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Summary: Tomato (Lycopersicon esculentum Mill.) is the second most important vegetable with one of the biggest producing areas worldwide, and 

an increasing tendency in Hungary as well. To fulfil the growing demands of the industry the producers must use the most suitable genotypes for the 

given conditions. In the experiment six genotypes (‘Heinz 1015 F1‘,‘Heinz 9478 F1‘,‘Kecskeméti 407‘,‘NUN254 F1‘,‘Prestomech F1‘ and ‘Rustico 

F1‘) were evaluated for different quality parameters: fruit shape index (length/diameter), firmness (g cm-2), force needed to tear the skin (kg-1) and 

consistency of tomato puree (g*sec). According to the results, the ‘Heinz 1015 F1‘ and ‘Heinz 9478 F1‘ were the most suitable genotypes for industrial 

processing in the mean of fruit quality. Strong positive correlation between consistency of juice and fruit shape index (r=0.891) and firmness of berry 

(r=0.882) was confirmed. The results have proved the necessity of these quality parameter measurements, which are important for the evaluation of 

raw material. 
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Introduction 
 

 In Hungary, the industrial tomato is harvested by machine 

from the beginning of August until the end of September. The 

most common harvester (Guaresi) has a photoselector which can 

select the ripen berry by colour. The proper varieties for this 

process have the following characteristic – firm berries which 

can ripen at the same time, high lycopene and soluble solids 

content, resistance/tolerance against disease and pest (Bőcs et 

al., 2011). 

Furthermore, the successful production is influenced by 

proper growing technology – propagation method (direct 

seeding or by transplant), irrigation method and ecological 

conditions as natural precipitation, solar radiation, temperature 

(Helyes et al., 2006). The shape of the berry is important quality 

parameter as well.  

Among the physical parameters the size and the shape of the 

fruit is important. For mechanical harvest, the proper variety has 

oblong fruits with 2-3 locular cavities. The internal structure of 

tomato can influence its mechanical properties, thereby the 

sensitivity of mechanical damage (Li et al., 2009; Li et al., 

2010a; Li et al., 2010b). The physical properties of berry can 

change during the ripening process. Several studies have proved 

the clear connection between physical properties of variety and 

suitability for mechanical harvest (Desmet et al., 2002; Devaux 

et al., 2005; Linden et al., 2006; Zeebroeck et al., 2007; Li et al., 

2010a).These parameters include size and weight of berry, 

shape, colour and density of fruit. These parameters are 

important for the proper equipment of harvest (Kilickan & 

Guner, 2008). 

By the texture analysis of processing tomato, the resistance 

of fruit can be determine to breakage. The texture of tomato 

fruits is derived from the turgor pressure, and the composition 

of plant cell walls and the middle lamella. The cell wall of 

tomato is mainly consist of cellulose, hemicellulose, pectic 

substances and proteins. The structure of fruit skin can 

determine the ability of mechanical harvest. It is an important 

requirement by industrial tomato breeding. It is known that the 

tomato harvester and the transport can cause excessive 

compression on the fruits, therefore the skin resistance of the 

berry has to be rather high (Ruiz & Rodriguez, 1983). 

Tomatoes have approximately 93-95% water and 5-7% total 

solids. The major texture component of tomato products is the 

insoluble solids, which are originates from cell walls. This latter 

can influence the consistency, smoothness, juiciness etc. of fruit 

tissues (Waldron et al., 2003). The rheological parameters are 

excellent tools to understand the changing of food structure 

during processing. Therefore, this is the main reason to follow 

the changes in the raw material to determine its acceptability for 

processing (Nindo et al., 2007). The texture of berry is 

influenced by several factors as cultivar, maturity, growing 

method and environmental conditions (Barette et al., 1998). For 

the food industry, the most important parameters are the texture 

and colour of raw materials (Tijskens & Evelo, 1994).  

The texture of berry can determine the quality of tomato. 

