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Summary

Improving cucurbit vegetables storability startsin the field by the appropriate selection of the cultivars gown. Harvesting
at the most appropriate stage according to consumer preference and shipping distance and duration are also advisable. Mini-
mizing crop physical damage and sanitation after harvest improve cucurbits storability. Cooling directly after harvest, using
the most suitable pre-cooling method, followed by holding at the most appropriate temperature for each crop is required.
Cucurbits should be stored or shipped, directly after being pre-cooled. Since cucurbits are chilling sensitive, temperature
during shipping or storage have to be always above freezing, but slightly higher than crop threshold temperature to avoid
fruit chilling injury (ClI). Precise adjusting and monitoring of temperature and RH while storing or shipping with good venti-
lation extend cucurbits storage life. Avoiding crop mixing during storage or shipping, particularly ethylene-producing cucur-
bits with those sensitive to it, is extremely important. Ethylene removal, oxidizing or inhibition during storage, therefore, is
recommended. Several pre-storage treatments are proposed to reduce cucurbits chilling sensitivity (CS). These treatments
include fruit conditioning, heat treatment, short anaerobic conditioning and Ca* dipping. In addition, pre-storage ethylene
treatment, for ripeconsumed cucurbits, or re-warming during cold storage reduced fruit CS. Storing under modified or con-
trolled atmosphere (MA or CA), or under |ow-pressure storage (LPS) are also other tools that are used for reducing cucur-

bits CS and for storability improvement.
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Introduction

Cucurbits belonging to the family cucurbitaceae are veg-
etables consumed for their fruits either immature or at full-
ripe stage. Fruit genus, species or variety as well as consu-
mer habit or preference play an important role in determin-
ing the stage of fruit consumption (Hardenburg et al., 1986
and Nonnecke,1989). Cucumber, squash and snake cucum-
ber are clear examples for immature-consumed cucurbits.
Regardless of being members of the same family, watermel-
on, pumpkins and melons including cantaloupe, honeydew,
crenshaw, casaba, persain, sweet melons and European can-
taloupe are consumed only when they reach full-ripe stage
(Nonnecke, 1989). These variabilities in the stage of cucur-
bits consumption (Table 1), created greater differences in
their postharvest handling. The storability oicucurbits relies
on severa harvest and postharvest factors. Fruit storability
(Ells and McSay, 1981). PosUiarvest internal (i.e., respira
tion, C2H4 production, sensitivity to Cl,...etc.) deteriorating
factors which directly affect the storability of cucurbits
(Kader, 1985 and Kanellis et al., 1986).

This article addresses cucurbits deteriorating factors at
and after harvest. It also presents the treatments required to
slow down such deteriorating factors tor improving cucur-
bits storability while maintammg local and international
quality standards.

General Classification of Cucurbits Deteriorating
Factors

Harvest and postharvest deteriorating factors of cucur-
bits are sequential factors (Diagram 1) that start in the field
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and increase during product harvesting, handling, transport,
storing and marketing (Kader, 1985). Such factors end when
the product is consumed. To alter these deteriorating factors,
a sequential order of treatments has to be applied. Harvest
and postharvest deteriorating factors of cucurbits, therefore,
need to be clearly and accurately identified to address the re-
quired treatments in an order which can enable growers, har-
vesters, handlers, traders, investors, exporters and even con-
sumers to overcome. The required treatment(s) for slowing
down such deteriorating factors are discussed.

1. Deteriorating Factors at Harvest and Treatments

for Avoidance

There are several deteriorating factors requiring prompt
treatment just prior or a harvest as well as directly after har-
vest. Due to the increased magnitude of these factors sur-
rounding the harvest process on cucurbits storability, it is ap-
propriate to handle these factors as "at harvest factors' since
the overall quality of these crops rely mainly on the related
treatments required to slow down such fast deteriorating fac-
tors.

1.1. Harvesting stage, method and time

Beside crop taxonomy and consumer habit and prefer-
ence, there are also severa factors affecting cucurbits har-
vesting stage. These factors include product end use (fresh
market or processing) and marketing or shipping distances
and duration. Pickling cucumoer fruits are harvested at earli-
er immature ages as compared to those picked for fresh con-
sumption (Eills and McSay, 1981). For export however, cu-
cumber anasummer squash fruits are harvested at larger
sizes as compared to those harvested for local market supply
based on consumer preference (Kanellis et al., 1986). In an
opposite trend, melons (i. e., cantaloupe and honeydew) are
harvested at late maturity or at early ripe stage for export,
but at full-ripe stage for local market (kader, 1985). Due to
the difference between immature and ripe-consumed cucur-
bits, their recommended harvesting stages will be presented

Separately.
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Table 1. Classification of cucurbits fruits harvesting stage ac-
cording to crop taxonomy.

