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~ ABSTRACT
The effect of the interaction between hot water temperatures
(20, 40, 50, 60, 70 or 80°C) and dipping time (0.5, 1, 2, 3 or 4
- minutes) on peel scalding of ‘Washington navel’ oranges were
studied. At all tested dipping periods, peel scalding was not
developed when the fruits were immersed in water at 20°C or
40°C, Water-dip for 0.5 — 2 min at 50°C also considered to be
completely safe to the fruits. Extending the dip period more than
2min resulted in slight peel scalding. On the other hand, water
temperature at 60°C or above resulted in variable degrees of peel
scalding. The severity of this scald was positively related to water
temperature and dipping time. :
In another experiment, 2min. dlp treatment in warm water_.
or in 2% CaCl, solution, both at 20, 40 and 50°C were evaluaied
for their effect on shelf life and physiological disorders of
‘Washington navel’ oranges during cold storage. Both heaicd
liquids at higher temperatures, in particular 50°C, were efficient in
decreasing the loss of fruit weight as well as both chilling injury
and decay symptoms. Most observed decay was due to green mold
(Penicillium sp.) and anthracnose (Colletotrichum sp.). Heated .
solution of calcium chloride was also found more efficient than
heated water, in this respect. However, in comparable to control
fruits (dipped in 20°C water), all treatments had no effect on juice
contents of TSS, total acidity and TSS/acid ratio. Vitamin C was
negatively affected with raising the temperature of water. Heated
calcium chloride solution at 40 or 50°C was effective in alleviating
the adverse effects of hot water alone on vitamin C.
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Prestorage 2 min dip-treatment of heated calcium chloride
solution at S0°C appears to be a promising method of chilling
injury and decay control for '"Washington navel' oranges during
cold storage without negative effects on fruit quality.

INTRODUCTION

" Citrus is considered one of the most important fruit crops-all
over the world. It ranks the third position between fruit crops and only
preceded with grapes and apples. Egypt produces substantial
quantities of citrus fruits, in particular oranges. It is the seventh
country after US, Brazil, Italy, Spain, Mexico and India in the world's
orange production (Kale and Adsule, 1995). Because of the nutrition-
conscious consuming public and the natural distinctive flavor of citrus,
the demand for fresh citrus fruits and citrus products has increased and
is likely to increase further. Furthermore, worldwide marketing and
shipment of production have increased the requirement for
maintaining fruit quality throughout extended shipping and storage
durations. Moreover, citrus fruits, like other fruits, are seasonal, with
the result they are available in plenty during certain months of the year
and cannot be had in other months, Therefore, using the optimum
storage methods of citrus fruits, particularly cold storage, assumes
great significance (Kale and Adsule, 1995). _

Storing of citrus fruits under low temperature degrees may
present environmental conditions of stress for fruit as visible signs of
chilling injury (CI). The most common physiological disorder in citrus
fruits held below a critical threshold temperature is CI (Grierson,
1986). Who has been described the common symptoms of CI as
surface pitting, discoloration of the skin or water-soaked area of the
rind. These symptoms become more noticeable when the fruits are
transferred from chilling to non-chilling temperatures. Chilling injury
is also associated with increased incidence of surface mold and decay
(Kader, 2002).

The goal of postharvest storage regimes for fresh fruit
distribution is to create a set of conditions conducive to extending
shelf life ‘while reducing or eliminating conditions deleterious to
consumer appeal. Postharvest physiologists have extensively studied
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postharvest treatments to identify optimal conditions for the retention
of fruit quality, enabling these fruit to be shipped to distant markets.

For years, heat treatment has been tested and used on various
fresh horticultural commodities as a non-chemical method of reducing
postharvest diseases, insects, and physiological disorders such as
chilling injury (Couey, 1989; Barkai-Golan and Phillips, 1991 and
Jacobi et al., 2001). In citrus, the increasing demand for fruit with less
or no synthetic fungicide residues has led to the development and
increased use of hot water (HW) treatments (Wild and Hood, 1989 and
Smilanick et al., 1995).

When fruits are exposed to high temperatures, there is potential
risk of injury. Symptoms of heat injury (HI) can be external (i.e., peel
scalding, pitting, etc.) or internal (i.e., softening, discoloration, tissue
disintegration, off-flavors, etc.) (Lurie, 1998). The severity of these HI
is related to HW temperature and duration of treatment, implying fruit
tolerance of higher temperatures may be possible with short treatment
times. :

Heated solutions of compounds generally recognized as safe like
sulfur dioxide and sodium carbonate have been found to be efficient
more than hot water in controlling green mold in citrus (Smilanick et
al., 1995). Also, calcium-dip treatment may have a great role in
retarding the microbial contamination (Luna-Guzman et al, 1999). A
combination of heat treatment followed by calcium dip has also been
applied for the primary purpose of controlling postharvest pests and/or
diseases and has been found to have very good resuits in maintaining
or improving the quality of apples during storage (Lurie and Klein,
1992; Conway et al., 1994).

