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ABSTRACT 

 
In this paper, the mechanical properties such as dynamic coefficient of friction and mechanical properties 

namely firmness, hardness, resilience, fracturability, impact, bruising damage and total positive area in puncture 
test were determined for tomato of the commercial variety. These properties are necessary in the design of the 
equipment for harvesting, processing and transportation, separating and packing. The results showed that on five 
different surfaces, namely plywood, stainless steel, rubber, iron and carton, Coefficient of dynamic friction was 
increased with the increasing in tomato storage time. The largest coefficient of dynamic friction was the 
coefficient galvanized iron surface. The average firmness of tomato was 0.2 N/mm2 to 3.30 N/mm2. Differences 
for effect of ripening stage sample were found: green tomatoes were stiffer than yellow tomatoes than red 
tomatoes. It is known that tissue failure under compression loading generally occurs due to cell wall rupture 
because of extreme stresses during test performance. 
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Introduction 
 

Today the tomato is one of the world’s most popular fruits, and more than 130 million tons of tomatoes were 
22 produced each year in the world since 2008 according to FAOSTAT.Tomatoes (Lycopersicon esculentum 
Mill.) are commercially important vegetable worldwide, whose internal structure characteristic differs from each 
other. They always have different locular cavities, though grown from the same plant. The common tomatoes 
usually have three to seven locular cavities. In addition, the biological material of tomatoes is inhomogeneous, 
and an intact tomato has pericarp, cross-wall, locular gel and seeds tissue etc. Since the 1990s, some researchers 
have focused on the mechanical properties of tomato. Thiagu et al. (1993) studied the mechanical properties of 
two varieties at various stages of maturity by whole fruit compression test. Gonzalez et al. (1998) observed the 
effects of compression on the structure of red tomato using magnetic resonance imaging. Wang et al. (2006) 
characterized the mechanical behavior of single tomato fruit cells. Arazuri, (2007) studied the influence of 
mechanical harvest on the physical properties of processing tomato. Jizhan et al. (2008) conducted tests of 
compression from transversal and longitudinal directions on tomato fruit at different ripening phases and tests of 
bending and stretching on tomato peduncle. Lien et al. (2009) developed a non-destructive method for assessing 
the maturity of tomatoes using the mechanical properties of the fruit under the falling impact test. Other 
researches focused on the factors that affect the degree of mechanical damage of tomatoes. The influencing 
factors mainly consist of the external factors and the internal factor. The former includes impact energy, 
packaging materials, method of handling and drop height, etc. (Linden et al., 2006a, 2006b; Idah et al., 2007; 
Raji and Oriola, 2007). The other is the relationship between mechanical properties and injury of tomato 
(Desmet et al., 2002; Devaux et al., 2005; Linden et al., 2006; Zeebroeck et al., 2007; Li et al., 2010). The 
obtained mechanical properties mainly include rupture and penetration force, deformation at rupture and 
penetration, firmness, modulus of elasticity and Possion’s ratio of whole tomato fruit and its components of 
different varieties at various stages of ripening by whole fruit compression and microcompression tests. The 
latter includes variety, texture, maturity, shape and harvest date etc. (Thiagu et al., 1993; Kerstens et al., 2000; 
Linden et al., 2006b; Zeebroeck et al., 2007; Lien et al, 2009). Besides these, there are researches that focused 
on the bruising sources such as puncture injury, impact damage and mode of transportation etc. (Desmet et al., 
2002, 2003, 2004a, b; Allende et al., 2004). Different levels of impact energy will result in the differences in 
bruise susceptibility (Zeebroeck et al., 2003; Linden et al., 2006a). The bruising is considered to be a two step 
process, in which mechanical damage occurs first and then the affected tissue shows as soft spots on the surface 
within the first 2-3 days after impact (Linden et al., 2005, 2006b). Existing work on the major methods of 
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detection and evaluation of the degree of bruise include: 1) The red, green, blue (RGB) image analysis (Laykin et 
al., 1999), the Vis/NIR spectroscopy technique (Xingyue et al., 2005; Jun et al., 2005), the laser scattering of 
blue laser light (Sotome et al., 2004) and nuclear magnetic resonance (NMR) method (Milczarek et al., 2009). 
These methods were proved to be effective by experiments. However, they detected severe damage in which the 
skin was no longer intact (Linden et al., 2006). Logistic statistical functions were applied to evaluate the bruise 
susceptibility of fruits and vegetables (Lammertyn et al., 2000; Desmet et al., 2003; Vanstreels et al., 2002; 
Linden and Baerdemaeker, 2005). More recently, the bruise volume was applied on the determination of the 
bruise susceptibility of apples (Sukontasukkul et al., 2004; Zeebroeck et al., 2007). The measure of the bruise 
volume seems promising at first sight but the method is destructive for fruits and depends on homogeneous 
materials.  

