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Abstract

Cucumber (Cucumus sativus, L.)Barakoda F1 hybrid plants were grown under plastic house condition at
Experimental Farm for Central Lab. For Agri. Climate in Giza Governorate during two successive of 2017 and
2018 seasons to study the effectof hot water, chitosan, methyl jasmonate, potassium silicate and salicylic acid
treatments as postharvest treatments in maintaining the quality and reducing chilling injury (CI) of cucumber
fruits during cold storage for 16 days at 5° C plus two days at 15° C.

Cucumber fruits dipped in methyl jasmonate, potassium silicate and salicylic acid did not develop any
symptoms of chilling ingury during all storage period plus shelf life. These treatments also maintained fruit
firmness, retained more green color, reduced weight loss and did not show any decay until the end of storage
period plus shelf life. The onset of CI symptoms in fruits was delayed by hot water and chitosan treatments, these
treatments reduced the rate of Cl development. Cucumber fruits dipped in salicylic acid and potassium silicate
treatments did not appear changes in their flavor till 12 days, at 5° C + 2 days at 15° C and give typical flavor
cucumber fruits at the end of storage plus shelf life. Moreover, methyl jasmonate and chitosan or untreated control
resulted in non-typical flavor cucumber after (16 days at 5° C + 2 days at 15° C). So, salicylic acid or potassium
silicate treatments were the most effective treatments in maintaining fruit quality, give typical flavor fruits and
gave fruits without decay or CI symptoms and gave good appearance till16 days at 5°C plus two days at 15° C.

Key words: cucumber, chilling injury, hot water, chitosan, methyl jasmonate, potassium silicate, salicylic

acid, pitting, cold storage.
Introduction

Chilling injury is an economically important
postharvest problem that reduces the overall quality
and marketability of many fruit and vegetables.
Harvested cucumber (Cucumus sativus L.) fruit are
susceptible to chilling injury at temperatures below 7-
10°C. The main chilling injury in cucumber fruits
includes surface pitting, the formation of sunken, dark
colored, watery areas, rapid chlorophyll breakdown
and increased susceptibility to decay and fungal
growth (Mao et al., 2007). Chilling sensitive crops can
develop symptoms of CI either during storage at
chilling temperature or subsequently during
marketing condition at non chilling temperature. The
development of these chilling disorders reduces
consumer acceptance of the fruit, thus limiting storage
life and increasing losses.

Several methods have been used to reduce chilling
injury in order to extend fruit shelf life and impressive
responses have been reported. Among these
techniques  applied to  many horticultural
crops,including cucumber, are hot water dips (Shehata
et al., 2011), methyl Jasmonate (Gonzalez-Aguilar et
al., 2000), potassium silicate (Mditshawaet al., 2013),
salicylic acid (Wu and Wu (2001) and chitosan
(Ahmed, 2015). These chemicals are applies to reduce
chilling injury. Possible by reinforcing bioactive
compounds that detoxify reactive oxygen species
(ROS) (Sato et al., 2001). One of the effective

bioactive compounds in protecting the fruit from
oxidative damage is phenolic.

The use of hot water treatment (HWT) is an
accurate method to reduce the development of CI (Ali
et al., 2011). Thus, it has been used as a supplement
to refrigeration to extend storage and shelf life of
cucumber fruits (Hardenburg et al., 1986). The
efficiency of hot water treatment that reduces
symptoms of Cl has been demonstrated by several
researchers (Wang, 2006) on zucchini squash, (Abd
El-Rahman, 2001;Shehataet al., 2011) on
cucumber.The postharvest heat treatments have
reported to induce fruit tolerance to cold temperature
and to reduce the development of chilling injury
symptoms of cucumber during cold storage (Shehataet
al., 2011). Hot water treatment has reduce chilling
injury (llicet al., 2001), reduce weight loss and decay
percentage Abd EI-Rahman (2001)maintained fruit
firmness and inhibited color development and extend
shelf life(Wang, 2006).

Another way to maintaining fruit quality and
reduce chilling injury is by using chitosan as
postharvest treatment. Chitosan is a commercial
product;it includes chitosan 90-95% (2-Amino-2-
deoxy-beta-D-glucosamine)EL-Badawy(2014).
Chitosan treatment has been confirmed to be a useful
tool for postharvest fruit quality maintenance, by
preventing water loss and fruit softening, delay
ripening (Dong et al., 2004).Chitosan treatment has
reduced decay incidence and inhibit fruit respiration.
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Chitosan maintain color and extend the shelf life (Fard
et al., 2010) also been proven to effectively reduce
chilling injury symptoms in fruit (MengMeng et al.,
2012).

Jasmonic acid (JA) and methyl jasmonate (MeJA),
arecyclopentenonc compounds and are regarded as
natural occurring plant growth regulators (Sembdner
and Parthier, 1993). Methyl jasmoineoil is alleviating
ClI by increasing the expression of a set of defenses
genes and enhancing the antioxidant capacity in
horticultural crops. Ghasemnezhad and Javahersashti
(2008) were expressed that MeJA could enhance the
total phenolic and therefore induce the defense
mechanism of raspberry against low temperature
stress. Methyl jasmonate seem to be effective in
delaying the onset and reducing the severity of Cl
symptoms in zucchini squashes (Wang, 2006), also
Rageh and Abou-Elwafa, 2017 found that cucumber
fruits obtained from plants treated withMeJA reduced
Cl symptoms for 8 days of storage + 2 days 20°C.
Hamdyet al. (2015) on squash fruits treated with
MeJA decreased the incidence of Cl symptoms and
decay of fruit during cold storage at 20°C. MeJA play
an integraltale in the intracellular signal transduction
cascade which acts in the inducible defense
mechanisms that plants have developed against
pathogens and other stresses.

