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ABSTRACT 
The aim of this research was to determine possible mechanical handling of consumable tomato fruit and processing. The dry 

mass content in consumable tomato fruit was 6.08% which made the tested hybrid of tomato fruit interesting for processing. The me-
chanical properties of the tested tomato fruit hybrids were determined based on the puncture and compression tests. The obtained 
values for energy absorbed before the rupture point was: 51.18 mJ and 74.67 mJ for the puncture test and 480.15 mJ and 169.43 mJ 
for the compression test. Consumable tomato fruit skin is more resistant to penetration related damages in comparison with the in-
dustrial tomato fruit skin which has a direct effect on the fruit shelf life. Generally, industrial tomato fruit is characterized by greater 
toughness. Both hybrids give fruits that allow mechanized harvesting and handling during their processing. 
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REZIME 
Na tržištu se javlja sezonski višak konzumnog paradajza, a otežana je i realizacija sitnih plodova. Cilj istraživanja je bio da se 

odredi pogodnost plodova za manipulaciju i doradu hibrida konzumnog paradajza koji je prvenstveno namenjen za realizaciju na 
tržištu u svežem stanju. Ispitivanja su izvedena na plodovima industrijskog paradajza i na sitnim plodovima konzumnog paradajza. 
Izmereni su fizički parametri plodova paradajza i izračunate vrednosti za geometrijski prečnik, aritmetički prečnik i za sferičnost. Za 
konzumni plod paradajza utvrđen je sadržaj suve materije od 6,08%, što predstavlja višu vrednost u odnosu na industrijski plod 
paradajza. Na osnovu sadržaja suve materije ispitivani hibrid konzumnog paradajza je interesantan za preradu. Mehaničke osobine 
ispitivanih hibrida paradajza izvedene su pomoću testova prodiranja i pritiska. Sa krive sila-deformacija utvrđene su vrednosti u 
tački razaranja za silu, deformaciju i apsorbovanu energiju. Takođe su utvrđene i vrednosti za energiju penetracije u tkivo spoljašjeg 
zida ploda paradajza, za početnu i srednju čvrstoću i modul elastičnosti. Apsorbovana energija do tačke razaranja za industrijski 
plod paradajza imala je vrednost 51,18 mJ a za konzumni plod paradajza 74,67 mJ. Konzumni paradajz ima pokožicu otporniju na 
ubodna oštećenja u odnosu na pokožicu kod industrijskog paradajza, što dozvoljava mehanizovanu manipulaciju u procesu dorade i 
direktno utiče na njegov rok trajanja. Pomoću testa pritiska za industrijski paradajz utvrđene su statistički značajno više vrednosti 
svih testiranih parametara. Dobijeni rezultati karakteristika su strukture celog ploda paradajza. Za industrijski i konzumni plod 
paradajza izmerene su vrednosti za apsorbovanu energiju do tačke razaranja 480,15 mJ i 169,43 mJ, respektivno. Plod industrijskog 
paradajza je pogodan za mehanizovanu manipulaciju u toku ubiranja, kao i u toku procesa dorade. 

Ključne reči: fizičke osobine, mehaničke osobine, test prodiranja, test pritiska, svež plod paradajza, manipulacija. 
 

INTRODUCTION 
Numerous scientific papers have been focused on the prob-

lem of testing fresh tomato fruit. Those papers could be divided 
into three groups (Zhiguo et al., 2011): those focused on the tests 
of physical and mechanical properties of the whole tomato fruit, 
tests of physical and micromechanical properties of different to-
mato components, and those presenting the relationship between 
tomato mechanical properties and injury. The structural com-
plexity of a tomato fruit and its wide use of this fruit in both 
fresh and processed form have created the need for testing its 
physical and mechanical properties. One of the criteria for qual-
ity assessment is the texture of tomato fruit (Jašić, 2007). The 
appearance and relation of tomato fruit components vary de-
pending on the variety, i.e. cultivar, as well as growing condi-
tions. Structure of tomato fruit is based on five basic components 
which can be distinguished on the cross section and which de-
termine the quality, and those are: skin, outer wall, chambers, 
placenta with seeds and partitions (Đurovka and Marković, 
1992). The most valuable parts of the fruit with highest content 
of dry mass are partitions and outer wall. Testing of mechanical 
properties is practical for the design of harvesting machines and 
all postharvest operations: conveyors, sorting, grading and pack-

ing machines, equipment for loading and unloading, storage 
structures, drying equipment (Kabas and Ozmerzi, 2008). Two 
forces occur while handling fruit: compression and puncture 
force (Sirisomboon et al., 2012). Compression force character-
izes the whole tomato fruit, while puncture force characterizes 
specific part of fruit only. Texture cannot be determined with 
high precision unless measuring is performed on an intact to-
mato fruit (Ahrens et al., 1987), so the most practical solution is 
by measuring the firmness on the tomato cross section by means 
of puncture test (Wu and Abbott, 2002). More recently, new 
nondestructive techniques have been applied for texture measur-
ing and they are becoming more and more common in practice 
(Sirisomboon et al., 2012).  

