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ABSTRACT

The present study was carried out during 2004 and 2005
seasons on mature “Washington” Navel orange fruits. This
work aimed to study the effect of postharvest dipping of the
fruits at mature - yellow stage in water; natural acids and
calcium chloride alone or plus waxing on keeping physical
and chemical qualities which could reflect on the taste
(sweetness) after cold storage. A total of 1280 mature —
yellow fruits were harvested on 22 and 1S5 December,
respectively in the two seasons of study, where they were
divided into two equal groups each contained 640 fruits. The
treatments were: Water as the control, Citric acid at 1% (w /
v), Malic acid at 1% (w / v), Oxalic acid at 1% (w / v), and
Calcium chloride at 2% (w / v). Fruits were then processed
at El-Wady Station for Exporting Agriculture Crops, where
one half was exposed to commercial waxing by using
Citrashine emulsion while the second half was not waxed.
Fruits were packaged in perforated carton boxes then stored
at 5° C and 85-90% relative humidity. The data revealed

" that soluble solids increased in the juice as the cold storage
progressed, regardless the treatments, and such increase was
significant even after month of the storage. Meanwhile, juice
acidity decreased in a consistent manner after a month of
cold storage then was raised again after 2 and 3 months. The
SSC/acid ratio after 3 months remained higher than at the
beginning of cold storage in Navel juice. Furthermore, SSC
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of the albedo significantly dropped over time as compared
with the initiation value. The general trend of results of the
SSC values in the albedo was opposite to that found in the
juice of stored Navel oranges. In a similar manner, acidity of
the albedo took an opposite trend to that found with the
juice acidity. The total sugars of juice continued to increase
as the cold storage duration increased and in a pattern
similar to that found with the SSC in the juice. With regard
to the effect of fruit waxing, regardless the treatments, it was
found that waxing resulted in a significant reduction in SSC
and acidity of the juice while increased in the albedo.
Waxing also resulted in reducing water loss, reducing
vitamin C content and caused a significant increase in total
sugars of the juice in both seasons. Postharvest treatments
with used natural acids (oxalic, citric or malic) regardless
the waxing and storage period, led to a significant increase
in SSC of the juice as compared with the control or calcium
chloride treatment in both seasons while calcium chloride
alone did not cause a significant change in such character.
Moreover, acidity of the juice was significantly increased
with the used natural acids especially with malic and citric
acids while CaCl2 led to a significant increase in juice
acidity as compared with the control in both seasons. The
SSC to acidity ratio of natural acid- treated oranges was
significantly reduced when compared with the control in
both seasons in the juice. The data provided evidence that
there is a possibility that the reduction of SSC to acidity
ratio as a result of applying natural acids or calcium
chloride treatments could be ascribed to the increase in both
the SSC and acidity values of the juice as compared with
SSC to acidity ratio of the juice found in the control
treatment where SSC increased while acidity decreased
which led to increasing the ratio of SSC to acidity in the
juice of the control. The study also provided more data on
the changes in calcium content in the juice and albedo
carotenes of the peel and total sugars and the interaction
between used natural acid, waxing and cold storage duration
in relation to important fruit characters related to the juice
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taste. The highest taste score as judged by the panel, was

obtained with non-waxed Navel oranges treated with either
citric acid, oxali¢ acid or CaCl, then stored for three
months in the cold as compared with the control. Ilowever,
there was no significant difference between the taste of
waxed and non-waxed oranges treated with either citric or
malic acid. It could be recommended to treat mature-yellow
oranges with used natural acid, air dry them before
processing them in the commercial station to preserve the
taste and quality of juice after cold storage.

INTRODUCTION

Navel oranges are very popular and demanded fruits. They have
a desired flavor and taste. The fruit peels relatively easily and
sectionized well. Fruits tend to be lower in acid content than most
orange varieties (Tuckers er al., 1995). Citrus export, especially Navel
oranges, is one of the major sources of foreign currency in Egypt.
Juicy and Tasty Egyptian Navel oranges are famous in many
European and American markets. Thus, maintaining quality attributes
of *Washington™ Navel oranges after harvest is very important to keep
foreign markets open to them. The balance between the total soluble
solids and acidity is the critical factor for maintaining that balance.
This balance, however, could be altered either due to some preharvest
or postharvest conditions. In general, orange fruits can store well on
the tree and many growers delay harvest to extend the harvest season.
However, such delay accelerates fruit senescence and lead to
undesired change in fruit taste. Some Egyptian consumers might
desire the sweeter taste. Meanwhile, the foreign market dislike that
relatively sweet taste of Navel oranges. Furthermore, postharvest
storage at such oranges leads to a significant reduction in juice acidity
which is faster than of sugars (Samson, 1986). This explains the
increase in juice sweetness during storage. Citric acid accounts for
most of the acidity in citrus fruit juice. The citrus fruit is a very
important source of ascorbic acid that ranges in oranges between 44-
59 mg/100g ( Kefford and Chandler, 1970). There are other organic
acids in the peel that differ from those in the juice such as oxalic.
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malonic, succinic, and malic (Vandercook, 1977). Even within the
peel, there are variations in organic acids in the flavedo and albedo
tissues (Clements, 1964).

The decline in fruit acidity after harvest was mainly attributed to
the occurance of gluconeogensis in the orange juice (Echeverria and
Valich, 1989). On the other hand, the taste change in orange juice
could be attributed to the increase in soluble solids. Sugars represent
most of the soluble solids which could reach to 70-85% as reported by
Salunke and Desai, (1986). There are also small amount of other
material in the juice including lipids, nitrogen and phosphorus-
containing compound and especially pectin ( McCready, 1977). Navel
oranges are nonclimacteric which means that very limited changes
occur after harvest. However, the hydrolysis of cell wall by some cell
wall hydrolases such as galactosidases or glycosidases might cause
considerable changes in juice soluble solids. Changes in the activity of
such enzymes during cold storage was observed by Echeverria and
Ismail (1990). The release of galactose, glucose, arabinose or other
cell-wall total soluble solids and acidity which lead to a noticeable
change in the juice taste. To the best of my knowledge, no attempts
have been made to maintain this balance between total soluble solids
and acidity during cold storage either through preharvest or
postharvest treatments.

