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Regular consumption of tomatoes has been associated with decreased risk of chronic degenerative
diseases. Epidemiological findings confirm the observed health effects are due to the presence of
different antioxidant molecules such as carotenoids, particularly lycopene, ascorbic acid, vitamin E
and phenol compounds, particularly flavonoids. In this work, eight components contributing to the
healthy quality of tomato (i. e. lycopene, B-carotene, other carotenoids, flavonoids, phenolic acids, vit-
amins C and E, dry residue) were studied in the framework of breeding programs aiming to develop
nutritional superior genotypes. Twelve tomato advanced breeding lines and six open pollinated culti-
vars were grown in strictly controlled conditions and analysed for their content of antioxidants.
Among the 18 genotypes analysed, 10 showed a high level of total carotenoids, 6 high level of B-caro-
tene, 9 high lycopene levels, 15 high flavonoids and 2 relevant concentration of vitamin E. Based on
such data and on a literature survey on tomato composition, an index, called index of antioxidant
nutritional quality (Jquan), was proposed as a tool to address the breeding programs in selecting
tomato genotypes with antioxidant nutritional qualities.
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1 Introduction

Tomato is one of the most popular and extensively con-
sumed vegetable crop worldwide. This vegetable is not only
an important component of traditional Mediterranean diet,
but also of other diets. There is evidence that regular tomato
consumption decreases the incidence of chronic degenera-
tive diseases such as certain types of cancer [1] and cardio-
vascular diseases [2]. The beneficial effects of tomato con-
sumption are generally attributed to carotenoids, which are
able to reduce the risk of certain types of cancer, arterio-
sclerosis and cataract formation [3, 4]. Two main carote-
noids are present in tomato: lycopene, which is the major
carotenoid compound (~80-90%) giving the red colour to
the fruit [5], and B-carotene, which is 7—10% of the total
carotenoid content [6]. Lycopene has been shown to have a
strong antioxidant activity and to exhibit the highest physi-
cal quenching rate constant with singlet oxygen [7]. On the
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other hand, B-carotene is of special interest due to its provi-
tamin A activity [8]. Tomatoes represent by far the main
source of lycopene, whereas many other dietary sources
contribute to the daily intake of B-carotene. However, the
tomato fruit is a reservoir of other potentially healthy mole-
cules, such as ascorbic acid, vitamin E and phenolic com-
pounds, particularly flavonoids [9, 10]. Among antioxidant
vitamins, the relevance of tomatoes for the daily intake of
vitamins C is variable according to the dietary habits. How-
ever, in many countries tomatoes are together with oranges
the main source of vitamin C [11]. On the other hand, the
contribution of tomato to the whole vitamin E intake is mar-
ginal. Moreover, tomatoes contain also phenolic com-
pounds, which also exhibit a strong antioxidant activity
[12]. The antioxidant and free radical-scavenging proper-
ties of polyphenol compounds in several plant extracts have
been recently reported, suggesting possible protective roles
of polyphenol compounds in reducing risk of cardiovascu-
lar diseases in humans [13]. Kahkonen et al. [14] reported
that the total phenolic content of tomatoes is up to 200 mg
of gallic acid equivalent per 100 g (as dried weight).
Tomato polyphenols, mainly phenolic acids, are present in
free soluble form and in insoluble form when they are
bound to the fibre. Moreover, tomato contains flavonoids,
in particular rutin and naringenin. Some papers pointed out
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that tomato flavonoids, due to their high antioxidant power
and to the significant biological activities, can have a sub-
stantial role in the health benefits attributed to the tomato
consumption [15, 16].

Finally, tomatoes represent a relevant dietary source of
soluble and insoluble dietary fibres, constituted by pectins,
hemicelluloses and cellulose [17], with a concentration ran-
ging from 0.8 to 1.3 g/100 g of fresh weight (USDA
National Nutrient Database for Standard Reference,
Release 15,  http://www.nal.usda.gov/fnic/foodcomp;
accessed June 30 2004) and they contains 1-3 g/100 g of
organic acids, mainly citric acid.

