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Abstract: Mechanical damage is the major cause of postharvest loss and among the perishable crops tomato
is very susceptible to it. An assessment of tomato fruits was carried out to study the effects of impact energy
and shelf life on coated and non-coated tomatoes. Tomatoes of the same maturity stage were obtained in
supervision. The samples were of two categories: coated and non-coated tomatoes. Samples were impacted by
pendulum impact apparatus in three energy levels (0, 0.14 and 0.25 J). Tomatoes were placed in boxes and stored
at 11±1°C. Then firmness,  color  changes, ripening factor and vitamin C content were measured for 20 days
(with a 5-day interval). The results revealed that in case of an increase in energy and storage time, color changes
and ripening factor increased; while texture resistance and vitamin C decreased. These results were true for all
samples (coated and non-coated). In the coated samples, delayed ripening was observed. Therefore, in coated
tomatoes, changes of color and ripening factor were less than uncoated samples but the content of vitamin C
and firmness in coated tomatoes were higher than uncoated samples. 
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INTRODUCTION metabolism and firmness [4]. Physical damages can
substantially change the chemical and physical

Commercially speaking, tomatoes (Lycopersicon composition of the pericarp and locular tissue in tomatoes
esculentum Mill.) are important vegetables worldwide. [5].
Mechanized post-harvest handling has contributed to A lot of efforts have gone into showing that
considerable annual loss [1]. Tomatoes are easily mechanical damage of agricultural crops is associated
vulnerable to mechanical damage. In one study, Campbell with their mechanical properties. The tensile stress in the
et al. [2] found that up to 40% of the crops suffered from walls, as well as the cracking process in the whole tissue
mechanical damage. Amount of loading, variety, texture, structure, is indeed influenced by cell size. One of the
maturity, temperature, size and shape are among the major contributing factors to the susceptibility of bruising
factors upon which the bruise susceptibility of fruits and is fruit texture and it may differ considerably within the
vegetables depend [3]. Mechanical damages can bring fruit [6]. An appropriate method to assess bruise damage
about metabolic and physiological changes in tomatoes, and to determine tomato susceptibility to bruises was
hence leading to the appearance of either typical external proposed by Van linden et al [7]. An instrumented
or internal signs and alterations in their respiratory pendulum  was used to apply controlled impact energy in
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a dynamic way. The subsequent damage was evaluated a
few days after the impact on a sensory basis. As Van
Zeebroeck et al [8] put it, the pendulum device is
developed to measure and apply controlled impact energy
and has a rotating arm of which the exact displacement
before, during and after the impact is known. The color
measurement in tomato relates to a decline in chlorophyll
and an increase in carotenoid  accumulation,  reflecting
the    transformation  of  chloroplasts  to  chromoplasts.
As maturation increased, the color development rate of
fruits increased [9]. Mechanical forces also affect the [15] E = M × g × l(1-Cos )
physicochemical properties. The main modification
produced by impact on the fruit was loss of citric acid and Where M is the mass of the pendulum, g is the
soluble solids which increased the solid-acid ratio i.e. the acceleration due to earth gravity (9.81 m / s ), l is length of
ripening factor [10]. There are a variety of methods in use the pendulum wire and  is the pendulum angle.
to preserve whole fruits and vegetables during storage According to the above picture, by replacing the cos
and marketing. One of these methods is plastic films that function with the sin function; equation 1 is transformed
are effective in reducing desiccation (moisture loss) [11]. to equation 2:
Application of edible films and coatings is further
extended for a wide variety of food products such as fresh [16]
fruits and vegetables. The reasons why they are used
include extending products' shelf life [12] and controlling
oxidation and respiration reactions [13].

This study aims to determine the effect of impact
energy, storage time and edible coating on the Where (a) is the pendulum displacement. 
physicochemical properties of tomatoes.