Thus, the objectives of this research were to preserve the taste of
“Washington” Navel orange fruit during and by the end of cold
storage by using-some natural compounds, that already exist in the
fruit juice which provides Navel oranges growers and producers with
economic and safe treatments that are feasible and applicable to
control juice sweetness.

MATERIALS AND METHODS

The present investigation was carried out during two successive
seasons 2004 and 2005 using “Washington “Navel orange fruits.
Twenty three years old orange trees, healthy, grown, in a clay soil, in
a private orchard at kaffr El-Dawar region, El-Behira Governorate
-were used for this study. Trees were uniform, grafted on sour orange
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rootstock, and under standard cultural practices. A Total number of

1312 of mature yellow orange fruits were harvested from the
untreated trees. Samples of thirty two orange fruits were used to
determine both physical and chemical properties of the untreated fruits
as the initial. Before cold storage, samples of 128 fruits from each
treatment were washed with tap water, then dipped for 20 minutes in
one of the following solutions, citric, malic and oxalic acids each at
1% (W/V); calcium chloride (2% W/V) and distilled water (as the
control). The non-ionic surfactant agent (Tween-60) at 0-1% (V/V)
was used, with all treatments. Fruits were then translocated as soon as
possible to EI-Wady station for Exporting Agriculture crops, in Kaffr
El-Dawar province, where they were exposed to the following:
Washing (water mixed with 0.5% V/V of Freshgard fungicide at 38°C
and pH ranged from 11.8-12 for 3 minutes), Rinsing in water, Drying
with heated air then Packing in perforated cartons (16 orange
fruits/carton). After that, all cartons were translocated to Lashin
refrigerator for cold storage in cold chamber at 5°C and 85-90%
relative humidity (according to Demirkol et al., 2001), for 3 months.
The second half of fruits (640 fruits) were waxed with (18%)
Citrashine wax emulsion containing 7.5 gms TBZ (thiabendazole) and
2.5 mg/L IMZ (Imazalile), then, fruits were dried with heated air,
packed in perforated cartons (16 fruits for each one) and stored at 5°C
and 85-90% relative humidity for 3 months in Lashin refrigerator.
Every month, orange fruits of each treatment (32 fruits) were
subjected to the following determinations. Fruits, of each treatment,
were weighed before storage to obtain the initial weight. Then,
weighed every one month. During cold storage, changes in fruit
weight were mentioned at each sampling date and fruit weight loss
was calculated as a percentage from the initial weight
(Ghoname, 1992).

Taste panel was carried out after three months of cold storage
by ten panelists per each treatment to compare the effect of each used
treatment on color, flavor and taste of orange juice according to a
hedonic scale as follows in a taste panel questionnaire (Kramer and
Twigg, 1962). The percentage of soluble solid contents was
measured at 20°C using hand Refractometer. The percentage of
soluble solid contents of albedo was also determined by homogenizing
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5 gms of albedo in 50 ml distilled water for 5 minutes and lasted to

15 minutes. The solution was filtered and the extract was used to
determine the total soluble solids and acidity (Egan er al., 1987).
Titratable acidity for both juice and the aqueous extract of albedo
were determined by titration against 0.IN and 0.01 N, respectively,
sodium hydroxide in the presence of phenol phthaline indicator
according to the method of Spayed and Morries (1981). Acidity was
expressed as gms citric acid per 100 ml of fruit juice or per 100 gm of
albedo.

The ratio between soluble solid contents and acidity was
calculated by dividing the total soluble solids value on that of
titratable acidity of juice. Vitamin C was determined as milligrams
ascorbic acid/100 ml juice by-titration against 2,6 dichlorophenol
indophenol blue dye in the presence of oxalic/glycial acetic acid
indicator according to the method of Egan et al., (1987). Haif-gram of
fresh peel was extracted by 15 ml of 85% acetone with 0.5 gm
calcium carbonate. The mixture was filtered through a glass funnel
and the residue was washed with a small volume of acetone and
completed to 25 ml. The extract was measured at wave length of
622,644 and 440 nm for chlorophyll A,B and carotene using
spectrophotometer (20 D+, Milton Roy, England) (Wintermans and
Mats, 1965).

Sugars were extracted from 10 ml of filtered juice of each sub-
sample. The extraction was carried out by using distilled water
according to Loomis and Shull (1937). Total sugars were determined
colorimetrically by using 1 ml of the extract mixed with Iml phenol
5% and 5ml sulphuric acid concentrated. The developing color
intensity after 30 minutes was measured against blank at 480 nm using
spectronic 20 D+, Milton Roy, England (Egan et al., 1987).

Calcium content of orange juice was determined by aching 25
ml of orange juice on the Muffle at 550°C/6 hours and dissolving the
prcipitate by Hcl 6N and filtration by using filter paper. The extracted
calcium was determined according to Egan et al., (1987). One gm of
albedo was ashed by using the Muffle at 550°C/6 hours and the
percipitate was dissolved by 6N Hcl. The extraction of albedo was
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used to determine calcium content by the method mentioned above
according to Egan et al., (1987)

The Experiment was laid as split split plot design leaving out
the part of taste panel which was laid out as split plot design. All the
data were subjected to the analysis of variance. The least significant
difference to compare the means (LSD) was calculated as outlined by
Steel and Torrie (1980).

RESULTS & DISCUSSIONS
1. Storage duration and fruit characteristics:

The effect of storage period, regardless of the treatments, on
weight loss and some chemical properties of mature yellow Navel
oranges is shown in Tables | and 2.