Based on the epidemiological evidence of tomato con-
sumption, in the last years the antioxidant composition as
well as total antioxidant capacity has been extensively stud-
ied also with the aim to produce cultivars having a high anti-
oxidants content. At present, the development of such
tomato cultivars is a significant trend in plant research.
However, for the antioxidants feature, it is difficult to carry
out genetic analyses due to the complex inherence of traits
involved and to the not complete understanding of the pro-
cesses. Besides that, environmental effects, ripening stage
of fruit and post-harvest storage conditions can also influ-
ence the traits detection. Considering the time- and money-
consuming efforts necessary to obtain a new tomato culti-
var, reliable tools to identify genotypes of “potential inter-
est” to be used on the breeding program are very much
needed. The identification of genotypes with high nutritive
value, which more likely contains a high proportion of
genes affecting the traits, represent a useful approach to
select tomato cultivars with better health-promoting proper-
ties.

The aim of this work was to study the genetic variation of
components contributing to the antioxidant composition
(lycopene, B-carotene, other carotenoids, flavonoids and
phenolic acids, vitamins C and E, dry residue) to identify
superior genotypes useful to develop fresh market cultivars
with good nutrition value. Moreover, based on the antioxi-
dant composition of tomato genotype studied, an approach
to obtain a global index of the antioxidant nutritional qual-
ity of the tomato genotypes denominated index of antioxi-
dant nutritional quality (/quan) is proposed.

2 Materials and methods

2.1 Materials and experimental design

Twelve tomato advanced breeding lines (143, POLY 20,
POLY 56, 977, 988, 1512, 1438, 1513, 981, poly 27, 1447
and selection 6) and six open pollinated cultivars (Motelle,
Momor, Cayambe, Ontario, Stevens and Heline) were
grown in a field located in the S. Marzano area during the
summer of 2003. Twenty plants for each genotype were
transplanted in a randomised complete block design with
two replicas. Planting distance were 30 cm on the row and

© 2007 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim

Mol. Nutr. Food Res. 2007, 51,609—-617

100 cm between rows. A random sampling of about 20 full
ripe fruits per plot was performed. Fruits were homoge-
nised, divided in aliquots and stored at —80°C for the deter-
mination of chemical and biochemical parameters. For the
analysis of flavonoids and phenolic compounds, samples
were cut and freeze-dried, after which they were powered
and stored at —20°C.

All solvents used were from Merck (Darmstadt, Ger-
many) and the reagents were purchased from Fluka (Swit-
zerland) when not specified. Lycopene, B-carotene, phy-
toene, phytofluene, gallic acid, quercetin, rutin, naringenin,
morin, kaempferol, chlorogenic, caffeic, p-coumaric and
ferulic acids and 2,6-di-fert-butyl-p-cresol were from
Sigma (St. Louis, MO, USA).

2.2 Chemical determinations

The following parameters were determined in all samples:
pH at 20°C (HI 9017 Microprocessor pH meter, Hanna
Instruments), refractive index at 20°C (BX) and total solids.
The Brix degrees were determined in duplicate on the
homogenate by a refractometer (ATAGO). Total solids were
obtained drying 5 g of the product in an oven (Ehret) set at
70°C until constant weight was reached. Results were
expressed in percentage.

2.3 Carotenoids

Carotenoids were determined by HPLC analysis as pre-
viously described [18]. Briefly, 5 g of homogenised tomato
was extracted with 25 mL of dichloromethane and centri-
fuged at 3000 x g for 5 min at 4°C. The supernatant was
collected and the procedure was repeated with another
25 mL of solvent; the supernatants were combined. After
appropriate dilution, an aliquot of the extract was used for
lycopene, B-carotene, phytoene and phytofluene quantifica-
tion using an HPLC (Shimadzu LC10, Japan) with DAD
and a Prodigy column (5 pm, 250 x 4.6 mm; Phenomenex).
The carotenoids were eluted with a flow of 0.8 mL/min fol-
lowing this linear gradient: starting condition 82% A and
18% B; at 20 min 76% A and 24% B; at 30 min 58% A and
42% B; at 40 min 40% A and 60% B; 45 min 82% A and
18% B. The phase A was a mixture of ACN, n-hexane,
methanol and dichloromethane (2:1:1:1 v/v), while the
phase B was ACN. Lycopene, B-carotene, phytoene and
phytofluene were identified and quantified by a calibration
curves built with pure standard compounds. Data were
expressed as milligram of each carotenoid per 100 g of
fresh weight.