MATERIALS AND METHODS Ripening Factor: The ripening factor (Rf) was calculated

Tomato Fruit: 160 tomatoes (Lycopersicon esculentum
Mill.) cultivar Shiva F1 that were undamaged and uniform Ascorbic Acid: The ascorbic acid content in tomatoes
in shape and size on the day of harvesting were collected was determined using 2-6 dichlorofenol-indofenol
(in Chaharbagh region of Karaj, Iran). The harvested titrations [15].
tomatoes were in red ripeness stage. Measurements were
carried out on the harvest day (day 0) and after 5, 10, 15 Texture: Texture properties were measured using a
and 20 days of storage at 11±1°C and 85% RH. For each Texture Analyzer (HOUNSFIELD-H5K5) with 6.4mm
treatment 3 replications were done. penetration probe, load cell 500N and test speed of 200

Coating Treatment: The tomatoes were immersed in MC displacement at Fmax (L). Then shear strength (SS) was
solution (3%) for 30 second. Then they were dried at 60°C measured by the following equation [3]:
for 5 minutes to fix the coatings.

Pendulum: A pendulum was employed to apply
controlled impact on tomatoes in order to objectively
determine the vulnerability of tomatoes to mechanical D value is the diameter of penetration probe.
injury [5-14]. After the harvest, 160 tomatoes were
impacted at three levels by releasing the arm of the Color: Color measurements were conducted using a
pendulum from three impact angles of 0°, 15°, 30°. colorimeter HUNTERLAB-D25-9000 to obtain CIElab
Impactor weight of pendulum was 955g and the wire values (L (illuminance), a (red-green index) and b
length was 100cm. The energy at impact (E) is the (yellow-blue index)). The decrease in parameter L* and the
potential energy of the pendulum in equation 1 [3]: increase in a* were considered as browning indices (19).

2

Analytical Method

as the ratio of total soluble solid to acidity (17). 

mm/min. The parameters analyzed were force (Fmax) and

[17]
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Statistical Analysis: The experiment was conducted
according to a completely randomized design. The data
were evaluated by analysis of variance (ANOVA) and
Duncan test, using SPSS16 software version 16.0.

RESULTS AND DISCUSSION

Firmness of Texture: The development of pericarp
firmness, that is the softening of the fruits, was Fig. 1: Effect of impact energy and storage time on
significantly affected by storage time (Fig.1). Firmness firmness
decreased notably during the storage period. In contrast,
firmness decreased sharply in the first 5 days of storage.
According to the results, tomato cultivar Shiva F1 has the
feature of "fresh eating" until its texture firmness reaches
0.07 N. Therefore, intact tomatoes have the "fresh eating"
feature until the 15th day of storage and then can be sent
to food processing units or other food factories to
produce tomato paste. Also, tomatoes impacted by an
energy level of 0.14J have the "fresh eating" feature until
day 10 of storage and can be sent to processing units
until day 15. After these periods, although the tomato
texture is fresh, it cannot be used because of the microbial
contamination.The tomatoes which receive 0.25J impact
energy are usable only within 5 days of storage. It is clear Fig. 2: Effect of impact energy and edible coating on
that a postharvest change in firmness could occur due to firmness
the loss of moisture through respiration, as well as
enzymatic changes. In addition, hemicelluloses and pectin The findings of Hosseini Bahri and Rashidi [20]
became more soluble which resulted in disruption and support the results obtained in this study.
loosening of the cell walls [18]. A close relationship
between the softening of fruits and extension of storage Color: The evaluation of changes of color in coated and
time was described by Gomez & Camelom [19]. non-coated tomatoes is presented in Fig 3. At every stage

