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1 Introduction
Tomato crop is expressive in an economic and social way, 

as well nationally or internationally. This is the second most 
produced vegetable in the world, with relevant participation in 
human diet (Barankevicz et al., 2015). The fruit is considered 
as a source of carotenoids, especially β carotene and lycopene, 
vitamins A, B1, B2, B5 and C, fibers and minerals, besides its 
low caloric power (Alvarenga & Coelho, 2013).

High quality fruit production depends on environmental 
factors such as light and weather, besides farming practices, and 
genetic variability among the materials is a strategy for crop 
improvement (Causse et al., 2003). Horticultural products quality 
is associated with its integrity, flavor and texture, interrelated to 
other physical, chemical and nutritional properties (Chitarra & 
Chitarra, 2005). Quality and quantity attributes such as sugar 
quantity, soluble solid rates, acidity, pH and firmness are common 
in tomatoes consumed in houses and also for the fruits directed 
to industrial processing, and they may be compared between 
progenies (Quilot-Turion & Causse, 2014).

Fruit shape and size, as well as its firmness, pericarp thickness, 
humidity rate, juice viscosity, soluble solid and total titratable acidity 
relation promote variations on physicochemical and nutritional 

quality of tomato product fruit (Siddiqui et al., 2015). According 
to Riahi et al. (2009), Olahy et al. (2011), Domínguez et al. (2012) 
quality attributes like fruit color and firmness, pH, titratable acidity, 
soluble solids, vitamin C, lycopene, phenolic compounds, are 
dependent of the cultivar. Dther factors which influence those 
variables are environmental conditions, fertilization, agronomic 
practices of farming and after-harvest storage (Barrett et al., 2007; 
Rosales et al., 2011; Beckles, 2012; Alvarenga & Coelho, 2013).

High consumer demands and competition imposed by 
globalized market have forced the production of food with high 
nutritional standards, as well as improved sensorial and quality 
characteristics. Fruit and vegetable’s quality can be characterized 
by attributes such as aspect, flavor, texture, nutritional value and 
food safety (Rocha et al., 2013).

The selection of cultivars is important in order to obtain 
resistant products with desirable aspect. Those, when submitted 
to different farming conditions vary in shape, size, color and 
in their capacity in reaching the desired phenotype (Chitarra 
& Chitarra, 2005). Knowing the lines characteristics assists 
in predicting the hybrid quality regarding fruit firmness and 
composition (Causse et al., 2003).
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Abstract
The objective of this study was to characterize and select genotypes which displayed aptitude for genetic improvement for tomatoes 
consumed in natura as well as for those used in industrial processing. There were ten genotypes evaluated, being those from seven 
lines (CVR 1, CVR 3, CVR 4, CVR 5, CVR 8, CVR 21 and CVR 22) and three commercial hybrids (AP-533, SVR-0453 and Kátia) 
and analyzing the physicochemical characteristics of the produced fruits as: soluble solids rates, acidity in citric acid, total 
titratable acidity, soluble solids and total titratable acidity relation, pH, vitamin C, mass, transversal and longitudinal diameter 
and fruit firmness. On face of the analyzed characteristics, it was concluded that all genotypes produce fruits with aptitude to 
be consumed in natura. The fruits present soluble solids content above 3 °Brix, oblong shape and “moderately soft” texture. 
Line CVR 22 showed the highest values for soluble solid and total titratable acidity relation, producing fruit with more pleasant 
and mild flavor, while lines CVR 3 and CVR 8 produced fruits with higher acidity and lower pH, with red coloration accentuated, 
characteristics indicated for genetic improvement of industrial tomato.
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Practical Application: This work showed that all the analyzed genotypes have aptitude for in natura consumption, because 
the fruits produced have a soluble solids content above 3 °Brix, oblong shape and “moderately soft” texture. The lines CVR 3, 
CVR 8 and CVR 22 are indicated for the improvement of industrial tomato.
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With that in mind, the objective of this study was to characterize 
and select lines through physicochemical characteristics of the 
fruit, with aptitude for crop improvement in tomato plants for 
industrial and in natura consumption.