2.4 Flavonoids and phenolic acids

The procedure described by Crozier et al. [19] with few
modifications was followed. Aliquots of 1 g of lyophilised
tomato were extracted with 20 mL of 60% aqueous metha-
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nol solution containing 0.25 mg of morin as an internal
standard. About 1.5 mL of this solution was kept down; the
remaining part was added with 20 mM sodium diethyl-
dithiocarbamate and with 5 mL of 6 M HCI, then it was
refluxed at 90°C for 2 h. Extract aliquots, taken both before
and after hydrolysis, were analysed. HPLC was carried out
at a flow rate of 1 mL/min using an HPLC (Shimadzu LC
10), with DAD and a Prodigy (5 um, 250 x 4.6 mm?; Phe-
nomenex) column. Elution of flavonoids and phenolic acids
was achieved using the following linear gradient: starting
condition, 95% A, 5% B; 5 min, 80% A, 20% B, 7 min,
70% A, 30% B; 10 min, 50% A, 50% B; 18 min, 40% A,
60% B; 23 min, 20% A, 80% B; 28 min, 10% A, 90% B;
33 min, 70% A, 30% B, 40 min 95% A, 5% B. Phase A:
deionised water/formic acid 95:5 v/v, phase B methanol.
Flavonoids were reported as sum of quercetin, naringerin
and kaempferol, whereas phenolic acids as sum of chloro-
genic, caffeic, p-coumaric and ferulic acids. All samples
were analysed in duplicate.

2.5 Vitamins Eand C

The vitamin E content was determined by HPLC according
to AOAC procedure [20]. Ten g of tomato homogenate was
saponified by refluxing with 40 mL of 95% ethanol and
10 mL of 50% KOH for 30 min at 100°C. After cooling the
flask, the extract was put in a separator funnel and 100 mL
of CH;CHCl,, 50 mL of CH;CH,OH and 150 mL of 1 N
KOH were added. The CH3;CHCI, phase was collected, first
it was washed with 40 mL of 0.5 N KOH and then with
40 mL of distilled water for three times and finally dried
over anhydrous Na,SO,. The solvent was evaporated under
vacuum, the residues were redissolved with CH;OH, fil-
tered through a nylon filter (0.45 um) and dried by nitrogen
flow. The sample was resuspended in CH;OH and analysed
by means of HPLC (Shimadzu LC10) with DAD and a
Prodigy column (5 um; 250 x 4.6 mm; Phenomenex). The
vitamin E was eluted with MeOH/H,0O (98:2 v/v) at
1.0 mL/min flow under isocratic conditions and UV detec-
tion at 290 nm. The data obtained were expressed as milli-
gram of vitamin E per 100 g of fresh weight.

The vitamin C content of tomato samples was deter-
mined by the titrimetic method using 2,6-dichloroindophe-
nol (Fluka) [20].

2.6 Total dietary fibre

The amount of total dietary fibre was determined according
to a gravimetric enzymatic method as previously described
by Prosky et al. [21] (AOAC method 991.43). The enzy-
matic kit for fibre determination was from Megazyme
(Bray, Co. Wicklow, Ireland) and was used according to the
manufacturer's instructions. The analytical protocol was
described in detail elsewhere [22].
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2.7 Statistical analysis

Statistical analysis was performed by using Statistical Pack-
age for Social Sciences (SPSS) package version 13.0. In
particular, the effect of the lines on lycopene, phytoene and
phytofluene, total phenol, vitamins C and E content, Jquax
(see after) and dry matter were estimated with a signifi-
cance of p < 0.01 and 0.01 < p < 0.05 by MANOVA proce-
dure. Both multiple comparisons and homogeneous groups
were estimated according to Sheffe's test. The H test of
Kruskal—Wallis was performed for B-carotene, pH and
Brix.