Market has been facing the problem of tomato seasonal sur-
plus and small tomato fruits. The aim of this research was to as-
sess the possibility of placement of consumable tomato fruit in 
the form of fresh fruit or as fruit to be further processed. Punc-
ture and compression tests were conducted on fresh tomato fruit 
in order to determine its resistance to various damages, suitabil-
ity for mechanized harvesting and handling during processing 
and for the purpose of its placement on the market, i.e. their 
shelf life.  
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Nomenclature: 
D (mm)  – tomato fruit equatorial diameter, 
H (mm) – tomato fruit height, 
Ψ (-)  – sphericity, 
M (g)  – tomato fruit mass, 
DM (%) – dry mass content, 
MC (%) – moisture content on wet basis, 
F (N)  – force, 
DE (mm) – deformation to rupture point, 
T (mJ) – energy absorbed before the rupture point (tough-

ness), 
PE (mJ) – penetration energy into underlying mesocarp 

tissue, 
IF (N/mm) – initial firmness, 
AF (N/mm) – average firmness, 
AE (N/mm2) – apparent modulus of elasticity, 
E (N/mm2) – modulus of elasticity, 
µ (-) – assumed Poisson´s ratio, 
d (mm)  – diameter of cylindrical probe, 
Av – average value, 
Se – standard error, 
Cv (%) – coefficient of variation, 
 

Subscripts 
p – puncture, 
c – compression, 

MATERIAL AND METHOD 
The research was conducted in September, 2011 in the Labo-

ratory for Biosystematics Engineering, Department of Agricul-
tural Engineering at the Faculty of Agriculture in Novi Sad. Two 
tomato fruit hybrids were tested: industrial (grown in an open 
field) and consumable (grown in protected area). Tomato fruits 
used for the tests were fully ripe (USDA, 1997). Twenty typical 
tomato fruits were selected from each of the tested hybrids and 
stored at room temperature for one day. 

The fruit dimensions were measured by Vernier calipers to 
an accuracy of 0.1 mm, fruit mass was measured by electronic 
balance to an accuracy of 0.01 g, and dry mass content was 
measured by using infrared dryer with thermo gravimetric 
method. Geometric mean diameter (Dg), arithmetic mean diame-
ter (Da) and sphericity (ψ), equations 1, 2 and 3, were calculated 
based on the tomato fruit dimensions (Zhiguo et al, 2011):  
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Assumed Poisson´s ratio was determined according to the 
equation (Kojima, 1983):  
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where MC is the average moisture content of fruits and vege-
tables. 
 

Puncture and compression test was performed with TMS-
PRO measuring instrument, Food Technology Corporation 
(www.foodtechcorp.com), and force-deformation curve was ob-
tained (Fig. 1). Flat base was used during both tests.  

 
a) 

 
b) 

Fig. 1. Typical measured force-deformation curve: 
a) puncture test; b) compression test 

 

For the puncture tests a cylindrical probe that was 6 mm in 
diameter was used (Bajkin et al., 2011); the penetration depth 
was 15 mm, at 30 mm/min loading velocity during the test. 
Force–deformation curve for puncture test showed that bio-yield 
point and rupture point coincided and that they represented the 
point where maximum puncture force was measured (Fig. 1a). 
The following mechanical texture parameters were determined 
for puncture test: rupture force (FRp), deformation at rupture 
point (DEp), toughness to the rupture point (Tp), initial firmness 
(IFp) measured at 0.5 N (Sirisomboon et al., 2012), average 
firmness at rupture point (AFp), energy penetration in the flash 
(PEp) measured 0.5–5.0 mm after rupture point (Sirisomboon et 
al., 2012) and modulus of elasticity (Ep). Apparent modulus of 
elasticity (AEp) was calculated after Blahovec et al., (1995): 

d
IF

AE p
p = , (5) 

where d is the diameter of cylindrical probe. 
 