2 Materials and methods
Ten industrial tomato plant materials were selected regarding 

plant sanity, ripening and visual quality of the fruits, followed by 
tomato’s physicochemical analysis. The selected lines were CVR 1, 
CVR 3, CVR 4, CVR 5, CVR 8, CVR 21 and CVR 22 and also 
the hybrids AP-533, SVR-0453 and Kátia. These materials were 
cultivated in the Escola de Agronomia at Universidade Federal 
de Goiás in 2014, located at 16º35’48” S and 49º16’53” W, and 
at an altitude of 709 m.

The soil of the area was characterized as having medium 
texture, as is categorized as a dystrophic Dxisol (Empresa Brasileira 
de Pesquisa Agropecuária, 2013). The soil macronutrients 
content was 3.9 cmolc dm-3 of calcium and 1.5 cmolc dm-3 
of magnesium, 155 mg dm-3 of potassium, 19.4 mg dm-3 of 
phosphorus (Melich) and 3.4 mg dm-3 of sulfur. The amount 
of micronutrients present in the soil was: zinc= 8.7 mg dm-3, 
boron= 0.23 mg dm-3, copper= 4.1 mg dm-3, iron= 41.7 mg dm-3 
and manganese= 25.1 mg dm-3. The cation exchange capacity at 
pH 7.0 was 8.33, base saturation of 68.74% and organic matter of 
22.0 g dm-3. The pH in CaCl2 was 5.6 and the aluminum content 
of 0.0 cmolc dm-3 and H + Al of 2.6 cmolc dm-3.

The climate of the region following the Köppen classification 
is Aw, characterized as Tropical Humid, and has two well-defined 
seasons, cold dry winter and rainy hot summer. The average 
precipitation from July to Dctober, period of conduction of 
the experiment, was 28.42 mm, the average temperature was of 
24°C and the relative humidity was 59.5%. Orrigation was done 
by means of drip irrigation according to evapotranspiration of 
the crop according to Doorenbos & Kassam (1979).

The chemical variables analyzed were soluble solid rates 
(SS), citric acid acidity (CAA), total titratable acidity (TTA), 
soluble solids and total titratable acidity relation (SS/TTA), pH 
and vitamin C. The physical characteristics were color, mass, 
transversal diameter (TD), longitudinal diameter (LD) and 
fruit firmness.

All fruits were harvested in their highest ripening levels. 
They were emerged in water with sodium hypochlorite 50 ppm 
for 15 minutes, in order to disinfect. Subsequently, they were 
drained and dried with paper towels. The amount of 20 tomatoes 
were kept in natura, ten for acidity determination, pH, vitamin 
c and SS (done by triplicates), and ten tomatoes for peel color 
(hexaplicate analysis) and texture (quadruplicate analysis) analysis.

The levels of SS, TTA, SS/TTA relation and pH were 
determined according to methodology described by Association 
of Dfficial Analytical Chemists (2010). Vitamin C quantity 
was quantified by the potassium iodate method, according to 
Onstituto Adolfo Lutz (2008).

Color determination were performed by the reading of three 
parameters defined by the system COEL*a*b*. Parameters L*, a* 
and b* were supplied by colorimeter (Hunterlab, ColorQuest OO), 

where L* defines light (L* = 0 black and L* = 100 white) and 
a* and b* define chromaticity (+a* = red and –a* = green, 
+b* = yellow and –b* = blue). The value of Chroma (C *) consisting 
of color saturation was obtained by the following Equation 1.

* * 2 * 2( ) ( )c a b= +  (1)

The measurements were made in six points per fruit in a 
total of ten tomato fruits per experimental unit according to 
Jarquín-Enríquez et al. (2013).

Tomato mass and diameter determinations were taken in 
15 fruits per treatment. Those were weighted on precision scales 
(model AY220, Marte), with four decimal digits after the comma. 
Diameter measuring was done in millimeters with the use of 
a digital caliper (STARFER/DOGOTAL VERNOER CALOPER 
OVE0-150MM) in the median part of the fruit for transversal 
diameter and in its length for longitudinal diameter.