3 Results

3.1 Compositional data

The 18 genotypes of tomatoes analysed were not different
in terms of surface colour (data not shown) since they were
all harvested at the commercial ripening stage and their pH
value ranged from 4.13 (Motelle) to 4.60 (1512;
Fi736="731.12, p < 0.001; Table 1). The majority of geno-
types showed a pH value below 4.5 that is considered an
important quality commercial requirement for fresh tomato
fruit [23].

In Table 1, data of dry matter, total dietary fibre, vitamins
C and E, flavonoids and phenolic acids are shown. Dry mat-
ter value was considered in this study as in tomatoes it is
mainly determined by dietary fibre and organic acid con-
tent, which have both a role in the determination of antiox-
idant capacity. The average dry matter content is 5.5%. The
highest value content was observed for POLY 20 and Ste-
vens genotypes (9.2 and 6.8%, respectively), while 988
showed the lowest value (4%) (Fs34=11.34, p < 0.001).
The total dietary fibre of tomato samples ranged between
21 and 27% of the dry matter in agreement with data
reported by Saura-Calixto ef al. [24]. Thus, we consider
that the value of dry matter represents a good indication of
the concentration of dietary fibre in tomatoes.

Vitamin C content showed significant variation among
lines (Fi736 = 55.70, p < 0.001). The highest values of vita-
min C were obtained for Heline (16.3 mg/100 g), Motelle
(15.6 mg/100 g), 981 (14.6 mg/100 g), Momor (13.8 mg/
100 g) and Poly 56 (11.4 mg/100 g) lines.

As far as vitamin E, the lowest value was found in
Motelle (0.17 mg/100 g), while the highest values were
obtained in Poly 56 (0.62 mg/100 g) and Momor lines
(0.60 mg/100 g; Fi736=137.51, p < 0.001).

Flavonoids showed a significant variation among all lines
(F1736 =40.95, p < 0.001). The value of flavonoids ranged
from 2.13 (Heline) to 5.18 mg/100 g (Ontario).

The content of phenolic acids was also significantly
different among the lines, ranging from 2.04 (Cayambe) to
3.75 mg/100 g (Motelle; F73= 97.06, p <0.001).
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Table 1. Proximal data, vitamins and total phenolic compounds in different tomato lines?

Line pH Dry matter Vitamin C Vitamin E Total fibre® Flavonoids Phenolic acids
mg per100 g of FW°
143 4.47 +0.00 4.4:0.1 9.03:0.14 0.23:0.01 22.3 3.41:0.15 2.31:0.02
Stevens 4.20+0.00 6.8+0.2 12.3:0.43 0.25+0.02 27.0 3.39:0.08 2.26+0.03
Poly20 4.42 :0.01 9.2:0.0 9.24:0.03 0.46+0.01 21.0 3.56+0.05 2.47£0.02
Ontario 4.55:0.00 55:0.4 11.5+0.46 0.49:0.02 21.5 5.18+0.27 2.95:0.05
Sel6 4.24+0.01 51+0.6 11.8+0.70 0.39:0.03 23.7 3.40:0.07 2.56+0.06
Poly56 4.37 £0.01 5.4:0.4 11.4:0.24 0.62:0.00 25.8 3.32:0.13 2.61:0.08
1447 4.57+0.03 5.7+0.5 11.4+0.05 0.44+0.00 241 3.57+0.09 3.22:0.02
977 4.14+0.01 4.3:0.0 11.7+0.18 0.22+0.02 27.0 3.48+0.11 2.49+0.06
1513 4.50+0.00 5.7+0.5 13.3+0.08 0.23:0.00 25.3 3.26:0.08 2.63:0.03
988 4.53:0.00 4.0:0.0 12.8+0.28 0.34:0.01 25.8 4.09:0.08 2.34:0.05
Cayambe 4.23:0.00 4.5+0.0 8.00:0.00 0.22:0.00 25.4 3.04:0.07 2.04:0.06
Heline 4.43:0.00 6.2+0.2 16.3+0.26 0.28+0.01 23.2 2.13:0.17 2.45:0.03
1512 4.60+0.00 5.7+0.1 13.6+0.27 0.34+0.00 22.1 3.00+0.14 2.80+0.11
1438 4.26 +0.00 4.5+0.0 11.7+0.08 0.28+0.00 215 3.85:0.18 2.85:0.05
Motelle 4.13+0.01 5.4+0.2 15.6 +0.50 0.17+0.01 235 2.92:0.05 3.75:0.10
Momor 4.49:0.01 6.4:0.9 13.8+0.06 0.60+0.00 26.2 2.84:0.05 3.07£0.05
981 4.35+0.01 4901 14.6+0.27 0.30+0.02 22.4 3.55+0.21 3.02+0.08
Poly27 4.42+0.08 6.5+0.3 10.3:0.04 0.22+0.00 21.4 3.34:0.15 2.14:0.08