It is known that the quality of tomatoes can be described in terms of internal and external properties Abbott, 
Lu, Upchurch, & Stroshine, 1997). Destructive tests for firmness measurements in whole tomatoes have been 
performed by either using volume compression flat-plate tests or using localized puncture tests i.e. Magness–
Taylor test (MT) (Jackman et al., 1990). In the case of tomatoes, both tests have been used indistinctly as 
indicators of the ripening stage in whole tomato fruit, even when the nature of the test indicates that the puncture 
test is mostly sensitive to pericarp tissue firmness and the compression test can be a global average firmness 
indicator (Jackman et al., 1990). Hertog, Ben-Arie et al. (2004) investigated the water loss in tomatoes and its 
relation to firmness measurements and made the distinction between water loss and the enzymatic cell wall 
breakdown on firmness determinations.  

Firmness is the most relevant property in quality characterisation of the tomatoes processed in the canning 
industry, in particular, of canned whole tomatoes. It is related to ripeness rate and the tomato susceptibility to 
damage during harvesting and processing. Ripe fruits are often soft and break easily because of a lack of 
firmness. Even when they have a high organoleptic quality, canning industries process them as triturated tomato 
with a lower price than whole peeled tomatoes (Porretta, 1995). 

Mechanical  properties  are  needed  for  texture  analysis  and  better understanding product quality. For 
example, firmness of horticulture products as measured by instrumental methods is frequently used to determine 
their maturity and ripeness, which is important in handling, storing and processing procedures. Furthermore, 
firmness is a component of texture influencing sensory perception of fruit by consumers. Texture perception and 
texture acceptability are critical factors in quality evaluation of fruit and vegetable products offered on market. 
Although, most consumers mentioned taste as most important component of fruit quality, tests indicate that 
consumers are more sensitive to differences in texture than taste (Shewfelt, 1999).  

The maturity of fruit is a qualitative measure, which is difficult to identify. The firmness of a fruit is an 
index of the mechanical, chemical and rheological properties of the fruit. It is negatively proportional to the 
maturity of the fruit (Mohsenin, 1986; Lesage and Destain, 1996) and can hence be used as an alternative 
indicator to maturity in fruit grading and sorting (Jarén and Garczia-Pardo, 2002; De Ketelaere et al., 2006). The 
compression and the penetration tests are reliable and traditional methods used to estimate fruit firmness. A 
force deformation profile is obtained from the test and accordingly, the firmness of the specimen is estimated in 
reference to the geometrical information of the profile, e.g. the proportional limit, bio-yield strength, and critical 
strength (ASAE, 1993; Delwiche, 2000; Fidelibus et al., 2002). Several devices related to the classical 
penetrometer have been developed (Abbott, 1999; Peleg, 1999). While many of these proposed techniques result 
in reasonably accurate and reproducible estimates, they are of a destructive nature, represent mechanical 
properties at the point of measurement only, and cannot be used as real-time monitoring for fruit sorting. 

The  aim  of  this  research  was  to  investigate  the mechanical properties of tomato in order to achieve a 
complete profile of  these  attributes. The  mechanical  characteristics  studied  were  dynamic coefficient  of  
friction  on  four  frictional surfaces, firmness, hardness, and total positive area.  
 
Materials And Methods 
 
2.1 Material: 

 
Mature fresh tomato were used for all experiments. Samples were obtained from the commerical farm, and 

kept in a refrigerator until laboratory measurements were performed. Mechanical properties of tomato randomly 
selected for all experiments. All the measurements were carried out at room temperature.  
 