Young´s modulus of elasticity (Ep) was calculated by the 
equation (Sirisomboon et al., 2012): 

 

( )21 μ−⋅= pp AEE . (6) 
 

Flat plate 100 mm in diameter was used for the compression 
test. For compression test, the rupture point (tomato fruit crack-
ing) was obtained from force–deformation curve (Fig. 1b). It 
also represents the final point included in the analysis. The fol-
lowing mechanical texture parameters were determined: maxi-
mum force (FRc) and deformation (DEc) to rupture point, tough-
ness (Tc) to the rupture point, initial firmness (IFc), average 
firmness (AFc) and modulus of elasticity (Ec) which was calcu-
lated using the equation by Shpolyanskaya (1952): 
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where D is the equatorial diameter of the fruit (cm), 9.81 
m/s2 is the acceleration gravity due to gravity, and 1.125 is a 
constant of the empirical equation. 

The results were tested by F-test of variance analysis and 
Duncan´s test. The interdependence (correlation) of the meas-
ured parameters was determined according to the Correlation 
matrices. All tests had the significance threshold of 5%.  

RESULTS AND DISCUSSION  
The tests were performed on small consumable tomato fruits 

which, in their fresh form, are not favorable for the placement on 
the market. Small consumable tomato fruits were compared with 
standard industrial tomatoes and the possibilities of 
mechanized handling and industrial processing 
were studied. Fully ripe tomatoes were used in or-
der to accomplish the set tasks (USDA, 1997).  

By measuring maximum (Dmax) and minimum 
(Dmin) equatorial diameter of fruit and its height (H) 
basic dimensions were determined and they were 
later used for the calculation of geometric mean 
diameter (Dg), arithmetic diameter (Da) and sphericity (ψ) using 
the equations 1, 2 and 3, respectively. Statistically significant 
differences in dimensions were determined for the two tested 
tomato hybrids (Tab. 1). The industrial tomato fruit had statisti-
cally higher values of fruit mass (96.74 g) in comparison to the 
consumable tomato fruit hybrid (83.69 g). Dry mass content for 
consumable tomato fruit was significantly higher (6.08%) com-
pared to the industrial hybrid (5.49 %), which indicated high 
quality of the tested consumable tomato fruit and its suitability 
for further processing.  

 

Table 1. Basic physical properties of tomato fruit* 

* testing was performed in columns by Duncan´s test at signifi-
cance threshold of 5% 
 

Analysis of fruit dimensions showed that values of coeffi-
cient of variation were low for both tomato hybrids (Tab. 1), 
which confirmed that the selected tomato fruits were almost 
equal and representative samples that could be used for further 
analysis. The highest calculated values of coefficient of variation 
for fruit mass were 18.54% for industrial and 14.84% for con-
sumable tomato hybrid. 

The values calculated for Poisson´s ratio (Kojima, 1983) 
were 0.478 for industrial and 0.476 for consumable tomato fruit. 
The fruits with high water content had Poisson’s ratio of almost 
0.5 (Bourne, 2002). Kabas and Ozmerzi, (2008) gave considera-
bly lower values for Poisson´s ratio that ranged from 0.222–
0.350 for cherry tomato fruits.  

Tomato fruit texture was tested by measuring mechanical pa-
rameters which were obtained by puncture and compression 
tests. Force-deformation curve obtained by puncture test clearly 
shows almost linear increase until maximum rupture force was 
reached, which was at the same place the bio-yield point. After 
the maximum force had been reached the values of the puncture 
force decreased sharply. This type of puncture force is common 
for fully ripe fruits (Sirisomboon et al, 2012). Force-deformation 
curve falls into the category of C type of curve (Bourne, 2002).  

Puncture test was performed on equatorial part of tomato 
fruit and it gave precise information about individual parts of the 
fruit (Sirisomboon et al, 2012). Outer skin and inner structure of 
tomato fruit (mesocarp, locular) caused considerable deviation 
from average values (Tab. 2). Depending on the hybrid the val-
ues of the coefficient of variation were: 20.74–27.43% for punc-
ture force (FRp) and 21.31–25.37% for deformation (DEp). These 
differences were multiplied and ranged from 40.34–47.54% for 
toughness (Tp). The differences in the penetration energy in the 
underlying mesocarp tissue (PEp) ranged from 65.84–71.22%.  