Salicylic acid (SA) is a natural and safe simple
phenolic compound, exhibits a high potential in
controlling postharvest losses of horticultural crops
(Asghari and Aghdam, 2010). SA is also a signaling
molecule which induces biosynthesis of defense
compounds such as poly phenols and pathogenesis
related proteins (Yao and Tian, 2005). Moreover, SA
involved in activation of the stress induced antioxidant
system when plants are exposed to salicylic acid
treatment could be used to reduce deterioration and
chilling injury symptoms in some fruits (Yang et al.,
2012), postharvest application with SA at 2 mM
concentration was highly effective in reducing
chilling injury incidence and decay of cold stored
pomegranate fruits at 2°C for 3 months (Sayyari et al.,
2011).

Recently, silicon (Si) has been shown to induce
resistance to both biotic and a biotic stress. There is
ample experimental evidence suggesting that Si
affects the activity of major antioxidant enzyme
involved in plant stress defense systems (Crusciolet
al., 2009;Epstein, 2009). Also Mditshwaet al., (2013)
found that lemon fruits dipped in potassium silicate
reduced chilling injury symptoms in fruits during cold
storage.

Therefore, this study was undertaken to determine
the effectiveness of hot water, chitosan, methyl
jasmonate, potassium silicate and salicylic acid
treatments as postharvest treatments in maintaining
the quality and reducing chilling injury of cucumber
fruits during cold storage for 16 days plus two days at
15° C.

Material and methods
Cucumber (Cucumus sativus, L.)Barakoda F1
hybrid plants were grown under plastic house
condition at Experimental Farm for Central Lab. For
Agri. Climate in Giza Governorate during two
successive of 2017 and 2018. Seeds were sown in
nursery on 10" and 14" at September 2017and 2018
seasons, respectively. Seedlings were transplanted on
25" and 28" on September in the first and second
season, respectively. Normal cultural practices were
carried out wherever it was needed according to the
recommendation of Ministry of Agriculture, Egypt.
Cucumber fruits were harvested at the proper stage
of maturity (on November 1%t and 4™ in the first and
second season, respectively) then transferred to
laboratory of Postharvest and Handling of Vegetable
Crops Department Hort. Res. Inst. at Giza, Egypt.
Fruits were selected for their fruits uniformity of size
(12 —-14 cmin length and 3.5 — 4 cm in diameter) and
free of visual damage of defects for the following
treatments:
1- Dipping in solution of chitosan at 0.5% for 5 min.
2- Dipping in solution of salicylic acid (SA) at 2mM
for 5 min.
3- Dipping in hot water at 45°C for 5 min.
4- Dipping in solution of methyl jasmonate at 0.1
mM for 3 min.
5- Dipping in solution of potassium silicate at 100 mg
/ L for 7.5 min.
6- Untreated fruits (dipped in distilled water) control.
All treatments of fruits were air dried, then packed
in polypropylene bags (25x30 cm) and 30 MU
thickness. Each bag contains7 fruits represented as
experimental unit (EU). Twelve EU were prepared for
each treatment and stored at 5°C and 95% relative
humidity (RH). Samples were taken randomly in three
replicates EU and were arranged in complete
randomized design. Measurement, were examined
immediately after harvest and at 4 days intervals
(0,4,8,12 and 16 days) of storage at 5° C in addition to
2 days at 15° C (shelf life conditions) for the following
characteristics.
Weight loss (%): It was calculated according to the
equation: = [(initial weight of fruits — weight of fruits
at sampling data)/ (initial weight of fruits)] x100.
General appearance: General appearance was
evaluated using a scale from (1-9) with 9= excellent,
7= good, 5= fair, 3= poor, 1= unsalable and fruits
rating (5) or below were considered unmarketable.
Decay score: Decay was determined using the
following score 1=no decay, 2=slight, 3=moderate,
4=sever and 5=extreme (Wang and Qi, 1997).
Color: Color was measured on two sides of each fruit
by using Minolta CR-400 Chroma Meter (Minolta Co.
Itd. Osaka, Japan). The measurements of skin color
and gloss were expressed in chromaticity values of
hue angle (h°) and lightness (L), respectively. Three
readings were taken at different locations of each
cucumber fruit during each data observation
(McGuire, 1992).
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Chilling injury: The degree of chilling injury, as
judged by the extent of surface pitting was evaluated
five hours after transfer of cucumber fruits from 5°C
to 15°C by rating scale of 1 to 5, where 1= no pitting,
2= 10% of the surface area pitted, 3= 11-25% of the
surface area pitted, 4= 26-50% of the area pitted 5=>
50% of the surface area pitted (as describe by Wang
and Qi, 1997).

Fruit firmness: Fruit firmness was measured in
Lp/in> by Magness and Ballouf pressure tester
equipped with 3/16 inch plunger and adjusted in
Newton as recommended by (ASHS postharvest
working Group).

Flavor: Flavor was determined according to the
following score 1=none, 2=slight, 3=moderate,
4=moderate full and 5=full typical tasting as described
bycantwellet al.(2009).

Statistical analysis:

Data were statistically analyzed using the
analysis of variance described by Snedecor and
Cochran (1980). The method of Duncan multiple
range tests were applied for than comparison
between means according to Waller and Duncan
(1969).

Results and discussion

Weight loss percentage:

Data in Table (1) revealed that weight loss (%) of
cucumber fruits was increased considered and
consistently with the prolongation of storage period
plus shelf life in the two seasons. These results are in
agreement with privies researcher(Shehata et al., 2004
andRageh and Abou-Elwafa, 2017). The loss in
weight may be due to transpiration, respiration and
other senescence related metabolic processes during
storage (Wills et al., 1981).