The data revealed that as the storage duration increased soluble
solid contents also increased. This trend was consistent in both
seasons of study. Even after one month of cold storage, SSC were
significantly increased as compared with zero time (the beginning of
storage). The highest increase in SSC was obtained with the longest
storage duration. There was no significant difference between the
juice SSC values of two and three months storage duration in the first
season. However, these values tended to increase in both seasons.
Moreover. SSC of the juice after three-months of storage significantly
varied from that of one month storage in both seasons.

With regard to acidity of the juice, the data in Tables | and 2
indicated that after one month of cold storage there was a significant
reduction in juice acidity, when compared with that acidity at the
beginning of the experiment. This decline in juice acidity after such
period was consistent in both seasons. However, after two and three
months of cold storage, juice acidity was raised again in a significant
manner in both seasons. Furthermore, juice acidity at the last sample
after 3 months of cold storage was significantly higher than of two
months of cold storage.

The increase in juice acidity after two months was significant as
compared with that of the one month storage duration. Thus. the
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general trend of juice acidity in Navel oranges, regardless of the
treatment, was characterized by a decline after one month of cold
storage followed by restoring juice acidity that appeared significantly
higher after two and three months of cold storage.

Changes in the ratio of soluble solid contents to acidity after
various durations of cold storage were reported in Tables 1 and 2. The
trend of this ratio was influenced by the indicated changes in SSC and
acidity. As expected, SSC to acidity ratio of the juice increased
significantly after one month of cold storage in both seasons due to the
increase in SSC and the reduction in juice acidity. However, this ratio
significantly declined again in the two and three-month samples of
stored oranges but still the ratio of SSC to acidity after two months of
cold storage was higher than that of the zero time of cold storage in
both seasons. The SSC / acid ratio after three months of cold storage
remained higher than that at the beginning of cold storage in Navel
oranges juice.

Soluble solid contents in the albedo tended to decline as the
storage duration increased as shown in Tables 1 and 2. This decline
was slight after one month of cold storage in the first season but was
significant in the second season when compared with SSC at zero time
of storage. Moreover, as the storage period reached to two and three
months, the SSC of the albedo significantly dropped as compared with
the initial SSC value and the one month stored oranges. Even the SSC
of the albedo after three months of cold storage were significantly
lower than that of the two months stored oranges. The general trend of
results of the SSC values in the albedo was opposite to that found in
the juice of stored Navel oranges.

Acidity of the albedo took an opposite direction to that found
with the acidity of the juice. ‘After one month of cold storage, albedo
acidity increased significantly as compared with the beginning of
storage then this acidity declined significantly after two months of
cold storage. Moreover, acidity of the albedo by the end of cold
storage after 3 months was significantly lower than that of all storage
periods and also the initial acidity. This trend of results was consistent
in both seasons. Thus, the highest value of acidity in the albedo was
obtained after one month of cold storage while the lowest value of



106
J.Agric.&Env.Sci.Alex.Univ.,Egypt Vol.6 (1)2007

such acidity was obtained at the end of cold storage after three
months.

Changes in vitamin C of juice due to cold storage shown in
Table 1 and 2. The data indicated that there was a significant
reduction in vitamin C after one month of cold storage as compared
with the initial value of vitamin C content in the juice. Such content
remained stable and leveled off after two and three months of cold
storage in the first season. Similar trend of results was found in the
second season. However the decline in vitamin C in the juice
continued as the cold storage period was prolonged. By the end of
cold storage after 3 months, vitamin C in the juice was significantly
lower than that of the initial in both seasons of study.

With regard to weight loss. it was found that weight loss
continued to increase as the storage duration progressed. This loss was
significant even after one month of cold storage when compared with
the initial weight of the fruit. Periodical sampling after two and three
months also indicated to further significant loss as compared with the
initial fruit weight. Even from one month to another of cold storage,
weight loss was significant when compared with the previous one.
This trend was consistent in both seasons.

Carotene content of the peel was also increased even after one
month of cold storage when compared with the initial carotene value.
Further increase in carotenes was found after 2 months of cold storage
as compared with one month assessment of carotenes. The highest
carotene content was obtained by the end of cold storage after 3
months. However, the increase in carotene content of the peel between
two and three months of storage was significant only in the first
season while remained unchanged in the second season. In general,
carotene content of the peel continued to increase from one sample to
another relatively to the initial carotene value (Tables | and 2).

Total sugars of the juice continued to increase as the cold
storage duration increased. This pattern of results was similar to that
obtained with the soluble solid contents in the juice. The increase in
total sugars was significant even after one month of cold storage in
both seasons. There was a further increase in total sugars of the juice
when determined after two and three months of cold storage relative
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to the initial value at zero time storage period. The increase in total

sugars between the three-month sample and the two-month sample
was not significant in the second season. However, in both seasons
there was a general trend of increasing total sugars with the progress
of cold storage. '

Calcium content data of the juice in relation to storage duration
is shown in tables 1 and 2. It was evident from the results that calcium
tended to increase significantly as the storage period progressed. The
amount of calcium in the juice did not remain stable during cold
storage of Navel oranges. The lowest amount of calcium was found at
the beginning of the cold storage while the highest amount was found
after three months of cold storage indicating to an internal source of
calcium that supplied. the juice. This trend was consistent in both
seasons. The differerice in calcium content of the juice appeared in a
significant manner even after one month only of cold storage and the
increase in calcium continued from one month of storage to another in
a significant way in both seasons.

