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ABSTRACT— Postharvest loss of fresh produces is one of the major concerns in many countries, specially where
climate is hot and humid. Ionizing radiation is used as phytosanitary treatment (PI) for many fresh produces.
However, some variety of fresh produces can not tolerate high ionizing radiation dose which is required for PI
treatment. We evaluated the possibility of using non-ionizing radiation alone or in combination with ionizing
radiation for fresh cucumbers to minimize post-harvest loss. Gamma radiation of 100 Gy, Microwaves generated from
180 watt for 10 seconds, and their combined effects on cucumbers were analyzed. External colour, firmness and
percent storage loss of treated cucumbers were compared with untreated control group. External colour analysis of
L*a*b* parameters showed a gradual increase of L* (lightness) and b* (blue to yellow) with the storage time. We did
not observe any significant changes of L* and b* values between the treated and untreated cucumbers. However,
values of a* (green to red) were changed significantly (p=0.0001). During the 15-day storage period we did not
observe any significant differences of firmness of cucumber among the treated and untreated ones. At the end of the
15-day storage period, the cumilitive percent losses of treated and untreated cucumbers were 13.3% (combined
ionizing and non-ionizing radiation), 16.6 % (only ionizing radiation), 20.0 % (only non-ionizing radiation) and 30.0
% (no treatment).
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_________________________________________________________________________________
1. INTRODUCTION
The external appearance of Cucumber (Cucumis sativus L.) such as colour and texture are the major important
attributes of quality that determine consumer preference and purchasing decision. Low temperature effect like 3°C and
safe storage temperature like 12°, 20° and 25°C on various enzymes of stored cucumber was reported (Van Dijk et
al.2006). Combination of hot water and radiation treatment was also applied on tomato to control fungal decay (BarkaiGolan et al. 1993). Ionizing radiation is an economically viable technology for reducing post harvest losses and
extending shelf-life of perishable commodities and maintaining hygienic quality of fresh produce (Mitcham, 1999;
Boylston et al., 2002; Cheour and Mahjoub, 2003; Gonzalaz-Aguilar et al.,2004). According to Naqvi, (2005) about 2030% post harvest losses of cucumber fruits are observed every year in Bangladesh which creates considerable gap
between the gross production and net availability. In 1987, the Food and Drug Administration (FDA) approved use of
irradiation up to 1000 Gy for fresh commodities (Paull and Armmstrong, 1994).
The cucumber (Cucumis sativus L.) is a widely cultivated plant belonging to the family cucurbitaceae. It is usually
grown throughout the tropical and subtropical countries. World’s cucumber production is over 40,000 tonnes, China
being the leading producer (FAO, 2005). Cucumber having a short storage life, about 10 to 14 (2 to 3 weeks) days at 1012°C and 80% RH (Snowdon, 1990). It is harvested at immature stage having extremely high metabolic activity (Kader,
1983). The temperature effect is directly related to effect on lowering fruit respiration, ethylene production and
metabolism in general (Hardenburg RE, 1986).
Heat treatments e.g. hot water dip, vapor heat, hot dry air or combinations of these have been increasingly used as
quarantine treatment in several studies to retard post-harvest fungal damage to fruits and vegetables (Mansur, FE., 2006).
Vapor heat was developed to kill insect eggs and larvae specially as a quarantine treatment (Le TN., 2010) but hot water
has been used for both fungal and insect control. According to Bard and Kaiser (1996) the heat treatment in a selected
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fruit have been disinfesting of fungal and bacterial rots; desensitizing fruit to chilling injury; reducing incidence of postharvest physiological disorders; decreasing rate of ripening and prolonging the shelf life. However, only few studies had
been conducted on the effect of non-ionizing radiation to fresh produces. Microwave energy may provide an alternative
non-chemical quarantine treatment against colding moth in export cherries (Ikediala JN., et al. 1999). Giese, J. 1992,
reported on the advancement of microwave for food processing. Halverson, SL., et al. 1996, Bedi, SS., and Singh, M.
1992 reported that microwave and high-power microwave radiation act as an alternative insect control method for stored
products. The quality standards of fresh cucumber in EU include, for example, minimum requirements of sound, intact
fruit, in fresh appearance and firmness, and a classification of fruit in to three classes depending on fruit shape, defects in
colouration, etc. (Commission Regulation 1677/88). Skin colour is a harvest index also used as the best quality index in
cucumber (Gnanasekharan et al. 1992; Schouten et al., 1997, 2002).
The aim of this work was to determine whether the combination of both ionizing and non-ionizing radiation could be
used to reduce the post-harvest loss when stored at 25°C.