a) Values are means + SD.
b) Values are given as percentage of the dry matter.
c) Fresh weight.

Carotenoids obtained on the 18 tomato lines by HPLC
analysis are reported in Table 2. In particular, concentra-
tions of lycopene, P-carotene, phytoene and phytofluene
were measured. Hereinafter, phytoene and phytofluene
were considered as their sum and they are considered as
other carotenoids. Among all characters, carotenoids con-
tent accounts for the major variability explained by the gen-
otype. In fact, lycopene content showed significant varia-
tion among all analysed genotypes (Fi736=330.11, p <
0.001), as well as both B-carotene and other carotenoids
contents (PB-carotene Fi73=337.63, p < 0.001; phytoene
Fi26=61.22, p < 0.001; phytofluene Fi,,=14.61, p <
0.001). The lines Motelle and Poly 20 showed the highest
average lycopene content (16.9 and 16.0 mg/100 g, respec-
tively) followed by Momor, Cayambe, 988 and Poly 56
group. Conversely, line 981 showed the lowest average
value (2.33 mg/100 g). The B-carotene content of each line
ranged from 0.28 (1447) to 1.00 mg/100 g (Poly 20). The
last line showed also a very high content of lycopene as
reported above. It is interesting to point out the complete
lack of phytofluene in Sel 6, Heline and 1512 lines and a
very low content in 981 (0.39 mg/100 g). These samples
exhibited also a low content of total carotenoids (10.60,
10.71, 3.98 and 3.87 mg/100 g, respectively) compared to
the values of about 18 mg/100 g measured in Motelle and
Poly 20. Additionally, the same lines showed also the lower
contents of phytoene (0.50, 0.51, 0.43 and 0.44 mg/100 g,
respectively), which does not compensate the lower content
of phytofluene. Among those lines, both 1512 and 981
showed also lower content of lycopene (3.25 and 2.33 mg/
100 g, respectively), while both 1447 and 1512 showed the
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lower B-carotene average content (0.28 and 0.30 mg/100 g,
respectively).

3.2 lauan

The definition of a tomato nutritional quality index based
on the antioxidant content could be of interest for breeders
aiming to obtain tomato lines with high antioxidants con-
tent. In this frame, the final goal is to summarise the various
parameters which contribute to the antioxidant quality of
this fruit in one number. The proposed approach is illu-
strated in Table 3 and it relies on the concentration of each
component contributing to the antioxidant quality and a
relative weight which was attributed to them. For the defini-
tion of such components and their relative weight, a litera-
ture survey was carried out (see first column of Table 3).
Based on this, eight main components and their ranges were
identified: in particular, lycopene, B-carotene, other carote-
noids, flavonoids, phenolic acids, vitamins C and E, dry
residue (dry residue can be further split in dietary fibre and
organic acid when data are available). In the case of outliers
concentrations reported occasionally in some studies, data
were discarded.