* testing was performed in columns by Duncan´s test at sig-
nificance threshold of 5% 
 

Consumable tomato fruit had higher values of FRp, DEp and 
Tp, but PEp values were lower. Compared to industrial tomato 
fruit, consumable tomato fruit had skin more resistant to external 
puncture injuries which means that it is less sensitive to puncture 
injury. One of important factors that determine the shelf life of 
tomato fruit is puncture injury susceptibility parameter (Desmet 
et al., 2002) which has high correlation with puncture force, with 
and without skin and the toughness of skin. Hard skin of con-
sumable tomato fruit enables postharvest handling and directly 
affects its shelf life. These differences were statistically not sig-

nificant because values of standard error and coefficient 
of variation were high.  

In order for harvesting mechanization and equipment 
for handling ripe tomato fruits to be precisely designed 
the following values were also determined with respect to 
hybrids: IFp = 2.02–2.33 N/mm; AFp = 1.44–1.38 N/mm; 
AEp = 0.34–0.39 N/mm2 and Ep = 0.26–0.30 N/mm2. Val-
ues of modulus of elasticity (0.90 N/mm2) for ripe tomato 

fruit (Sirisomboon et al., 2012) and 0.16–0.28 N/mm2 for cherry 
tomato fruit (Kabas and Ozmerzi, 2008) are given in literature.  

Compression test is used to determine mechanical properties 
of whole tomato fruit (Sirisomboon et al., 2012) which is why 
low values of coefficient of variation were recorded (Tab. 3).  
 

Table 3. Tomato textural mechanical parameters obtained 
from compression test* 

Hybrid FRc 
(N) 

DEc 
(mm) 

Tc 
 (mJ) 

IFc 
(N/mm) 

AFc 
(N/mm) 

Ec 
(N/mm2)

Av 74.88 a 14.87 a 480.15 a 3.55 a 4.91 a 4.10 a 
Se 13.92 1.74 145.79 0.64 0.61 0.67 Industrial 
Cv 18.59 11.68 30.36 17.95 12.40 16.32 
Av 34.25 b 10.80 b 169.43 b 2.61 b 3.14 b 2.12 b 
Se 8.14 1.48 59.13 0.37 0.38 0.36 Consumable
Cv 23.78 13.71 34.90 14.26 12.08 17.06 

* testing was performed in columns by Duncan´s test at sig-
nificance threshold of 5% 

 

The compression test showed statistically significantly 
higher values of all tested parameters for industrial tomato fruit, 
when compared to consumable tomato fruit, which was the con-
sequence of firm structure of inner part of the fruit (Zhiguo et al., 
2010). This was already indicated by the puncture test (Tab. 2) 
which showed higher values of penetration in the underlying 
mesocarp tissue (PEp). Mechanical parameters measured by the 

Hybrid Dmax 

 (mm) 
Dmin  
(mm) 

H 
(mm) 

Dg 
(mm) 

Da 
(mm) 

Ψ 
(-) 

M 
(g) 

DM 
(%) 

Av 52.45 b 50.55 b 68.30 a 56.55 a 57.10 a 0.83 b 96.74 a 5.49 b
Se 3.76 3.75 4.96 3.78 3.80 0.03 17.93 0.35 Industrial 
Cv 7.17 7.42 7.27 6.68 6.65 3.77 18.54 0.37 
Av 55.25 a 54.05 a 48.90 b 52.64 b 52.73 b 1.08 a 83.69 b 6.08 a
Se 3.16 3.09 1.94 2.33 2.39 0.04 12.42 0.03 Consumable
Cv 5.72 5.71 3.98 4.42 4.54 3.65 14.84 0.03 

 

Table 2. Tomato mechanical texture parameters obtained 
from puncture test* 

Hibrid FRp 
(N) 

DEp 
(mm) 

Tp 
(mJ) 

PEp 
 (mJ) 

IFp 
(N/mm) 

AFp 
(N/mm) 

AEp 
(N/mm2)

Ep 
(N/mm2)

Av 11.58 a 8.20 a 51.18 a 5.43 a 2.02 a 1.44 a 0.34 a 0.26 a 
Se 2.40 1.75 20.65 3.57 0.45 0.24 0.07 0.06 Industrial 
Cv 20.74 21.31 40.34 65.84 22.08 16.75 22.08 22.08 
Av 13.92 a 10.06 a 74.67 a 4.39 a 2.33 a 1.38 a 0.39 a 0.30 a 
Se 3.82 2.55 35.50 3.13 0.35 0.11 0.06 0.05 Consumable
Cv 27.43 25.37 47.54 71.22 15.23 7.76 15.23 15.23 
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compression test also showed differences in texture between in-
dustrial and consumable tomato fruit. Based on the values ob-
tained by the compression test (Tab. 3) it was concluded that in-
dustrial tomato had higher resistance to pressure during han-
dling, harvesting and processing.  

