Arges 11" showed the highest amount of
lycopene within determinate cultivars (13.92 mg 100 g! FW). According to the nutritional value of cultivars assessed in this
study, ‘Costate 21’ is the best recommendation for greenhouse cultivation while ‘Arges 11” is the best recommendation for
open field cultivation.
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Introduction

Vegetables are complex source of organic compounds,
minerals, vitamins, phytoncides and antimicrobial substances
important to the human body. Their high nutritional value but
low energy contribution and the variety of biological
phytonutrients recommends them as important part of a
balanced diet (Butnariu and Butu, 2015; Duma, 2015).

Vegetables quality is a complex issue but the standards of
quality, established globally by the Codex Alimentarius of the
Food and Agriculture Organization (FAO) and the World
Health Organization (WHO), refers only to features

concerning market value of vegetables. Although maximum
limit concentrations for nitrates and pesticides are included,
important internal quality traits of vegetable products such as
texture, flavor and health-related compounds are not
considered (Rouphael ez 4l., 2012). However, in the last years
consumers demand determined breeders to breed and farmers
to select cultivars which besides high productivity and market
requested quality (ic. size, shape, colour, freshness, absence of
defects ctcg have to fulfill requirements for a good taste, high
minerals content and bioactive compounds (i.e. vitamins,
health-promoting compounds), thus cultivars with a high

nutritional value.
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Tomato (Lycopersicon esculentum L.) is the most widely
cultivated and the second worldwide consumed vegetable
(FAOSTAT, 2013). It is consumed fresh, cooked or after
processing in a wide range of products (canned tomato, tomato
juice, ketchup, pasta, sauces and soups). Tomato has a high
content of water (94.52%) and a low caloric value (18 kcal 100
g"') but it is a good source of vitamins (A, C, K, E and B
complex) and minerals (K, P, Mg, Ca, Fe, Na and Zn) (USDA
National Nutrient Database for Standard Reference, 2016).
More specifically, tomato is the third source of vitamin C in
our diet and the fourth for vitamin A (due to its content in p-
carotene and to the large amount consumed) while potassium,
phosphorus, magnesium and iron, among the minerals, are
implied in the normal activity of muscles and nerves (Bhowmik
etal,2012).

Tomato is an important source of antioxidants such as
polyphenols, ascorbic acid, tocopherols, [p-carotene and
lycopene which are not compulsory in diet but, when present
in sufficient level, prevent chronic discases through the
inhibition of the harmful effects of free radicals (Mostapha ez
al., 2014). Tomato can provide an important proportion
(85%) of antioxidants in the human diet through carotenoids
and phenolic compounds (Aoun ez 4/, 2013; Liu, 2013). The
most important natural antioxidant present in tomato is
lycopene (Brandt ez al, 2006) which represents 90% of the
total carotenoids and which is responsible for the deep red
colour of ripe tomatoes and their derived products (Ibitoye ez
al., 2009; lahy ez al.,, 2015). The dietary intake of lycopen has
been reported to be associated with decreased risk of cancer and
cardiovascular diseases (Soares ez al., 2014). The lycopene from
tomato is a highly available source since, in contrast with other
phytonutrients, does not decrease by tomatoes processing, but
rather significantly increases. Moreover, there are studies which
report that the bioavailability of lycopene in heat-processed
tomato products is higher than in fresh tomatoes (Abushita ez
al.,2000; Bhowmik ez 4/, 2012).

The world total land area cultivated with tomato in 2013
(FAOSTAT) reached 4.7 million ha. Considering the total
land area cultivated with tomatoes in 2015 in Europe (De
Cicco, 2016), Romania, with 24,300 ha, occupies the third
place after Italy (107,200 ha) and Spain (58,200 ha), even if
followed them at high distance, but it is situated before
Portugal (18,700 ha), Greece (17,200 ha) and Poland (13,800).
Unfortunately the situation is not the same when referrmg to
the production quantity, where the leading countries are Italy
(6410 Mt) and Spain (4.839 Mt) followef by Portugal (1 407
Mt) and Greece (1.086 Mt).

Romania with 464,500 tons was surpassed even by
Netherlands, which harvest 890,000 tons from only 1,800 ha.
This is due, on the one hand, to the small average area assigned
for growing vegetables in Romania (0.3 ha), which is under the
EU average (1.7 ha) and means vegetable farms with less than 1
ha. On the other hand, the outdated technologies and
production methods besides the lack of highly yielding cultivars
well adapted to cultivation in our country should be
considered. A good solution for small vegetable farms in
Romania could be the organic production since it does not
imply high technological investments (Saracin, 2016).
Moreover, organic vegetables production under protected
cultivation (greenhouse, high tunnels) has potential for out-of
season market supply (Tuzel ez 4/, 2001).