The first step for the index construction was the defini-
tion of a so-called “optimal concentration” for all param-
eters as the average literature value increased by 50% and
calculated as follows:

Cox=Ca+0.5C, )

where C,y is the optimal concentration and C, is the average
concentration for each parameter.
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Table 2. Carotenoid content in tomato lines analysed®

Line Lycopene B-Carotene Phytoene Phytofluene Total carotenoids
mg per100 g of FW®
143 9.47 +0.01 0.41:0.00 0.51:0.00 0.47 +0.00 10.9+0.00
Stevens 10.2+0.20 0.43:0.00 0.55+0.01 0.47 +0.01 11.7+0.22
Poly20 16.0:0.18 1.00+0.01 0.66 +0.00 0.50+0.00 18.2+0.20
Ontario 6.54+0.22 0.41:0.00 0.51:0.00 0.44 +0.00 7.42:0.90
Sel6 9.73+0.08 0.37:0.01 0.50+0.01 0.00+0.00 10.6+0.09
Poly56 14.2:0.72 0.51:0.01 0.56 +0.01 0.47 +0.00 15.8+0.75
1447 5.61+0.39 0.28 +0.00 0.53:0.01 0.44 :0.00 6.87+0.37
977 10.0:0.35 0.45:0.03 0.51:0.00 0.54+0.00 11.0+0.36
1513 9.21:+0.02 0.73:0.00 0.60+0.00 0.46 +0.02 11.0+0.00
988 14.1:0.08 0.68+0.00 0.57 £0.02 0.42:0.01 15.7+0.09
Cayambe 13.5+0.01 0.32:0.00 0.60:0.00 0.47 +0.01 14.9:0.00
Heline 9.46 +0.02 0.74:0.04 0.51:0.02 0.00+0.00 10.7+0.04
1512 3.25:0.03 0.30:0.00 0.43:0.01 0.00+0.00 3.98:0.04
1438 6.35+0.12 0.31:0.00 0.62:0.01 0.51+0.00 7.90+0.01
Motelle 16.9:0.68 0.47 +0.01 0.66 +0.00 0.46+0.01 18.5+0.67
Momor 13.3:0.16 0.96+0.01 0.57 £0.01 0.44 :0.01 15.3+0.18
981 2.33:0.02 0.71:0.04 0.44 :0.00 0.39:0.00 3.87:0.02
Poly27 11.0+0.65 0.39:0.00 0.65:0.02 0.46+0.01 12.5+0.67

a) Values are means = SD.
b) Fresh weight.

Table 3. Literature concentration range and optimal concentration of different antioxidant components present in tomato

Reference Line Literature concentration range Optimal concentration Coefficient
(K)
mg per100 g of FW?
[10, 28, 32—-36, 54, 55] Lycopene 1.86-14.62 10.63 20
[10, 32, 35, 47] p-Carotene 0.11-1.07 0.57 10
Other carotenoids 10
[10, 18, 36] Phytoene 0.47-1.34 1.19 (3)
[10, 18, 36] Phytofluene 0.23-1.16 0.90 2)
[19, 32, 56] Lutein 0.08-0.34 0.22 (5)
[10, 32, 35, 37, 57] Vitamin E 0.11-1.84 0.70 5
[10, 34, 58] Phenolic acids 2.75-4.68 5.36 5
[10, 19, 34, 36, 58, 59] Flavonoids 1.15-8.16 5.02 15
[10,32-39, 47, 60] Vitamin C 2.20-21 13.7 15
[10, 18, 38,47, 61] Dry matter 5.09-9.49 9.16 20
[27] Fibre 0.8-1.3 1.04 (15)
[10,61] Organic acids 1-3 2.4 (5)

Main components are shown in bold.
a) Fresh weight.

The second step was the assignment of a relative weight
to each component contributing to the antioxidant action.
This coefficient was indicated by the letter K. The K values
for each parameter are reported in the last column of Table
3 and fixed based on three main considerations:

(i) the contribution that tomato gives for the intake of that
particular nutrient in the diet (i. e. very high for lycopene,
intermediate for B-carotene and vitamin C, low for vitamin
E);

(i) the scientific evidence demonstrating a specific
health benefit associated to the intake of that specific com-

© 2007 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim

pound (i.e. high for lycopene and lutein and flavonoids,
relatively low for B-carotene) [1, 2, 4, 16,25-28];

(iii) the bioavailability of compounds (high for carote-
noids and vitamins C and E, lower for phenolic compounds
and flavonoids) [29-31].