2.2. Mechanical properties determination: 
 
2.2.1 dynamic  friction coefficients: 

 
A measuring device was designed and fabricated to measure the dynamic coefficient of friction for tomato 

sample on five different surfaces disk  (rubber, stainless steel, carton, playwood and galvanized iron sheets) 400 
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mm diameter. In this method, the surface was driven at a known velocity against the material with known mass 
that was held as shown in Fig. (1).The horizontal force of friction was measured with an electronic digital 
balance. The dynamic friction coefficient was calculated by the following equation (Coskuner and Karababa, 
2007; Altuntas and Sekeroglu, 2008): 

d
d

N

F
F

µ =
             (1)

 

 
Where: µd is the dynamic coefficient of friction, Fd is the dynamic friction force, which is equal to the 

average value of horizontal pulling force during the movement of sample. FN is the normal force between the 
surfaces, which is equal to the weight of sample. 
 
2.2.2 Penetration resistance and Firmness: 

 
Digital instrument for measuring penetration resistance were used to measure firmness, or degree of 

softness or crispness, which is used worldwide as a test of ripeness and maturity for many vegetables and fruits 
(Effe-Gi, Ravenna, Italy). 

  
Fig. 1: Instrument for determination of dynamic friction  
            coefficients 

Fig. 2: The portable pendulum instrument (Eissa,  
             2004). 

 
Fig. 3: The texture analysis applications with the device Stable Micro Systems 
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2.2.3  Impact test and bruising damage: 

 
The impact test was conducted by impact of each sample from heights ranged from 0.10 to 0.40 m by using 

pendulum instrument, the portable pendulum instrument they consists of: 
A pendulum impactor Figure (2) was used to apply the preselect amount of energy to the sample during 

impact (Eissa, 2004). It consists of two main parts: (1) a pendulum with an angular displacement transducer and 
arm release mechansim, length of the pendulum arm is 40 cm. (2) a box containing the battery powered 
electronics, including control and display units, connected by cable to the angular displacement transducer. An 
angular displacement transducer attached to one end of the spindle is used to determine the rebound angle of the 
arm after impact for absorbed energy calculation.(Eissa, 2004). 
 
2.2.4 Dynamic tests: 

 
They differed in size, shape and mechanical properties from those tested in the fall under static loading will 

affect the impact characteristics to that from drop height, one of these two parameters must be known or 
estimated. By mathematical dependency, the known or estimated parameter can be derived from one of the 
following: impact velocity, rebound velocity, velocity ratio ( coefficient of restitution), drop height and rebound 
height. The impact loads were expressed in terms of total energy, energy absorbed, total momentum and 
momentum absorbed. For user convenience, maximum and minimum values for each of these prarmeters are 
displayed for each impact. Once any one of the above prameter is estimated. These properties may all be 
displayed simultaneously. These were definded by, 

Eimp = W hdrop = total energy or energy of impact, (N.m= J) 
Eabs = W (hdrop – hreb) = energy absorbed by the sample, (N.m= J) 
M = (W/9.81) V1  = total momentum, (N.s) 
Mabs =(W/9.81) (V1 – V2) = momentum absorbed, (N.s) 
Ereb  = Eimp (hreb / hdrop) = energy of rebound of the pendulum arm, J 
Where: V1 = (19.62 hdrop /100)1/2 = impact velocity, m/s 
V2 = (19.62 hreb /100)1/2 = rebound velocity, m/s 
W = Weight of the ball or rigid object (indentor), kg 
Hdrop = the height of drop, m = L(1-cosθ )   
Hreb = the height of rebound, m = L(1-cos α ) 
L  = the length of the arm (0.40 m) 
θ  = the angle of drop, in degrees 
α  = the angle of rebound, in degrees 
the coefficient of restitution (e) which describes the rebound characteristics was calculated from. 

 
e = (hreb / hdrop)1/2 = V2 /V1 

 
The coefficient is usually defined as the ratio of final to initial relative velocity components of the striking 

bodies in the direction normal to the contact surfaces. (Eissa, 2004)  
Following impact, all samples were left at a temperature of 20 co for 10 days There are both chemical and 

physical aspects of impact damage in fruits and vegetables. Bruising in tomato is the result of mechanical 
impact damage sufficient to cause mixing of a substrate and an enzyme (tyrosine and polyphenol oxidase) to 
form the black discoloration, melanin. However, the discoloration may not occur if the substrate and/or the 
enzyme are not present in sufficient quantities,( Mathew and Hyde 1997). 
 
