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ABSTRACT

The experiments were conducted in two suc-
cessive seasons (2004 - 2005) on Washington Na-
vel orange fruits to study the effect of cold storage
conditions on reducing postharvest losses and im-
proving keeping quality for the export mar-
ket.Fruit samples were obtained from El-Fayoum
governorate, Egypt and treated with vapor gard
(VG) 2%, calcium chloride (CaCly) 4% or vapor
gard 2% + calcium chloride 4%. Fruits were
stored at 2 or 8 °C for 60 days and the last group
was stored at 2 °C for 30 days and transferred to
be stored at 8°C for another 30 days at R.H. 85-
90%.The results revealed that during storage fruits
treated with Vapor gard (2%) alone or with calci-
um chloride (4%) + Vapor gard (2%) had been in
good quality as well as it caused a pronounced
increase in peel color and fruit firmness, while
fruit weight loss and juice percentage were de-
creased. In addition, it caused a significant in-
crease in ascorbic acid, total sugar and calcium
concentration, but there is no significant effect in
T.S.S. / acid ratio. While, free amino acid, total
soluble phenols and free proline concentrations
were decreased. Furthermore, the fruits storaged at
2° + 8°C caused a pronounced increase in fruit
firmness, while fruit weight losses, juice percent-
age and peel color were decreased. Also, it caused
a pronounced decrease in T.S.S. / acid ratio, total
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sugar, total free amino acid, total soluble phenols
and free proline concentrations, but there is no
significant effect on calcium concentration. In
addition, there is an increase in ascorbic acid con-
centration. Generally, the results revealed that
Vapor gard either alone or combired with calcium
chloride dipping treatments and stored at 2° + 8°C
had better results in improving fruit quality and
decreasing total fruit losses compared with control
or calcium chloride treatment alone at other stor-
age temperatures and this was also accompanied
by changes in various metabolic and physiological
processes of orange fruits.

INTRODUCTION

Chilling injury is a physiological disorder
which develops in citrus when they exposed to
low temperature. Various treatments have been
shown to be helpful in eliminating the chilling
injury and maintaining the quality of different
fruits and vegetables at low temperatures (Wang,
1991). Different postharvest treatments have been
carried out to improve the physiological posthar-
vest characteristics of fruits, such as exogenous
calcium application on mandarin (El-Hilali et al
2004) as well as using antitranspirant agents such
as Vapor gard (VG) (a polymer of B — pinene)
which considered as one of the most successful
compounds currently used in horticulture (EI- Sa-
brout, 1996 and Agusti et al 1997).

Thas, the aim of this research is to study the
effect of some safe postharvest treatments such as
Vapor gard and Calcium chloride as supplemantry
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refrigeration treatments on fruit quality as well as
the changes of chemical constituents during stor-
age of Navel orange fruits.

MATERIALS AND METHODS

This study was conducted in seasons 2004 and
2005 on Washington Navel oranges (20 years old)
budded on Sour orange rootstocke and grown in a
private orchard at EI-Fayoum Governorate, Egypt.
Washington orange fruits were at maturity stage
(October) when fruits at the peel color break. The
maturity stage is characterized by T.S.S. / acid
ratio was 7.8-8.3 and juice % was 45.1-46.8 ac-
cording to harvest indices of maturity (Spiegel-
Roy and Goldschmidt, 1996).

All fruits were washed with water and soap
mixture and rinsed with water to remove the resi-
due of soap. Finally, the fruits were air dried. The
fruits were divided into four groups: a) Fruits
without treatment (control), b) Fruits were dipped
in 2% Vapor gard (pinolene) (di — 1 — p — men-
thene 96 %) for 5 minutes and dried, c) Fruits
were dipped in 4 % calcium chloride (CaCl,) for 5
minutes and dried, d) Fruits were dipped in 4 %
CaCl; for 5 minutes and dried then immersed in
Vapor gard (2 %) for 5 minutes and dried.