Genus Species Botanical Crop Harvesting
variety stage
sativus Cucumber Immature
Flexuosus X | Snake cucumber Immature
Chate Orange melon Ripe
Reticulatus” | Cantaloupe Ripe
Cucumis | melo Inodorus Honeydew, Casaba,|Ripe

Crenshaw, Persain Ripe

Cantalupensis | European cantaloupe |Ripe

Aegyptiacus | Sweet melon Ripe

Summer squash Immature

Cucurhita | pepo Winter squashes Ripe

& Pumpkins Ripe

moschato, maximal Winter squashes Ripe

& argyrosperma & Pumpkins Ripe

Citrullus | lanatus Watermelon Ripe

X Elongatus and pubescence are other varieties of snake cucumber.

Y Variety of vine-dip fruit with ripening initiation and progress.

Z Misnomer crop since it belongs to reticulatus not cantalupensis botanical variety
From Nonnecke (1989)

A. Immature-consumed cucur bits

The storability of immature-consumed cucurbits relies
mainly on postharvest chlorophyll degradation and water
loss (Kader, 1983 and Kanellis et al., 1986). Fruit harvested
at younger immature ages exhibit higher rates of respiration,
C2H4 production, water loss and chlorophyll degradation
and were faster in senescence than those harvested at older
immature ages (Kader, 1983 and Kanellis et al., 1986). Pre-
cise detection of harvesting stage is one of the key factors
controlling immature cucurbits storagbility. In addition, sev-
era treatments can be applied immediately after harvest
(i.e., pre-cooling, sanitizing, ca* dipping, fruit wraooing or
waxing, ...etc) while other treatments should be applied dur-
ing storage or shipping (i.e., controlling of temperature, RH,
respiration, C2H4 production and\or action,...etc.) for im-
proving the storability of immature cucurbits.

B. Ripe-consnmed cucurbits

For long distance distribution or for export, cantaloupe,
honeydew and watermelon are harvested at an advanced
stage of maturity and before reaching full-ripe stage (Kader,
1983). Maturity detection can easily be determined in canta-
loupe but not in honeydew and watermelon if morphological
aspects are used as references. Fruit surface netting and the
well-devel oped abscission layer are clear morphologica as-
pects for cantalonpe maturation. These morphological as-
pects are absent in honeydew and watermelon (Kader,
1985). Other morphological aspects, therefore, can be used,
out still in-accurate, such as ground colour change in honey-
dew (Suslow et al., 1991) and senescing of the tendril clos-
est to the fruit attachment in watermelon (Corey and
Schlimme, 1988). For more accurate maturity detection sev-

2003 S5t aasdl — g, 341 jLakieal Las

eral non-destructive techniques are now being developed.
These techniques are magnetic resonance imaging (Clark
et al., 1997), near infrared analysis of soluble solids and
measuring fruit level of G2H4 production. (Miccolis and
Saltveit, 1991). The most importantpararneter by which
melons harvesting stage can be accurately determined is
fruit sweetness (McCollum et al., 1988). Melons, including
watermelon, nave no starch reserves and the sugar content
does not increase after harvest. For good flavored melons
and longer storage life with high consumer acceptance, it is
critical to harvest at a sufficiently advanced stage when
sugars have aready been accumulated in the iruit (Cant-
well, 1996 and Suslow et al., 1997). Melon maturity is the
most important factor determining fruit keeping quality
during storage (McCollum et al., 1988). Asit has been pre-
vioudly stated, cantaloupe and other netted melons (var.
Reticulatus) criteriafor harvest is the formation of fruit ab-
scission layer which is caled dlip. Based on marketing
and/or shipping distances, cantaloupe fruits can be harvest-
ed at different dip degrees. For tong distance shipping, 1/4
or 1/2 dlip is recommended but 3/4 dlip is the most suitable
stage for air shipping or nearby markets. Full-dip stage
however, is the most common harvesting stage for local
market supply (Kader, 1985).

In terms of harvesting methods or techniques, cucurbits
are mainly hand-picked. The most important factor that has
direct impact on the storability is mechanical damages at
harvest (Kader, 1983 and Yang, 1980). After picking,
fruits must be placed in shade to avoid more field heat
load. Packing in the field containers has to be carefully
monitored to prevent fruit dropping, scratching, bruising,
abrasions,...etc.