2.2.5. compression test: 

 
The compression tests of tomato fruits were performed by means of a TA-TX2 Texture Analyzer (Texture 

Technologies Corp., NY, USA) as shown in Fig.(3). The analyzer was calibrated with a 5 kg weight before the 
first test. It was equipped with a 40 mm diameter plate probe for the test. Equipment settings were as follows: 
test speed,1.5 mm/s (quasistatic loading); distance, 10 mm into the tomato. The tomato sample was placed on 
the base plate and pressed by the moving parallel plate probe until the fruit ruptured, and the force– time curve 
was recorded in real time. Subsequently the mechanical properties such as hardness, resilience, fracturability 
and were extracted from each recorded curve. Firmness is defined as maximal force (in g) needed to penetrate 
the fruit in constant depth; hardness is peak positive value within first compression cycle (in g); adhesive force 
is peak negative force caused by pinching and suction of fleshy sample (in g); adhesiveness is total negative area 
indicative of work required to pull the probe from the sample (in g.s) and total positive area is work to complete 
penetration cycle inducing that to initially rupture skin e.g. sample consistency (in g.s) (Technical Application 
studies, 2000).  
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2.3. Data analyses: 

All properties were measured at least in five replications, unless stated otherwise. Maximum, minimum, 
range, mean, standard deviation, regression equations and coefficient of determination were obtained by  spread 
sheet software program amely Microsoft Excel (2007).  
 
Results And Discussion 
 
3.1. Coefficient of Friction: 

 
The coefficient of dynamic friction variation with storage time is displayed in Fig. (4) for different 

materials. The coefficient of dynamic friction, at all different storage times considered, is highest on tomato 
samples surface followed by galvanized iron, plywood, rubber, stainless steel and carton, because The adhesion 
forces between the samples and surface materials increase when using rough materials such as wood and rubber. 
Similar results were found by Onder Kabas et al., (2006) for pears. Coefficient of dynamic friction was 
increased with the increasing in tomato samples storage time. It was observed that the storage time had a more 
significant on coefficient of dynamic friction effect than material surface. The largest coefficient of dynamic 
friction was the coefficient galvanized iron surface. The relationship between coefficient of dynamic friction for 
plywood, stainless steel, rubber, galvanized iron, and carton surfaces with storage time at samples surface can be 
represented by following equations in table (1): 

 
Table 1: Coefficient of dynamic friction for tomato- storage time relationship fitted by linear regression 

Material Equation of relationship               R2 

plywood    µ = 0.0062 +0.3842 S.T.            0.91                 (2) 
Steel     µ = 0.0051 +0.3595 S.T.            0.82                 (3) 
Rubber     µ = 0.0066 +0.2157 S.T.            0.87                 (4) 
galvanized iron    µ = 0.0089 +0.4618 S.T.            0.91                 (5) 
Carton      µ = 0.0032 +0.2070 S.T.            0.99                 (6) 

 
3.2. Firmness (N/mm2): 

 
The results of the firmness, (F) tests during storage period are presented in Fig (5). The results show that 

the firmness increased by increasing storage time then decreased. For all the tomato samples, greater forces 
were recorded at second week period previously. The minimum firmness were recorded at the end of storage 
period. This variation in values of firmness may be due to a number of physical and chemical factors contribute 
to sample resistance to breakdown as pectin materials in cell wall, size  of cells, dry matter cotent and specific 
gravity.  

The values of firmness of tomato tissue were increased during the first week due to the high percentage of 
water loss while it was decreased during the second week up to the third week from the dug-day. This is may be 
due to some physical and chemical factors occurred in the tomato samples as changing some carbohydrate 
material into sugar material and tomato shrinkage due to the high water loss percentage particularly during the 
period of first week from harvest-day, due to increasing in the biological operations as the high breathing rate 
and the high of water loss percentage through the opening cellular. These results lead to determinate the best 
period for handling operation of tomato which was found the second week from harvest-day where the least rate 
of mechanical damage was obtained. 

Regression analysis was applied to the data of tomato firmness and storage time as in table (2). The equation 
was as follow: 

 
FTomato = 0.96 + 0.2829 ST - 0.0571 ST2           (R² = 0.55)               (7) 
 
Table 2: Statistical index of Firmness (N/mm2) for the investigated tomato samples. 

Variety Average Range, 
Max – Min 

S.D. C.V. 
% 

Tomato 1.19 3.30 – 0.2 0.62 51.63 
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Fig. 4: Effect of storage time on coefficient of  Fig. 5: Firmness and puncture force vs storage  
            dynamic friction for tomato.    time for tomato. 
 