More than 95% of cultivars used in organic vegetable
production are bred for the conventional high-input system,
thus lacking important traits required under organic low-input
sector (Murphy et al, 2007; Lammerts ez al, 2011).
Considering the scarce availability of Romanian vegetable
cultivars, including tomato, researchers plan to increase in the
next five years the vegetable assortment by regeneration of local
varieties, creation of new hybrids recommended for protected
cultivation and creating varieties for traditional culture and
organic production (Scurtu ¢f 4., 2016)). In this respect at
ILN.C.D.B.H. Stefinesti, Arges, four tomato cultivars (‘Arges
11’, ‘Arges 123, ‘Costate 21" and ‘Stefinesti 22°) recommended
for organic farming were obtained and grown in a high plastic
tunnel, in 2014, in order to be evaluated as yielding potential,
diseases tolerance and behaviour at low fertilization inputs.
Considering that nutritive value represents a useful approach in
selection of cultivars with better health-promoting properties,
this work aimed to evaluate the chemical composition of the
tomato fruits from these cultivars, being determined the
following parameters: moisture, ash, soluble solids, pH, acidity
and content in some antioxidant compounds, such as vitamin
C, polyphenols, flavonoids, anthocyanins, lycopene and p-

carotene.”

Materials and Methods

Plant material

Four tomato cultivars, two with determinate growth
(‘Arges 11" and ‘Arges 123’) and two with indetermined
growth (‘Costate 21" and ‘Stefinesti 22’), were grown in 2014
under organic and low-input production conditions in a high
plastic tunnel at IN.C.D.B.H. Stefinesti, Arges. One kg of
healthy fruits, free of defects, uniform in size and harvested at
red ripe stage for each cultivar, randomly selected, were
collected for analysis.

Tomato fruits were washed and wiped with a paper towel,
then cut into slices and transformed into a homogeneous mash
with a vertical mixer. The samples were stored at -4 °C until to

perform all analyses.

Chemical substances

Polyphenols (gallic acid), flavonoids (catechins) and Folin-
Ciocalteu standards were purchased from Redox Bucharest -
Sigma Aldrich, Dako, Epp. Romania. Methanol, ethanol,
acetone, hexane, sodium hydroxide, sodium carbonate, sodium
nitrite, hydrochloric acid, potassium iodide, starch, potassium

iodate and aluminum chloride were purchased from Merck
Romania SRL.

Chemical analysis and equipment

The moisture (water content) was  determined
gravimetrically by drying 1 g tomato in an oven at 105 110°C
for 2 hours (AOAC, 1999) and expressed as g 100 g' FW. The
ash content was determined by calcination of residue (resulted
after extraction of water content) for 4 hours at 550 °C
(AOAC, 1999) and expressed as g 100 g' DW. Soluble solids
were determined using a Kruss DR201-95 refractometer and
the results were reported as °Brix at 20 °C (AOAC, 1999). pH
was measured by the squeezing of tomatoes, using a multimeter
C-561, after calibration of the apparatus with solutions of pH 7
and 4, respectively (AOAC, 1999).



Tudor-Radu M et al / Not Bot Horti Agrobo, 2016, 44(2):477-483

The acidity was determined by titration of the tomato
samples with a solution of NaOH 0.1 M (AOAC, 1999),
using the bromothymol blue (as indicator) and the results were
expressed in g " citric acid.

Vitamin C was determined by iodometric method
(AOAC, 1999). In a volumetric flask, over 5 g of tomato puree
was added solution of hydrochloric acid 2% up to a final
volume of 100 mL. After 15 minutes of extraction, the mixture
was filtered and 5 mL filtrate was put in an Erlenmeyer flask of
100 mL, followed by adding 5 mL of distilled water, 3 mL
solution of potassium iodide 1% and 2 mL of starch 1%. The
obtained sample was titrated with a solution of potassium
iodate 0.0017 M, freshly prepared. The content of vitamin C,
expressed in mg 100 g' FW, was determined based on the
volume of potassium iodate used for the titration, according to
the mass of tomato from each sample. The blank sample was
prepared under the same conditions as tomato samples.

Quantitative determination of polyphenols was performed
by spectrophotometric method using a UV-Vis spectro-
photometer PerkinElmer Lambda25. The methodology
proposed by Singleton and Rossi (1965) was respected. The
principle of method is based on forming a blue colored
compound between phosphotungstic acid and polyphenols, in
an alkaline medium. For analysis, a methanolic extract of
tomato with concentration 1 mg/mL was used. The
concentration of polyphenols was calculated using the
calibration curve, performed under the same conditions as the
sample, using the absorbance values at the maximum
absorption, located at 750 nm. To obtain the calibration curve,
a stock solution of gallic acid with concentration of 100 mg/L
was used. 0.5 mL of the methanol extract of tomato was added
to a 10 mL flask containing 5 mL of distilled water and 0.5 mL
of Folin-Ciocalteu reagent. After 5 minutes of rest, 2 mL
solution of sodium carbonate 10% was added, then diluted
with distilled water up to the final volume of 10 mL. After 2
hours of rest, absorbance of the samples was measured and the
concentration of polyphenols was estimated. The content of
polyphenols was expressed as mg gallic acid equivalent (GAE)
100! FW.