After harvest, the ripening of the berry is continuous which can 

result with overripe raw material. This process can cause loss of 

quality and reduced self-life (Geeson et al., 1985). The quality 

of the tomato can be characterised by flesh firmness which can 
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be tested by destructive deformation test. By this method the 

recorded force and deformation values can cause change of 

textural properties determining the raw material. The texture of 

the fruit is related to wall structure and composition and fruit, 

furthermore the middle lamella structures (Jackman & Stanley, 

1995). 

The softening of the pericarp of berry is the major cause for 

deterioration of texture. The texture is a proper index for the 

ripening process, in this way for tomato quality (Frenkel & Jen, 

1989). Požrl et al. (2010) have stated that the textural parameters 

of tomato were decreased during the storage. Their experiment 

has proved that the firmness was decreased from 115.52 N to 

31.83 N by stored at 5 °C, while this value was lower (19.33 N) 

by stored at 10 °C. The higher storage temperature (10 °C) 

reduced the colour intensity of berry. 

During fruit maturity, cell wall hydrolytic enzymes 

contribute to lessening of intercellular adhesion and tissue 

softening thus tomatoes lose their firmness (Brummel, 2006; 

Toivonen & Brummell, 2008). However, the ability of fruit flesh 

to resist compressive force is an essential feature to estimate fruit 

ripening and quality. Generally, firmness can be measured by 

touch or by penetrometer. Both methods are destructive and 

firmness value can vary greatly depending on the method used 

and the competence of an executor.  

The industrial tomato production has strict requirements for 

the hybrids – high firmness of berry and soluble solids content. 

In Hungary, the price of the raw material is depending of the 

soluble solids content. The minimal requirement is 4.7 °Brix. If 

the raw material has higher value (1 °Brix), the total income can 

increase by 20% for the producer. 

Important inner quality parameters are soluble solids content 

and acidity. The organoleptic quality of tomato is measured by 

water-soluble solids content where 50-65% of it is di- and 

monosaccharides (Cuartero et al., 1996). The acidity in the 

tomato can be explained mainly by citric and malic acids (Nuez, 

1995). These parameters can be measured by refractometry, pH 

analysis or titratable acidity.  

The softening of the fruit flesh can be influenced by 

degradation of water-soluble pectin content as well. The pectic 

substances are present in the cell-wall matrix and middle 

lamellae of berry (Jackman & Stanley, 1995).  

Overall, fruit firmness, total soluble solids and dry matter are 

essential internal quality attributes of vegetables (Karklelienė et 

al., 2014; Siddiqui, 2015). 

The tomato fruit consists of three types of solids: water and 

soluble and insoluble. Soluble solids are expressed as degrees 

Brix (°Brix) and contains mainly sugars (sucrose and fructose) 

and salts (Beckles, 2011). 

The main aim of the experiment was to determine which 

genotype has the most proper fruit quality parameters for the 

possibility of mechanical harvest. Furthermore, we want to give 

information for the processing industry about the evaluated 

varieties by testing the rheological parameter of tomato juice. 

 

Materials and methods 
 
 The experiment was prepared at the University of Debrecen, 

Farm and Regional Research Institute, Botanical and Exhibition 

Garden with open-field technology. The period of the 

experiment was between 5th of May 2017 (planting date) and 30th 

of August 2017 (harvesting date). Six genotypes (Table 1) were 

evaluated in the experiment for the following quality parameters 

– yield (g/plant), fruit shape index (length/diameter), firmness (g 

cm-2), force needed to tear the skin (kg-1) and consistency of 

tomato puree (g*sec).  

 
Table 1. Main characteristics of the evaluated genotypes. 