Simple correlation coefficients were calculated for both 
tested hybrids with puncture and compression tests (Tab. 4). 
With respect to the puncture test the compression test gave 

higher values of simple correlation coefficients between the 
measured mechanical texture parameters and basic physical pa-
rameters (dimensions, shape and mass). However, at the signifi-
cance threshold of 5% the values of correlation coefficient were 
not statistically significant. Physical properties of the whole to-
mato fruits have slight influence on mechanical parameters. The 
dependence can be seen between mechanical properties and tex-
ture (Bourne, 2002). 

 
Table 4. Correlation coefficients of mechanical texture properties obtained from puncture and compression tests* 
 

 Puncture test Compression test 
 DPp Tp PEp IFp AFp AEp Ep DEc Tc IFc  AFc Ec 

FRp (N) 0.72 0.93 -0.30 0.33 0.23 0.33 0.33      
DEp (mm)  0.90 -0.62 -0.20 -0.50 -0.20 -0.20      
Tp (mJ)   -0.48 0.15 -0.10 0.15 0.15      
PEp (mJ)    0.47 0.57 0.47 0.47      
IFp (N/mm)     0.79 1.00 1.00      
AFp (N/mm)      0.79 0.79      
AEp (N/mm2)       1.00      
FRc (N)        0.84 0.96 0.30 0.90 0.52 
DEc (mm)        0.93 0.07 0.63 0.44 
Tc (mJ)         0.30 0.82 0.44 
IFc (N/mm)          0.47 -0.23 

In
du

st
ria

l 

AFc (N/mm)         0.42 
FRp (N) 0.95 0.99 -0.63 0.59 0.31 0.59 0.59      
DE (mm)  0.97 -0.73 0.43 0.02 0.43 0.43      
Tp (mJ)   -0.64 0.56 0.23 0.56 0.56      
PEp (mJ)    -0.03 0.29 -0.03 -0.03      
IFp (N/mm)     0.67 1.00 1.00      
AFp (N/mm)      0.67 0.67      
AEp (N/mm2)       1.00      
FRc (N)        0.90 0.99 0.24 0.89 0.94 
DEc (mm)        0.95 -0.08 0.62 0.74 
Tc (mJ)         0.19 0.82 0.90 
IFc (N/mm)          0.49 0.43 

C
on

su
m

ab
le

 

AFc (N/mm)         0.96 
*bolded values are statistically significant at the significance threshold of 5% 
 
The high and statistically significant correlation for both hy-

brids and tests (0.72–0.95) was determined between rupture 
force (FR) and deformation (DE). High positive correlation 
(0.93–0.99) was also determined between toughness (T) and rup-
ture force (FR), and between toughness (T) and deformation 
(DE) it ranged from 0.90–0.97 for both hybrids and tests. FR, 
DE and T are the most commonly used parameters and there is 
high correlation among them which means that rupture force 
(FR) is sufficient for determining the firmness, (Wu and Abbott, 
2002). 

In comparison to the parameters FRp, DEp and Tp high nega-
tive correlation was determined for parameter PEp during the 
puncture test. Statistically significant values (0.64-0.73) were 
determined for consumable tomato fruit which is the conse-
quence of its hard skin.  

Puncture test showed statistically significant dependence 
(0.67–0.79) between IFp and AFp. By comparing IFp with AEp 
and Ep it was determined that there was 100 % dependence be-
tween them because the values of AEp and Ep were calculated by 
IFp, (equations 5 and 6). 

Compression test showed high and statistically significant 
values of simple correlation coefficients among AFc, FRc and Tc 
for both hybrids. The differences between the tested hybrids 
were also determined for the modulus of elasticity (Ec). Statisti-
cally significant values of correlation coefficients between Ec 
and a group of parameters, FRc, DEc, Tc and AFc were deter-
mined for consumable tomato fruit.   

CONCLUSION  
The aim of this research was to determine physical and me-

chanical properties of industrial and consumable tomato. The 
results showed high dry mass content of consumable tomato fruit 
which is why it is favorable for further processing. Also, skin of 
the consumable tomato is harder and more resistant to puncture 
injuries, which directly affects its shelf life when used as fresh 
fruit.  With regard to the whole fruit, industrial tomato fruit had 
higher toughness. By measuring physical and mechanical prop-
erties of fresh tomato fruit it was determined that mechanized 
harvesting and handling during processing could be performed 
with both hybrids.  
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