The value of K can be eventually adapted for different
populations in consideration of the role of tomato in the
overall diet or as consequence of new discoveries about the
healthy properties of tomato antioxidant components.

Summarising, in our model, the nutritional quality of the
tomato fruits is given by the following equation:
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Table 4. Total value of Iouan and its component based on the compositional data of tomato analysed

Tomatolines Lycopene B-Carotene Other VitaminE  Flavonoids Phenolic VitaminC  Dry matter  lquan
carotenoids acids
143 18.83 7.25 7.51 1.67 10.19 2.15 9.78 9.61 66
Stevens 20.36 7.58 7.77 1.82 10.13 2.11 13.14 14.83 77
Poly20 31.89 17.40 8.88 3.26 10.64 2.30 10.09 20.04 103
Ontario 13.00 7.19 7.25 3.51 15.46 2.75 12.26 11.90 73
Sel6 19.34 6.58 7.61 2.80 10.16 2.39 12.45 11.18 68
1447 11.17 4.95 7.43 3.15 9.91 2.43 12.56 12.34 64
977 19.90 7.95 8.09 1.56 10.67 3.00 12.72 9.28 72
1513 18.31 12.89 8.01 1.66 10.40 2.32 14.54 12.34 80
988 27.99 11.96 7.55 2.46 9.74 2.45 15.69 8.73 84
Cayambe 26.84 5.54 8.17 1.56 12.22 2.18 8.76 9.74 74
Heline 18.81 12.95 3.86 1.99 9.07 1.90 17.52 13.43 79
1512 6.46 5.18 3.31 2.44 6.36 2.29 14.65 12.34 53
1438 12.62 5.44 8.63 2.03 8.96 2.61 12.90 9.83 63
Motelle 33.60 8.32 8.50 1.24 11.49 2.65 16.80 11.70 93
Momor 26.50 16.88 7.63 4.30 8.71 3.49 11.35 13.97 96
981 4.63 12.51 6.31 2.14 8.47 2.86 11.77 10.70 64
Poly27 21.99 6.88 8.44 1.55 10.61 2.81 11.20 14.19 77
Poly56 28.31 8.89 7.91 4.46 9.98 1.99 15.56 11.75 91
CK concentration of vitamin E, whereas phenolic acids showed
Iquan = Cx al (2) lower amount comparing literature [10, 18, 32—40]. Among
opt

where Iquan is the index of nutritional quality, C the con-
centration of the component (x) in the sample, C the opti-
mal concentration of the component and Kj is the coeffi-
cient of relative weight of the component (x).

Applying the formula (2) to the compositional data of the
tomatoes analysed in this work, the values shown in Table 4
have been obtained. The value of Iouan highlights signifi-
cant differences among the lines (F736= 383.8, p < 0.001).
Tomatoes analysed in this work can be divided into three
categories according to their /ouan values: high antioxidant
quality (Zquan > 90), intermediate antioxidant quality (70 <
Iquan < 90) and low antioxidant quality (Jquan < 70). Com-
prehensively, the multivariate ANOVA showed a statisti-
cally significant difference among all breading lines (p <
0.001) on the basis of the overall normal distributed param-
eters that have been studied. This feature suggests that che-
mical composition can be used to select tomato lines with
healthy promoting proprieties.

Finally, applying the proposed approach to three different
sets of literature data [10, 32, 33], the Jquan ranges from 53
to 103.