Quantification of flavonoids was performed by spectro-
photometric method using a UV-Vis spectrophotometer
PerkinElmer Lambda25. The methodology proposed by
Zhishen et al. (1999) was respected. The principle of method is
based on the formation of a yellow-orange-colored compound
by the reaction of flavonoids and aluminum chloride. For
analysis, a methanolic extract of tomato with concentration of
1 mg/mL was used. The concentration of the flavonoid has
been calculated using the calibration curve, performed under
the same conditions as the sample solutions, using the
absorbance values of the maximum absorption, located at 510
nm. To obtain the calibration curve, a stock solution of
catechin with concentration of 100 mg/L was made. 1 mL of
methanolic extract of tomato was added to a 10 mL volumetric
flask containing 4 mL of distilled water and 0.3 mL of sodium
nitrite 5%. After 5 minutes of rest, in the volumetric flask was
added 0.3 mL of aluminum chloride 10%. After S minutes, 2
mL solution of sodium hydroxide 1M was added and was
diluted with distilled water up to the final volume of 10 mL.
The solution absorbance was measured at 510 nm. Flavonoid
concentration was estimated using the calibration curve of
catechins and, finally, the content of flavonoids was expressed
as mg catechin equivalent (CE) 100 g' FW.
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Quantitative ~ determination of anthocyanins  was
performed by spectrophotometric method using a UV-Vis
spectrophotometer ~ PerkinElmer ~ Lambda25.  The
methodology proposed by Distefano and Cravero (1989) was
used. Anthocyanins extraction was performed with dilute
hydrochloric acid 1%, at 70 1. The clear supernatant was
cooled and passed to a 1000 mL volumetric flask. Other 3-5
extractions were made up to the complete decolorizing of the
tomato fragments and the supernatant was collected each time
in the volumetric flask. Quantitative determination of
anthocyanins was accomplished by measuring the optical
density of the supernatant sample at 520 nm and the result was
expressed as cyanidin-3-O-glucoside equivalent mg 100g" FW.

Quantitative determination of carotenoids (lycopene and
B-carotene) was performed with a UV-Vis spectrophotometer
PerkinElmer Lambda25, based on the methodology proposed
by Zechmeister and Polgar (1943).

For extraction of the two compounds, 1 g of tomato puree
was used, which was added over 25 mL mixture of solvents
(hexane: ethanol: acetone in 2:1:1 volume ratio). The mixture
was stirred for 30 minutes at 1500 rpm and then was added 10
mL of distilled water and stirring was continued for another 10
minutes. After 15 minutes of rest, the phases were separated.
The concentration of carotenoids, expressed as mg 100 g' FW,
was calculated using molar extinction coefficients of 184900
M'em? at 470 nm and 172000 M'cm® at 503 nm for
lycopene (Rubio-Diaz ez 4l., 2011; DeRitter and Purcell, 1981),
while 108427 Mcm™ at 470 nm and 24686 M'cm™ at 503
nm for B-carotene in hexane, respectively (Zechmeister and

Polgar, 1943).

Statistical analyses

The reported results represent means of triplicates for all
chemical parameters. The data were processed by analysis of
variance (ANOVA) and the mean values for all determined
parameters were separated with Duncan’s multiple range tests

at 5% level of probability.

Results and Discussion

Some chemical parameters of the analyzed cultivars, such as
moisture, ash, soluble solids, pH and acidity are presented in
Table 1.

The water content of ripe tomato fruits is high (around
94%) offering them freshness and crisp texture at harvest time,
having important hydration effect on human body. The water
content of the four cultivars assessed in this study ranged from
93.22% for ‘Stefinesti 22° to 95.14% for ‘Costate 21, results
which are in agreement with those reported by Hernandez
Suarez et al. (2008) and Gupta ez al. (2011). However, no
significant differences among cultivars were observed (P>0.05).