Concerning the effect of postharvest treatments,
data showed that there were significant differences
among treatments in weight loss % during storage. All
postharvest treatments reduced weight loss % as
compared with untreated control during storage and
shelf life. Moreover, cucumber fruits dipped in
chitosan, salicylic acid (SA) and potassium silicate
were the most effective treatments in reducing the
weight loss percentage followed by methyl Jasmonate.
Hot water treatment was less effective in this concern.
These results were achieved in the two seasons and
were in agreement with those reported by Shehataet
al. (2011) for hot water MengMenget al., (2012) for
chitosan Rageh and Abou-Elwafa (2017), for methyl
jasmonate (Mditshwaet al., 2013) for potassium
silicate Shoor, (2010) for salicylic acid.

Table 1. Effect of some postharvest treatments on weight loss percentage of cucumber fruits during cold storage

plus shelf life in 2017 and 2018 seasons.

Storage period (days)

Treatments 2017 Mean
0 0+2 4+2 8+2 12+2 16+2
Hot water 0.00P 0.17N 084G 1.08E 142C 1.78B 0.88B
Methyl Jasmonate 0.00P 0.12 NO 0.691J 0.86 G 1.22D 142C 0.72C
Potassium silicate 0.00P 0.090 0.40L 0.631J 0.80 GH 1.08 E 0.50D
Chitosan 0.00P 0.090 0.36 LM 055K 0.76 HI 0.96 F 045 E
Salicylic acid 0.00P 0.10 NO 0.33 LM 0.641J 0.80 GH 1.00F 0.48 DE
Control 0.00P 0.30 M 1.11E 148C 1.84B 2.26 A 117 A
Mean 0.00 F 0.15E 0.62D 0.87C 1.14B 142 A
2018
Hot water 0.00P 0.16 N 0.83H 1.06 EF 141C 1.77B 0.87B
Methyl Jasmonate 0.00P 0.10 NO 0.67J 0.84H 1.20D 140C 0.70C
Potassium silicate 0.00P 0.090 0.39L 0.62J 0.78 HI 1.06 EF 0.49D
Chitosan 0.00P 0.090 0.35 LM 053K 0.751 0.96 G 0.45E
Salicylic acid 0.00P 0.10 NO 0.33LM 0.641J 0.79 HI 1.01 FG 0.48D
Control 0.00P 0.28 M 1.10E 146C 1.83B 2.22 A 1.15A
Mean 0.00 F 0.14 E 0.61D 0.86 C 1.13B 140 A

Means in the same column having the same letter are not significantly different at 0.05 levels by Duncan’s multiple rang

test.

The application of exogenous organic acids such
as salicylic acid has been found to affect fruit quality
and induce stress tolerance (Shoor, 2010). These
organic acids mainly function in maintaining the
ability to inhibit O, accumulation, delaying H»O>
decrease and enhancing antioxidant enzyme activities
with an increase in the expression of senescence

related proteins or defense proteins to keeps the fruit
in good quality during storage (Dinget al., 2009;
Tareenet al., 2012a).

The favorable effect of potassium silicate in
reduction of weight loss was probably due to the
modification of cell membranes after Si application
that led to reduction of water loss and subsequently
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reduced fruit weight loss (Epstein, 2009). Silicon
application also reduced electrolyte leakage in rice
leaves. This may be attributed to the improved
strength and rigidity of tissue following Si application
(Liang et al., 2007).

Baldwin et al. (1995) found that chitosan coating
significantly reduced weight loss during storage as it
enables epidermal tissues to control water loss and
reduce respiratory exchange, barrier to water vapor,
reducing moisture loss and delaying fruit
dehydration,there by resulting in lower weight loss
(Shiri et al. 2013).

The reducing weight loss % by using methyl
jasmonate treatments may be attributed to reducing
the respiration process during storage (Yao and Tian
(2005), which slow down the metabolic processes
(Hamdyet al.2015), which diminished the weight loss
during storage.

In general, the interaction between postharvest
treatments and storage period plus shelf life was
significant in the two seasons. Cucumber fruits dipped
in chitosan or salicylic acid reduced weight loss
percentage of fruits during all storage period with no
significant differences between them, followed by
potassium silicate treatment. On the other hand, the
highest values of weight loss percentage are recorded
from untreated control. These results were achieved in
the two seasons.

General appearance (score):

Data in Table (2) indicated that general appearance
(GA) of cucumber fruits deceased with the
prolongation of storage period plus shelf life. Similar
results were reported by Rageh and Abou-Elwafa
(2017) on cucumber. The decrease of general
appearance of cucumber fruits during storage might be
due to shriveling, pitting, color change of fruits and
decay (Shehataet al., 2011).

Concerning the effect of postharvest treatments,
data revealed that cucumber fruits treated with all
postharvest treatments had significantly the highest
score of appearance as compared with untreated
control. However, cucumber fruits dipped in salicylic
acid, potassium silicate and methyl jasmonate were
the most effective treatments for maintaining GA with
no significant differences between them followed by
chitosan or hot water treatments with no significant
differences between them, while untreated control
recorded the lowest ones in this concern. These results
were achieved in the two seasons and were in
agreement with (Shehataet al., 2011, for hot water,
MengMenget al., 2012, for chitosan, Rageh and
Abou-Elwafa, 2017, for methyl jasmonate,
Mditshwaet al., 2013, for potassium silicate
andShoor, (2010) for salicylic acid).

The application of SA treatment showed the
greatest on activity of POX enzyme and lowest
activity of PPO enzyme as compared with untreated
control may be helpful for minimizing the utilization
of antioxidants used for the scavenging of the free
radicals. Senescence or stress condition coincided
with membrane damage in fits(Mayer, 1987). It was
proposed that the increase in the activity of POX
enzyme and decrease in activity of PPO enzyme with
lowest chilling injury were generally a consequence of
the system ability to delay senescence during cold
storage and increase marketable fruits.