Although firmness of the tomatoes coated with of the impact energy and storage period, color content in
methyl cellulose which did not receive impact energy was non-coated tomatoes was always greater than coated
higher than impacted and non-coated tomatoes, firmness samples. The color evaluation in fruits corresponds to a
decreased notably in both coated and non-coated fall in chlorophyll and an increase in carotenoid
samples with increasing impact (Fig.2). By applying accumulation, reflecting the transformation of
impacted energy, firmness decreased (Table 1). This chloroplasts to chromoplasts. The color development rate
decrease was more pronounced in coated tomatoes of fruits increased with increasing maturation [2].
because of the preventive effect of the coating on curing According to Fig.4, as the impact energy increased,
in the texture of the plant. Van linden and found that the change of color ( E) increased rapidly especially during
mechanism of bruising consisted of a mixture of physical the first 5 days which was due to stimulation of the
damage and the consequent breakdown of the cell wall reactions related to ripening. Carotenes and xanthophylls
components resulting from the action of cell wall-related especially lycopene oxidized during the storage and
proteins. They also observed more damage with advanced gradually changed the color from bright red to dark
ripeness. The texture firmness of coated samples is more brown. Change in color also occurred due to the loss of
than non-coated ones until they are intact but when chlorophyll. Therefore, the tomatoes reached the full red
impacted, their firmness will be lower than non-coated stage on the 20th day of storage. The findings of
samples. Znidarcis et al. [9] support these results. 
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Table 1: Chemicophysical propertiese of non-coated and coated tomatoes 

SS (N/mm  ) E Rf Vit C (mg /100g)2

--------------------------- ------------------------------- ---------------------------------- ---------------------------------------
Impact Energy (J) Storgetime (day) Non-coated Coated Non- Coated Coated Non-c Coated Coated Non-- Coated Coated

0 0 0.098 0.098 0 0 9.06 9.06  27.34  27.34
0 5 0.089 ± 0.00 0.106±0.01 3.200±0.00 3.113±0.02 12.027±0.28 9.520±0.27 27.213±1.3 28.833±0.05
0 10 0.083 ± 0.00 0.097±0.00 4.803±0.32 3.747±0.06 12.310±0.00 10.770±0.27 25.320±0.44 26.313±0.16
0 15 0.064 ± 0.005 0.068±0.00 6.300±0.17 5.627±0.02 14.013±0.23 12.067±0.31 23.520±0.00 25.527±0.09
0 20 0.057± 0.005 0.0600.00 7.233±0.23 6.203±0.16 17.270±0.00 14.070±0.15 21.200±0.26 22.500±0.00
0.14 0 0.098 0.098 0 0 9.06 9.06 27.34 27.34
0.14 5 0.086 ± 0.001 0.080±0.00 4.137±0.05 3.287±0.01 14.1±0.00 10.630±0.21 25.360±0.03 25.767±0.25
0.14 10 0.07 ±0.00 0.067±0.00 5.253±0.04 3.943±0.09 15.737±0.16 14.223±0.21 23.597±0.005 25.283±0.02
0.14 15 0.057± 0.005 0.056±0.004 6.823±0.04 6.177±0.04 19.06±0.00 16.090±0.25 21.773±0.19 24.623v0.13
0.14 20 0.048 ± 0.004 0.044±0.004 7.567±0.05 7.157±0.07 23.1±0.00 19.507±0.33 18.627±0.47 21.907±0.16
0.25 0 0.098 0.098 0 0 9.06 9.06 27.34 27.34
0.25 5 0.065 ± 0.00 0.068±0.00 5.590±0.017 3.780±0.00 15.397±0.23 12.047±0.15 23.41±0.08 25.173±0.02
0.25 10 0.056 ± 0.00 0.050±0.00 6.173±0.08 5.067±0.11 16.85±0.00 16.540±0.38 19.900±0.10 23.600±0.100
0.25 15 0.04 ± 0.00 0.037±0.00 7.307±0.05 6.423±0.04 20.733±0.19 19.047±1.6 19.600±0.20 21.267±0.34
0.25 20 0.037 ± 0.001 0.033±0.00 8.037±0.10 7.303±0.14 23.923±0.61 20.980±0.58 15.767±1.09 18.633±0.11

- Data are mean of 3 replicates (Mean ± SD), Significant param eter ( probability, p-level > 0.05) 