Accordingly, the intent of this study was to assess the effects of a
biotic postharvest stress such as hot water or heated solution of
calcium chloride on shelf life of ‘Washington navel’ oranges during
cold storage. Three important questions were kept into conceptions
before the start of this experiment:

1- What are the maximum hot water temperature and dip duration that
had no heat injury effect on "Washington navel' oranges.

2- Could the suitable hot water treatment, according to the previous
question, be effective in maintaining the shelf life of "Washington
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navel' oranges during cold storage by controlling chilling injury and
decay problems?

3- Could heated solution of calcium chloride be effective in giving
better results concerning the shelf life of 'Washington navel' oranges
than hot water alone?

MATERIALS AND METHODS

Fruits of Washington navel oranges were harvested in mid
January in 2004, 2005 and 2006 seasons from a private orchard
located at Agaa region, Dakahlia Governorate. The fruits were
harvested in the early morning and received their respective treatments
following day. Two separate experiments were conducted, first in
2004 and second in 2005 and 2006 seasons.

First experiment:

" This experiment was mainly aimed to find the maximum hot
water temperature and dipping duration time which had no harmful
effects on orange fruits, i.e. representing no peel scalding.

Harvested fruits were dipped in a controlled hot water at 20
(Control), 40, 50, 60, 70 or 80°C for 0.5, 1, 2, 3 or 4 minutes. Water
temperature was adjusted by gradual thermometer (0.0-80.0°C). Fruits
were air dried, packed in sealed polyethylene bags and stored under
room temperature 16- 19°C for 15 days. Each treatment included three
replicates of 20 fruits each. At the end of storage period, fruits were
evaluated concerning their peel scalding by counting the fruit showing
any scald and the percentage of peel scalding was calculated from the
total number of fruits in ecach replicate. Also, the severity of peel
scalding on the fruit surface was evaluated on each scalded fruit and
expressed on a 1 to 4 scale where 1= Low (about 25% of fruit
surface), 2= Moderate (about 50% of fruit surface), 3= High (about
75% of fruit surface) and 4 = Severe (about 100% of fruit surface).
The average peel scalding percentage on fruit surface was calculated
from the following equation:

Peel scalding (% of fruit surface) = (SI)I +(82)2 + (83)3 + (S4)4

4
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Sl = Number of fruits in scale 1 X 100
Total number of scalded fruits

Second experiment:

Some fruit samples were randomly selected before the start of
treatments to perform some chemical characters of ‘Washington
navel’ oranges at harvest. The recorded data were represented in
Tab.1. '

Tab.1: Some chemical constituents of ‘Washington navel’ orange
fruits at picking time, January of 2005 and 2006.

Character 2005 2006
TSS (%) i1.6 12.0
Total acidity (%) 1.280 1.344
TSS /acid ratio 9.1 8.9

Ascorbic acid (mg /100g juice) 58.3 56.2

All safe hot water temperatures on ‘Washington navel’ oranges
those were discovered in the previous experiment were used in this
experiment for study their effects with or without calcium chloride on
shelf life and physiological disorders on the fruits during storage.

Therefore, the harvested fruits were immersed for 2 minutes in
ong of the following solutions:

1- Water at 20°C (control)

2- CaCl, solution (2%) at 20°C

3- Hot water at 40°C

4- Heated solution of CaCl, (2%) at 40°C
5- Hot water at 50°C

6- Heated solution of CaCl, (2%) at 50°C

Fruits were air dried, weighed, packed in sealed polyethylene
bags and stored at 5°C in the refrigerator for two months. Each
treatment included three replicates of 20 fruits each.

At the end of storage period, fruits were transferred to non-
chilling conditions under room temperature for 3 days before the
following determinations were carried out:
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e Fruit weight loss percentage

e Chilling injury index: Chilling injury was identified by signs of
surface pitting, discoloration of the skin or water-soaked arca of
the rind (Grierson, 1986). Chilling injury severity was rated from 0
to 3 (0-none, 1-slight, 2-moderate and 3-severe). The number of
fruits in each rating was multiplied by its corresponding rating
number and the sum of these products was divided by the total
number of fruit in the replicate to give the average CI severity for
that replicate according to Pesis et al., (2000).