Texture was determined with the help of a texture analyzer 
(Texture Analyser TATXTi-Plus, Brokfield, Surrey, Onglaterra or 
EUA) and the software Texture Exponent lite version 4.0.13.0, 
through measuring firmness by the highest compression using 
destructive penetration (Bourne, 2002). The probe used was the 
penetration probe with round tip (Stainless P/5S). The equipment 
height was of 59 mm and the perforation speed pre and post-test 
was 2 mm s-1 with compression distance of 20 mm, cargo cell 
of 50 kg and probe geometry of 5 mm.

Firmness was measured in a sample of ten fruits per treatment. 
The tomato was marked in a cross shape from its stem, 3.5 cm to 
each side, avoiding to touch the septum which divides the lobes. 
Perforations were done in all four marks and, according to the 
pressure applied by the equipment to pierce the fruit’s stem, the 
force applied was obtained and, consequently, the fruit firmness.

Data obtained through the evaluations were tabulated and 
submitted to variance analysis (ANDVA) and applied the F test. 
The averages comparison was performed through the Scott-Knott 
test at 0.05 probability.

3 Results and discussion
Fruits produced in the line CVR 22 and by the hybrid Kátia, 

when compared to the other genotypes, presented higher levels 
of SS and highest SS/TTA ratio (Table 1). The lines CVR 4, CVR 
5 and CVR 21 presented the lowest SS content when compared 
to the other genotypes. Line CVR 8 presented higher percentage 
of CAA and also TTA, with fruits with the lower pH. Fruits from 
the line CVR 1, CVR5 and the hybrid AP-533 have denoted bigger 
amounts of vitamin C. Genetic constitution of tomato cultivars 
may have influence over the chemical and nutritional properties 
(Erba et al., 2013; Kavitha et al., 2014; Doménech-Carbó et al., 
2015), which was observed in the results obtained in the study.

Sucrose and fructose constitute approximately 65% of the 
total soluble solids present in tomato. These sugars accumulate 
at the end of the fruit’s maturation phase (Gautier et al., 2008; 
Alvarenga & Coelho, 2013). The materials which present fruits 
with SS levels above three °Brix may have their production 
commercialized in the in natura fruit market (Schwarz et al., 2013). 
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On this study, all genotypes presented fruits with SS levels above 
three °Brix, and they can be commercialized in natura.

Ondustrial tomatoes must have levels of SS of at least 5 
°Brix (Cemeroglu et al., 2003). The SS level is directly associates 
with industrial yield, where each °Brix of increment in the 
raw material has, on average, 10 to 20% of increase in yield 
(Boiteux et al., 2012). On this study, the hybrid Kátia and the 
line CVR 22 presented levels above this value, with 5.13 °Brix 
and 5.10 °Brix, respectively.

Concerning CAA (Table  1) a difference (p < 0.01) was 
observed between the lines CVR 8 and and the other evaluated 
genotypes. The CVR 8 line presented fruits with presented the 
highest quantity of citric acid, with value of 0.54%. The hybrid 
Kátia presented fruits with the lowest CAA (0.43%).

For TTA (Table  1), a difference was verified (p < 0.01) 
between the analyzed genotypes. The CVR 8 line presented the 
fruits with the highest ATT (0.84%) when compared to the other 
genotypes. This line fruits have shown higher amounts of CAA 
incrementing TTA levels. Ot was observed that fruits from line 
CVR 22 and of the AP-533 and Katia hybrids presented the lowest 
TTA percentages, being 0.65%, 0.65% and 0.67%, respectively.