Fruits of each group were packed in carton
boxes, each box contained 5kg arranged in one
layer. Each group consisted of 27 boxes. Boxes of
each group were divided into three sub- groups.
The boxes of the first sub-group (9 boxes) were
stored at 2°C for 60 days. The second sub-group
(9 boxes) were stored at 8°C for 60 days
.Meanwhile, boxes of the third sub-group were
stored at 2°C for 30 days then at 8°C for another
30 days. The relative humidity during storage
reached 85-90%. From each sub-group, five sam-
ples were taken during storage period, i.e. 0, 15,
30, 45, and 60 days for fruit physical and chemical
analysis.

Fruits physical properties

A number of parameters were recorded and
calculated such as, losses in fruit weight percent-
age, peel color, fruit firmness and juice percent-
age. Peel color and fruit firmness were measured
according to McGuire, (1992) and Harold,
(1985), respectively. Penetrating cylinder of 1 mm
of diameter to a constant distance 5 cm inside the
skin (to the flesh by a constant speed 2 mm / sec.)
the results were expressed as the resistance force

to the penetrating tester, in units pressure gm / cm?
(Harold, 1985).Juice percentage was extracted
and weighed, then calculated as percentage of fruit
weight (w /w).

Fruit chemical properties

Peel and flesh fruits were extracted by ethanol
(80 %) to determine total sugars, total free amino
acids and total soluble phenols. Total sugars were
estimated by using the phenol sulphuric acid
method according to Dubois et al (1956). Total
free amino acids were determinated by using nin-
hydrin reagent according to Moore and Stein,
(1954). Total soluble phenols were determined
using the folin ciocalteau colorimeteric method
(Swain and Hillis, 1959). Total soluble solids of
juice were determined by Abb digital refractome-
ter.

The obtained juice was used to determine ti-
tratable acidity by titration with 0.1 N sodium hy-
droxide in the presence of phenolphthalein as an
indicator according to Chen and Mellenthin,
(1981) and calculated as mg of citric acid per 100
ml juice. Ascorbic acid (Vitamin C) was deter-
mined in above filtered juice samples by using 2,6
dichlorophenol endophenol and expressed as mg /
100 ml fruit juice as described by A.O.A.C.
(1995) .

Free proline was measured colorimetrically in
the extraction of fresh weight using ninhydrin rea-
gent according to Bates et al (1973).

The wet digestion of 0.5 g dry plant materials
(rind and flesh of orange fruits) was carried out
with sulphuric and perchloric acid as reported by
Piper, (1947) for determination of calcium. Calci-
um concentration was determined by using atomic
absorption spectrophotometer (Thermo Jarrellash,
AASCANI).

Polyamines

Free polyamines as putrescine (put) were only
determined in the second season in peel and flesh
fruits during the middle and end of storage dura-
tion by dansyl chloride reagent and quantified
with  spectrophotofluroimeter — according to
Galston, (1983).

All data were arranged in complete random-
ized design as factorial experiment and statistical-
ly analyzed according to Snedecor and Cochran,
(1980).
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RESULTS AND DISCUSSION

Data presented in Table (1) revealed that there
was a significant increase in fruit weight loss at
high storage temperature (8°C) comparing with the
other temperatures storage (2 and 2+8 °C), in both
seasons. The fruit weight loss was significantly
increased with the advanced storage periods. In
addition, the results revealed that calcium chloride
and Vapor gard mixture gave the lowest decrease
in fruit loss as compared to the other treatments in
both seasons.

These results are in agreement with Mansour
et al (1987) who reported that weight loss percent-
age of Navel oranges was increased as the storage
period prolonged. Attia, (1995) reported that in
Balady orange fruits, the water loss percentage
was increased gradually with progress of storage
period. This result was attributed to increasing the
rate of fruit respiration and evaporation during
storage. Erkan and Pekmezei, (2000) working on
navel orange fruits, found that the longer storage
period gave the higher weight loss. Moreover, the
weight loss increased with rising storage tempera-
ture. The weight loss of the orange fruits stored at
7°C was higher than fruits stored at 5°C and /or
3°C. Moreover, Lidster, (1981) found that, the
postharvest application of vapor gard (di -1-p-
menthene) on cherry fruits caused significantly
reduce in the fruit weight loss and was generally
associated with a reduction in the incidence of
discolored stems and surface pitting . Furthermore,
Mansour et al (1987) reported that there was no
consistent relationship between calcium content
and weight loss, however, the increase in weight
loss in some calcium treatments could be due to
the higher juice content, which showed a positive
relationship with calcium content. In addition,
they observed that fruits with higher calcium con-
tent were greener in color as compared with the
control fruits, and this could be an enhancing ef-
fect on weight loss. On the other hand Chikaizu-
mi et al (1997) reported that postharvest dips of
CaCl,, CaCOs, Ca (NO3), or Ca (CH3COO); at (50
or 200 p.p.m.) had no obvious effects on Navel
orange fruits.