Kaluwaet al. (2010) found that the main effect of
silicon application lies in suppression of respiration
and ethylene production. Therefore, improving Si
infiltration techniques could enhance shelf life of
fruits. They add that Si increases antioxidant and total
phenolics accumulation in the fruit, thereby,
increasing the stress relieving ability of the fruit,
producing fruit with a higher ability to withstand long-
term storage.

Table 2. Effect of some postharvest treatments on general appearance (score) of cucumber fruitsduring cold
storage plus shelf life in 2017 and 2018 seasons.

Storage period (days)

Treatments 2017 Mean

0 0+2 4+2 8+2 12+2 16+2
Hot water 9.00 A 9.00 A 8.33 AB 7.67BC 6.33D 3.67F 7.33B
Methyl Jasmonate 9.00 A 9.00 A 9.00 A 9.00 A 833AB 7.00CD 8.56 A
Potassium silicate 9.00 A 9.00 A 9.00 A 8.33 AB 7.67BC 7.00CD 8.33A
Chitosan 9.00 A 9.00 A 9.00 A 7.67BC 5.00 E 3.00F 7.11B
Salicylic acid 9.00 A 9.00 A 9.00 A 8.33 AB 7.67BC 7.00CD 8.33A
Control 9.00 A 9.00 A 7.67 BC 5.00 E 167G 1.00G 5.56 C

Mean 9.00 A 9.00 A 8.67 B 7.67C 6.11 D 478 E

2018

Hot water 9.00 A 9.00 A 9.00 A 7.67BC 5.67D 433 E 7.44B
Methyl Jasmonate 9.00A 9.00A 9.00A 9.00 A 8.33 AB 7.00C 8.56 A
Potassium silicate 9.00 A 9.00 A 9.00 A 9.00 A 8.33 AB 7.00C 8.56 A
Chitosan 9.00 A 9.00 A 9.00 A 7.67 BC 5.67D 3.00F 7.22B
Salicylic acid 9.00 A 9.00 A 9.00 A 8.33 AB 833AB 7.67BC 8.56 A
Control 9.00 A 9.00 A 8.33 AB 5.67D 2.33F 1.00G 5.89C
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Mean 9.00 A 9.00 A

8.89 A

7.89B 6.44 C 5.00D

Means in the same column having the same letter are not significantly different at 0.05 levels by Duncan’s multiple rang

test

Chitosan coating acts as a semipermeable barrier
on the surface of fruit and vegetables against oxygen,
carbon dioxide and moisture, thereby reducing
respiration, water loss, respiratory activity and
degradation by enzymes and microbial rot of fruits,
counteracting the dehydration and shrinkage of the
fruit, and ethylene production and maintaining the
overall quality and prolonging the shelf life
(Velickova et al., 2013).

In general, the interaction between postharvest
treatments and storage periods plus shelf life was
significant in the two seasons. Results indicated that
cucumber fruits dipped in salicylic acid, potassium
silicate and methyl jasmonate showed the best
appearance which gave good appearance at the end of
storage period plus shelf life (16 days at 5° C + 2 days
at 15° C), while chitosan and hot water treatments
rated good appearances after 8 days at 5°C + 2 days at
15° C. On the other hand, untreated control had the
unsalable appearance at the end of storage period plus
shelf life.

Decay percentage:

Data in Table (3) showed that there were
significant increases in decay percentage with the
prolongation of storage period plus shelf life in the
two seasons (Tablel 2). These results were in
agreement with Rageh and Abou-Elwafa (2017)on
cucumber and may be due to the continuous chemical
and biochemical changes happened in fruits such as
transformation of complex compounds to simple
forms of a more liability to fungal infection (Wills et
al., 1981).

There were significant differences among
postharvest treatments on decay percentage during
storage plus shelf life. All postharvest treatments were
much better in reducing decay percentage and so
longer storage period compared with untreated
control. However cucumber fruits treated with methyl
jasmonate or SA and potassium silicate did not show
any decay until the end of storage period plus shelf life
in the two seasons. Fruits treated with hot water and

chitosan reduced the incidence of decay % with
significant differences between them in the two
seasons, while untreated control gave the highest
decay %. These results were true in the two seasons
and are in agreement with Afifi (2016) for potassium
silicate Rageh and Abou-Elwafa (2017) for methyl
jasmonate, Yassin et al., (2017) for hot water,
Mohamed et al., (2016) for salicylic acid and Gad-
Elrab (2018) for chitosan.

Ghasemnezhad and  Javaherdashti, 2008,
demonstrated that MeJA increases the resistance of
tissues against decay by enhancing their antioxidant
system and their free radical scavenging capability.
Also, Ding et al. (2002) reported that treatment of
tomato fruits with MeJA induced the expression of
pathogenesis  related-proteins including B-1,3
glucanase and chitinass leading to increased chilling
tolerance and resistance to pathogens, thereby
reducing the incidence of fruit decay during storage.

Also there are many reports indicating that SA is
an endogenous signal for the activation of certain
plant defense responses and is able to enhance disease
resistance Yao&Tian (2005). The reduce in decayed
fruits treated with SA may be due to an increase in
activity of POX enzyme and decrease activities in
PPO and PE enzyme of Valencia oranges during cold
storage.

As for the effect of potassium silicate, Tarabihet
al. (2014) found that potassium silicate increase the
concentration of antifungal compounds and or the
enzyme PAL to be able to increase the concentration
of phenolic compounds present at later ripening stages
in order to decrease decay incidence in apple fruit.

The favorable effect of chitosan treatments in
reducing decay of cucumber, may be due to chitosan
coating, can inhibit the increase of oxidative enzyme
(peroxidase and polyphenol oxidase) activity. An
increase in antioxidant enzyme activity and free
radical scavenging capacity during storage would
reduce the physiological deterioration and enhance the
resistance of tissue against microbial invasion and
reduce the spoilage of fruit (Xing et al., 2011).