On the other hand, calcium content of the albedo took an
opposite direction to that found in the juice. The data in Tables | and
2 indicated to a continuous decline in calcium content of the albedo as
the storage duration increased. The reduction in calcium content of the
albedo started early with the first sample after one month of cold
storage, there was a significant reduction in calcium content of the
albedo. This trend of results suggested that calcium in the albedo
could have been the source of calcium supply to the juice. Calcium
ions might have migrated from the albedo tissue to the juice since
there was no external source of such ions. The data also revealed that
the amount of calcium retained by the albedo was much higher than
that reached to the juice. There was no deviation from that in both
seasons of study.

The effects of cold storage found in this study were in
agreement with those found by Ezz, 1999 on “Washington” Navel
oranges who reported that total soluble solids increased significantly
as the storage period advanced. This trend may be due to the increase
of total sugars in orange juice during storage (Tables 1 and 2) which
presented 70 to 80% of soluble solids (Salunkhe and Desai, 1986 on
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citrus), in addition, the increase in SSC could be due to the release of
some polysaccharides to the juice as a result of metabolism of cell-
wall (Biale, 1960) on citrus.

The increase in juice acidity of Navel oranges as the storage
period progressed may be due to the migration of acids from the peel
to the juice. Thus, there is a possibility that the decrease of soluble
solid contents to acidity ratio as the storage period advanced could be
ascribed to the increase in both SSC and acidity values. In addition,
the decrease in soluble solid contents of albedo tissue was due to the
migration of total sugars, sucrose and other soluble solids compounds
from albedo to juice consequently the SSC of the juice increased. This
explanation was supported by Nawar and Ezz, 1994 on “Washington™
Navel oranges.

In this study, the recorded results were supported by Adisa,
1986 on oranges; Sharafat-Gul et al., 1990 on Blood red oranges and
Dundar et al., 2001 on “Washington” Navel oranges who reported that
ascorbic acid content decreased with the progress of storage period. It
may be due to the oxidation of ascorbic acid (vitamin C) by ascorbic
acid oxidase, thus ascorbic acid levels decreased while dehydro-
ascorbic acid levels increased and this explanation was in line with
that found by Hoare et al., 1993 on oranges.

In addition, the above results agreed with those found by El-
Nawam, 1991 on “Washington” Navel oranges and Nage, 2000 on
Banzahir limes who reported that fruit weight loss increased -
significantly as the storage period advanced. This reduction of weight
loss was due to water loss from pulp and peel, loss of carbon dioxide
and fruits compound degradation as a result of respiration process.

[n this matter, the presented results also were in line with those
obtained by Murata, 1988 on citrus; El-Helaly, 1995 on Housseni and
Banzahir limes and Ortuzar et al., 2003 on Lanelate and Navelate
oranges who found that carotenes content in the fruit peel increased
with the progress of storage period. This trend of increase could be
ascribed to the loss of green chlorophyll in the peel by chlorophyllase
which turned this pigment from green colour to colourless thus its
permanent yellow colour themselves (Jahn and Young, 1976) on
Citrus fruits.
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Aforementioned data in Tables] and 2 agreed with Goda,
(1978) on Balady and Valencia oranges and Balady mandarins (El-
Helaly, 1995) on Banzahir and Housseni limes and Ezz, (1999) on
“Washington™ Navel oranges who found that sugars increased as the
storage period advanced. This increase in sugar content was due to the
result of metabolism of cell-wall polysaccharides since some of cell-
wall polysaccharides released from peel to juice to increase the
content of sugar in orange juice (Biale, 1960). With regard to calcium
content in the juice, the findings in this matter were in line with those
found by Goda, 1978 on Balady and Valencia oranges and Balady
mandarins who affirmed that calcium content of the fruit juice
increased significantly by extending storage period. This direction of
increase in calcium content of the juice suggested that calcium in the
albedo could have been the source of calcium supply to the juice and
calcium ions might have migrated from the albedo tissue (which were
rich in calcium pectate and analysed enzymatically to release calcium
ions) to the juice since there was no external supply source of such
ions and the obtained results of calcium content of albedo supported
this explanation where this content decreased during storage and took
an opposite direction to that found in the juice.

2. Waxing and fruit characteristics:

The data in Tables 3 and 4 indicated the effect of waxing on
weight loss and some chemical properties of mature-yellow
“Washington” Navel oranges during the two seasons of 2004 and
2005.

The data proved that waxing had a significant effect on soluble
solid content of the juice where it was significantly reduced by waxing
in both seasons. In a similar manner, acidity of the juice was
significantly reduced as a result of waxing treatment in both seasons.
The SSC to acid ratio was not significantly affected due to the waxing
treatment in the first season while there was a significant increase in
such ratio in the second season. The actual increase, however, in SSC
/ acid ratio in the second season was not that considerable.

Soluble solid contents in the albedo took an opposite direction to
that found in the juice. SSC of the albedo increased significantly due
to waxing treatment. Similarly, acidity of the albedo significantly
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increased in waxed Navel oranges. Vitamin C (ascorbic acid) of the
juice was significantly reduced in waxed orange which was in
agreement with the reduction in juice acidity in both seasons (Tables 3
and 4). Waxing also cause a reduction in weight loss as compared
with non-waxing as shown in the data. This reduction was significant
in both seasons since wax creates a barrier to water loss.

Carotene content of the peel was significantly reduced as a
result of waxing treatment in both seasons while total sugars of juice
were significantly increased due to waxing consistently in both
seasons. Calcium content of juice was significantly reduced in waxed
oranges as compared with non-waxed oranges while in the albedo
such calcium was increased in the albedo in both seasons of study.

The waxing effects on fruit characteristics found in this research
were in agreement with Cohen et al., 1985 on Murcott mandarins; El-
Helaly, 1995 on Banzahir and Housseni limes and Nage, 2000 on
Banzahir limes who reported that waxing reduced total soluble solids
and acidity contents of the juice in comparison with control treatment.
Moreover, the obtained results in this study were in line with those
found by El-Helaly, 1995 on Banzahir and Housseni limes who
reported that waxed fruits had lower content of V.C than un-waxed
fruits. In addition, the presented results agreed with those found by
Cohen et al., 1990 on Murcott mandarins. McDonald et al., 1993 on
Marsh grapefruits and Baldawin et al., 1995 on Valencia oranges who
pointed out that waxing reduced significantly physiological fruit
weight loss.