3.3. Puncture Force, (N):  

 
The results of the puncture force, (Pf) tests are presented in Fig (5). The results show that the puncture force 

was grading increased by increasing storage time then decreased. For tomato samples, greater forces were 
necessary to penetrate the tomatoes at storage period. The minimum puncture forces of tomatoes up to the end 
of storage period were observed.  

Regression analysis was applied to the data of tomato puncture force (Pf)  and storage time. The equation were 
as follow: 

 Pf  Tomato = 1.82 + 0.7171 ST - 0.1429 ST2     (R² = 0.67)                                       (8) 

  

During storage tomato lose dry matter, mainly carbohydrates, which are converted into carbon dioxide and 
water. At the same time, transpiration of tomatoes causes loss of water which is often the most serious cause of 
weight loss during storage (Burton, 1989; Schippers, 1976). Therefore, changes in mechanical properties of 
tomatoes over time must be related to both transpiration and respiration.  
 
3.4. Impact energy and Bruise volume and Bruising area: 

 
The bruising area and impact energy relationships are shown in Fig (6). Bruising area plays an important 

role in impact theroy and it is a visible and easily measured parameter in practical situations. The regression 
analsis showed a highly significant linear relationship between these parameters (Amer and Gamea., 2003). 
 
Baera = 0.8857 IE + 0.3216             (R2 = 0.88)                   (9) 

 
 
 

 

Fig. 6: Bruising area vs impact energy for  
                 tomato. 

 
 
 

Fig. 7: Bruise volume vs impact energy for  
             tomato. 
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Fig. 8: Impact velocity  vs absorbed energy for  
                 tomato. 

Fig. 9: Impact velocity  vs coefficient of  
             restitution for tomato 

Thus elasticity theory appears to give a reasonable indication of the variation of bruising area with impact 
energy during tomato impact over the range of energies tested. This phenomenon is considered as an important 
parameter in practice since bruise surface area is used for all grading purposes. This information should enable 
farmers and packers to optimize the condition of the fruits for minimal bruising during handling opertions, these 
results were recommended by Bajema et al., (1995). 

The bruise volume and impact energy relationships are shown in  Fig (7) which showed that the total 
bruising volume was linearly related to the impact energy. In these experiments, when bruising volume was 
plotted against the impact energy Fig (7), the regression analsis showed a highly significant linear relationship 
between these parameters. 
 
 Bvolume = 0.9764 IE + 0.132                 (R2 = 0.94)               (10) 

 
The use of pendulum to estimate the susceptibility of tomato fruit to damage is important to limit the impact 

velocity, energy absorbed, change of momentum absorbed and coefficient of restitution. It can be seen as shown 
in Fig (8), the energy absorbed with tomato is increased by increasing impact velocity. The energy absorbed was 
also increased by increasing drop height. The data also indicated that the energy absorbed at cylindrical 
impactor for tomato was inreased from (0.44 to 0.83. J) by increasing impact velocity from (1.40 to 1.98 
cm/sec), the energy absorbed was also increased from (0.44 to 1.26. J) by increasing impact velocity from (1.40 
to 2.43 cm/sec), these results mean that the energy absorbed by the tomato fruit at highest velocity (3.12 cm/sec) 
was 2.27. J than the lowest velocity (1.40 cm/sec) was 0.44. J. 
 
 EAbsorbed = 1.0469 IV – 1.1501                           R2 = 0.97                    (11) 

 
The coefficient of restitution (e) was (0.46, 0.42, 0.38, 0.34 and 0.30) for impact velocity of (1.40, 1.98, 

2.43, 2.81 and 3.12 cm/sec) respectively as shown in Fig (9). This result indicated that when impact velocity 
increased, there will be coefficient of restitution decreased. At very low velocities of impact the collision 
process is primarily elastic and the coefficient of restitution approaches unity. As the impact velocity increases, 
the amount of plastic deformation increases, there will be a decrease in coefficient of restitution.  
 
 e = 0.5967- 0.0923 IV                          R2 = 0.98                     (12) 

 
Concerning change of momentum absorbed of tomatoes relationship with impact velocity as shown in Fig 

(10) also showed that the momentum absorbed was increasing by increasing the impact velocity. 
 