Concerning the effect of storage temperature
on peel color of Navel orange, the data presented
in Table (2) indicated that fruits stored at 2°C had
light orange color, while the fruits stored at 8°C
had good orange color, but fruits stored at 2°C +
8°C were in between, for both seasons. In this re-
spect, Erkan and Pekmezei, (2000) working on
Navel orange, indicated that the a* value of the

skin increased with increasing storage period and
storage temperature until about the 80" day and
then continuously decreased during further stor-
age. In addition, the b* value of the skin increased
during the storage period.

Concerning the effect of treatments (vapor
gard, calcium chloride and the mixture of them) on
color, the data showed slight differences between
the treatments. Good color was observed in fruits
treated with VG and / or CaCl, + VG. Similar
trend was obtained in second season. The external
color is one of the most appreciated quality factors
of citrus fruits (Lambrinos and Manolopoulou,
2000).

Data in Table (3) revealed that peel puncture
resistance was decreased gradually with prolonged
storage period up to the end of storage period,
among all treatments in two seasons. The higher
value of this character was recorded for fruits
stored in descending order as follow; 2°C, 2°C +
8°C and 8°C. These findings may support the re-
sults of fruits weight loss and similar with that
obtained by EI-Oraby and Ali, (2002) on grape-
fruit and Hassan, (2004) on lemon fruits.

Regarding the effect of treatments on peel tex-
ture, the results indicated that the fruits treated
with VG or CaCl, + VG had significant higher
value than control or fruits treated with CaCl,
alone. In this regard, Martinez — Romero et al
(1999) and Knee, (1978) mentioned that calcium
involved in the texture of fruits, i.e. the stability of
the cell wall may be related to the cooperative
binding of polygalacturonate chains with calcium
ions,making the cell wall of the fruit less accessi-
ble to enzymes that cause softening or to cell wall
degrading enzymes produced by fungal pathogens.
In the addition, fruits calcium infiltrated at harvest
stage remained firmer during storage, probably
due to fewer breakdowns in the cell wall, as has
been reported by Sams and Conway, (1984) on
apple. Moreover, Conway et al (1994) observed
that calcium chloride solution infiltration has only
a slight effect on maintaining firmness, presuma-
bly because Ca-tissue concentration was not in-
creased sufficiently.

Data in Table (4) revealed the effect of post-
harvest treatments on juice percentage in both
studied seasons. In general, the effect of posthar-
vest treatments did not have clearly effects on
juice percentage. However, the values increased
with increasing storage period at overall tempera-
tures. These results indicated a direct correlation
between fresh fruit weight and juice percentage.
These results were agreed with that reported by
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Lambrions and Manolopoulou, (2000), who
reported that the juice content showed a steady
decrease (6%) in navel orange during storage at
5°C plus shelf-life. Erkan and Pekmezei, (2000)
working on navel orange fruits, found that the
juice content of the fruits increased at the begin-
ning and decreased during the storage period.
Mansour et al (1987) reported that, juice content
as percentage of navel orange fruits weight was
increased by calcium chloride application and de-
creased gradually by storage.

Data in Table (5) revealed that total soluble
solids (TSS) / acid ratio increased significantly
during storage period at the three different storage
temperatures. Fruits stored at 2°C had the lowest
percentage of TSS/acid ratio followed by 2° + 8°C
and then 8°C.