The introduced results also agreed with those recorded by Wild,
(1981) on “Washington” Navel oranges and Nage, 2000 on Banzahir
limes who found that waxing declined carotenes content of the peel
thus waxed fruits remained green longer than un-waxed fruits. In this
matter, the presented results were in agreement with those obtained by
Sharafat-Gul et al., 1990 on Blood red oranges and El-Helaly, 1995 on
Banzahir ‘and Housseni limes who reported that waxing fruits
maintained higher reducing, non-reducing and total sugars during
storage.

These effects of waxing in reducing SSC, acidity, V.C and
calcium values of the orange juice, carotenes content of the peel and
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fruit weight loss could be due to the modified atmosphere, as a result

of waxing treatment, which resulted in reducing the percentage of
oxygen and increasing the percentage of carbon dioxide around the
fruit ,consequently, these conditions led to reduce water loss from
pulp and peel, and reduced respiratory rate, thus fruit had higher
moisture content than non-waxed fruits and such moisture content led
to more dilution of waxed-fruit juice than non-waxed fruit juice thus
SSC, acidity, V.C and calcium values of the juice of waxed fruits were
lower than that of juice of un-waxed fruit. Moreover, these conditions
of modified atmosphere as a result of waxing treatment might reduce
the activity of chlorophylase enzyme which is responsible of
degreeing, thus waxing delayed the degreening and caused
unsatisfactory colour, mainly because of poor carotenoid development
(Jahn, 1976) on Hamlin oranges and Dancy tangarines.

On the contrary, waxed oranges had significantly higher values
of SSC, acidity and calcium of the albedo tissue as compared with
those non-waxed ones. The effects might be due to the modified
atmosphere, which existed around the fruits (high CO, and low O5) as
a result of using waxing treatment where it reduced the activity of
Pectinestrase, Polygalacturanase (were an important factor in the
pectic changes that occur in citrus, Rouse, 1977) and Cellulase
consequently, retained high content of pectin thus amount of calcium
ion which released and migrated from albedo to juice was lower
consequently, calcium amounts of the albedo in waxed fruits were
higher than that found in albedo of un-waxed fruits. The modified
atmosphere as a result of using waxing treatment might have reduced
the migration of some polysaccarides of cell-wall and acids from
albedo tissue to the juice and the obtained results of SSC and acidity
of the juice could be supported this. explanation since these results
took an opposite trend to that obtained .in.the albedo.

3. Natural acids treatments and fruit characteristics:

Effects of some natural acids on weight loss and some chemical
properties of mature-yellow “Washington” Navel oranges are shown
in Tables 5 and 6. All used natural acids, namely oxalic, citric and
malic caused a significant increase in SSC of the juice as compared
with the control in both seasons. Furthermore, oxalic and citric acids
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did not significantly differ from each other in terms of their effect on

SSC of the juice in both seasons. Malic acid and a similar effect on
SSC of the juice that obtained with oxalic and citric acids in the first
season but led to a significant increase in SSC juice in the second
season. Calcium chloride, on the other hand, did not cause a
significant difference in SSC of the juice when compared to the
control in both seasons. Natural acids, however, caused a significant
increase in SSC of the juice when compared with calcium chloride in
both seasons.

Acidity of the juice was significantly increased by using natural
acids relative to the control. This increase was higher with the use of
malic and citric than oxalic acid in both seasons. Calcium chloride
treatment led to significantly higher juice acidity than the control in
both seasons. Acid treatments with citric and malic caused a
significant increase in juice acidity when compared with calcium
chloride while oxalic acid had significantly lower effect on juice
acidity than that of calcium chloride (Tables 5 and 6).

The ratio of SSC to acidity was also affected by acid treatments
significantly. There was a significant reduction in SSC to acidity ratio
when compared with the control in both seasons. The SSC / acidity
ratio obtained with oxalic was significantly higher than that of citric
and malic acid in both seasons. Moreover, SSC to acidity ratio was
significantly reduced by calcium chloride when compared with the
control and oxalic and citric acids in both seasons. All treatments, in
general, significantly caused lower SSC / acidity ratio than the control
and this trend was consistent in the two studied seasons.

The effect of various treatments on soluble solid contents of the
albedo, regardless of the storage duration, is shown in Tables 5 and 6.
Oxalic acid treatment caused a significant increase in SSC of the
albedo relative to the control and the other two acids (citric and malic
acids). In general, all acid treatments caused a significant increase in
SSC of the albedo when compared with that effects obtained with the
control and calcium chloride in both seasons. SSC of the albedo were
not consistently influenced by calcium chloride treatment since this
compared significantly reduced SSC of the albedo only in the second
season. However, calcium chloride treatment led to lower SSC of
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albedo than that obtained with natural acids treatments in both
seasons.

With regard to acidity of the albedo tissue, it was found that all
natural acids caused a significant increase in albedo acidity. Oxalic
acid treatment did not result in significantly different acidity of the
albedo from that obtained with citric and malic acids. Calcium
chloride, on the other hand, did not result in different albedo acidity
from that obtained with natural acids but led to an increase albedo
acidity when compared with the control. This trend of results was
found only in the first season while in the second season, natural acids
and calcium chloride treatments also increased significantly acidity of
the albedo when compared with that obtained with control treatment.
But the differences among natural acids treatments and differences
among natural acids treatments and calcium chloride were significant
where the highest significant values of albedo acidity were obtained
by oxalic acid treatment followed by malic acid, calcium chloride and
citric acid treatments.