2. MATERIALS AND METHODS
2.1 Cucumber collection and storage
Locally available variety of Hybrid cucumber, (Cucumis sativus L.) was collected from local farmers at the day of
harvest. After collection, cucumbers were washed with normal water and wiped with soft clean cloth and then packaged
in perforated polythene bag each with 10 cucumbers. A total of such 12 bags were prepared among which six bags were
used for ionizing gamma irradiation and three bags for non-ionizing radiation generated from microwave and three bags
for unirradiated (control) cucumbers.
2.2 Storage conditions
All the treated and untreated fresh cucumbers were stored at 25°C and 80-90% RH during the entire period of
experiments. Cucumber used for treatments were selected by uniform size and free from any blemishes, physical damage
and fungal decay.
2.3 Ionizing Irradiation Treatment
Cucumbers were irradiated using gamma-rays emitted from Co60 irradiator at dose of 100 gray (Gy) on the
following day of collection at the Institute of Food and Radiation Biology, Atomic Energy Research Establishment ,
Savar, Dhaka, Bangladesh.
2.4 Non-ionizing irradiation Treatment
Non-ionizing irradiation Treatment: Microwave generated non-ionizing radiations generated from 180 watt for 10
seconds were applied to each fresh cucubmer individually.
2.5 Quality analyses
All the treated and untreated cucumbers were subjected to analyses of external colour, firmness and storage loss for
the period of 15-day. Data were recorded 5 times during the storage period. First data were recorded immediately after
the treatments and 2nd, 3rd, 4th and 5th data were recorded at 5th, 9th, 12th and 15th day of post-treatments. The data on
colour and firmness were generated from 30 (10 from each replica) cucumbers from each experimental condition
respectively. Therefore, in total 120 cucumbers for colour and firmness were used. During each measurement only the
edible quality of cucumbers were used while non-edible fruits (cucumbers with black spot/mold/damaged etc.) were
discarded for further analysis.
2.6 Colour analysis
External colour measurements of cucumbers were made using a chroma meter (Cr-410, Konica Minolta, Sensing
Inc., Japan). A standard white reference tile was used for calibration. Readings were taken at four different points
externally. Colour measurements were recorded as L*, a* and b* (L* = lightness, a* = ranging from green to red and b*
= ranging from blue to yellow).
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2.7 Firmness analysis
A fruit texture analyzer (GS-20, Serial No. 2003-FTA-109, version 6.63) was used to measure the whole fruit
firmness of each cucumber at four different positions.
2.8 Data analysis
All data obtained was subjected to analysis of Variance (ANOVA) using Minitab statistical software 13.20.