Concerning the effect of different postharvest
treatments the data indicated that, no significant
effect could be detected on TSS / acid ratio with
different postharvest treatments. These results
were in agreement with those reported by Attia,
(1995) on balady orange; Rodriguez-Felix et al
(2001) on Valencia orange, EI-Oraby and Ali,
(2002) on grapefruits and Hassan, (2004) on lem-
on. In this respect, Mansour et al (1987) reported
that, TSS were enhanced by calcium spray over
control and storage of the Navel orange fruits. The
reduction of TSS increased as the storage period
prolonged, but the reduction in TSS was in pro-
portional to storage period more than calcium
spraying. Also, the authors reported that, calcium
spraying increased juice acidity as compared with
un-sprayed ones. Also, acidity decreased by stor-
age and as the period of storage prolonged the
reduction became more obvious. Moreover, Ma-
nolopoulou — lambrinou and Papadopoulou,
(1995) reported that, mandarin fruits sprayed with
vapor gard reduced the increase in soluble solids
as compared to the control and thiabendazole
(T.B.Z.)) treatments and the storage temperature
did not affect the total soluble solids. In this re-
spect, EI-Sabrout, (1996) noticed that, there was a
decrease in TSS% by increasing the concentration
of VG for Navel orange fruits. This result could be
due to the inhibitory effect of these chemicals on
photosynthesis and photophosphorylation process-
es caused by their high concentrations (Weller
and Ferree, 1978). Furthermore, VG application
decreased juice acidity as compared with the con-
trol (El-Sabrout, 1996). Lambrinos and Mano-
lopoulou, (2000) found that the soluble solids of
oranges stored at 5°C showed an approximate
7.7% increase after 90 days of storage plus 1 week

of shelf life. Also, the acidity progressively de-
creased against time (33% decreases at the end of
shelf — life). In addition, Echeverria and Ismail,
(1990) reported that, TSS content also tended to
increase with storage duration. Furthermore, the
acidity of fruit juice was significantly higher in the
control compared to the other treatments, whereas
it declined with storage time which may be at-
tributed to the use of such acids as substrates for
respiration (Echeverria and Valich, 1989).

Data concerning the effect of vapor gard,
CaCl; and its combination on ascorbic acid con-
centration at three different temperatures of stor-
age are presented in Table (6). From the obtained
results, it could be noticed that the three different
temperatures storage had significant higher values
of juice’s ascorbic acid concentration at 2°C or 2°
+ 8°C than storage at 8°C. Moreover, there was a
significant decrease in ascorbic acid with the ad-
vanced storage periods.

Concerning the effect of different treatments
on ascorbic acid concentration, the obtained re-
sults indicated that VG treatment has positive ef-
fect on ascorbic acid concentration when com-
pared with the other treatments. In this respect,
Khader, (1992) working on mango fruits, found
that postharvest application of vapor gard at 2.5%
significantly retarded the degradation of ascorbic
acid and reduced alpha-amylase and peroxidase
activities during storage at 15°C. Mansour et al
(1987) reported that vitamin C of navel orange
increased by calcium spray treatments during stor-
age, beside, storage of the fruits resulted in a clear
reduction in vit. C content and this reduction in-
creased as the period of storage extended. Mano-
lopoulou-Lambrinou and Papadopoulou, (1995)
working on Encore mandarin fruits, observed that
the fruits sprayed with vapor gard 1% had de-
creased ascorbic acid content of the juice. Also,
the temperature treatments (2, 4, 7 and 10 °C with
90% R.H.) did not affect significantly the vitamin
(C) content, a fact which is opposed to what was
reported by Nagy, (1980) that the greatest and
most rapid loss is observed in high storage tem-
peratures. El-Sabrout, (1996) revealed that vita-
min (C) content increased significantly with in-
creasing the concentration of vapor gard applica-
tion in Washington Navel orange as compared
with the control in both years. Lambrinos and
Manolopoulou, (2000) working on Navel orange,
reported that vitamin (C) content decreased con-
siderably during storage at 5°C, After 90 days of
storage at 5°C plus 1 week of shelf-life, the fruits
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showed a 10% decrease. Mohamed et al (2003)
showed that, juice ascorbic acid content of Valen-
cia orange and Marsh grapefruits gradually de-
creased with prolonged storage periods. However,
postharvest treatments with CaCl,, Ca (NOs), and
Na,COs had no effect on ascorbic acid content of
Marsh seedless grapefruit during storage. While,
juice ascorbic acid content of Valencia orange
fruits treated with these chemical compounds were
significantly higher as compared to untreated
fruits.