The influence of various treatments on vitamin C content in the
juice is shown in Tables 5 and 6. The data revealed that all used
natural acids led to a significai:: increase in vitamin C of the juice as
compared with the control. Morcover, the highest increase in vitamin
C of the juice occurred with malic acid treatment in both seasons.
Calcium chloride treatment also led to higher vitamin C content than
the control. However, citric and malic acids treatments resulted in
significantly higher vitamin C than that occurred with oxalic acid or
calcium chloride. The data were consistent in both studied seasons.

Weight loss of Navel oranges was also influenced by various
treatments. It was found that all natural acids treatments were
effective in increasing weight loss. However, more weight loss
occurred with oxalic acid than with citric and malic acids. Calcium
chloride treatment resulted in higher weight loss than that occurred
with the control. Oxalic acid also caused higher weight loss than
calcium chloride. Generally, various treatments increased weight loss
as compared with the control in both seasons (Tables 5 and 6).

Carotene content of the peel was significantly increased by
natural acids treatments in both seasons. Navel oranges treated with
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malic acid achieved the highest amount of carotenes in the peel in the

first season but had similar effect to that obtained by oxalic and citric
acids treatments in the second season. The control fruits also had
significantly less carotenes in the peel as compared with calcium
chloride treated fruits. This trend was consistent in both seasons
(Tables 5 and 6).

The response of total sugars in the juice to various treatments
regardless the storage duration is also shown in Tables 5 and 6. The
results indicated a significant increase in these sugars by oxalic acid
treatment as compared with the control in both seasons. Citric and
malic acids were equally effective in increasing total sugars of the
juice in both seasons relative to the control and to oxalic acid
treatment. This trend of results was similar to that obtained with SSC
of the juice. Furthermore, calcium chloride treated oranges had
significantly higher sugar content in the juice than the control fruits in
both seasons. Meanwhile, natural acids treated fruits had significantly
higher sugars in the juice than that treated with calcium chloride in
both seasons.

With regard to calcium content of the juice, as influenced by
natural acids and calcium chloride, it was-evident that natural acids
did not show a consistent trend in both seasons. There was a reduction
in calcium content of the juice as a result of natural acids treatments in
both seasons when compared with the control. Oxalic acid treated
fruits, however. tended to have higher calcium in the juice than the
other two acids treatments in the first season of study while in the
second season. oxalic and malic acids treatments did not significantly
differ in calcium content of the juice, however, these acids increased
significantly calcium content of the juice when compared with malic
acid treatment which resulted in the lowest content of calcium in
orange juice. The highest calcium content in the juice was achieved
with calcium chloride treatment in both seasons, where the juice had
superior amount of calcium when compared with the control and
natural acids (tables 5 and 6).

Navel oranges response in terms of their content of calcium in
the albedo clearly showed a significant increase in natural acids-
treated fruits in both seasons as compared with the control. Moreover,
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malic acid treated fruits had significantly greater calcium in the
albedo than oxalic and citric acids treated ones and this was
consistent in both seasons. Calcium chloride, on the other hand,
caused the highest content of calcium in the albedo of Navel oranges
in both seasons. The albedo treated with calcium chloride had even
much more calcium content than that treated with malic acid.

Aforementioned results shown in Tables 5 and 6 it could be
concluded that the effect of natural acids and calcium chloride
treatments on the increasing of soluble solid contents in both juice and
albedo may be due to that these treatments increased the migration of
soluble solid contents especially the polysaccharides from cell wall
from flavedo to albedo and from albedo to juice or due to that these
natural acids and calcium chloride treatments increased water loss
from pulp and peel where fruit weight loss was increased as a result of
using the mentioned treatments consequently, total solids of pulp and
peel concentrated thus the values of SSC were higher than that of
control treatment. [n addition. natural acids and calcium chloride
when applied on mature yellow oranges, they could be penetrated the
peel of oranges thus it may be increased albedo acidity than control
and may be increased the migration of acids from albedo to juice thus
juice acidity increased.

For the above explanations there is a possibility that the
decrease of soluble solid contents to acidity ratio as a result of
applying natural acids and calcium chloride treatments could be
ascribed to the increase of both the SSC and acidity values of the juice
as compared with SSC to acidity ratio of juice found in control
treatment where soluble solid contents increased while acidity
decreased which led to the increase of the ratio between SSC and
acidity in juice of un-treated oranges (control).

 Gross (1987) discussed the factors affecting carotenoids
"biosynthesis in fruits. It was reported that ethylene, gibberllins, light,
“oxygen, temperature, nitrogen content in the fruit had various effects
“on the biosynthesis of carotenoids in different fruits. The positive
effects of malic. citric and oxalic acids and calcium chloride
-treatments found in this study could be due to its effect on ethylene
biosynthesis. Further studies are needed to elaborate on the effect of
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natural acids and calcium chloride on carotenoids biosynthesis in
fruits especially carotenes in the peel of “Washington” Navel
oranges.

The taste panel data:

With regard to effect of waxing on juice color, flavor and taste,
the data in Table 7 showed that juice color of non-waxed fruits was
rated to be better than that of waxed fruits while the panel had a
preference to the flavor of waxed oranges as compared with non-
waxed one. Moreover, the taste of juice extracted from waxed oranges
was rated as less favorable than non-waxed ones.

On the other hand, the data in Table 8 indicated to the effect of
various treatments on the juice color, flavor and taste. It was evident
from the data that oxalic and malic acids were able to maintain the
juice color since they had similar score to that obtained with the
control after three months of cold storage. Meanwhile, those oranges
treated with either citric acid or calcium chloride had less favorable
juice color than the control. The least color score was gained with
oranges previously treated with CaCl,.