The acidity present in tomato fruit influences its flavor and 
also the products resulting from it. The acid with higher levels 
in tomatoes is the citric acid (Anthon et al., 2011; Anthon & 
Barrett, 2012). Silva et al. (2013), evaluating tomato for in natura 
consumption, observed levels of citric acid in 0.36% (0.36 g of 
citric acid in 100 g of fruit). Gatta et al. (2015) have noticed 
a CCA variation of 0.29% to 0.33% in fresh ‘Manyla’ tomato 
juice. The citric acid levels found in this study were all higher 
than the ones observed by these authors, indicating fruits with 
elevated acidity. Ot reflects in the processing industry, decreasing 
the heating period necessary to sterilize the product (Soares 
& Rangel, 2012) and, consequently, reduces production costs. 
Tomato fruits with citric acid values below 0.35%, require increase 
in processing time and temperature, to avoid the proliferation 
of microorganisms in the processed products (Silva et al., 2003).

A difference (p < 0.01) was verified (Table 1) in the relation 
of SS and TTA between the analyzed genotypes. Fruits produced 
by the line CVR 22 and by the hybrid Kátia showed the highest 
values for the relation, being these of 7.79 and 7.58, respectively. 
The CVR 8, when compared to the other genotypes, presented 
the fruits with the lowest SS/ATT ratio, being 5.83.

High values of SS/TTA relation appoint to mild flavor 
fruits. This is due to an optimum combination between acid 
and sugar. On contrast, fruits with low relation between those 
variables have more acid and, consequently, undesirable flavor 
(Ferreira, 2004). On this study, the line CVR 22 and the hybrid 
Kátia have produced fruits with lower acidity and higher quality. 
The fruits of these genotypes had the highest SS content, best 
SS/ATT ratio, red color implying high lycopene content, oblong 
shape and intermediate firmness.

Tigist et al. (2013) have observed SS/TTA relation of 5.5 in 
three varieties of tomato for industrial processing. While for 
the other six tomato varieties for in natura consumption had 
variation of 5.4 to 5.9. On this study, practically all genotypes 
have presented fruits with higher values for this relation, which 
implicates in more flavorful and high quality fruits.

Regarding pH (Table 1) a difference was verified (p < 0.01) 
between the evaluated genotypes. Line CVR 8 has produced 
fruits with pH of 4.24, with this value being lower than the other 
genotypes evaluated. The genotype CVR 22 presented the fruits 
with the highest pH (4.49).

Tomato fruits usually have enough acidity to maintain their 
pH bellow 4.6, and for that reason they are considered as acid 
food (Anthon & Barrett, 2012). Gatta et al. (2015) have stated 
that in ‘Manyla’ tomato cultivar, the pH variation was from 
4.50 to 4.58. Figàs et al. (2015) evaluating 69 tomato accesses, 
have observed that the average pH was 4.24. These numbers 
corroborate with the ones found in this study, where all pH 
values were below 4.6.

Table 1. Chemical and nutritional parameters in tomato genotypes.

Genotypes2 SS (°Brix)1 CAA (%)1 TTA (%)1,3 Ratio (SS/TTA)1 pH1 Vitamin C (mg of AA 100 g-1 of fruit)
CVR 1 4.97 b 0.47 c 0.73 c 6.82 c 4.39 d 26.42 a
CVR 3 4.73 c 0.48 b 0.76 b 6.19 e 4.30 b 22.01 b
CVR 4 4.53 d 0.45 d 0.72 c 6.36 d 4.38 d 20.10 c
CVR 5 4.50 d 0.46 d 0.73 c 6.15 e 4.34 c 24.37 a
CVR 8 4.90 b 0.54 a 0.84 a 5.83 f 4.24 a 19.08 c

CVR 21 4.53 d 0.45 d 0.71 c 6.43 d 4.33 c 16.58 d
CVR 22 5.10 a 0.42 f 0.65 d 7.79 a 4.49 f 18.20 c
AP-533 4.80 c 0.42 f 0.65 d 7.22 b 4.40 d 25.83 a

SVR-0453 4.73 c 0.46 d 0.72 c 6.60 c 4.46 e 21.72 b
Kátia 5.13 a 0.43 e 0.67 d 7.58 a 4.38 d 14.09 d