Data of total sugar concentrations in the peel
and flesh of orange fruit as affected by different
treatments and storage temperatures at various
periods are presented in Table (7). The presented
results indicated that low storage temperature in-
creased the concentrations of the total sugars in
peel and flesh gradually by advanced storage up to
45 days and decreased after that. Similar results
were reported by Nawar and Ezz, (1994) who
stated that, reducing sugars in peel grapefruit and
orange fruit increased progressively with increas-
ing storage duration, although the rate of such
increment was diminished during the last few
weeks of storage. In this respect, Hulme, (1970)
reported that non reducing sugars in peel dis-
played a completely different behaviour, it showed
a simultaneous decrease as storage period in-
creased. The increase in the concentration of re-
ducing sugars and the corresponding decrease in
non-reducing sugars could probably due to sucrose
hydolysis; the main non reducing sugar in citrus
fruit peel. In this connection, Purvis and Grier-
son, (1982) and Purvis and Yelenosky, (1982)
reported that, the increase in the reducing sugars
of grapefruit peel resulted from the hydrolysis of
sucrose, which might be regulated by temperature,
although, it would be difficult to expect invertase
activity under the prevailing low storage tempera-
ture. In this respect, Attia, (1995) working on
Balady orange fruits, reported that sugars repre-
sented the main constituents of total soluble solids.
TSS increased as well as sugars percentage in-
creased during storage at 5°C.

Concerning the effect of postharvest chemical
treatments application on total sugars concentra-
tion, data of both peel and flesh fruits revealed that
application of CaCl, increased total sugars con-
centration as compared to the other treatments.
Similar results were reported by Hanafy-Ahmed,
(1996) working on lettuce plants. who pointed out
that, using calcium chloride as foliar application
tended to increase the concentration of calcium,
total sugars, total free amino acids and total solu-

ble phenols concentrations. Also, the author re-
ported that the increments in sugars and free ami-
no acids concentrations under CaCl, treatments
may play an osmotic function.

Data of total soluble phenols concentration in
peel and flesh were presented in Table (8). The
results revealed that storage at 8°C significantly
increased concentration of total soluble phenols as
compared to the other storage temperatures. Fur-
thermore. There were a significant increase with
the advanced storage period. Also, the results in
Table (8) indicated that, low of total soluble phe-
nols were recorded by the fruits treated with V.G
or CaCl, either alone or in combination as com-
pared with the control (untreated) fruits. While, an
opposite trend was obtained by Ikeda et al (2004).
Furthermore, Martins et al (2004) reported that,
the "Chimarrita" peaches during cold storage at
0°C had higher phenolic compounds and polyphe-
nol oxidase activity. Moreover, Lovaas and OlI-
sen, (1998) mentioned that stress environmental
factors such as drought and / or mineral excess
induce oxidation of cellular components of plants.
Oxidative stress leads to an increase in phenolic
compounds (Rosemann et al 1991). Many phe-
nolic compounds are capable of inhabiting ATP
synthesis in mitochondria (Stenlid, 1970), inhibit-
ing enzyme activity (Van Sumere et al 1975),
antagonizing  plant  hormones  biosynthesis
(Stenlid, 1976) and inhibiting ions absorption
through alterations in the permeability of the
membrane (Glass, 1974 and Hanafy Ahmed ,
1991).In addition, Morgna (1977) reported that,
the major determinate of phenol production is the
supply of the prerequisites for its synthesis, name-
ly the amino acid precursor’s phenylalanine and
tyrosine, a supply of carbon skeletons and energy
sources.