Harvesting time during the day is also among the fac-
tors affecting cucurbits storability (Kader, 1983). Early
morning is the most advisable time for harvest. Increasing
fruit temperature in the field wim harvest delay will accel-
erate fruit deterioration and reduces its postharvest life.
Fast cooling is aso required since the time between harvest
and cooling is the most important factor affecting cucurbits
storability (Cantwell, 1996 and Suslow et al., 1997).

1.2. Field handling, physical damages,packages,

packing and transport

Mechanical injury is a leading cause ior postharvest
quality loss. It is a cumulative factor as it occurs at harvest,
handling and packing operations. Cucurbits pass through
several postharvest transfer points, and each transfer point
has its potentialto reduce quality by causing injuries such
as bruises, cuts, punctures, abrasions and scuffing. Injured
tissues have a greater tendency to lose water and are more
likely to serve as entry sites for pathogens. The positive
impact of mechanical injuries on G2H4 production and res-
piration has been reported to cause fruit fast deterioration,
rotting and senescence (Y ang and Horfman, 1984). Corru-
gated carton containers are the most common package used
for cucurbits. Based on cucurbit species, fruit size and
shape, different types of packages can be used. Larger con-
tainers are commonly used for cucurbit fruits of larger siz-
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Diagram 1. Classification of cucuirbits postharvest deteriorating factors.

es (i. e, watermelon and pumpkins). Also, it is common to
pack certain cucurbit species with fruit counftpack. In all
cases, package diminutions must be carefully adjusted to ac-
commodate the mass of packed fruits without over-filling.
At pacling, care hasto be paid for preventing product immo-
bilization within the container. With product lateral tignten-
ing within the con- tainer and good staking while palletizing
and loading, fruit compression, vibration and abrasion bruis-
es can be avoided (Kader, 1985).

1.3. Field heat and the need for pre-cooling

Temperature is the single most important factor in the to-
tal postharvest environment that adversely affects harvested
crops. It directly affects the rates of respiration and the pro-
duction of vital heat, ripening and the production of G2H4
and other volatiles, moisture loss, and spread of decay as
well as senescence enhancement. The delay in time between
harvest and cooling is the mgjor cause of product quality
loss and postharvest life reduction (Kasmire, 1978). It is
well known that the faster to cool after harvest the longer
the commodity can be stored with optimal quality mainte-
nance. Methods used for pre-cooling are room cooling,
forced-air cooling, hydrocooling, ice-topping or mixing,
vacuum-cooling and hydro-vac-cooling (Kasmire, 19/8). It
is well known that hydrocooling ana ice-topping or mixing
are the fastest pre-cooling methods followed by forced-air
cooling wnile room cooling is the slowest one. Vacuum and
hydro-vac-cooling are not advised for cucurbits (Cantwetl,
1996 and Kasmire, 1978 and Sudlow et al., 1996) since
these methods require crops with large surface to weight ra
tio (e.g. leafy vegetables). It is recommended, therefore, to
use forced-air cooling for al cucurbits. In addition, hydro-
cooling and package-icing can be used for cantaloupe if
forced-air cooling is not available or faster cooling is deeply
required (Cantwell, 1996 and Kasmire, 1978). With hydro-
cooling, lowering water specific heat is required to increase
cooling speed. This can be achieved by adding table salt to
the water used for hydrocooling. Cooling followed by hold-
ing at proper temperature helps in improving cucurbits stor-
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ability and control ripening of fruits harvested at repining
onset such as cantaloupe (Kader, 1992).

1.4. Pathogen contamination and the need for sanitation

The presence of numerous genera of spoilage (bacteria,
yeast and molds, and an occasional pathogen) on fresh pro-
duce has been recognized for many years. Severa out-
breaks of human gastroenteritis have been linked to the
consumption of contaminated fresh vegetables. Microor-
ganism’s contamination may be loaded on the fruits in the
field or by harvesters, handlers or packers or by the water
used for washing.

As asanitizing agent or disinfectant, chlorine was intro-
duced 60 years ago as a drinking water disinfectant (Carl-
son, 1991). Elemental chlorine and hypochlorites have
been used for many years by the food industry for sanitiz-
ing equipment, utensils, surfaces, fruits and vegetables.
The additions of chlorine gas or chlorine compounds to the
water used for washing are the most common technique
used for fruits and vegetables sanitation. Sodium or cal-
cium hypochlorite has round broad application in washing
and decontamination of fresh fruits and vegetables. Hypo-
chlorite salts are effective in killing bacteria, fungi, viruses
and nematodes on fresh food and are advised to be supple-
mented to the washing water and to the cold water used for
hydrocooling (Kader, 1992).