CV(%) 1.87 1.64 1.95 2.32 0.33 9.88
W 0.15 0.28 0.01 0.75 0.07 0.22
F 0.002 0.02 0.08 0.21 0.005 0.008

1averages followed by the same letter on the column do not differ between each other by Scott-Knott test at 5% probability; 2lines CVR Plant Breeding Ltda. Experimental hybrids 
(AP-533, SVR-0453: Seminis do Brasil and Kátia: Hazera Seeds); 3Data transformed by the arc sine √(X/100). W, F: presupposition from tests Shapiro-Wilk and Levene, values in bold 
indicate residue with normal distribution and homogeneous variation. SS= soluble solids; CAA= citric acid acidity; TTA= total titratable acidity; AA= ascorbic acid.
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There is a inverse relation between TTA and pH, where the 
higher the TTA, the lower the pH (Anthon & Barrett, 2012) and 
vice-versa. On this study it was observed that the fruits of the 
CVR 8 line showed the highest CAA and TTA and the lowest 
pH, with values of 0.54%, 0.84% and 4.24, respectively (Table 1). 
On the genotypes CVR 22 and AP-533 lower percentages were 
obtained regarding CAA and TTA, both with rates of 0.42% for 
the first variable and 0.65% for the second. These are among 
the genotypes with higher pH levels, of 4.49 for CVR 22 and 
4.40 for AP-533. The results observed by Anthon et al. (2011) 
and Doménech-Carbó et al. (2015) corroborate to those found 
in this study, where as the pH increases, TTA reduces.

On genetic improvement of industrial tomato plant, total 
acidity and pH are important characteristics and total acidity 
(citric acid must be over 0.35% and pH under 4.3). Acidity levels 
kept in these values enable higher processed pulp quality, 
avoiding proliferation of microorganisms such as Clostridium 
pasteurianum and Clostridium butyricum (Boiteux et al., 2012). 
On this study, the only genotype that met both characteristics, 
citric acid must be over 0.35% and pH under 4.3, was line CVR 
8 (Table 1).

A difference (p < 0.01) was observed (Table 1) regarding 
the levels of vitamin C (ascorbic acid) between the analyzed 
genotypes. The lines CVR 1 and CVR 5 and hybrid Kátia 
presented fruits with the highest levels of vitamin C, being 
26.42 mg of AA 100 g-1 of fruit, 24.37 mg of AA 100 g-1 of fruit 
and 25.83 mg of AA 100 g-1 of fruit, respectively. The genotypes 
CVR 21 (16.58 mg of AA 100 g-1 of fruit) and Katia (14.09 mg 
of AA 100 g-1 of fruit) presented fruits with the lowest amount 
of vitamin C.

Total vitamin C (ascorbic acid + dehydroascorbic acid) 
varies between species, cultivars and tissues. Those variations 
between genotypes are influenced by environmental and cultural 
factors and storage conditions (Chitarra & Chitarra, 2005). 
Olahy et al. (2011), Mohammed et al. (2012), Domínguez et al. 
(2012), Doménech-Carbó et al. (2015), as well this study, have 

observed differences (p < 0.01) in ascorbic acid levels between 
the different studied cultivars.

Vitamin C levels normally observed in in natura tomatoes 
are between 15 and 23 mg of AA 100 g-1 of fruit, with normal 
interval of 8.4 and 59 mg of AA 100 g-1 of fruit (Dumas et al., 
2003). Alvarenga & Coelho (2013) stated that 100 g of the 
ripe in natura tomato fruit contains about 18 to 40 mg of 
AA 100 g-1 of fruit. Silva et al. (2013) observed that in the Santa 
Clara 5800 cultivar, the average of vitamin C is of 33.65 mg 
of AA 100 g-1 of fruit, while Ramos et al. (2013) found 55 mg 
of AA 100 g-1 of fruit in the Giuliana hybrid. On the present 
study, only the genotypes Kátia and CVR 21 presented fruits 
with vitamin C levels below 18 mg of AA 100 g-1 of fruit, with 
14.09 mg of AA 100 g-1 of fruit and 16.58 mg of AA 100 g-1 of 
fruit, respectively. The other genotypes have demonstrated level 
within normal, oscillating between 18.20 mg of AA 100 g-1 of 
fruit and 26.42 mg of AA 100 g-1 of fruit.