Clindex = Injury level x Number of fruits at the level

Total number of fruits in the replicate

e Total decay %: The total percentage of fruit with any visible decay
was recorded after one month of storage and again at the end of
storage period (2 months). Decayed fruits in the first check were
removed before placing the fruit back into storage. The type of
decay occurring on each fruit was visually identified as green mold
(Penicillium sp.) and anthracnose (Colletotrichum sp.) according to
the descriptions of Eckert and Brown (1986).

* Total soluble solids and total acidity (as g citric acid /100g juice)
percentages. TSS /acid ratio was also calculated.

¢ Vitamin C (mg ascorbic acid /100g juice) as outlined in A.O.A.C.
(1985).

Both experiments were set in a completely randomized design
with three replicates. All the obtained data were tabulated, illustrated
in figures and statistically analyzed according to the procedure of
Gomez and Gomez (1984) The Duncan's multiple range test was used
to distinguish significant differences between means.

RESULTS AND DISCUSSION
The effect of hot water treatments on peel scalding
As shown in Figs. 1 and 2, fruits of "Washington navel' orange
dipped in 20°C (control) or 40°C water for 0.5, 1, 2, 3 or 4min. did not
develop any peel scalding. Using 50°C water as dip-treatment for 0.5,
1 and 2min. was found also to be completely safe on the fruits.
However, extending the dip duration period of the previous treatment
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more than 2min. resulted in little peel scald whether as percent of fruit
scalded or percent of fruit surface. Moreover, raising hot water
temperature to 60°C, 70°C or 80°C for all tested dip-times caused
different degrees of peel scalding. The severity of this injury increased
gradually with increasing time of dipping. About 7, 25, 57, 80 or
100% of the fruits dipped in 60°C water for 0.5, 1, 2, 3 or 4min,,
respectively, developed pee! scalding on fruit surface ranged from low
(25%) to high (80%), according to the dip duration period. The worst
results were obtained when hot water temperature rose up to 70 or
80°C. All tested fruits (100%) represented peel scalding of either
moderate — severe level when they dipped in 70°C for 2-4 min. or
completely severe with 80°C for 1-4 min.

According to the previous findings, the safe hot water treatment
of maximum temperature on 'Washington navel' oranges, which
represented no peel scalding, was 50°C for 2min.

In agreement with the present study, the previous studies have
shown that peel scalding of citrus fruits was positively related to hot
water temperature and time of dipping (Wild and Hood, 1989 on
'"Valencia' oranges and Gonzalez-Aguilar et al., 1997 on Fortune'
mandarins). Ritenour et al., (2003) studied the time and temperature
interactions for peel scalding in grapefruit. They found that fruits
dipped in water at 56 °C for 120 s, 59 °C for 20-120 s or 62 °C for 10-
120 s developed significant peel scalding after 33 days in storage at 10
°C. Hot water dips at 62 °C for 60 or 120 s resulted in 100% peel
scalding. Also, heat treatment at 59 °C for 180 s resulted in severe
peel scalding of grapefruit (over 77% of the fruit surface). Schirra and
D’hallewin (1997) dipped 'Fortune' mandarins in HW at 54, 56 or 58
°C for 3 min and found the scalding incidence was 10%, 70%, or
100%, respectively, after 33 days in storage. Also, dipping ‘Tarocco’
oranges in 53 °C water for 3 min caused little peel scald (Schirra
etal., 1997).
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Fig.1: Peel scalding level on fruit surface of ‘Washington navel’ oranges as
influenced by hot water dip temperatures and treatment duration.
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Fig.2: Peel scalding percentage of ‘Washington navel’ oranges as
influenced by hot water dip temperatures and treatment
duration.
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The effect of hot water and calcium chloride treatments on shelf
life of fruits during cold storage
a: The effect on fruit weight loss

Control fruits (dipped in 20°C water for 2 min.) lost greater
amount of moisture than all other treatments (Tables 2 and 3). In other
words, both hot water and calcium chiloride solution (2%) treatments
significantly reduced the loss of fruit weight during cold storage as
compared with the control. In comparison with hot water treatments
(40 or 50°C for 2 min.), heated solution of calcium chloride at similar
temperatures and duration period was found to be efficient in this
respect. Raising the temperature of water or calcium chloride solution
from 40 to 50°C was of great significance in reducing fruit weight loss
percentage during storage. The best results in this regard were
obtained when fruits were dipped in calcium chloride solution at 50°C
for 2min. Similar findings were found in both seasons.