2. Postharvest Deteriorating Factors and the Related
Techniquesand Treatmentsfor Avoidance

2.1. External postharvest factors

2.1.1. Temperature

Temperature is the most environmental factor influenc-
ing the deterioration rate of harvested commodities. It di-
rectly affects the rates of respiration, C2Ha4 production,
moisture loss, decay spread and senescence acceleration,
for each increase of 1°C above optimum, the rate of deteri-
oration increases by two to three folds. Holding at tempera-
ture higher than that recommended will increase cucurbits
respiration causing faster depletion of their nutritive val-
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ues. Ethylene production will also increase resulting in high-
er levels of chlorophyll loss (reduction immature-consumed
cucurbits quality and storability), ripening acceleration
(shorter postharvest life) and senes-cence enhancement. It
will also increase product moisture loss, shrivelling and
fresh appearance loss. High temperature will increase patho-
gen growth and activity causing fast fruit decay. Excess in-
creasesin the holding temperature will enhance fruit heat in-
jury (Hardenburg et al., 1986). Temperature management is
the most effective tool for extending the storage-life of cu-
curbits. It begins with the rapid removal of field heat fol-
lowed by holding the product at the most recommended
temperature. Due to .cucurbits sensitivity to Cl (McCollurn
and MeDonad,1991), they have to be stored at temperatures
higher than °C. Each cucurbit crop has its own recommend-
ed storage temperature as presented in Table (2). In addition
to the required storage temperature, commaodities should be
staked in the cold room leaving air spaces between pallets
and room walls to ensure good air circulation. Commodity
temperature must be monitored rather than air modity tem-
perature. Maintaining proper temperature and RH for each
crop must be considered throughout all handling steps.
Table 2. The optima storage conditions (temperature

and RH) for cucurbits and their approximate
storage life under such conditions.

Cucurbit crop Te.mp. RH Storagelife
© (%)

Cucumber 10-13 95 10-12 days
Summer squash 5-10 95 7-12 days
Cantaloupe (3/4 dlip) X 25 95 15 days
Cantaloupe (full slip) X | 0-2 95 5-14 days
Honeydew 7 90-95 3 weeks
Crenshaw 7 90-95 2 weeks
Casaba 10 90-95 3 weeks
Persian 7 90-95 2 weeks
Watermelon 10-15 90 2-3 weeks
Winter squashes 10 50-70 | 2-3 months
Pumpkins 10-13 50-70 | 2-3 months

X American cantaloupe.
Summarized from: Cantwell, 1996; Salunkhe and Desai, 1984; Suslow et al., 1997.

2.1.2. Relative humidity (RH)

The rate of water loss depends upon vapor pressure defi-
cit between commodity (fruits and vegetables) and sur-
rounding ambient air, which is influenced by temperature
and RH. At a given temperature and rate of air movement,
the rate of commodity water loss depends on ambient RH.
Also water loss increases with the increase in temperature at
a given RH (Kader, 1992). (cucurbits vary in their required
RH during storage, as all cucurbits require high RH except
pumpkins and winter squashes (Table 2). RH can aso influ-
ence decay development, incidence oisome physiological
disorders and unilormity of fruit ripening. Condensation of
moisture on the commodity (sweating) over long periods of
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time is probably more important than is the RH of ambient
air in enhancing product decay. One or more procedures
canoe used to control stores RH such as the use of humidi-
fiers, water wetting of store floor, regulating stores air
movement, ventilation, maintaining the difference between
refrigeration coils and air temperature within 1°C, good
store insulation and product packing in plastic films.

2.1.3. Supplement treatments to temperature and

humidity management

Many technological procedures are commercially used
as supplements to temperature management. None of these
procedures, alone or in their various combinations, can su-
ostitute for maintenance of optimum temperature and RH,
but they can help in extending the storage-life of harvested
fruits beyond what is possible using refrigeration alone. As
described below, several supplementary treatments can be
applied for cucuroits storability improvement.