Fig. 3: Effect of impact energy and edible coating on color Fig. 5: Effect of impact energy and edible coating on
changes ripening factor 

Fig. 4: Effect of storage time and impact energy on color Fig. 6: Effect of storage time and impact energy on
change ripening factor 

Ripening Factor: With increasing impact energy ripening component. Indeed, as a result of biosynthesis process or
factor increased continuously (Fig.5). This is because degradation of polysaccharides, soluble solids content
acids re great energy sources for the oxidation process in escalated with fruit maturity.
the Krebs cycle. Organic acids usually decrease with As shown in Fig. 6, ripening factor increased during
maturation due to respiration and convert into sugar [21]. the storage period. These changes were mainly due to the
Soluble solids are a large fraction of the total solids in decrease in total acidity, increase in total sugars and total
tomatoes. Soluble solids content is an indicator of soluble solid (TSS) during the storage time. In addition,
sweetness,  a lthough  sugars  are  not  the  sole  soluble ripening  factor of coated samples during the storage was
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Fig. 7: Effect of impact energy and edible coating on
ascorbic acid 

Fig. 8: Effect of impact energy and storage time on
ascorbic acid

lower than non-coated tomatoes. This may be due to the
delaying effect of coating on physiological properties
related to ripening processes.

Ascorbic Acid: The evolution of ascorbic acid content is
presented in Figure 7. Ascorbic acid changes were
negatively related to impact energy. Reduced ascorbic
acid amount in the non-coated tomatoes (24.1%) was
higher than coated samples (22.1%). 

The amount of ascorbic acid decreased at the end of
storage time (after 20 days) in coated and non-coated
samples.

As shown in Figure 8, one of the most important
parameters in degradation of ascorbic acid is storage time.
During the storage, ascorbic acid decreased rapidly. Two
main causes of ascorbic acid reduction are the oxidative
reactions of enzymes including cytochrome oxidase,
ascorbic acid oxidase and the peroxidase [17]. Ascorbic
acid degradation due to oxidation, which can occur
because of the presence of catalysts and oxidizing
enzymes, is the cause of the decomposition of ascorbic
acid   during  storage  of  vegetables  [9].  These  results

correspond to the findings of Adis [17] who observed
that increasing the storage period resulted in reduction of
ascorbic acid in fruits and vegetables. 

CONCLUSION

This study revealed that by increasing the impact
energy, the shelf life will decrease accordingly. This study
revealed that by increasing the impact energy, the shelf
life  decreased  accordingly.  The  reason  of this
reduction  was  due  to  the reactions which were related
to ripening, increased respiration and more enzyme
activities especially pectin esterase and poly
galactronase. The content of ascorbic acid in the product
decreased by increasing the applied impact energy,
because this led to oxidative reactions by enzymes such
as cytochrome oxidase, ascorbic acid oxidase and
peroxidase.

Increasing the applied impact energy which destroys
the texture (i.e. cell walls) leads to a loss of overall quality
of the product. The firmness of coated and non-coated
samples decreased but this reduction was much more in
coated tomatoes. Also, the exerted energy led to an
increase in color changes by stimulating the ripening
phenomenon and accumulation of lycopene. In this study,
coating could improve most physicochemical properties
of non-impacted tomatoes but after impacting, firmness
decreased more in coated samples than non-coated
tomatoes perhaps because self-curing 

reactions failed to happen in the coated samples.
Study showed that increasing impact energy decreases
shelf life. The results showed that ascorbic acid content
decreased by increasing impact energy because it led to
oxidative reactions by enzymes such as cytochrome
oxidase, ascorbic acid oxidase and peroxidase. Increasing
impact energy applied to product, along with a destroying
effect and mechanical damage to cell walls caused loss of
quality through decreasing texture firmness of tomato. It
can be concluded that the impact energy of 0.25J was
more than tolerance threshold of the texture and most
mechanical damages and least shelf life were observed
after 20 days of chilling.
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