The results in Table (9) indicated that, increas-
ing storage temperature brought about a slight
increase in total free amino acid concentration
with a significant increase by the advanced storage
periods. In addition, the application of CaCl, sig-
nificantly increased total amino acid concentration
of fruits as compared with the other treatments in
both peel and flesh fruit samples.

These results were in agreement with those re-
ported by Nawar and Ezz, (1994) on orange and
grapefruits. They pointed out that concentration of
free amino acid in the peel fruits increased with
increasing cold storage period. They suggested
that, sugars are proposed to act as cryoprotectants,
whereas the high free amino acids content pro-
vides the necessary pool; for the synthesis of new
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proteins. Thus, the increased reducing sugars and
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free amino acids in response to cold storage might
be regarded as a low temperature surviving mech-
anism. Similar suggestion were mentioned by Ye-
lenosky (1977) concerning the potentials of freez-
ing survival in citrus. Leopold and Kridemann
(1981) reported that subjecting subtropical fruit
individuals to chilling temperatures; from 0 to
10°C was associated with a matching increase in
amino acids. Furthermore, Guy et al (1981) found
that, in comparison with high temperature (25°C),
low temperature (10°C) caused greater retention of
14C into amino acid fraction rather than into pro-
tein. Goss, (1973) suggested that amino acids can
serve as source of carbon and energy when carbo-
hydrates become deficient in the plant, amino ac-
ids are determinate releasing the ammonia and
organic acid from which the amino acids was orig-
inally formed. Rabe, (1990) indicated that nitrog-
enous compounds can accumulate in higher plants
as a result of stress. Mangne and Larher (1992)
reported that the change in amino acid concentra-
tions in apples during storage showed two distinct
phases. The first, 40 days long, was characterized
by a decrease in amino acid concentration due to
respiration or to the synthesis of enzymes required
for ripening (Frenkel et al 1968). The second was
corresponded to an accumulation of amino acids,
presumably as a consequence of intracellular pro-
tein hydrolysis and cell wall protein breakdown.
Aly, (2006) working on Banzahir limes and Marsh
grapefruits, found that increase of peel free amino
acid content was noticed with storage duration.
Steponkus (1971) indicated that higher concentra-
tion of free amino acids have sugar binding capac-
ity, which protects protein from being dena-
turanted at low temperatures. The author also add-
ed that higher free amino acid concentration pro-
vides the necessary conditions to synthesis new
proteins. This could lead to more protection to cell
walls and reduced cell membrane damage or cell
collapase (Aly, 2006). In this respect , Hanafy-
Ahmed (1996) working on lettuce plants, suggest-
ed that increasing reducing sugars, total free ami-
no acids and total soluble phenols concentrations
due calcium chloride foliar application could be
explained on the assumption that such plants
might have less efficiency to condensate simple
organic compounds into more complex ones.
Moreover, the author assumed that the high levels
of total free amino acids and soluble phenols
might be due to the increase in the metabolic ac-
tivity of plants to synthesize Shikimic acid.

The data in Table (10) indicated that, concen-

tration of proline in peel and flesh fruits tended to
increase with increasing cold storage duration till
45 days and then decreased. The lowest concentra-
tion of proline was noticed at 8 °C as compared
with fruits held at 2 °C or 2 ° + 8 °C. These results
appeared to agreement with those reported by
Nawar and Ezz, (1994) on grapefruit and orange
fruits.

