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factor including levels of the first, second, third and fourth week on
some mechanical properties including the breaking force,

lS(t?))I’;vgoer’?i.me deformation, stiffness, breaking energy and critical bending of
Quality cucumber were investigated and determined in the form of a factorial
Packaging experiment based on a completely random design. Excessive spgllage
Stiffness and softening of control samples caused them to be removed in the

third and fourth weeks during the experiments. The results showed
that the type of packaging was significant only on critical bending at
the level of 5% and had no effect on other parameters. The interaction
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(0.435 cm!) and the highest stiffness value (0.18 N/mm) at the end of
the fourth week were related to the metallized package samples. In
addition, the results showed that the method of packaging in a
metallized transparent envelope can preserve the quality of the
product and increase the shelf life compared to other tested methods.
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EXTENDED ABSTRACT

Introduction

Cucumber (Cucumis sativus) belongs to the family Cucurbitaceae and is a very popular
product. Cucumber is mostly consumed fresh all over the world. However, cucumber is
highly perishable and non-climacteric, which experiences severe problems after harvesting
such as loss of texture, loss of smell, and fungal rot. These changes affect the quality of
cucumber, which is very important for export purposes. Thus far, several methods have
been developed to increase the shelf life of cucumbers including temperature control,
coating, controlled atmosphere (CA), pickling, and modified atmosphere packaging (MAP).
The effect of nanochitosan coating containing essential oil on antioxidant activity and
increasing the shelflife of cucumber was studied. Physicochemical and microbial tests were
performed every three days. A significant difference in weight loss, firmness loss and
respiration rate were observed in cucumbers treated with nanochitosan containing
essential oil compared to samples coated with nanochitosan and control. It was found that
chitosan coating containing essential oils can improve the quality of cucumber and protect
bioactive compounds during storage. This study was conducted with the aim of determining
the effect of packaging types and storage time on the mechanical properties and critical
bending of the greenhouse cucumber.

Methodology

To conduct this experiment, greenhouse cucumber fruit of the Royal variety (Var. Royal),
which is an imported variety, was collected from the cucumber growing greenhouse located
in Jiroft city, Iran. For the convenience of performing the critical bending test, natural and
straight samples were used, and short and curved cucumbers were removed [8]. The
samples were prepared in the winter of 2019 and transported to the laboratory of physical
and mechanical properties of agricultural products of University of Jiroft by special boxes.
In order for the samples not to lose their moisture during transportation, they were
wrapped in newspaper. Finally, the cucumbers were placed in cellophane packaging,
metallized transparent envelope and nano plastic and kept with the control samples
(without packaging) in the refrigerator (inside the middle shelves) at a temperature of 5
degrees. The length and equator of cucumbers were measured using a digital caliper with
an accuracy of 0.01 millimeter, and their mass was measured with a sensitive digital scale
with an accuracy of 0.01 gram. In order to measure the mechanical properties including
rupture force, displacement, firmness and rupture energy, Santam STM-5 universal testing
machine was used. A cone was made to determine the critical bending. The right cone was
made of galvanized sheet with a thickness of one millimeter, the length of the edge was 60
cm and the radius of the base was 15 cm. With the gradual movement towards the tip of the
cone, the bending value of the sample increased and as a result, the sample ruptured. At the
rupture site, the distance to the top of the cone was recorded (Figure 1). Experiments were
carried out at four levels of cucumber packaging (without packaging or control, cellophane,
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metallized transparent envelope and nano plastic) and four levels of storage time (first,
second, third and fourth weeks) and in the form of a completely random design.

Loadcell

Connective Bushing

Punch

Figure 1. (a) Santam STM-5 universal testing device with a 5/16-inch diameter punch (7.9 mm) during
testing, (b) Measuring of the critical bending.

Results and discussion

Conducting tests for cellophane, transparent metallized and nano packaging during four
weeks was successful, but in the third and fourth weeks, the control cucumbers (without
packaging) resulted in extensive spoiling and wrinkling, so that the mechanical tests and
also critical bending test was not possible on the samples and therefore no data was
obtained. In fact, after this period of time in the refrigerator, the samples lost their crispness
and freshness and started to become spoilt and lost their taste. Figure 2 shows the values of
critical bending at different storage and packaging times. The increasing trend of critical
bending was evident in the following weeks, which indicated a decrease in the quality of
cucumbers. The lowest critical bends were related to the first week. Increasing the critical
bending meant greater bending and less crispness, and therefore not desirable for
consumers as consumers usually prefer firm and crisp cucumbers.
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Figure 3. Average values of critical bending of cucumber in different storages and packaging times.
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It seems that in addition to the moisture content, other physical and chemical
characteristics such as intercellular connection affected the critical bending. The
composition of the atmosphere in the package depends on the permeability of the sample
cover. By increasing permeability, the amount of oxygen in the packages was greater and
the amount of carbon dioxide lesser; the greater permeability made the atmosphere in the
package reach the equilibrium state quickly. An increase in temperature also affected the
composition of the atmosphere in the package, and with an increase in temperature, the
amount of oxygen decreased and the amount of carbon dioxide increased. In fresh products
such as cucumbers, after harvest, the main problem is that they continue to breathe and
using metallized packaging compared to other packaging can increase the speed of
respiration by adjusting oxygen permeability and reducing carbon dioxide. By this type of
packaging, in addition to reducing the breathing rate of fresh cucumbers, it is possible to
prevent tissue softening (reduction of firmness) and moisture loss. Based on the results of
the comparison of firmness averages, the decreasing values for this parameter in the fourth
week were as follows: cellophane < nano < metallized.

Conclusion

At the end of the fourth week, the critical bending of the samples in the metallized
package was 0.435 cm and the lowest value. The method of packing cucumbers in
metallized packaging in order to maintain the quality and freshness of the product was
useful. Among the packages that were tested, the metallized package performed better in
maintaining the quantitative and qualitative characteristics of cucumbers due to slowing
down respiration, evaporation and transpiration and all metabolic processes.
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