The ash content in tomato fruits ranged from 6.5% for
‘Stefanesti 22’ to 9.5% for ‘Costate 21". Higher ash contents
were revealed in ‘Costate 21’ from indeterminate cultivars and
in ‘Arges 123’ from determinate cultivars, both with significant
differences (P<0.05) as compared with the other two studied
cultivars. These results are close to those reported by Gupta e
al. (2011) in two tomato cultivars grown in North-Western
India (7.21% and 7.24%, respectively) and by Pincla ef al.
(2012) in four tomato cultivars grown in North-Eastern
Portugal (values between 5.4% and 7.4%).
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Soluble solids (SS) is one of the most important quality
factor for most fruits and represents a great part (75%) of the
total solids (TS) content in tomatoes, being an indicator of
sweetness, since reducing sugars (glucose and fructose) are the
main soluble components of tomatoes (Malundo ez 4/, 1995).
Organic acids, lipids, minerals and pigments are the remaining
soluble solids besides a very small quantity of sucrose. The total
solids of tomatoes consist also of insoluble solids (ISS) (25%)
which include proteins, cellulose, hemicellulose, pectins and
polysaccharides, which determine fruit juice (Aoun ez 4l,
2013). Salunkhe ez 4/. (1974) and Moneruzzaman ez 4/. (2008)
reported the increase of soluble solids content with the
tomatoes ripening and maturation, because of the
polysaccharide biosynthesis or degradation. The amount of
soluble solids of the four studied cuﬁ:rivars ranged from 3.4 *Brix
for ‘Arges 11 to 4.8 “Brix for ‘Stefinesti 22’, being comparable
with the results obtained by Aoun ¢# 4l. (2013) and Duma
(2015), who reported in different tomato cultivars values
between 2.02 and 4.57 °Brix and between 4.6 and 6.3 °Brix,
respectively. When comparing the soluble solids content
among the assessed cultivars, only small variation can be
observed, the highest and statistical significant difference being
obtained in ‘Stefinesti 22”.

pH and acidity are important parameters for assessing
tomatoes  quality. The pH for the analyzed cultivars ranged
from 3.88 to 4.16, the obtained values being very close and
included in the optimum pH range (3.7-4.5), reported by
Sulieman ez 4l (2011). The same author specifies that the
optimum pH range is considered to be a limiting factor for the
preservation and storage of tomatoes in the form of tomato
pasta, while Foolad (2007) states also that lower pH (<4)
reduces the risk of pathogen growth in tomato products. The
evolution of pH during storage of fruits for two weeks under
ambient conditions was also considered in this study, and the
results are showed in Fig, 1. One week after harvest, pH values
for all cultivars were included in the optimum pH range but
two weeks after harvest, pH values exceeded the upper limit.
The increased pH values are due probably to tomatoes' altering
at two weceks after harvest. These results show that tomatoes
should be consumed fresh, within two weeks from harvest.
Statistical significant differences in pH only for ‘Arges 123’ and
in acidity only for ‘Stefinesti 22’, as compared with all the other
tested cultivars, were recorded.

The acidity level in tomatoes is associated with the sensory
attributes, such as flavor and astringency. Citric acid is the most
abundant acid from tomatoes and contributes most to acidity
(Aoun et al.,2013). Acidity values for the four tomato cultivars
ranged from 4.73 g L' for ‘Arges 123’ to 5.87 g L' for
‘Stefinesti 22”. These results are in agreement with those of
Aoun ¢t al. (2013) who reported values of titratable acidity

Table 1. Some chemical parameters in tomato fruits of the four assessed

cultivars

Moisture Ash Soluble Acidity
Variety (gloog' (gloog’ solids £209C (g citric acid
FW) DW) (Brix) ° LY

‘Costate 21’ 95.14a 9.5a 3.7b 3.88b 5.01b
‘Arges 117 94.92 a 7.1b 34b 3.88b 5.01b
S“i‘}cw 93222 65b 48a  387b  587a
‘Arges 123 95.12a 89a 4.1 ab 4.16a 4.73b

Note: values followed by the same leteers not significantly different ar P<0.05,
according to Duncan’s test

ranging between 2.9 and 7.9 g L' in an experiment with
traditional varieties of tomato grown in Tunisia. If considered
that titratable acidity has no significant effect on tomato flavor
unless pH is low, as stated by the same author, it seems that
‘Stefinesti 22’ is the most flavored cultivar because it has the
highest content of SS, the lowest pH and the highest acidity.

Tomatoes have antioxidant features due to the presence of
some bioactive compounds, such as vitamin C, polyphenols,
flavonoids, anthocyanins and carotenoids (Cernisev and
Sleagun, 2007), which are considered indicators of health, thus
operating as biomarkers of food quality. Since the level of
bioactive compounds can vary with genotype (Slimestad and
Verheul, 2009) it was considered necessary to study the
antioxidant compounds content in the tomato fruits of the
tested cultivars in order to determine their health benefit
attributes.