Table 3. Effect of some postharvest treatments on decay percentage of cucumber fruits during cold storage

plusshelf life in 2017 and 2018 seasons.

Storage period (days)

Treatments 2017 Mean
0 0+2 4+2 8+2 12+2 16+2

Hot water 0.00 F 0.00 F 0.00 F 0.00 F 0.00 F 9.62 D 1.60C
Methyl Jasmonate 0.00 F 0.00 F 0.00 F 0.00 F 0.00 F 0.00 F 0.00D
Potassium silicate 0.00 F 0.00 F 0.00 F 0.00 F 0.00 F 0.00 F 0.00D
Chitosan 0.00 F 0.00 F 0.00 F 0.00 F 0.00 F 13.60 B 2.27B
Salicylic acid 0.00 F 0.00 F 0.00 F 0.00 F 0.00 F 0.00 F 0.00D
Control 0.00 F 0.00 F 0.00 F 267E 11.33C 21.18A 5.86 A
Mean 0.00 D 0.00 D 0.00 D 0.44 C 1.89B 7.40 A
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Hot water 0.00 F 0.00 F 0.00 F 0.00F 0.00 F 8.91D 1.49C
Methyl Jasmonate 0.00F 0.00 F 0.00 F 0.00F 0.00 F 0.00F 0.00D
Potassium silicate 0.00 F 0.00 F 0.00 F 0.00 F 0.00 F 0.00 F 0.00D
Chitosan 0.00 F 0.00F 0.00F 0.00F 0.00 F 12.01B 2.00B
Salicylic acid 0.00F 0.00F 0.00F 0.00F 0.00F 0.00F 0.00D
Control 0.00F 0.00F 0.00F 233E 1020C 19.82A 539 A
Mean 0.00 D 000D 000D 039C 170B 6.79 A

Means in the same column having the same letter are not significantly different at 0.05 level by Duncan’s multiple rang test

Dipping the fruits in hot water resulted in some
decrease in decay and fungal development may be
related to washing off the natural pathogenic spore
population from the surface of fruit, (Cantwell and
Nie, 1992) on tomato. However, such a dip may also
remove part of the natural antagonistic flora inhibiting
the fruit peel which may act as a bio control agent of
postharvest pathogens (Harvey et al., 1989).

Color (L value)

Data in Table (4) showed that there was a
significant decrease in L value with increasing storage
period for all postharvest or control, showing darker
fruits. These results were true in the two seasons and
in agreement with Rageh and Abo-Elwafa (2017).
These results may be attributed to potassium silicate
which delayed fruit senescence in which the external
and internal color was lighter than of untreated
control.

Also, Hamdyet al. (2015) found that jasmine oil
vapor effectively maintained squash fruit brightness
for 9 days during cold storage period, as jasmine vapor
exposed fruits displayed more shiny and bright
appearance than control fruits.

Fardet al. (2010) found that chitosan coating
reduced the loss of color for the bell pepper and
delayed the deterioration of green pepper as judged by
external appearance. Also, Xing et al. (2011) revealed
that chitosan coating exhibited better control effect on
the reduced chlorophyll content in sweet pepper. The
retardation of color development in fruit reduced
ethylene productions leading to a modified internal
atmosphere of the fruit (Fardet al., 2010) and then
retarding the ripening process, this in turn, delayed
color loss.However, all postharvest treatments
significantly reduced the loss of L value compared
with untreated control. Cucumber fruits treated with
methyl jasmonate, potassium silicate or salicylic acid
had significant higher L value indicating lighter fruits
with no significant difference between them in the
first season, followed by chitosan treatment during
cold storage plus shelf life, Hot water was less
effective in this concern, while untreated control had
darker color (low L value).

Tareenet al. (2012b) found that peach fruits
illustrated that immersing in SA solution reduced the
changes in fruits color and maintains fruits lightness
during cold storage.

Table 4. Effect of some postharvest treatments on color b change (L value) of cucumber fruits during cold
storage plus shelf life in 2017 and 2018 seasons.

Storage period (days)

Treatments 2017 Mean
0 0+2 4+2 8+2 12+2 16+2
Hot water 43.00 A 42,02 A-D 4090B-H 40.10D-J 39.30G-L  37.40LM 4045 C
Methyl Jasmonate 43.00 A 42.82 AB 4264 AB 4180A-D 4100A-H 40.10D-J 41.89 A
Potassium silicate 43.00 A 4287 AB 4230 A-C 41.00A-H 40.20 D-J 38.80 I-L 41.36 AB
Chitosan 43.00 A 4241 A-C 4150 A-F 40.40 C-I 39.70 E-K  38.30J-L 40.89 BC
Salicylic acid 43.00 A 42.90 AB 4268 AB 4167 A-E 4120A-G 39.60 F-K 4184 A
Control 43.00 A 4120 A-G 39.60F-K  39.12H-L  37.90 KL 35.40 M 39.37D
Mean 43.00 A 42.37 AB 41.60B 40.68 C 39.88 C 38.27 D
2018

Hot water 46.00 A 43.22 D-G 42.10 H-L 41.30 LM 40.50 M-O 38.60 P 41.95 D
Methyl Jasmonate 46.00 A 44.03 B-D 43.51 C-F 42.70 F-J 42.07 1-L 40.77 MN 43.18B
Potassium silicate 46.00 A 4447 B 4390 B-E  42.60 G-K 41.80 J-L 40.40 M-O 43.19B
Chitosan 46,00 A 4391B-D 43.00E-H 41.90 I-L 41.20 LM 39.800 42.64 C
Salicylic acid 46.00 A 4450 B 4428 BC  43.27 D-G 42.80 F-I 41.20 LM 43.67 A
Control 46.00 A 41.70 KL 40.10 NO 39.62 0 38.40P 35.90 Q 40.29 E
Mean 46.00 A 43.64 B 42.82 C 41.90 D 41.13 E 39.44 F

Means in the same column having the same letter are not significantly different at 0.05 level by Duncan’s multiple rang

test.