3. RESULTS AND DISCUSSION
3.1 Effect of ionizing, non-ionizing and combined treatment on the external colour of fresh cucumber
Different parameters of colour i.e. L* (lightness), a* (green to red) and b* (blue to yellow) of external surface of
treated and untreated cucumbers were recorded and analyzed (Table 1) . Both L* and b* values were found to increase
with the storage time. No significant changes of L* and b* values were recorded among treated and untreated fresh
cucumbers. However, significant changes (p=0.0001) of the values of a* were recorded.
Table 1: Changes of External Colour of treated and untreated cucumbers during 15-day storage period.
Dose
1st days of
5th days of
9th days of
12th days of
15th days of
(Gy/MW)
treatment
treatment
treatment
treatment
treatment
a*
L*
a*
b*
L*
a*
b*
L*
a*
b*
L*
a*
b*
L*
b*
48.15 -14.54 27.80 50.88 -14.55 30.85
56.65 -13.02 35.44 59.59 -12.57 38.67 64.33 -10.23
43
0
47.31 -14.03 26.32 51.44 -14.18 30.61
57.29 -12.50 36.33 61.42 -11.12 41.99 63.84 -9.48
44.19
180MW
50.46 -14.45 30.65 56.35 -13.87 34.61
62.09 -11.58 41.25 65.79 -8.72
43.71 68.64 -5.80
46.74
100Gy
52.11 -14.45 29.53 56.56 -14.00 34.31
62.74 -10.90 40.59 65.58 -8.45
42.89 68.26 -6.30
45.19
100Gy
+180MW
L*=lightness (white L=100 to black L=0)
a*=ranging from red (+) to green (-), positive a is red and negative is green
b*= yellow (+) to blue (-); positive b is yellow and negative b is blue
Individual values are means of chromameter measurements of 22 to 30 cucumbers (4 observations/cucumber).
In tomatoes, similar pattern of colour changes were reported which was suggested that this change of colour
spectrum was related with their ripening (Alba et al., 2000). Increasing fruit temperature from 21°C to 26°C may
enhance red fruit and chlorophyll degradation in off-vine fruits (Gautier et al., 2008). Studies on the microwave-treated
cherries showed comparable colour properties of control fruits (Ikediala et al., 1999). However, L* and a* values of
Hunterlab parameters were increased significantly to microwave-treated cherries with storage time. On the otherhand, it
appeared that the microwave treatments gave lower stem a* (greenness) values as storage period increased (Ikediala et
al., 1999). The authors also expressed that the stem dryness may be occurred due to the use of hot air during their
microwave treatment procedures.
Our experimental results indicated that either ionizing or non-ionizing or a combination of these two types of
radiation has no significant effect on fresh cucumbers which were stored for 15 days at 25°C.
3.2 Effect of ionizing, non-ionizing and combined treatment on the firmness of fresh cucumber
Firmness is one of the criteria of fruit quality determined by different researchers and is one of the components of
texture which is a complex sensory attribute that also included crispiness and juiciness (Konopacka, D. 2003). The
firmness of all the treated and untreated cucumbers was found to increase initially (Figure 1). However, gradually the
firmeness of cucumbers were decreased with storage time and reached to a close level that we observed on the first day
of storage.
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Fig.1. Firmness of treated and untreated cucumbers
during the 15-day storage period

Irradiation has an immediate effects of decreasing firmness in vegetables (Glegg et al., 1956) including cucumber
the softening of which is typically evident within hours following treatment, even for mature green fruit (Ahmed et al.
1972; Bramlage and Lipton 1965). However, firmness of diced cucumber does not decrease with storage time (Prakash et
al., 2002). According to Ikediala et al. (1999) chrrry fruit firmness after microwave treatment apparently was either
higher or similar to that of the control samples. In our experiment, regardless of the treatment, the firmness of all the
groups was increased upto 5 days. Our this observation may be related to the maturity stage of cucumbers rather than the
effects of irradiation or other treatments.
Storage loss of irradiated and unirradiated cucumber
When no treatment was applied to cucumbers, a total cumilitive loss of 30% was recorded during the storage period
of 15 days. While the total cumilitive loss of cucumbers treated with non-ionizing radiation, ionizing radiation and
combination of both ionizing and non-ionizing radiations were 20, 16.66 and 13.33 % respectively (Fig.2).
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Fig. 2. Total cumulativepercent loss of treated and untreated
cucumbers during the 15-day storage period

The treatments like gamma radiaion, microwave treatment or their combination treatments have beneficial effect in
reducing the storage loss of cucumbers when kept at 25°C for the period of 15 days. Irradiation treatment extends the
shelf life of minimally processed cabbage, cucumber and bitter gourd (Khattak, A. B. et al. 2005, Khattak, M. K.. et al.
2005 and Kader, A A., 1986, 2002). Prakash et al. 2000 also reported that low dose gamma irradiation increased shelf
life of diced celery. Being a perishable produce, the loss of cucumber during storage was brought to only 13.3 % when
both ionizing and non-ionizing radiations were applied in this present study.

4. CONCLUSION
Some studies showed that microwave generated non-ionizing radiation could be used to retain the quality of fresh
produce (Ikediala et al. 1999) and also this technique could be used against stored product pests (Steven et al. 1996). This
study also showed that microwave-generated non-ionizing radiation along with gamma ionizing radiation both could be
used combinedly to retain the quality of fresh cucumbers and also to reduce the storage loss to a minimum level if stored
at 25°C for the period of 15 days. Hence, this combined approach may reduce the gamma radiation dose. However,
further detail studies would be required with commercial microwave generator.
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