Vitamin C is a major natural antioxidant in tomatoes,
which react with oxygen, thus removing it in a closed system. In
the analyzed cultivars, the vitamin C content ranged from
22.61 mg 100 g' FW in ‘Arges 11’ to 32.21 mg 100 g' FW in
‘Costate 21" (Table 2). The result is in line with that reported
by Ilahy ez 4l. (2016) who revealed a vitamin C content ranging
from 22.18 t0 27.16 mg 100 g' FW. No significant variation in
vitamin C content among cultivars was revealed, with the
exception of ‘Costate 21" which for the result is comparable
with open field grown tomatoes, even if the tested cultivars
were grown in high plastic tunnel. The evolution of vitamin C
content in tomato fruits during two weeks of storage under
ambient conditions is presented in Fig. 2. Higher decrease in
vitamin C was revealed by ‘Arges 11, ‘Arges 123’ and
‘Stefinegti 22 with 50% at 7 days after harvesting and 75% at
14 days after harvesting, while lower decrease was recorded in
‘Costate 21" with 35% at 7 days after harvesting and 65% at 14
days after harvesting, respectively. The observed decrease of
vitamin C content during storage is a result of ascorbic acid
degradation due to oxidation under the presence of oxidizing
enzymes. These results are in agreement with findings of
Christakou ez 4l. (2005) who reported a decrease of vitamin C
content in melon during storage period. In an experiment with
fresh market tomatoes harvested at mature green stage, Tigist e?
al. (2013) reported an initially increase of vitamin C content
during storage under ambient conditions (approximately for
three weeks) followed by a subsequent decrease.

Tomato fruits are rich in polyphenols and flavonoids,
compounds of high interest in the food industry and the

335

matharvesting ®7 days after harvesting  ® 14 days after harvesting

23.5
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8.5 1

35 4

Stefanesti 22

Costate 21 Arges 11 Arges 123

Fig. 1. The evolution of pH during storage of tomato fruits for
two weeks under ambient conditions
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Table 2. Some antioxidant compounds in tomato fruits (mg 100 g FW) of the four assessed cultivars
Variety Vitamin C Polyphenols Flavonoids Anthocyanins Lycopene (-carotene
‘Costate 21 32.21a 2061 b 347 a 13.66 b 1749 a 045 c
‘Arges 117 22.61b 2178 a 222b 22.77 a 13.92b 1.45b
‘Stefinesti 22’ 22.89b 2028 ab 206 b 14.23b 11.17 ¢ 1.88a
‘Arges 123’ 22.81b 1992 ¢ 194b 22.85a 8.84d 1.63 ab

Note: Polyphenols are expressed as mg gallic acid cqulvalcnt (GAE) 100 g™ FW’; flavonoids are expressed as mg catechin equivalent (CE) 100 g7 FW/; anthocyanms are
expressed as mg cyanidin-3-O-glucoside equivalent 100 g FW. Values followed by the same letters not significandy different at P<0.05, according to Duncan’s test

335 4

matharvesting M7 days after harvesting 814 days after harvesting

285 1

235 4

185 1

135 1

8.5 1

35 4

T

Costate 21 Arges 11 Stefanesti 22

Arges 123
Fig. 2. The evolution of vitamin C (mg 100 g' FW) during

storage of tomato fruits for two weeks under ambient

conditions

medical field. Phenolic compounds are a class of antioxidants
that prevent oxidative damage to lipids, thus increasing the
nutritional value of the food. They possess a broad spectrum of
biochemical activities such as antioxidant, antimutagenic and
anticarcinogenic (Nakamura ez 4/, 2003). Flavonoids are a
group of phenolic compounds that are low present in tomatoes
compared with other vegetables (Lammerts ez al, 2011).
Polyphenols content in analyzed tomatoes ranged from 1992
mg GAE 100 g' FW in ‘Arges 123’ to 2178 mg GAE 100 g'

FW in ‘Arges 11/, whlle the content of flavonoids ranged from
194 mg CE 100 g' FW in ‘Arges 123’ to 347 mg CE 100 g'

FW in ‘Costate 21’ (Table 2). Martinez-Valverde ez 4/. (2002)
and Mechlouch ez a/. (2012) obtained similar results. High
polyphenols content was submitted by ‘Arges 11 followed by
‘Costate 21’ and ‘Stefinesti 22" but differences among these
cultivars were not statistically significant. Flavonoids content
was not significantly different among cultivars, with the
exception of ‘Costate 21’

Anthocyanins, which belong to flavonoids class of
compounds, are soluble pigments of large spectrum,
responsible for the colour (red, orange, purple or blue) of
flowers, fruits and vegetables. They are odorless substances, but
helping taste with a moderate astringent sensation. At the
investigated cultivars were found anthocyanins content
between 13.66 mg cyamdm—3 O-glucoside equivalent 100 g'
FW in Costatc 21" and 22.85 mg cy, cyanidin-3-O-glucoside
equivalent 100 g' FW in ‘Arges 123’ (Table 2). These results
are comparable with those of Jones ¢z a/. (2003) and Mes ez 4.
(2008), who rcPorted anthocyanin content between 7.79 and
41.5 mg 100 g’ FW in different tomato genotypes. Cultivars
with determinate growth revealed almost double anthocyanins
content than cultivars with indeterminate growth, the
differences between the two types being significant (P<0.05).