Color (Hue angel)

Changes in hue angle values of cucumber fruits are
good indicator of senescence data in Table (5) showed
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that the hue angle values of cucumber fruits gradually
decreased as the storage turned to slight yellow as the
storage period prolonged. These results were true in
the two seasons and in agreement with Rageh and
Abou-Elwafa (2017).

Concerning the effete of postharvest treatments
data showed that all postharvest treatments had
significantly higher hue angle values as compared
with untreated control. Fruits dipped inpotassium
silicate, salicylic acid were the more effective
treatments in reducing the loss of hue angle value

indicated that fruits retained more green color during
storage plus shelf life, followed methyl jasmonate or
chitosan with no significant differences them. while
lower hue angle value were detected in the untreated
control indicated that fruits had less green color, hot
water treatments were less effective in this concern.
These results were in the two seasons and in
agreement with Attia and saleh (2016) for MelA,
Mohamedet al. (2016) for salicylic acid; Ahmed
(2015) for chitosan.

Table 5. Effect of some postharvest treatments on color change (Hue angel) of cucumber fruits during cold storage

plus shelf life in 2017 and 2018 seasons.

Storage period (days)

Treatments 2017 Mean
0 0+2 4+2 8+2 12+2 16+2
Hot water 121.60 A 121.00B 120.30 CD 119.10 GH 118.10 JK 116.10 M 119.40C
Methyl 12160 A 121.20 AB 121.00B 119.60 EF 118.70 HI 116.80 L 119.80 B
Jasmonate
. - 12160 A 121.30 AB 121.10B 120.20 CD 119.70 EF 118.40 120.40 A
Potassium silicate 1IK
. 12160 A 121.20 AB 121.10B 119.40 EFG 118.50 1J 116.40 119.70 B
Chitosan LM
Salicylic acid 12160 A 12140 AB 121.20 AB 120.30 CD 119.80 DE 118.50 1J 120.50 A
Control 121.60 A 120.40C 119.30 FG 118.00 K 116.10 M 113.00 N 118.10 D
Mean 121.60 A 121.10B 120.70 C 119.40 D 118.50 E 116.50 F
2018
Hot water 123.10 A 121.50 FG 122.20 DE 120.30 JK 119.30 LM 117.30 P 120.60 D
Methyl 123.10 A 12240C-E 122.60B-D  121.30 GH 120.60 1J 119.10 M 12150 B
Jasmonate
118.40 121.40
Potassium silicate 123.10 A 122.60B-D 122.80 A-C 121.20 GH 120.30 JK NO BC
Chitosan 123.10 A 122.60B-D 122.70 A-D 120.90 HI 120.00 K 117.90 0 121.20C
Salicylic acid 123.10 A 12280 A-C  123.00 AB 121.90 EF 121.40 FG 120.10 K 122.00 A
Control 123.10 A  119.80 KL 120.90 HI 118.50 N 116.60 Q 11350 R 118.70 E
Mean 123.10 A 121.90 C 122.40B 120.70 D 119.70 E 117.70 F

Means in the same column having the same letter are not significantly different at 0.05 level by Duncan’s multiple rang

test.

The reduction of color development in cucumber
fruits treated with methyl jasmonate, salicylic acid or
potassium silicate could be attributed to the low rate
of respiration rate and reduced ethylene production
resulted in lower activity of chlorophylls and
chlorophyll degradation, so maintained green color of
cucumber fruits (Wang and Buta, 1994) for methyl
jasmonate and Wu and Wu (2001); Ahmed (2015) for
salicylic and Mditshwaet al. (2013) for potassium
silicate.

Chilling injury (CI):

Chilling injury symptoms in cucumber fruit
appear as surface pitting, followed by large sunken
spots, water soaked areas, shriveling, and decay. The
symptoms of chilling injury usually become more
pronounced after transfer of the fruit from a chilling
temperature to a warmer temperature. Cucumber fruits
in this study were evaluated for the severity of
appearance of Cl 2 days following transfer from 5°C
to 15° C. Chilling injury (surface pitting) may be due
to the increase of ethylene evolution and level of

amino cyclopropanecarboxlic acid (ACC), putrescine
and ascorbic acid. The high concentration of these
chemicals in the preicarp tissue induced chilled fruits
with pitting appearance (Serrano et al., 1997).
Results in Table (6) indicated that cucumber
fruits in all treatments appeared without any
symptoms of pitting after 4 days at 5°C + 2 days at 15°
C. The differences in the severity of Cl among
different treatments became more appearance as time
progressed. Traces of chilling injury were found on
the skin of cucumber in the untreated control on the
eight day and the symptoms of chilling injury became
more apparent in these cucumbers after 12 days of
storage at 5° C + 2 day at 15° C, reached the severe
stage by 16™ days at 5° C + 2 day at 15° C (severity of
Cl at 5° C). However, cucumber fruits treated with
methyl jasmonate, potassium silicate and salicylic
acid did not develop any symptoms of CI during all
storage period plus shelf life. The onset of ClI
symptoms in cucumber fruits was delayed by hot
water and chitosan treatments. However these
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treatments reduced the rate of CI development. These
results were true in the two seasons and in agreement
with (Mohamed et al.,, 2016) whofound that Si
improved the levels of flavonoids and phenolics, they
had an adverse effect on fruit by increasing the
occurrences of chilling injury. However, increased

levels of flavonoids and phenolics in response to high
concentrations of Si suggest that Si may be involved
in modulating enzyme. The impaired visual fruit
quality after postharvest silicon applications should be
considered as a method to reduce postharvest chilling
injury.

Table 6.Effect of some postharvest treatments on chilling injury (score) of cucumber fruits during cold
storage plus shelf life in 2017 and 2018 seasons.