Concerning, the effect of postharvest treat-
ments on proline concentration, it is clear that
fruits treated with vapor gard recorded the lowest
concentration of proline. This might be due to that
fruits treated with VG were free from chilling in-
jury symptoms. Proline is considered as a cyto-
plasm protective osmolyte necessary for adapta-
tion to stress (Rudulier et al 1984). Furthermore,
Lahrer et al (1993) assumed that the proline en-
hancement under stress conditions may be posi-
tively related to the membrane integrity.
Venekamp, (1989) revealed that an increased
proline synthesis could be an attempy to limit cy-
toplasm acidifaction under stress conditions. In
additions. Purvis (1981), Purvis et al (1979) and
Purvis and Grierson, (1982) found significant
correlation between the accumulation of reducing
sugars and proline and increased resistance of the
fruit to chilling injury. Steponkus, (1971) present-
ed an evidence that cold acclimation of Hedera
helix is a 2-phase process, the first phase being the
accumulation of sugars and the second phase is
though to involve the production of proteins which
due to an altered composition or configuration
have a greater capacity to bind sugars and are thus
protected from denaturation at freezing tempera-
tures. Furthermore, Purvis, (1981), Purvis and
Yelenosky, (1982) and Nordby et al (1987) found
that during cold acclimation of young grapefruit
trees, considerable change occurred in proline and
soluble carbohydrates of fruit peel flavedo tissue.
They suggested that these changes might indicate
the relationship for the susceptibility of grapefruit
rind to chilling injury. Moreover, Aly, (2006) in-
dicated that the concentration of proline in the peel
of either Banzahir limes or Marsh grapefruit tend-
ed to show a marked increase with increasing cold
storage duration, Syvertsen and Smith, (1983)
reported that proline increased in grapefruit
flavedo or peel tissues in response to low tempera-
tures.

Data of total calcium concentrations in peel
and flesh fruits are presented in Table (11). The
results indicated that, increasing temperature of
storage increased the calcium level in both peel
and flesh. The highest calcium concentration was
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obtained at (8°C) when compared with that at low
storage temperature (2°C).

Concerning the effect of postharvest treatments
on calcium concentration, the results showed that,
a significant increase in ca concentration was rec-
orded with calcium applications either alone or
combined with vapor gard. The highest Ca con-
centration was obtained by using CaCl, treatment
with significant increase with advanced storage
periods. These results are in confirm with those
reported by Conway et al (1994) and El-Hilali et
al (2004). In this respect, calcium probably enters
the fruit primarily through the lenticels (Betts and
Bramalage, 1977) and through cracks in the cuti-
cle and the epidermis (Clements, 1935). Further-
more, Conway et al (1994) reported that, infiltra-
tion apple fruits with 2 or 4% CacCl, solution re-
sulted in a higher Ca concentration than in non
infiltrated fruits. In this respect, the mechanism by
which increased tissue Ca reduces decay and
maintains firmness is hypothesized to be related to
Ca ions in the cell wall (Demarty et al 1984).
Moreover, many authors suggested that Ca is in-
volved in controlling (reducing) respiration (Faust
and Shear, 1972) and can reduce ethylene pro-
duction (Lougheed et al 1979). In addition, Men-
gel and Kirkby (1978) reported that, calcium
played role in both cell division and cell expan-
sion. Also they mentioned that this might be in-
duced through its effect on membrane permeabil-
ity, structural abnormalities, selective ions
transport, increase in surface potential of mem-
branes, influence the activity of several enzymes,
maintenance of the plasma and vacuolar mem-
branes, membrane integrity and formation of mi-
tochondria.

Data of polyamines concentrations in peel and
flesh of orange fruits as affected by different stor-
age temperatures and different postharvest appli-
cations at the 30 and 60 days storage periods are
presented in Table (12). The data revealed that
low storage temperature increased concentration
of polyamines for the flesh fruit during 30 days of
storage. Meanwhile, the fruits held at 8 °C or 2 ° +
8 °C had higher values of polyamine at 60 days of
storage period. Moreover, the results indicated an
increase in polyamine concentration for CaCl;
treatment of flesh fruits compared with the other
treatments during both storage periods. On the
other hand, for peel fruits the VG treatment pro-
duced the highest concentration of polyamines
after 30 days of storage but CaCl, treatment was
the highest after 60 days. These results are in ac-
cordance with those obtained by Yuen and