2.1.3.1. Heat treatment

Postharvest heat treatment is now commercially used
for postharvest non-chemical decay control (Barkal Golan
and Phillips, 1991) as well as for reducing cucurbits CS
(Lester et al., 1988 and Wang, 1993 and 1994). Posthar-
vest heat treatment to control decay is often applied at tem-
peratures above 40 °C for only 3-5 minutes since the tar-
geted pathogens are usually found on the surface or within
the few outer-cell layers of the fruit. Fruits and vegetables
commonly tolerate temperatures of 50-60C for 5-10 min-
utes, but shorter exposure controls many postharvest patho-
gens (Barkal-Golan and Phillips, 1991). This temperature
range and treatment duration is also recommended for re-
ducing cucurbits CS (Teltel et al., 1989 and Wang, 1994).
Heat is usually delivered to the commodity by air or water.
Heated moist air usually kills pathogens more effectively
than dry air at the same temperature. Wnen hot water is
used a minimum cornmodity-to-water ratio of 1:10 can re-
sult in satisfactory surface heating (Barkal-Golan and Phil-
lips, 1991). Dipping cantaloupe (Teltel et al.,1989),
cpcumber (McCollnm and McDonad, 1993) or summer
squash fruits (Wang, 1994) in hot water of 52°C for 2 min,
42°C for 30-60 min or 42°C for 30 min, respectively, con-
siderably reduced fruit Cl. The increase in polyamine bio-
synthesis, as a result of postharvest heat trestment, has
been proposed to enhance the stabilization of membranes
and reduces fruit CS (Wang, 1994).

2.1.3.2. Treatment with postharvest fungicides

Fungicides and bactericides that effectively reduce de-
cay are beneficial supplements to some cucurbits during re-
frigerated storage. Fungicides are often applied with clean-
ing or waxing operation. Benomyl, thiabendazole, 2-
aminobtan and imazalil are good examples tor the commer-
cialy used fungicides (Hardenburg et al., 1986 and Risse
and Hatton, 1982). Hot water containing fungicides is
more effective than water or fungicides alone. The mecha
nism of control with heated fungicide mixes may be related
in part to the direct effect of heat or to the increased chemi-
cal activity, but control may aso be improved by increased
penetration and deposition of fungicide on the product
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when solution is heated (Barka -Golan and Phillips, 1991).
2.1.3.3. Special chemical treatments

Calcium plays a pivotal role in controlling many pre and
postharvest physiological disorders in fruits and vegetables.
It is the only element, which is advised to be applied to cu-
curbits and other horticultural crops before and after harvest.
The relation between Ca?* and fruit cells membrane stability
has been markedly established (Lester,1995 and Minorsky,
1985). Postharvest dipping in Ca’", therefore, delayed fruit
senescence and improved fruits and vegetables storability
(Lester,1995 and Minorsky,1985). Fruit respiration (Haks,
1985 and Poovaiah, 1985) and C2Ha4 action (Y ang, 1980 and
Y ang and Hoffman, 1984) and sensitivity to Cl (Lester, 1995
and Minorsky, 1985 and Poovaiah,1985) are aso altered
witn postharvest ca’* application. MA, CA and C2Ha4 treat-
ment or removal are other supplements to temperature ana
humidity management, but they will be discussed separately.

2.1.4. Atmospheric composition

Changing fruit ambient atmospheric composition is used,
in several crops, to improve the storability and to slow down
quality loss. The use or MA and CA atmospheres mean re-
duction of O2 and / or elevation of CO2 concentrations out
they differ only in the degree of control since CA is more ex-
act. In cucurbits, the use of MA or CA is commercialy limit-
ed (Hardenburg et al., 1986). The most recommended Oz and
002 levels are 3-5 and 10-15% in cantal oupe, 3-5 and 10% in
cucumber and honeydew, respectively. (Kader, 1992). Quali-
ty of cantaloupe stored in CA (10% CO2 plus 10% Oz2) with
C2Ha absorbent for 14 days at 6C and an additional 6 days at
20°C was significantly higher than that of control or fruit
stored in CA only (Aharoni et al., 1993). MA and CA sup-
plements to proper temperature and RH slow down fruit res-
piration, C2H4 production and action, softening, composi-
tional changes and senescence and aso reduce fruit
sengitivity to Cl.

Hypobaric or low-pressure storage (LPS) is another sort
of CA since reducing the total pressure, under partial vacu-
um conditions results in O2 reduction and C2H4 removal.
L PS has some advantages over other methods of atmospheric
modification. These advantages are more exact O2 concentra-
tion and removal of C2Ha (Kader, 1992).

2.1.5. External ethylene

Ethylene accelerates fruit senescence and markedly short-
ens its storage-life. It enhances chlorophyll degradation and
fruit respiration, which adversely affect immature-consumed
cucurbits storability (Kader, 1985 and 1992). Fruit ripening,
softening and senescence are also induced by C2H4, which
also limited ripe-consumed cucurbits storability (Yang and
Hoifrnan, 1984). Immature-consumed cucurbits (Hardenburg
et al., 1986 and Salunkhe and Desai,1984) and watermelon
(Risse and Hatton, 1982) are very sensitive to exogenous
C2Ha4. A few methods can be used to remove C2Ha4 from cold
stores such as ventilation, C2H4 absorbers (i. e., potassium
permanganate alone or in combination with activated and
brominated charcoal) and CA, MA or LPS (Aharoni et al.,
1993 and Yang and Hoffman, 1984). Oxidizing C2H4 using
active oxidizers such as ozone (O3) or atomic oxygen (O)
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can aso be used (Kader, 1992 and Yang and Hoffman,
1984).