4 Discussion

The tomato lines analysed in this study are an excellent
source of biomolecules with different antioxidant proper-
ties. Comparing the data of this study with those reported in
the literature, of 18 genotypes analysed, 10 showed a high
level of total carotenoids, 6 high level of B-carotene, 9 high
lycopene levels, 15 high flavonoids levels and 2 relevant
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the phytochemicals present in the tomato, carotenoids and
particularly lycopene content are emerging as a factor that
can be used to increase the commercial value of tomato pro-
duction thanks to the nutritional benefit correlated to their
consumption. Data of the tomato sampling considered for
this study confirmed that the concentration of carotenoids
can be very different (from 4 to 19 mg/100 g of fresh
weight) also when tomatoes having a similar intensity of
red colour are considered. These data suggest that the sim-
ple colour measure, also if it is carried out by instrumental
colorimeters, cannot be used to estimate carotenoid amount
and, particularly when the full red stage is reached, the
direct HPLC measurement of lycopene should be perform-
ed. Lycopene value of our sampling (average value
10.1 mg/100 g of fresh weight) was quite high with respect
to the literature (average value 7.1 mg/100 g of fresh
weight). This is not surprisingly considering that the lines
where selected among those supposed to have high carote-
noids content.

Antioxidant compounds play a major role in determining
tomato fruits nutritional quality. In the last few years, total
antioxidant capacity, an index taking into account the anti-
oxidant capacity of single compounds present in food as
well as their potential synergistic and redox interactions
[41-46], of tomatoes measured by different assays [47, 48]
has been largely applied to drive the selection of healthy
tomato lines. The measure of antioxidant capacity on an
organic solvent extract (acetone or dichloromethane) is
usually well correlated to carotenoid and lycopene concen-
tration, as carotenoids are included into the lipophilic
extract [18]. However, even though the carotenoid compo-
nent is of great importance to determine the nutritional
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quality of tomatoes, several other more polar compounds
should be considered. In fact, it has been demonstrated that
also the water extract contributes to the total antioxidant
capacity [10, 33, 46, 49, 50]. Such extract contains polyphe-
nols and vitamin C. Moreover, besides these well-known
antioxidants, there are other phenolic compounds bound to
the dietary fibre that should be considered [51, 52].

Despite the nutritional importance of measuring the total
antioxidant capacity of tomatoes, the bottleneck of this tool
is that scientists involved in the breeding programs aiming
to improve the nutritional characteristics of tomatoes
require to define precisely the concentration of which nutri-
ents must be increased. In fact, plant breeders would like to
consider each individual component that contribute to yield
and quality and emphasise selection for the attributes
important for specific commercial use. The index of antiox-
idant nutritional quality (i. e. Iquan) here proposed is a com-
prehensive tool that could be used to evaluate the nutritional
quality of tomato lines. In the formulation of Iyuan, the K
coefficients represent an equilibrium point among many
different considerations related to the specificity of tomato
antioxidants, the bioavailability, the contribution of tomato
to the overall intake of each component. Based on the pro-
posed index, the importance of polyphenols and particu-
larly flavonoids in selecting tomato genotypes should be
increased in the near future. Similarly, the dry matter, which
is a parameters considered mainly for technological aspects
up to now, will also be evaluated for the content and the
typology of dietary fibre and associated phenolic sub-
stances. In the light of the nutritional relevance of these
components [27, 53], we have attributed in the Iquan coefti-
cient a relevant weight (15) both to dietary fibre and flavo-
noids. On the other hand, considering the actual scientific
evidence the carotenoid intake (particularly lycopene) from
tomatoes remains the most relevant nutritional component
of this fruit and therefore the highest weight in the lguax
(40).

Applying the proposed Iquan, the values demonstrate that
it is possible to join the analysed tomato elite lines into three
categories with statistically significant differences. This
finding is very interesting and strongly indicate that it
would be advisable that future breeding programs, aiming
to improve tomato nutritional quality, will consider the indi-
vidual measurement of all Jouay cOmponents.

In conclusion, the proposed index, which considers all
the components related to the nutritional characteristics of
tomatoes, would be a reliable tool to compare the nutri-
tional qualities of different tomatoes. It is advisable that
future studies in this field will schedule the determination
of all analytical parameters considered in the /quan to com-
pare the potential health-promoting properties of the
selected tomato cultivars.

© 2007 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim
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