Flavor data, however, did not take the same trend as color data.
The highest flavor score was given by the panel to the juice extracted
from oranges previously treated with citric acid or CaCl; while oxalic
or malic treatments resulted in less favorable flavor than the control.
The taste was also influenced by various treatments where oxalic or
citric acid — treated fruits resulted in the most favourable taste as
compared with the control while malic acid — treated fruits had similar
taste to that found with the control.

The taste of CaCl; — treated fruits was significantly better than
that of the control and more favourable than the taste of malic acid —
treated fruits (Table 8), thus natural acids and CaCl, either maintained
the desired taste or improved it as indicated by the taste panel judge.

With regard to the interaction between waxing and the
treatments in relation to juice color, flavor and taste (Table 9). The
panel judged that waxed fruits of the control and non — waxed fruits of
malic acid treatment ranked the best as compared with other
treatments in terms of juice color. Moreover, the consumer did not
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favor the color of juice extracted non-waxed control or waxed-CaCl,

treated fruits. The interaction between waxing and the treatments by
the end of cold storage revealed that the most favourable juice flavor
was obtained waxed fruits treated with either citric acid or calcium
chloride as compared with the control and other treatments while in
non-waxed fruits, the panel favored the juice flavor of the control
fruits and the treatments and did not differentiate between the flavor
of the control fruits and the treatments .

Juice taste data by the end of cold storage as influenced by the
interaction between waxing and treatments indicate that non-waxed
fruits treated with either oxalic acid, citric acid or calcium chloride
had more favored taste than those of the control and malic acid -
treated fruits. Furthermore, waxed oranges treated with either oxalic
or citric acid had more favourable taste than these of the control and
malic acid — treated ones. The highest taste score was obtained with
non-waxed oranges treated with either CaCl,, oxalic acid or citric acid
then stored for three months as compared with most treatments and
the control. The panel favored non-waxed oranges treated with either
oxalic acid or CaCl, as compared with waxed fruits of the same
treatments. However, there. was no significant difference between
waxed and non — waxed oranges treated with either citric or malic acid
(Table 9).
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‘Table (1): Effect of storage period on weight loss and some chemical properties of mature-yellow “Washington™ Navel oranges during

2004.
’ Carotene Total
%@ SSC of | Acidity | SSC/AC | SSCof . Fruit Ca content | Ca content of
. . Acidity of | V.Cof juice content of | Sugars
juice | of juice of albedo weight . of juice albedo
. o . o albedo (%) | (mgs/100ml) loss (% peel of juice 100mi y
,9%% (%) (%) juice (%) oss (%) (mgalL) ) (mgs/100ml) | (mgs/100gm)
or 11.75** | 0.690 17.03 13.50 0.106 37.67 0.00 ‘ 4.00 7.82 129 77.50
c c c a b a d d d d a
\ 12.55 0.658 19.07 13.25 0.164 2761 1.59 5.69 9.05 8.19 74.22
b d a a a b c c c c b
” 12.92 0.722 17.89 11.33 0.091 2733 3.01 6.94 9.29 8.80 64.60
- ab b b b c b b b b b c
i
3 13.33 0.777 17.16 9.60 0.087 26.96 415 7.1 9.41 9.24 5t.59
’ a a be c d b 8 a a a d

Where *: The initiation of cold storage (Zero time of storage).

**: Values, within a column, with similar letters are not significantly diffcrent when compared by using the LSD values at 0.05

levels.
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Table (2): Elfect of storage period on weight loss and some chemical properties of mature-yellow “Washington™ Navel oranges during

2005.
Carotene .
L SSC/AC | 8SCof . Fruit Total Cacontent | Ca content of
SSCof | Acidity of Acidity of | V.C of juice content
. . of albedo weight Sugarsof |  of juice albedo
juice (%) | juice (%) albeda (%) | (mgs/100ml) of peel | |
(9' juice (%) loss (%) juice (%) | (mgs/100m1) | (mgs/100gm)
% (mgs/L)
o 11.4)0* 0.711 16.05 14.40 0.096 39.55 0.00 3.33 7.00 7.51 80.12
d c c a b a d [ c d a
| 1247 0.660 18.89 14.06 0.164 29.19 123 541 8.68 8.42 74.58
c d a b A b c b b c b
" 13.07 0.723 18.08 11.93 0.070 28.48 2.20 6.43 9.14 9.09 62.19
) b b b ¢ c c b a a b c
3 13.63 0.778 17.52 9.59 0.064 2.23 398 | 6.81 9.3§ 9.57 4225
a a b d d d a a a a d

Where *: The initiation of cold storage (Zero time of storage).

**: Valucs, within a column, with similar letters arc not significantly different when compared by using the LSD values at 0.05

levels.
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Table (3): Effect of Waxing treatment on weight loss and some chemical properties of mature-yellow “Washington” Navel oranges during

2004.
Carotene Total
. SSC/AC | SSCof | Acidity Fruit Ca content | Ca content of
SSCof | Acidity of V.C of juice content of | Sugars
. . of albedo | of albedo weight . of juice albedo
juice (%a) | juice (%) ) %) (mps/100ml) loss (%) peel of juice (mgs/100m) | (mes/100gm)
juice a A oss m, m n, gm
! sy | (%)
Without 12.73¢ 0.718 1.3 11.42 0.109 3148 2.50 6.45 8.85 8.66 65.63
Waxing a a a b b a n a b a b
12.53 0.706 17.76 1242 0.115 28.30 1.88 5.42 8.94 8.10 68.32
With Waxing
b b a a a b b b a b a

* Values, within a column, with similar letters are not significantly different when compared by using the LSD values at 0.05 levels.
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Table (4): Effect of Waxing trcatment on weight loss and some chemical properiies of malure-yellow “Washington” Navel oranges during

2005.
Acidil; Carotene Total
% Acidity | SSC/AC | SSCof y Fruit Cacontent | Cn content of
S8Cofl . of V.C of juice content of | Supars
R of juice of albedo weight loss of juice albedo
juice (%) %) %) albedo | (mgs/100ml) % peel of juice (mes/100mi | (mes/100gm)
() juice Y () ) m m m Bm
’?%1:‘ ! ) (mesl) | (%)
Without 12.76* 0.727 17.55 11,93 0.093 31.66 2.25 6.12 8.47 8.96 65.80
Waxing 8 a b b b a a a b a b
With 12.53 0.709 1767 1306 | 0.103 28.07 1.46 4.87 860 8.33 66.27
Waxing b b a a a b b b ' b a

*: Values, within a column, with similar letters are not significantly different when compared by using the LSD values a1 0.05 fevels.