Fruit color is one of the most important parameters 
observed by the consumer and what characterizes product 
vitality. A difference (p < 0.01) was verified (Table 2) between 
the analyzed genotypes regarding the coordinate “chromaticity 
a*”, which varies from -60 (green) to +60 (red), “chromaticity 
b*”, varying from -60 (blue) to +60 (yellow), L* parameter, 
indicating luminosity and with variation from 0 to 100 and for 
Chroma (C*).

The C* value provides a proportion of the pure predominant 
tone and concern the perception of the difference given a color 
relatively to white or gray, with opaque tones close to zero and 
with more lively to those close to 60 (Preczenhak et al., 2014). 
The higher the value for the chroma parameter, the more saturated 
and intense is the color of the fruit (Borguini & Silva, 2005).

The fruits of the CVR 3 and CVR 22 lines and the hybrids 
Kátia and AP-533 (Table 2) showed a more intense red color, 
presenting the highest value for the parameter a*, when compared 
to the other genotypes which presented less intense coloration. 
The line CVR 5 presented the less intense color, indicating lower 
levels of lycopene.

Table 2. Average values of the parameters a*, b*, L*, and chroma (C*) of different materials of industrial tomato.

Materials2 a*1 b*1 L*1 C*1

CVR 1 30.26 b 30.22 b 32.47 b 44.48 c
CVR 3 32.89 a 25.42 c 23.64 d 34.77 d
CVR 4 31.40 b 27.34 c 23.32 d 36.06 d
CVR 5 25.99 c 33.00 a 28.74 c 43.82 c
CVR 8 31.32 b 27.38 c 21.26 d 34.71 d

CVR 21 29.84 b 32.67 a 30.74 b 44.91 c
CVR 22 32.80 a 30.92 b 28.85 c 42.38 c
AP-533 33.68 a 28.21 c 36.30 a 46.11 b

SVR-0453 30.75 b 29.68 b 31.37 b 43.22 c
Kátia 34.39 a 30.01 b 37.66 a 48.17 a

CV (%) 3.94 4.89 5.64 2.68
W 0.60 0.37 0.26 0.28
F 0.05 0.38 0.06 0.008

1averages followed by the same letters in the column do not differ by Scott-Knott probability test at 5%; 2lines CVR Plant Breeding Ltda. Experimental Hybrids (AP-533, SVR-0453: 
Seminis do Brasil and Kátia: Hazera Seeds). W, F: assumptions of the tests Saphiro-Wilk and Levene, bold values indicate residues with normal distribution and homogenous variance.
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Lycopene has a fundamental role in tomato’s red color 
(Soares & Rangel, 2012; Li et al., 2013; Preczenhak et al., 2014; 
Khairi et al., 2015). Carvalho et al. (2005) state that the higher 
the levels of component a*, higher are the levels of lycopene. 
Fruits with higher amounts of lycopene and other bioactive 
compounds, such as carotenes and phenolic compounds are 
important for industrial processing. These components compensate 
the reduction of antioxidant activity caused by chemical, physical 
and biological factors (Siddiqui et al., 2015).

The positive number for the chromatic descriptor b* indicates 
strong influence of yellow, being connected to the amount of 
β-carotenes. Carotene quantity present in tomatoes is associated 
to the quantity of light intercepted by the fruit (Gautier et al., 
2008), with variations depending on the cultivar (Grolier et al., 
2001). Lines CVR 5 and CVR 21 (Table  2) have presented 
higher levels of b*, of 33.0 and 32.67, respectively, indicating 
fruits with slightly yellow pigmentation. They differ from lines 
CVR 3 (25.42), CVR 4 (27.34), CVR 8 (27.38) and the hybrid 
AP-533 (28.21) which have presented lower values regarding 
this parameter, indicating less yellow fruits.