3.5
] = Costate 21 472{"“ 503
] e Arges 11 nm
3.04 4 Stefanesti 22 P‘
1 v Arges 123 445nm2 H f
4 n
251 A HE
] 7%
2.0 : A;"H.-A-.:_
4 [ ] A
A ]
15 %
1.0
0.5
0.0+ T T T T T T T T L
350 400 450 500 550 600
A, M

Fig. 3. UV-Vis spectra of tomatoes supernatant

Carotenoids are natural pigments present in red-orange
vegetable products. Carotenoids act as antioxidants, fighting
against free radicals, thus working against premature ageing and
appearance of blemishes on the skin. Lycopene and 8-carotene
absorb light in the 350-550 nm regjon of the visible spectrum.
The characteristics of the absorption spectra of the two
carotenoids dissolved in hexane are showed in the literature
(Zechmeister and Polgar, 1943; DeRitter and Purcell, 1981;
Zang et al., 1997; Takaichi, 2000). The UV-Vis spectra of the
two carotenoids have three absorption peaks located at 443,
471 and 502 nm for lycopene and 425, 450 and 478 nm for 8-
carotene. It is known that the maximum absorption at 360 nm
indicates the presence of lycopene cis-isomers. Fig. 3 indicates
the UV-Vis absorption spectra of the tomatoes supernatant,
obtained by extraction of carotenoids with mixture of hexane,
ethanol and acetone.

Analyzing the UV-Vis absorption spectra of the tomatoes
supernatant, the content of those two carotenoids was
calculated. The lycopene content in the analyzed cultivars
rangcd from 8.84 mg 100 g' FW in ‘Arges 123’ to 17.49 mg
100 ¢' FW in ‘Costate 21 while the B—carotene content
rangcd from 045 mg 100 g' FW in ‘Costate 21’ to 1.88 mg
100 g' FW in Stefancstl 22’ (Table 2). Similar results were
obtained by Abushita ez 4/, (2000), Martinez-Valverde e al.
(2002) and Helyes ¢ al. (2012). The lycopene content was
significantly different among the studied tomato cultivars
(P<0.05), higher contents being revealed i in ‘Costate 21’ from
indeterminate cultivars (1749 mg 100 g' FW) and in ‘Arges
11’ from determinate cultivars (13.92 mg 100 g' FW). The
highest content in B-carotene was recorded in ‘Stefinesti 22
(1.88 mg 100 g' FW) followed by ‘Arges 123 (163 mg100g'

FW) and ‘Arges 11’ (145 mg 100 g' FW), even if the

differences among these cultivars were not significant.
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Conclusions

Tomatoes are rich source of minerals, vitamins and
antioxidants. Tomato cultivars assessed in this study revealed
variation in chemical composition but statistical significant
differences (P<0.05) were found only in lycopene content.
Since cultivars were grown in the same environmental
conditions and cultural practices it can be concluded that
variability in chemical composition has depended on cultivar.
‘Costate 21" with high content of antioxidant compounds,
especially vitamin C, phenolic compounds and lycopene,
represents a valuable cultivar for improving dietary antioxidants
supply in our diet.

References

AOAC (1999). Food composition; additives; natural contaminants. Official
Methodsof Analysis of AOAC, 2. AOAC, Adlington.

Abushita AA, Daood HG, Biacs PA (2000). Change in carotenoids and
antioxidant vitamins in tomato as a function of varietal and
technologjcal factors. Journal of Agricultural and Food Chemistry
48:2075-2081.

Aoun AB, Lechiheb B, Benyahya L, Ferchichi A (2013). Evaluation of fruit
quality traits of traditional varieties of tomato (Solanum bycopersicum)
grown in Tunisia. African Journal of food Science 7(10):350-354.

Bhowmik D, Sampath Kumar KP, Paswan S, Srivastava S (2012). Tomato
— a natural medicine and its health benefits. Journal of Pharmacognosy
and Phytochemistry 1(1):3343.

Brandt S, Pek Z, Barna E (2006). Lycopene content and colour of ripening
tomatoes as affected by environmental conditions. Journal of the Science
of Food and Agriculture. 86(4):568-572.