MAbs =  0.2802 IV –0.052    R2 = 0.99              (13) 

 
Concerning coefficient of restitution of tomatoes relationship with impact energy as shown in Fig (11) also 

showed that the coefficient of restitution was decreasing by increasing the impact energy.            
 
e = 0.5012- 0.0792 IE                        R2 = 0.99                (14) 

 
Concerning bruise volume of tomatoes relationship with impact energy as shown in Fig (12) also showed 

that the bruise volume was increasing by increasing the impact energy and severe external damage occurred at 
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the higher impact energies which would result in a proportionately higher energy absorption and decrease in 
coefficient of restitution. 
 
Bvol = 1.1002 IE +  0.8287              R2 = 0.95                (15) 

 
Concerning absorbed energy of tomatoes relationship with impact energy as shown in Fig (13) also showed 

that the absorbed energy was increasing by increasing the impact energy. 
 
EAbsorbed = 1.4514 IE – 0.5286            R2 = 0.93              (16) 

 
The results show that bruise which results from the disruption of the cell contents was closely related to the 

deformation of the fruit. Tomato tissue is a viscoelastic material and its strain is therefore time dependent and 
explains why fruits deformed more for a given energy absorption when the energy was applied over a relatively 
long duration.  
 

   
 
Fig. 10: Impact velocity  vs change of momentum       Fig. 11: Impact energy vs coefficient of restitution  
 absorbed for tomato    for tomato. 
 

  
 
Fig. 12: Impact energy vs Bruise volume for tomato. Fig. 13: Impact energy vs absorbed energy for tomato. 
 
3.5. Comperssion Test: 

 
Compression force–time curves of tomato samples are presented in Fig. 14. The areas under curve, 

hardness, resilience and Fracturability of tomato at three ripening stages are shown in Table. 3. Differences for 
effect of ripening stage sample were found: green tomatoes were stiffer than yellow tomatoes than red tomatoes. 
It is known that tissue failure under compression loading generally occurs due to cell wall rupture because of 
extreme stresses during test performance (De Belie et al., 2000; Diehl et al., 1980). The major changes are 
related to pectins which are present in both the amorphous matrix, where the cellulose microfibrils of the 
primary cell wall are embedded, and the middle lamella (Kunzek et al., 1999). For samples subjected to 
compression tests, the former factor will have a foremost influence on tissue failure. Therefore, since tissue 
rupture mainly depends on the resistance that the cell wall exerts to compression loading. This corresponded 
with the mechanical parameters obtained from the force–time curves. Higher hardness values for green tomatoes 
might be explained on the basis of the structural characteristics of tomato tissue. 
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Fig. 14: Representative force–time curves of tomato samples subjected to compression loading. 
 

Table 3: Mechanical properties of tomato sample under compression test 
Tomato  ID Force  

g 
Area1:2 
g-sec 

Area1:3 
g-sec 

Hardness 
g 

Resilience 
g 

Fracturability 
g 

Green 40317.02 5447998 5447998 49020 0 0 

yellow 50163.96 4048858 4057550 23190 0.002 
 0 

Red 24755.81 1109353.689 1268729 23400 0.144 
 

23388.42 
 

 
Fig.14. Show the change of the textural parameters obtained by compression test. Those textural parameters 

are the response of the whole fruit. The plate compression test can detect the hardness and resilience of the 
whole fruit, and fracturability. The hardness decreased during fruit ripening. This implies the softening of the 
fruit. The resilience and fracturability values in the mature green stage were zero while in the yellow stage the 
resilience value was 0.002 and fracturability value was zero, the average resilience and fracturability values 
were higher in the red stage. This indicated that the unripe fruit deformed linearly as a function of force; hence, 
the hardness at this stage was higher, but the fully ripe fruit hardness increased when the force increased.  
 
Concolosion: 

 
In this research, the mechanical properties of tomato were determined The main results can be summarized 

as follows: 
1. The hardness and resilience of the whole fruit, and fracturability varied under compression test for 

three ripening stage of tomato (green, yellow and red). The higher value of hardness recorded in tomato at green 
stage, hence the resilience and fracturability of tomato sample recorded at red stage. 

2. The best period for tomato handling is the secend week after harvesting period to minimize the 
mechanical damage of tomato. 

3. Coefficient of static friction was increased with increasing tomatoes storage time. The coefficient of 
static friction, at all different storage times considered, is highest tomatoes surface followed by galvanized iron 
and plywood and rubber , stainless steel then cartoon, because The adhesion forces between the samples and 
surface materials increase when using rough materials such as wood and rubber. 

4. Increasing drop height lead not only a higher precentage of bruises, but to a shift in type of bruise. 
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