122

Vol.6 (1)2007

J.Agric.&Env.Sci.Alex.Univ.,Egypt

Table (5): Effcet of Some natural acids on weight loss and some chemical properties of mature-yellow “Washington” Navel oranges during

2004.
; Carotene | Total
ssCof | Acidity | SSC/AC | SSCof | Acidity . Fruit Arolen | Ca content | Ca content of
. . V.C of juice content | Sugars
juice | of juice of albedo | of albedo weight . of juice albedo
(mgs/100ml) | of peel | of juice
(%) (%) juice (%) (%) loss (%) (mgs/100mi) | (mgs/100gm)
(mgs/L) (%)
12.40*
0.644 19.25 11.54 0.095 28.79 191 4.55 8.66 8.70 60.48
Control b
d a c c d d [ d b e
Oxalic 12.79 0.709 18.04 12.54 0.116 29.36 268 5.97 8.92 189 63.35
acid a c b a ab c a d b c d
Citric 12.69 0.747 16.99 12.00 0.115 30.70 229 6.40 9.03 7.78 65.51
acid [ a d b b b b b a d c
Malic 12.84 0.739 17.37 11.92 0.118 31.06 1.95 6.52 9.06 741 69.63
ncid a n c b a | a d a a ¢ b
— : e ;
Calcium 12.46 0.720 172.31 11.60 0.116 29.55 2.1 6.24 8.79 10.12 7591
Chloride b b c c ab c c c c a a
nificantly different when compared by using the LSD values at 0.05 levels.

*. Valucs. within a column, with similar letters are not sig
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Table (6): Effect of Some natural acids on weight loss and some chemical properties of mature-yellow “Washington™ Navel oranges during

2005.
. Carotene
Acidity | SSC/AC | SSCaf | Acidity of Fruit Total Ca content | Ca content of
SSC of V.C of juice . conient .
.. | ofjuice of albedo albedo weight Sugarsof | of juice albedo
A Juice (%) (rgs/100ml) ofpeet | |
(%) Juice (%) (%) loss (%) juice (%) | (mps/100mi) | (mps/100pm)
(mgs/L) ,
12.35* 0.640 19.30 12.12 0.074 28.60 1.61 3.80 820 -, 8.97 5756
Control ¢ ¢ a d ¢ d e ¢ d. b e
Oxalic 12.n 0.71 17.89 13.26 0.107 29.28 211 5.69 8.53 8.12 60.92
acid b d b [ a c a b b c d
Citric 1284 0.759 16.88 12.6) 0.102 30.82 1.97 6.13 8.75» 8.04 63.81
ncid b a d b d b b a .a c 8
Malic 12.92 0.749 17.25 . 12.49 0.105 31.18 1.73 5.92 8.78 n 70.34
acid a b c’ c b a d ab a d b
Calcium 1243 0.732 16.98 12.00 0.103 29.42 1.86 593 8.39 10.40 71.55
Chloride € c d e [ c [ ab c a a

*: Values, within 8 column, with similar letters are not significantly different when comparcd by using the LSD values at 0.05 tevels.
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Table (7): Effect of waxing treatment on color, flavor and taste of
juice of “Washjngton” Navel oranges as determined by the taste
panel after storage for three months during 2005 season.

Table (8): Effect of natural acids and calcium chloride treatments on
color, flavor and taste of juice of “Washington™ Navel oranges as
detcrmined by the taste panel after storage for threc months during
2005 season.

Characteristic
“haracteristics )
. Color Flavor Taste Color Flavor ‘Taste
Waxing
Treatments
S
Without waxing Control . b 541
5.46a* 4770 7.10a ||| Oxatic acid 6.05a 6.03 Ale
6.05a 437¢ 7.59a
Citric acid
R 4.73b 8.292 7.73a
With waxing Malic acid
) . 6.50 a 52706 5145¢
488b 8.27a 590b Calcium chloride
296¢ 8.58a 6.79H

* Values, within a column, with similar letters are not significantly
different when compared by using the LSD values at 0.05 levels.

* Values, within a column, with similar letters are not significantly
different when compared by using the LSD values at 0.05 levels.
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Table (9): The interaction between waxing and various trentments in relation to color, flavor and taste of juice of “Washington” Navel

oranges after three months of cold storage during 2005 season.

% Color Flavor Taste
“Treatmen . . . - . e " " . . "

. Oxalic | Citric | Malic | Calcium “ Oxalic | Citric | Malic | Culclum Oxalic | Civic | Mulic | Calcium
wasing | | Cucid | ocid | wcid | chloride | CW® | “acid | aeid [ ocia [ chioride | SN[ acia | seid | weid | chioride
wm“M 39 sae | ss7 | 729 493 437 1.54 8.41 2 833 6.15 812 | 807 | 50 835
waxing e od cd b ¢ b* d 8 ¢ a d4° ab | .uh c 2

With 8.64 025 | 39 | 576 1.49 7.95 8.64 818 | 778 8.82 4.71 7.08 | 740 | 520 538
waxing u be ¢ «d F a a a ] a ] ¢ | ¢ de

* Values, within cach trait, with similar letters are not significantly different when compared by using the LSD values at 0.05 levels.
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