Storage period (days)

Treatments 2017 Mean
0 0+2 8+2 1242 16+2
Hot water 1.00H 1.00H 1.00H 1.00H 167G 2.33E 133C
Methyl Jasmonate 1.00H 1.00H 1.00H 1.00H 1.00H 1.00H 1.00D
Potassium silicate 1.00H 1.00H 1.00H 1.00H 1.00H 1.00H 1.00D
Chitosan 1.00H 1.00H 1.00H 1.00H 2.00F 3.00C 1.50B
Salicylic acid 1.00H 1.00H 1.00H 1.00H 1.00H 1.00H 1.00D
Control 1.00H 1.00H 1.00H 2.67D 4.33B 5.00 A 2.50 A
Mean 1.00D 1.00D 1.00D 1.28C 1.83B 2.22 A
2018
Hot water 1.00F 1.00F 1.00F 1.00F 2.00 DE 2.67C 144B
Methyl Jasmonate 1.00F 1.00F 1.00F 1.00F 1.00F 1.00F 1.00C
Potassium silicate 1.00F 1.00F 1.00F 1.00F 1.00F 1.00 F 1.00C
Chitosan 1.00 F 1.00 F 1.00 F 1.00F 1.67E 2.67C 1.39B
Salicylic acid 1.00F 1.00 F 1.00 F 1.00F 1.00F 1.00F 1.00C
Control 1.00 F 1.00F 1.00 F 2.33CD 400B 5.00 A 239 A
Mean 1.00 D 1.00D 1.00D 1.22C 1.78B 2.22 A

Means in the same column having the same letter are not significantly different at 0.05 level by Duncan’s multiple rang

test.

Wang (2006) found that methyl jasmonate
enhance the resistance of tissues to chilling injury by
increasing the gene expression of heat shock proteins,
pathogenesis-related proteins, and alternative oxidase.
Also, methyl jasmonate increased antioxidant
capacities, antioxidant enzyme activities, and free
radical scavenging capacities in the tissues.

Sayyari et al. (2011) found that SA can play a role
in inducing PR gene transcription and protect against
chilling injury most likely arises from reports that SA
can inhibit catalase activity in several plant species.
Four results showed that catl expression was weakly
inhibited by MeSA. As a result of the inhibition of
catalase by SA, the amount of H,O; in cells may
increase. The increase in reactive oxygen species
(ROS) plays a role in the induction of defense
responses such as PR-protein gene expression. The
increase in catl transcripts in MeJA-treated fruit after
day 3 may result from H,O, accumulation, which
subsequently induces the transcription of catalase via
a feedback mechanism.

The effect of hot water treatment in
delaying the onset of ClI may be due to that heat
treatment  increased polyamines concentration
(Putrescince,  SpermiddineandSpermine)  which
protect the integrity of membranes and then alleviated
Cl (Mirdehghan et al., 2007). Also, Klein and Lurie
(1991) found that heat treatment induce the production
of heat chock proteins, which confer enhanced
tolerance to chilling temperature

Tareen et al. (2012b) showed that chilling
temperature not only caused the appearance of
external injury symptoms but also affected internal
quality and chemical composition of the commaodity.
Treatments that can alleviate chilling injury should
also improve the internal quality of these chilling-
sensitive fresh produce as well as that of fresh-cut
products.

Fruit firmness:

Data in Table (7) reveled that fruit firmness was
gradually and consistently decreased with the
prolongation of storage period and reached the lowest
value at the end of storage period. The losses of fruit
firmness are associated with changes in cell wall
mechanical strength during storage (Valero &
Serrano, 2010). Loss of fruit firmness starts with the
conversion of insoluble protopectin into water soluble
pectin by breakdown of the middle lamellae, which is
intimately related to hydrolytic enzyme, so rigidity of
cell walls was reduced and led to fruit softening
(Pressey&Avants, 1973). In addition, firmness of fruit
depends primarily on the weight loss rate (Ben-
Yehoshua et al., 1983).

These results were true in the two seasons and are in
agreement with those obtained by Ragehand Abou-
Elwafa (2017).

Concerning the effect of postharvest
treatments, data revealed that all postharvest
treatments had a significant effect on fruit firmness as
compared with untreated control during storage plus
shelf life. However, cucumber fruits treated with
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potassium silicate or salicylic acid were the most
effective treatment in reducing the loss of firmness
during storage with no significant differences between
them in the two seasons, followed by methyl
jasmonate treatment and chitosan treatments.Hot
water less effective in this concern. The lowest value

of fruit firmness was obtained from untreated control.
These results were achieved in the two seasons and
were in agreement with Yassinetal., (2017) for hot
water; Rageh and Abou-Elwafa (2017) for jasmine oil;
Mohamed et al. (2016) for salicylic acid and Afifi
(2016) for potassium silicate.

Table 7. Effect of some postharvest treatments on fruit firmness (LP/in?) of cucumber fruits during cold storage plus shelf

life in 2017 and 2018 seasons.