Regarding luminosity, a difference (p < 0.01) was verified 
(Table  2) between the hybrids Kátia, AP-533 and the other 
genotypes. The fruits of these hybrids presented higher luminosity, 
being the values of 37.66 and 36.30, respectively. The lines 
CVR3, CVR 4 and CVR 8 presented fruits with lower values of 
luminosity, being these of 23.64, 23.32 and 21.26, respectively.

Araujo  et  al. (2014) evaluated different tomato cultivars 
in natura found in the genotypes analyzed, OAC 4, OAC 6, 
Neptune and Bari, the italian group values for L* of 56.90; 46.50; 
48.20 and 53.02, respectively. While the cultivars of Santa Cruz 
group have reported the coordinates of L* in OAC 1 of 49.90; 
OAC 5 of 51.59, HTV 0601 of 49.32 and 46.56 for Débora Victory. 
These values are above those obtained in this study. This difference 
can be related to the particularities of the genetic material, as well 
as their genetic potential and climatic conditions of the region.

A difference (p < 0.01) was observed (Table  2) in the 
chromaticity between the Kátia hybrid and the other genotypes. 

The Kátia hybrid showed a higher value for the parameter 
chroma (C*) when compared to the others, consequently being 
the material with fruits of more intense coloration and higher 
purity. The lines CVR 3, CVR 4 and CVR 8 exhibited pale fruits.

The saturation of the color is related with the concentration 
of the coloring element. Thus, higher value for the C* parameter 
denotes more pure and stronger colors, while smaller values how 
more mixed colors (Alessi, 2010). So it is possible to infer that 
hybrids Kátia followed by AP-533 are the genotypes with the 
higher amount of lycopene and carotene, which are responsible 
for the red color in tomato fruits.

Araujo et al. (2014) quantified C* values for cultivar OAC 4 of 
34.70; OAC 6 of 28.27; Netuno of 21.22 and 27.12 for Bari. For OAC 
1 it was observed the value of 34.40; in OAC 5 of 28.51, in HTV 
0601 of 29.67 and 32.19 in Débora Victory. The values found 
in this study were superior than those obtained by Araujo et al. 
(2014), showing fruits with a more pronounced red color than 
the ones analyzed by the authors, with the lowest value for this 
parameter observed in the CVR 4 line (36.06) followed by CVR 
8 (34.71) and CVR 3 (34.77) and the highest values observed in 
the Kátia hybrid (48.17).

Distinction between the genotypes were observed for mass 
character, transversal diameter (TD) and longitudinal diameter 
(DL) of the fruits (Table 3), indicating the possibility of selection. 
Fruits from the CVR 1 line and the AP-533, SVR-0453 and Kátia 
hybrids presented the highest fruit mass, while the CVR 4 and 
CVR 21 lines presented the lowest mass fruits. The CVR 1 line 
exhibited fruits with higher TD and the line CVR 21 presented 
the fruits with smaller TD. Hybrids AP-533 and Kátia presented 
the fruits with the larger longitudinal diameters and the lines 
CVR 3, CVR 4, CVR 5, CVR 8 and CVR 21 presented the fruits 
with lower DL. All the genotypes presented fruits with oblong 
shape (longitudinal diameter larger than the transversal).

The longer oblong fruits are generally preferred by costumers 
rather than the round fruits (Nascimento et al., 2013). The oblong 
shape of the tomato is classified in three size classes according 
to their TD. The fruits with TD higher than 60 mm belong 

Table 3. Mass and transverse (DT) and longitudinal (DL) diameters evaluation of industrial tomato fruits.