Genotype Origin 
Berry 

weight 

Vegetation 

period 

Number 

of locule 
Shape 

‘Heinz 1015 F1‘ USA, Heinz 75-80 g 100-115 days 2 blocky 

‘Heinz 9478 F1‘ USA, Heinz 50-55 g 95-105 days 3 oval 

‘Kecskeméti 407‘ HU, ZKI 120-130 g 110-120 days 3 
spherical – 

slightly flat 

‘NUN 254 F1‘ NL, Nunhems 60-65 g 85-90 days 3 

spherical – 

slightly 

oval 

‘Prestomech F1‘ 
USA, United 

Genetics 
60-65 g 90-100 days 2 blocky 

‘Rustico F1‘ n.d. 65-70 g 100-105 days 2 
slightly 

oval 

Source: Internet 

n.d. – no data 

 

The ecological conditions (Figure 1) and soil parameters 

(Table 2) were followed during the vegetation period. The data 

of temperature and precipitation was provided by the 

Agrometeorological and Agro-ecological Monitoring Centre, 

Institutes for Agricultural Research and Educational Farm, Farm 

and Regional Research Institute, University of Debrecen. 

The soil of the experiment field was measured by the 

Agricultural Laboratory Centre, University of Debrecen for the 

quality parameters. 

 

 

Figure 1. Ecological conditions of the experimental field. 

 
Table 2. Soil analysis of the experimental field. 

Soil parameters (unit)   2017 

pH (KCl) 7.09 

Plasticity index of Arany KA 37 

Total water-soluble salt% 0.04 

CaCO3% 2.02 

Humus% 2.61 

AL-soluble P2O5 (mg kg–1) 393 

AL-soluble K2O (mg kg–1) 476 

KCl-soluble NO3
– + NO2

– - Nitrogen (mg kg–1) 12.2 
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 The fruits were hand-harvested at red maturity stage. 

Physical and mechanical parameters were evaluated for 50 fruits 

from each genotype. 

 The firmness of tomato fruits were measured with a 

Magness-Taylor manual penetrometer. The measurements of the 

bioyield point and flesh firmness were conducted on a texture 

analyzer (TA.XTPlus, Texture Technologies Corp., Scarsdale, 

NY/Stable Micro Systems, Godalming, Surrey, UK) with P/2N 

probe. The rheological characterization of tomato juice was 

carried out with the same texture analyser with back extrusion 

ring 45 mm disk. The rheological evaluations were conducted at 

the Institute of Food Science, Faculty of Agricultural and Food 

Sciences and Environmental Management, University of 

Debrecen. 

 

Results and discussion 
 

 After the harvest, different tests were taken to examine the 

quality parameters of the genotypes. The measurements tended 

to examine the quality and physical parameters of the raw berries 

and tomato juice. The processing industry requires slightly oval 

shape berries with two or three locules.  

 

Yield (g/plant) 

 

Among the economic and quality parameters, the yield plays 

an important role which can determine the profitability of the 

genotypes. Therefore, it was investigated in the experiment and 

expressed as gram per plant (Figure 2).  

 

 
Figure 2. The yield of the evaluated genotypes. 

 

The results show that the leading industrial tomato hybrids, 

‘Heinz 1015 F1‘ and ‘Heinz 9478 F1‘ produced the highest yield 

(> 2500 g/plant) which were significant differences. The other 

genotypes showed much less values for the yield.  

 

Fruit shape index 

 

The shape of the tomato berry is related with the number of 

locules of fruit. For the mechanical harvest, slightly oval shape 

is preferred which can resist high mechanical pressure. Li et al. 

(2011) have stated that the locule number has effect on certain 

mechanical parameters such as rupture force of tomato fruits.  

The shape index was determined by the length and diameter 

of the berry. The preferred value is between 1.25-1.35 for the 

mechanical harvest. In our experiment we have evaluated 6 

genotypes for this parameter (Figure 3).  

Figure 3. Fruit shape index of different genotypes. 