The use of ethylene to enhance fruit ripening and ripen-
ing uniformity is thoroughly documented. It is used com-
mercially to promote faster and more uniform ripening in
cantaloupe, honeydew and casaba. After the required peri-
od of cold storage or cold shipping, C2H4 can be used not
only to enhance ripening but also to ensure ripening unifor-
mity. Ethylene can be applied as a gas or by C2Ha4 releasing
chemicals such as ethrel (Y ang and Hoffman, 1984).

2.1.6. Pathological disorders

One of the most common and obvious symptoms of de-
terioration is that results from bacteria and fungi activities.
Attack by most organisms follows physical injury or physi-
ologica breakdown of the commodity. In genera, fruits
and vegetables exhibit considerable resistance to potential
pathogens during most of their postharvest life. Fruit ripen-
ing and senescence renders them susceptible to infection by
pathogens. Stresses such as mechanical, chilling and sun-
scald injuries, reduce fruit resistance to pathogens. Mini-
mizing physical injuries and avoiding chilling temperatures
can arrest or at least minimize pathol ogicaFdisorders (Har-
denburg et al., 1986).

2.1.7. Shipping conditions

Severa transportation methods are used to move fresh
crops from shipping points to destination markets. Air-
planes, railroads, ships (marine), trucks and combinations,
such as trailer-on-flat car (TOFC) and container-on flat car
(COPC) are all used to transport fruits and vegetables (Kas-
mire and Ahrens, 1992). The most important consideration
is to cool commodity before loading since refrigerated
trucks do not cool commodity but can retain the commodi-
ty loading temperature. For monitoring shipment tempera-
ture, measuring temperature of returned circulated air in
the refrigerated trucks or containers is more accurate than
measuring temperature of discharge air since the returned
air is amost at the same temperature as the product (Kas-
mire and Ahrens, 1992). Air circulation while shipping is
essential for cooling and for air exchange uniformity. Bal-
lets, therefore, must be arranged with air gabs to alow
good air circulation. Thiswill help in avoiding heat transfer
from outside with no building up of commaodity produced
gases.

It is aso important not to ship C2H4-producing com-
modities such as cantaloupe, honeydew, casaba, crenshaw
and persian witn C2H4 sensitive ones such as cucumber,
summer squash and watermelon (Elkashif et al., 1989).
Temperature adjustment and management while shipping is
extrmely important, particularly with mix shipping. Ameri-
can cantaloupe can be shipped at temperature as low as
2.5-5°C while 7°C is the most recommended temperature
for honeydew, crenshaw ana persian. On the other hand,
cucumber, summer and winter squashes, pumpkins and wa-
termelon can not be shipped at temperature lower than |OC
(Hardenburg et al., 1986 and Wang, 1995). In marine and
railroad transport, MA and CA can be used (Kasmire and
Ahrens, 1992). In air shipping however, precise pre-
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cooling is deeply required. Re-cooling may also be required
a final ar shipping destination (Kasmire and Ahrens,
1992).

2.2. Internal postharvest factors and treatments for

avoidance

2.2.1. Respiration

Respiration is the process by which stored organic mate-
rials in the fruit (mainly simple acids and sugars) are broken
down into simple end products (CO2 and H20) with O2 con-
sumption and energy (vital heat) release. The loss of stored
food reserves (luring respiration means hastening of senes-
cence, reduction in the nutritive value, loss of flavor and
quality, particularly sweetness of ripe-consumed cucurbits.
The energy released as heat affects postharvest technology
considerations such as estimation of refrigeration and venti-
lation requirements (Kader,1992). Postharvest deteriorating
rate is generally proportiona to the respiration rate. Data
presented in table (3) show cucurbits storage-life under opti-
mum storing conditions in relation to their respiration rates.
Immatureconsumed cucurbits are characterized by high res-
piration since they are till in their early stages of develop-
ment. A fast postharvest drop in respiration is obtained uue
not only to the high levels of fruit respiration at such har-
vesting stage but also to the limited content of fruit respira-
tion substrates. This postharvest dramatic drop in respiration
of immature cucurbits is dightly eliminated in ripe-
harvested cucurbits which contain higher levels of sugars.
When harvested at mature or at ripening onset, a substantial
increase in respiration is obtained due to fruit climacteric
behavior as in the case of melon fruits belonging to reticula-
tus and inodorus varieties (Cantwell, 1996 and Kader,1992).