Tridjaja, (1995) who revealed an increase in pu-
trescine during cold storage for lime and orange
but not for grape fruit. Moreover, in citrus, the
increase in polyamines in response to chilling in-
jury was detected. Stress had been reported as a
relationship between chilling injury severity and
the polyamine levels (McDonald et al 1993). In
this connection, Willadino et al (1996) pointed
out that putrescine (Put) is synthesized in plants
from arginine and/or ornithine by the action of the
biosynthetic enzymes ADC or ODC. Polyamines
could affect DNA and RNA synthesis and degra-
dation; regulate rates of transcription, inhibit ac-
tivities of protease, ribonuclease, peroxidase and
polygalacturonase; stabilize ribosomal structure
and maintain membrane integrity (Smith, 1990).
Wang et al (1993) working on apple, reported
that treatment with 3% Ca appeared to increase
spermidine (SPD) and spermine (SPN) at 8 week
and SPN at 16 week, the fruit cell walls contained
much less SPN than putrescine or spermidine. The
level of SPN in the cell wall also declined steadily
with time in storage at 0°C. In addition, Martinez-
Romero et al (1999) working on lemon, found
that, concentration of putrescine showed signifi-
cant decrease from their initial values (84.6 £ 7.0
nmolg™?) during storage at 15°C. Also, Calcium
treated lemons showed significant higher levels of
spermidine than control fruits after 7 days of stor-
age. Other reports have shown that polyamines
inhibit ethylene biosynthesis in fruit tissue (Hyodo
and Tanaka, 1986 and Ke and Romani, 1988).
The relative effectiveness of polyamines in retard-
ing senescence of plant tissues is thought to be
related to the number of positive charges per mol-
ecule (Galston and Kaur-Sawhney, 1987).
Gonzalez-Aguilar et al (2000) working on
mandarin fruits, stated that after cold storage, a
general decline in polyamines (PAs) values oc-
curred under all temperature conditioned (from 2
to 37°C). PA content increased again after trans-
ferring cold storage fruits with chilling sensitivity,
although the basis of cold-induced damage still
remains unclear. They have focused on the in-
volvement of PAs in the chilling tolerance of cit-
rus, Alteration in the content of PAs has been con-
sidered to be a response of different plant tissues
to stresses, including chilling (McDonald and
Kushad, 1986). The authors reported that, after
storage at 2°C, the level of spermine fruit condi-
tioned at 30 and 37°C decreased to levels similar
to those of non-conditioned fruit, but the differ-
ences in the chilling injury index were maintained.
Moreover, many reports suggested that putrescine
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Table 12. Effect of vapor gard, CaCl, or its combination as a pre-storage treatments on Poly-
amines concentrations of Navel orange fruits (nmol/g F.W.) stored for different pe-
riods at various temperatures during the 2" season (2004 - 2005)

In Fruits’ Peel In Fruits’ Flesh
Temp. Treatments Storage period (days)

30 60 30 60
Control 1440 1560 1540 1650
8 Vapor gard (2%) 1460 1910 1810 1550
e CaCl2 (4%) 1780 1530 2410 810
Vapor gard + CaClz 1440 2340 1250 1200
Control 1070 1870 1250 2200
©) Vapor gard (2%) 330 3330 1200 3160
® CaCl (4%) 1200 3440 510 2530
Vapor gard + CaClz 1060 3230 1560 2530
) Control 1400 1940 1450 1720
o Vapor gard (2%) 1850 2470 1520 2850
¥ CaClz (4%) 1480 3520 1590 3270
o Vapor gard + CaClz 1370 1780 1430 1890

(Put) accumulation may be a protective response to
many kinds of stress that cause physiological injury
of tissue (Wang, 1994, and Gonzalez-Aguilar et al
1995). It was possible that polyamine increaseed cell
viability during chilling injury by retarding mem-
brance senescence (Guye et al 1986).

Generally, fruits treated with vapor gard or calci-
um chloride and vapor gard mixture gave afavourite
characters from physiological view, including fruit
weight loss, peel color, fruit firmness and juice per-
centage. Also, both treatments induced higher con-
centrations of: total sugar, total free amino acids,
soluble phenols, free proline, ascorbic acid, calcium,
polyamine as well as TSS/ acid ratio, reflecting an
improvement in fruit chemical characteristics during
storage. Thus, it could conclude that, for commercial
range or the export market, it may be usefull to treat
orange fruits with vapor gard or mixture of calcium
chloride and vapor gard and their temperature storage
at 2 + 8 °C to decrease fruit weight loss as well as to
increase fruit firmness and fruit’s quality.
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