Butnariu M, Butu A (2015). Chemical Composition of Vegetables and
Their Products In: Chi Keung Cheung P, Bhavbhuti MM (Eds).
Handbook of Food Chemistry. Springer-Verlag Berlin Heidelberg pp
627-692.

Cemisev S, Sleagun G (2007). Influence of dehydration technologies on
dried tomato biologjcal quality and value. Cercetiri agronomice in
Moldova, anul XXXX;, 3(131):63-68.

Christakou EC, Arvanitoyannis IS, Khah EM, Bletsos F (2005). Effect of
grafting and modified armosphere packing (MAP) on melon quality
parameters  during storage. Journal of Food Agriculture and
Environment 3(1):145-152.

De Cicco A (2016). The fruit and vegetable sector in the EU — a statistical
overview. Data extracted in July and August 2016. Most recent data:
Further Furostat information, Main tables and Database. Planned
artide update: October2017.

DeRitter E, Purcell AE (1981). Carotenoid analytical methods. In:
Bauernfeind JC (Eds). Carotenoids as colorants and Vitamin A
precursors: technical and nutritional applications. Academic Press, New
York, USA, pp 815-923.

DiStefano R, Cravero MC (1989). I composti fenolici e la natura del colore
dei vini rossi. enotecnico Ottobre, $1-87.

Duma M (2015). Chemical composition of tomatoes depending on the
stage of ripening, Cheminé Technologija 1(66):24-28.

FAOSTAT (2013). hetp://www fao.org/faostat/en/#data/QC. Accessed
on23/03/2016.

Foolad MR (2007). Genome mapping and molecular breeding of tomato.
International Journal of Plant Genomics 52 p.

Gupta A, Kawatra A, Sechgal S (2011). Physical-chemical properties and
nutritional evaluation of newly developed tomato genotypes. African
Journal of Food Science and Technology 2(7):167-172.

Helyes L, Lugasi A, Pék Z (2012). Effect of irrigation on processing tomato
yield and antioxidant components. Turkish Journal of Agriculture and
Forestry 36:702-709.

Hernandez Suarez M, Rodriguez Rodriguez EM, Diaz Romero C (2008).
Chemical composition of tomato (Lycopersicon esculensum) from
Tenerife, the Canary Islands. Food Chemistry 106:1046-1036.

Ibitoye DO, Akin-Idowu PE, Ademoyegun OT (2009). Agronomic and
lycopene evaluation in tomato (Lycopersicon: byeopersicurmn ML) as a
function of genotype. World Journal of Agricultural Sciences 5(S):892-
895.

Iahy R, Riahi A, Tlili I, Hdider C, Lenucci MS, Dalessandro G (2015).
Carotenoid content in intact plastids isolated from ordinary and high-
lycopene tomato (Solanum bycopersicum L) cultivars. Acta Horticulturae
1081:135-140.

Ilahy R, Siddiqui MW, Tlili I, Piro G, Lenucci MS, Hdider C (2016).
Functional quality and colour attributes of two high-lycopene tomato
breeding lines grown under greenhouse conditions. Turkish Journal of
Agriculture — Food Science and Technology 4(5):365-373.

Jones CM, Mes P, Myers JR (2003). Characterization and inheritance of the
anthocyanin fruit (aft) tomato. Journal of Heredity 94(6):449-456.

Lammerts van Buerena ET, Jonesc SS, Tammd L, Murphyec KM, Myerse
JR, Leifert C, Messmerd MM (2011). The need to breed crop varieties
suitable for organic farming, using wheat, tomato and broccoli as
examples: A review. NJAS — Wageningen Journal of Life Sciences
58:193-205.

Liu RH (2013). Health-promoting components of fruits and vegetables in
the diet Advances in Nutrition 4:384S-392S.

Malundo MM, Shewfelt RL, Scott JW (1995). Flavor quality of fresh
tomato (Lycopersicon esculentum Mill) as affected by sugar and acid
levels. Postharvest Biology and Technology 6:103-110.

Martinez-Valverde I, Periago MJ, Provan G, Chesson A (2002). Phenolic
compounds, lycopene and antioxidant activity in commercial varieties of
tomato (Lycopersicum esculentum). Journal of the Science of Food and
Agriculture 82(3):323-330.

Mechlouch RF, Elfalleh W/, Ziadi M, Hannachi H, Chwikhi M, Ben Aoun
A, Flakesh I, Cheour F (2012). Effect of different drying methods on the
physico-chemical  properties of tomato varety Rio Grande.
International Journal of Food Engjnecring 8(2)-article 4.

Mes PJ, Boches P, Myers JR (2008). Characterization of tormatoes expressing
anthocyanin in the fruit. Journal of the American Society for
Horticultural Science 133(2):262-269.