Table 3. Respiration rates of cucurbits and their ap-
proximate storage life at the optimum stor-

age temperature.

Optimum | Respiration | Approximate
Cucurbit crop | storage rate storage

temp. (€) (mg CO2/kg.h) life
Summer squash 5-10 24-48 7-14 days
Cucumber 10-13 24-31 10-14 days
Cantaloupe) * 255 9-10 2 weeks
Honeydew 7 57 3 weeks
Watermelon 10-15 5-7 3 weeks

Storage periods of winter squash and pumpkins (lower respiration rates)
exceed 2-3 months at desired temperature.
X American cantaloupe. Summarized from: Hardenburg et al., (1986).

Cucurbits respiration significantly increases when ex-
posed to stress conditions such as mechanical or chemical
injury as well as all nn-balanced environmental conditions.
Minimizing such stresses are the key factors for reducing
cucurbits respiration aiming for storability improvement. In
addition to cold storage, MA, CA and LPS techniques as
well as fruit waxing, wrapping, package lining, ...etc., are
supplementary tools for more respiratory control.

2.2.2. Ethylene production

Ethylene is a natural plant hormone produced by all tis-
sues of higher plants and by some microorganisms. Its pro-
duced in three types; basal, autocatalytic and stresses (Y ang,
1980 and Y ang and Hoffman, 1984). Basaf C2H4 is natural-
ly produced by &l plant tissues in parts per billion. This ba-
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sal C2Ha4 plays an important role in fruit growth and devel-
opment (Atta-Aly et al., 1999). Autocatalytic C2Ha4 is pro-
duced in parts per million only in the fruits exhibiting clim-
acteric behavior such as melon fruits belonging to
reticulatus and inodorus varieties, while other cucurbits are
non-climacteric ones (Elkashif et al., 1989 and Hardenburg
et al., 1986). The third type is the stress C2Hawhich is pro-
duced in parts per million upon exposing fruits to stress
conditions (Yang and Hottman, 1984). Second and third
types of C2H4production are me most limiting types to cu-
curbits and other norticultural crops stolability (Yang,
1980 and Y ang and Hoffman, 1984). The optimum temper-
ature for C2H4 production by the fruits is 20-21C. Reduc-
ing or increasing the temperature beyond this range innib-
itsits synthesis (AttarAly, 1992).

The impact of C2H4 on harvested cucurbits is del eteri-
ons except for ripening (Cantwell, 1996 and Suslow et
al.,1997). Inhibiting its biosynthesis and/or action can ar-
rest the deleterious impacts of C2Ha on cucurbits. This can
be achieved by cold but not chilling storage and by using
MA, CA and LPS techniques (Kader, 1992). Also aminoe-
thoxyvenyiglycine and/or aminooxyacetic acid can be used
as anti-C2Ha biosyntnesis agents (Y ang, 1980).

2.2.3. Transpiration and water loss

Water loss is a main cause of deterioration because it
results not only in direct quantitative losses (loss of
weight), but also in qualitative losses such as losses in ap-
pearance (shriveling), textural and nutritional quality.
Transpiration and water loss is influenced by interna or
commodity factors (morphological and anatomical charac-
teristics, surface-to-volume ratio, surface injuries and ma-
turity stage) and external or environmental factors (temper-
ature, RH, air movement and atmospheric pressure inside
the storage facility). Transpiration is a physical process
that can be controlled by product waxing (Kader, 1992)
and other surface coating and wrapping or by manipulating
the environment such as maintenance of high RH and con-
trol of air circulation (Kasmire, 1978).

2.2.4. Physiological disorders

Reducing or increasing storage temperature beyond the
biological temperature limits (below O°C or above 40°C)
will directly alter plant and fruit cell metabolism to limits
causing freezing or heat injury, respectively. Cucurbits are
also chilling sensitive meaning that they will be physiolog-
icaly injured if kept at low temperature above O°C. This
kind of injury is called enilling injury (Cl) and is deter-
mined by cucurbit variety, magnitude of temperature re-
duction and chilling exposing duration (Kader, 1992 and
Morris, 1982). Each of these physiological disorders will
be separately discussed.