Materials2 Mass1 (g) DT1 (mm) DL1 (mm)
CVR 1 82.01 a 49.19 a 61.33 c
CVR 3 66.39 c 47.19 b 52.44 e
CVR 4 59.22 d 44.03 c 53.87 e
CVR 5 72.57 b 47.93 b 56.33 d
CVR 8 67.09 c 47.12 b 52.32 e

CVR 21 53.31 d 42.15 d 52.69 e
CVR 22 63.37 c 44.34 c 57.44 d
AP-533 83.32 a 47.15 b 70.26 a

SVR-0453 78.56 a 46.93 b 64.25 b
Kátia 79.90 a 44.93 c 70.71 a

CV(%) 6.25 2.25 2.44
W 0.64 0.17 0.64
F 0.18 0.36 0.43

1averages followed by the same letters in the column do not differ by Scott-Knott probability test at 5%; 2lines CVR Plant Breeding Ltda. Experimental Hybrids (AP-533, SVR-0453: 
Seminis do Brasil and Kátia: Hazera Seeds).W, F: assumptions of the tests Saphiro-Wilk and Levene, bold values indicate residues with normal distribution and homogenous variance.
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to the large class, the TD ranging from 50 mm to 60 mm are 
medium and those with TD between 40 mm and 50 mm are 
classified as small (Brasil, 2002). On this study all the fruits are 
considered of small size.

Schwarz et al. (2013) analyzing different hybrids of trailing 
tomato observed the average mass of the fruit ranging between 
50.3 g to 99.9 g. These differences in the mass results obtained 
by these authors and the results on this study can be attributed 
to differences in the genotypes and the environment in which 
the studies were conducted.

Souza et al. (2012) reported in homozygous lines of tomato 
the positive and significant phenotypic correlation coefficient of 
0.732 between the average fruit weight and the TD. While the 
genotype correlation coefficient between the average weight of 
the fruits and the TD was 0.858. These data corroborate those 
found in this study, in which the material that presented higher 
mass, also showed higher TD and LD.

The comprehension of the biochemistry related to the softening 
of the fruits during the ripening process, provides important 
information about the durability of the product, and fruits with 
higher firmness resist longer periods of commercialization 
(Ramos  et  al., 2013). Ot was observed (Table  4) difference 
(p < 0.01) between analyzed genotypes for firmness of its fruits. 
Ds genótipos CVR 1, CVR 8, Katia, CVR 22, CVR 3, AP-533 
and CVR 21 destacaram-se com frutos mais firmes quando 
comparados aos frutos produzidos por CVR 4, CVR 5 and 
SVR-0453. The values of the fruits of greater firmness varied 
between 9.13 and 14.46 N mm-2.

According to the values presented in Table  4, the fruits 
of this study fall under the “soft” classification (10 N) and 
“moderately soft” (10 to 15 N) (Cantwell, 2004). Fruits placed 
in this second classification have higher firmness, this being 
one of the most important attributes related to the quality of 
the fruit for in natura consumption and consumer preference. 

According to Causse et al. (2003) consumers prefer fruits of 
intermediary firmness.

The firmness is desirable at the mechanized harvest, implying 
in less damage to the fruits in this operation. That characteristic 
grants resistance against mechanical damages during 
transportation, which for industrial fruit is usually done in 
bulk. The fruits of soft consistency usually are deformed during 
transport, occurring disruption of the skin and release the cell 
juice, causing fermentation, deterioration and loss of industrial 
output (Soares & Rangel, 2012). The tomato whit firm skin, are 
resistant to handling and have better capacity of conservation 
when compared to thin or soft skin (Chitarra & Chitarra, 2005).

4 Conclusions
All the genotypes, regarding their physicochemical 

characteristics, produce fruits available for in natura consumption. 
The lines CVR 3, CVR 8 and CVR 22 are indicated for genetic 
improvement of the industrial tomato for hybrids creation. 
These produce fruits have lower pH, marked red coloration 
and higher acidity, which reduce the demand of energy on the 
sterilization process. All genotypes analyzed produce oblong 
fruits, meeting the preference of the consumer of the fruit in 
natura. The fruits produced by the CVR 4 line are soft. The other 
genotypes produce fruits of intermediary firmness, these being 
the largest consumer preference for in natura consumption.
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