Moneruzzaman KM, Hossain ABMS, Sani W, Saifuddin M (2008). Effect
of stages of marurity and ripening conditions on the biochemical
characteristics of tomato. American Journal of Biochemistry and
Biotechnology 4(4):329-335.

Mostapha BB, Louaileche H, Mouhoubi Z (2014). Antioxidant activity of
eight tomato (Lycopersicon exculentum 1.) varieties grown in Algeria.
Journal of Food Technology Rescarch 1(2):133-145.



Tudor-Radu M et al / Not Bot Horti Agrobo, 2016, 44(2):477-483

Murphy KM, Campbell KG, Lyon SR, Jones SS (2007). Evidence of varietal
adaptation to organic farming systerns. Field Crops Research 102:172-
177.

Nakamura Y, Watanabe S, Miyake N, Kohno H, Osawa T (2003).
Dihydrochalcones: evaluation as novel radical scavenging antioxidants,
Journal of Agricultural and Food Chemistry 51(11):3309-3312.

Pinela J, Barros L, Carvalho AM, Ferreira IC. (2012). Nutritional
composition and antioxidant activity of four tomato (Lywpersicon
esculentum L.) farmer’ varieties in Northeastern Portugal homegardens.
Food and Chemical Toxicology 50(3-4):829-834.

Rouphael Y, Cardarelli M, Bassal A, Leonardi C, Giuflrida F, Colla G
(2012). Vegetable quality as affected by genetic, agronomic and
environmental factors. Journal of Food, Agriculture and Environment
10(3-4):680-688.

Rubio-Diaz DE, Francis DM, Rodriguez-Saona LE (2011). External
calibration models for the measurement of tomato carotenoids by
infrared spectroscopy. Journal of Food Composition and Analysis
24(1):121-126,

Salunkhe DK, Jadhar S, Yu MH (1974). Quality and nusitional
composition of tomato fruits influenced by certain biochemical and
physiological changes. Qualitas Plantarum 24(1):85-113.

Saracin VC (2016). Organic farming in Romania and Bulgaria. Scientific
Papers Series Management, Economic Engineering in Agriculture and
Rural Development 16(2):263-263.

Scurtu I, Licitus V, Sbirciog G, Buzatu A (2016). Do we need a Romanian
research in vegetable growing? Current Trends in Natural Sciences
5(9):215-221.

Singleton VL, Rossi JAJr (1965). Colorimetry of total phenolics with
phosphomolybdicphospho-tungstic acid reagents. American Journal of
Enology and Viticulture 16:144-158.

Slimestad R, Verheul M (2009). Review of flavonoids and other phenolics
from fruits of different tomato (Lycopersicon esculentum MilL) cultivars,
Journal of the Science of Food and Agriculture 89(8):1255-1270.

483

Soares NCP, Teodoro A, Oliveira FL, Takiya CM, Junior AP, Nasciutti
LE, Lotsch PF, Granjeiro JM, Ferreira, LB, Pereira Gimba ER, Borojevic
R (2014). Lycopene induce apoptosis in human prostate cells and alters
the expression of Bax and Bd-2 genes. LWT-Food Science and
Technology 59:1290-1297.

Sulieman AME, Awn KMA, Yousif M T (2011). Suitability of some tomato
(Lycopersicon esculentum ML) genotypes for paste production. Journal
of Science and Technology 12:45-51.

Takaichi S (2000). Characterization of carotenes in a combination of a Cyg
HPLC column with isocratic elution and absorption spectra with a
photodiode-array detector. Photosynthesis Research 65:93-99.

Tigist M, Workneh TS, Woldetsadik K (2013). Effects of variety on the
quality of tomato stored under ambient conditions. Journal of Food
Science and Technology 50(3):477-486.

Tuzel Y, Tuncay O, Anac D, Tuzel IH (2001). Effects of different organic
fertilizers and irrigation levels on yield and quality of organically grown
greenhouse tomatoes. In Hanafi A, Kenny L (Eds). Organic Agriculture
in the Mediterranean Basin. TTAV Hassan II, Morocco pp 285-298.

United States Department of Agriculture, Agricultural Research Service,
Nutrient Data Laboratory (2016). USDA National Nutrient Database
for standard reference, Release 28.

Zang LY, Sommerburg O, van Kuijk FJ (1997). Absorbance changes of
carotenoids in different solvents. Free Radical Biology and Medicine
23(7):1086-1089.

Zechmeister L, Polgar A (1943). cis-trans Isomerization and spectral
characteristics of carotenoids and some related compounds. Journal of
the American Chemical Society 65(8):1522-1528.

Zhishen J, Menggheng T, Jianming W (1999). The determination of
flavonoid contents in mulberry and their scavenging effects on
superoxide radicals. Food Chemistry 64(4):555-559.