Storage period (days)
Treatments 2017 Mean
0 0+2 4+2 8+2 1242 16+2
Hot water 762 A 7.07 A-F 6.70 B-J 6.40 E-K 6.12 G-L 5.62 K-M 6.59 C
Methyl Jasmonate 7.62 A 7.32 A-D 6.80 A-H 6.50 D-J 6.29 F-K 6.03 H-L 6.76 BC
Potassium silicate 7.62 A 7.50 AB 731A-D 7.12A-F 6.93 A-G 6.75 B-I 721A
Chitosan 7.62 A 7.20 A-E 6.90 A-G 6.63 C-J 6.30 F-K 5.90 I-L 6.76 BC
Salicylic acid 7.62 A 7.40 A-C 7.24 A-E 7.00 A-F 6.80 A-H 6.52 D-J 7.10 AB
Control 7.62 A 6.90 A-G 6.32 F-K 5.84 J-L 5.40 LM 490 M 6.16 D
Mean 7.62 A 7.23B 6.88 C 6.58 CD 6.31D 595 E
2018
Hot water 774 A 7.19 A-G 6.82 B-1J 6.52 E-L 6.24 H-M 5.74 L-N 6.71B
Methyl Jasmonate 774 A 7.42 A-D 6.90 A-I 6.60 D-L 6.39 G-L 6.13 I-M 6.86 B
Potassium silicate 774 A 7.65 AB 746 A-D  7.27 A-F 7.08 A-H 6.90 A-1 7.35A
Chitosan 774 A 7.32 A-E 702A-H 6.75C-K 6.42 F-L 6.02 J-M 6.88 B
Salicylic acid 774 A 7.55 ABC 739A-D 7.15A-G 6.95 A-l 6.67 D-K 724 A
Control 774 A 6.99 A-l 6.41F-L 593K-M 5.49 MN 499N 6.26 C
Mean 774 A 7.35B 7.00C 6.70 CD 6.43D 6.08 E

Means in the same column having the same letter are not significantly different at 0.05 levels by Duncan’s multiple rang

Xing et al, 2011 found that chitosan
treatment on pepper fruit had significantly lower
malondialdehyde (MDA) contents and relative
leakage rates, as an indicator of membrane integrity,
than the control fruit, indicating that higher membrane
integrity was maintained.

The favorable effect of MeJA on maintained
fruit firmness Feng et al. (2003) reveled that MeJA
maintained higher pectinasterase and
polyglacturonase activities, thereby preventing the
development of fresh firmness of peaches. Also,
MeJA induce synthesis of abscisic acid and
polyamines which act as free radical scavengers and
membrane stabilizer as an indicator of membrane
integrity were maintained (Wang, 2006).

Tesfay et al. (2011) reported that silicon-
treated fruit had lower electrolyte leakage compared
with the control, possibly due to Si deposition between
cell wall and cell membrane, maintaining a barrier
against solute leakage. Also, Si may enhance activity
of chitinases, peroxidase and polyphenol oxidases and
increased formation deposition of callose and
hydrogenperoxidesalso, silicon application improved
strength and rididity of tissue (Liang et al., 2007).

In  general, the interaction between
postharvest treatments and storage period was
significant in the two seasons. After 16 days of storage
at5’ C + 2 days at 15° C, data revealed that potassium
silicate or salicylic acid gave the highest values of fruit

test.

firmness with no significant differences between them
in the two seasons.
Flavor

Data in table (8) showed that there were
significant differences in flavor of cucumber fruits
during storage plus shelf life. All used treatments did
not present apparent changes in their flavor till 4 days
at 5° C + 2 days at 15° C. Flavor was then decreased
as the storage period was prolonged in the two
seasons.

Concerning the effect of postharvest
treatments, data revealed that there were significant
differences between postharvest treatments in flavor
of cucumber fruits during storageplus shelf life. In
general, all treatments gave higher score in flavor as
compared with untreated control except methyl
jasmonate treatment. However, cucumber fruits
dipped in chitosan, salicylic acid and potassium
silicate were the most effective treatments in
maintaining the flavor in fruits with no significant
differences between them during storage plus shelf
life followed by chitosn treatment. The lowest score in
flavor was obtained from methyl jasmonate and
untreated control.

Regarding  the interaction  between
postharvest treatments and storage periods, data
showed that cucumber fruits dipped in potassium
silicate and salicylic acid treatments did not appear
changes in their flavor till 12 days, at 5° C + 2 days at
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15° C and give typical flavor cucumber fruits at the end
of storage plus shelf life, while fruit dipped in hot
water and chitosan independently showed a slight
changes. Moreover, methyl jasmonate or untreated

control resulted in non-typical flavor cucumber after
16 days at 5° C + 2 days at 15° C. These results were
true in the two seasons.

Table 8. Effect of some postharvest treatments on flavor (score)of cucumber fruits during cold storage

plus shelf life in 2017 and 2018 seasons.

Storage period (days)

Treatments 2017 Mean
0 0+2 442 8+2 1242 16+2

Hot water 500A 5.00A 500A 467AB 4.00CD 3.67D 456 B
Methyl Jasmonate 500A 5.00A 5.00A 3.00E 233 F 1.00G 3.56 D
Potassium silicate 500A 5.00A 500A 5.00 A 5.00 A 4.67 AB 494 A
Chitosan 500A 500A 500A 5.00 A 4.33BC 3.67D 467B
Salicylic acid 500A 5.00A 5.00A 5.00 A 5.00 A 4.67 AB 494 A
Control 500A 500A 500A 3.67D 4.00 CD 2.33F 417 C

Mean 500A 5.00A 500A 4.39B 411C 3.33D

2018

Hot water 500A 500A 500A 467AB 433BC 3.67DE 4.61B
Methyl Jasmonate 500A 5.00A 5.00A 3.33E 2.67F 133G 3.72D
Potassium silicate 500A 500A 500A 5.00 A 5.00 A 4.67AB 494 A
Chitosan 500A 5.00A 5.00A 5.00 A 433BC 3.67DE 467B
Salicylic acid 500A 5.00A 5.00A 5.00 A 5.00 A 4.67 AB 494 A
Control 500A 500A 500A 4.00CD 3.33E 233 F 411C

Mean 500A 5.00A 5.00A 450B 411C 3.39D

Means in the same column having the same letter are not significantly different at 0.05 levels by Duncan’s multiple rang

Conclusion

From the previous results, it could be conclude that
cucumber fruits dipped in salicylic acid or potassium
silicate were the most effective treatments in
maintaining fruit quality, give typical flavor fruits and
gave fruits without decay or chilling injury symptoms
and gave good appearance till16 days at 5° C plus two
days at 15° C.
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