2.2.4.1. Heat injury: Most of cucurbits heat injuries
are developed as a result of improper field conditions be-
fore, at and after harvest and rarely to postharvest tempera-
ture storage if managed. Direct exposure to sunlight or ex-
cessive high temperature is the main reason behind
cucurbits heat injury development (Kader, 1992 and Kas-
mire,1978). The magnitude of heat injury markedly in-
creased when fruits are left in the field under direct sun-
light for severa hours, particularly in the mid-day time.
Symptoms of heat injury are bleaching, surface burning or
scalding, uneven ripening, excessive softening and desicca-
tion. Placing harvested cucurbits, immediately after har-
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vest, in a shaded place in the farm followed by fast cooling
and direct holding at crop desirable temperature will com-
pletely arrest cucurbits heat injury (Kader, 1992).

2.2.4.2. Freezing injury: Since cucurbits are sensitive to
Cl, it is advised, therefore, to store them at terpperatures
higher than O°C. Poor temperature management during stor-
age, particularly for those stored close to O°C such as canta-
loupe (2.5-5°C) will freeze after storage (Kader, 1992). Stor-
ing such crops at their desirable temperature will develop no
freezing injury.

2.2.4.3. Chilling injury (Cl): Holding cucurbits at tem-
peratures below their threshold temperature for a few days
markedly induced fruit Cl. The threshold temperature is the
temperature that is advised not to store commodity below it,
otherwise Cl symptoms will be developed and visually no-
ticed shortly after cold storage termination (Minorsky, 1985
and Morris, 1982 and Teltel et al., 1989 and Wang, 1993).
Such threshold temperature (Table 4) varies among al cu-
curbits species, varieties or even cultivars (Kader, 1992).
The major symptoms of Cl include surface lesions, pitting,
large sunken areas, discoloration and fast loss of chloro-
phyll, flavor and taste that are more common in immature-
consumed cucurhits. In ripe-consumed cucurbits, however,
water soaking of the internal tissues, internal discolouration
(browning) of pulp and vascular strands, break down of tis-
sues, failure of fruit ripening and senescence acceleration
are the most common symptoms. These symptoms lead to
increased susceptibility to decay with shortening fruit stor-
age and shelf-life (Morris, 1982).

Table 4. The threshold temperature (minimum safe storing
temperature) recommended for cucurbits storage
or shipping without Cl symptoms devel opment.

Cucurbit crop Thresmild Cucurbit crop Thr%h(ild
temp. (C) temp. (C)
Cucumber Crenshaw 7-10
Summer squash 5 Persian 7-10
Cantal oupe) X 2-5  |Watermelon 45
Honeydew 7-10  |Winter squashes 10
Casaba 7-10  |Pumpkins 10

XAmerican cantaloupe. Summarized from: Hardenburg et al., (1986)

There are several hypotheses to clarify the physiological
reasons behind cucurbits CS. Sharp drop in the respiration
that exists in the (JS fruits as compared to the slow reduc-
tion in the non-sensitive ones. The rate of oxidation relative
to glycolysis that may lead to tne accumulation of interme-
diate respiratory substance(s) to toxic levels (Minorsky,
1985). Tne lack of available ATP due to respiration fast
drop or to membrane change in molecular ordering of mem-
brane lipids is also proposed (Wang, 1993) which conse-
quently alters ATPs-dependent enzymes causing substrate
accumulation to the toxic levels. Minorsky (1985) also sug-
gested that membrane dysfunction, leakage and Cazi com-
partmentation in relation to the cytoplasmic streaming are
other factors causing metabolites irregular translocation and
consequently accumulation to the toxic levels causing Cl.

Based on the previously mentioned hypotheses, cucur-
bits sensitivity to Cl may be due to certain physiological
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roles of certain cell compartments or activities. As a resullt,
several postnarvest techniques or treatments can be used to
reduce cucurbits sensitivity to Cl. These techniques or
treatments include MA, CA, LPS techniques, fruit waxing
or wrapping and pre-storage heat or Ca treatment. A short
period of anaerobic exposure, re-warming while cold stor-
age anafruit ripening enhancement are effective treatments
for reducing cucurbits CS. Two or more of the above men-
tioned techniques or treatments can be combined together
for more CS reduction.

Conclusion

Cucurbits are good examples of vegetables consumed
for their fruits since their fruit species differ in their stage
of consumption. Based on me species, cucurbits are har-
vested at immature, mature or at full-ripe stage. To suite
consumer preference and to arrest deteriorating factors at
and after harvest, proper selection of the cultivar grown
with harvesting at the most suitable stage is essential. Re-
ducing fruit mechanical injury with fast cooling and good
sanitation are effective in prolonging cucurbits storage and
marketing lives. Using MA, CA, LPS techniques and sup-
plementary treatments used for inhibiting C2H4 production
and action and for Ci avoidance are also key factors for im-
proving cucurbits storability without quality loss.
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