 

According to the results all of the examined genotypes 

accomplish the requirements of the industry. The highest fruit 

shape index belongs to the ‘Heinz 9478 F1‘ hybrid (1.35) and 

‘Heinz 1015 F1‘ (1.34). Similar values were detected by 

‘Prestomech F1‘ (1.28) and ‘Rustico F1‘ (1.24) hybrids which 

means that they are suitable for mechanical harvest. Nearly 

spherical form was observed by ‘NUN 254 F1‘ (1.14) and 

‘Kecskeméti 407‘ (1.09).  

 

Firmness (g cm-2) 

 

The most important requirement of industrial tomato is the 

possibility of mechanical harvest. In order to fulfil these quests, 

high firmness is a crucial parameter. The main reason for this 

requirement is the fact that the berry must be resistant to 

mechanical impacts during harvesting and transporting. The 

firmness of berry (Figure 4) is influenced by the stage of 

ripening and genetic background. 

 

 

Figure 4. Evaluation of firmness by different genotypes. 

 

According to the results all examined varieties fulfilled the 

requirements of mechanical harvest, with values higher than 

1200 g cm-2. The highest fruit firmness was detected in the 
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samples of ‘Heinz 1015 F1‘ and ‘Heinz 9478 F1‘ hybrids (more 

than 1400 g cm-2) while the lowest fruit firmness belongs to 

‘Rustico F1‘ genotype. 

 

Bioyield point 

 

Rheology is a branch of physics which deals with the 

deformation and flow of materials, both solids and liquids. The 

rheological evaluation (Figure 5) shows the force needed to tear 

the skin (bioyield point). A small cylinder probe was used for 

the measurements. 

 

Figure 5. Bioyield point of different genotypes. 

 

According to the results the highest value was measured in 

‘Kecskeméti 407‘ variety which showed more than seven times 

higher values than the other evaluated hybrids. It is a great 

advantage for mechanical harvest, however during the industrial 

process it can be a disadvantage because it can increase the waste 

ratio of the raw material. The five hybrids evaluated in the 

experiment needed nearly equal force to tear the skin, none of 

these exceeded 0.01 kg. 

 

Consistency of tomato juice 

 

With the consistency, the density of the juice can be 

evaluated. The regulated value was shear speed, with the help of 

it the shear tensity could be specified. The results are shown in 

Figure 6. 
 

 

Figure 6. Consistency of tomato juice. 
 

According to the results the ‘Heinz 1015 F1‘ and ‘Heinz 9478 

F1‘ hybrids showed the highest values which means that these 

juices were the thickest. Compared to the outcome of 

‘Kecskeméti 407‘ genotype, which with the lowest value showed 

the thinnest juice density.  

 

Correlation 

 

Rather high correlation was found (Table 3) between shape 

index and consistency (r = 0.891), which was similarly observed 

in the case of fruit firmness and juice consistency (r = 0.882). 

The proper juice outcome is determined by oval fruit shape (less 

locules) and firmness of fruit. 

Besides this parameter, the slower degradation of pectin content 

is favourable which can protect the softening of fruit during the 

ripening process. 

 
Table 3. Relationship between fruit parameters and juice consistency. 

 Fruit shape 

index 
Firmness 

Bioyield 

point 

Consistency 

of juice 

Fruit shape 

index 
0.000 0.668 -0.689 0.891 

Firmness  0.000 -0.299 0.882 

Bioyield 

point 
  0.000 -0.673 

Consistency 

of juice 
   0.000 

 

Conclusions 
 

It can be concluded, that according to the results in the given 

conditions the most suitable hybrids for processing are 

‘Heinz 1015 F1‘ and ‘Heinz 9478 F1‘ by the quality parameters 

and rheological evaluation. According to the results, relationship 

have been found between the raw material and the consistency 

of juice. Strict positive correlation between consistency of juice 

and fruit shape index (0,891) and firmness of berry (0,882) was 

confirmed. The results have proved the necessity of this quality 

parameter measurements which are important for the evaluation 

of raw material. 
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