Weight loss is a consequence of fruit dehydration due to changes
in surface transfer resistance to water vapour, in respiration rate, and
the occurrence of small fissures connecting the internal and external
atmospheres (Woods, 1990). Heat treatment causes the redistribution
of natural epicuticular wax on the fruit surface and closes many
microscopic cuticular cracks (Rodov er al., 1996). This couild be the
reason for better maintenance of moisture and lower weight loss in
heat-treated orange fruits. Also, calcium dip applications have shown
to be effective in terms of membrane functionality and integrity
maintenance, with lower losses of phospholipids and proteins and
reduced ion leakage (Lester and Grusak, 1999), which could be
responsible for the lower weight loss found in calcium-treated fruits
(Serrano et al., 2004).

b- The effect on fruit characters

Slight increase in TSS and TS8S/acid ratio and decrease in
acidity and vitamin C of the fruit during storage were observed in all
treatments when compared with the values at harvest (Tables 2 and 3).
Also, there were no significant differences in total acidity and
TSS/acid ratio due to treatments in both seasons. Heated solution of
calcium chloride at 40 or 50°C caused a significant decrease in TSS,
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only in the first experimental season. Other treatments had no effect
on TSS, in both seasons. Hot water treatments at 40 or 50°C resulted
in a significant loss in fruits content of vitamin C compared with the
control treatment. It seemed also that calcium chloride counteracted
the negative effect of hot water in this regard. Heated solution of
calcium chloride at 40 or 50°C maintained the loss of vitamin C and
gave nearly similar values to that of comtrot fruits.

As orange is a non-climacteric fruit with a low respiration rate,
loss in acids with ongoing storage period was expected. The observed
slight increase in TSS after storage is mainly due to the loss of fruit
moisture, which in turn led to concentrating of sugars. Dhalla and
Hanson (1988) and Koksal (1989) also reported a gradual decrease in
the vitamin C content during prolong storage of climacteric and non-
climacteric fruits, respectively.

The obtained results concerning the effect of hot water on
chemical quality of the fruits are in agreement with those obtained by
Schirra and D’hallewin (1997) on 'Fortune' mandarins. They found
that TSS and titratable acidity did not show much difference between
the untreated and the heat-treated (50, 54, 56 and 58 °C for 3 min)
fruit. Similar trend was also disclosed by Schirra et al., (1997) on
‘Tarocco’ oranges and Porat et al., (2000) on ‘Minneola’ tangerines,
‘Shamouti’ oranges and ‘Star Ruby’ red grapefruit.

Also, Ei-Hilali et al., (2004) reported that preharvest spray of
calcium on 'Fortune' mandarin trees did not alter both TSS and
TSS/acid ratio after proiong cold storage. The combined application of
calcium and heat treatment was benefit in terms of prolonging
storability and malntammg fruit quality of apples (Conway et al.,
1994),
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Table 2: Effect of prestorage hot water and calcium chloride dip
treatments on some chemical characters of ‘Washington
navel’ oranges after two months of cold storage in 2005

year. _
Weight TSS TA TSS/ Ascorbic
loss (%) (%) acid acid (mg

(%) ratio | /100g juice)

Control (20°C) | 5.8a | 12.6a | 1.124a | 11.2a | 523ab

CaCl; (20°C)_ 3.8b | 124a | 1.105a | 11.2a 5341

HW (40°C) 38b | 126a | 1.105a | 11.4a 48.2 ¢
H-CaCl, (40°C) | 22d | 11.6b | 1.047a | 1l.1a 51.7 ab
HW (50°C) 30c | 124a | 1.105a | 112a 46.5 ¢

H-CaCL (50°C) lde 114b | 1.047a | 109a S0.4b

Means of the same letter in each column are not significantly
different (p=0.05%). '

Table 3: Effect of prestorage hot water and calcium chioride dip
treatments on some chemical characters of ‘Washington
navel’ oranges after two months of cold storage in 2006

year. _
Weight TSS TA - TSS/ Ascorbic acid
loss (%) (%) acid (mg /100g juice)
(%) ratio
Control 20°0) 6.7a 12.8 a 1.152 a 11.1a 50.6a
CaCl; 20°C) 48b | 12.6a | 1.152a | 109a 504 a
HW (40°C) 51b 12.6a | 1.152a | 10.9a 458 b
H-CaCl, (40°C) 238d 1222 | 1.088a | 11.2a |  502a
HW (50°C) 4.0¢ 124a | 1.109a | 11.2a 42.2¢
H-CaClL (50°C) 1.8e 122a | 1.088a | 11.2a 488 a

Means of the same letter in each column are not significantly
different (p=0.05%).

c- The effect on chilling injury and postharvest decays of the fruits

'Washington navel' orange fruits dipped for 2 min. in either hot
water at 40 and 50°C or 2% calcium chloride solution at 20, 40 and
50°C developed significantly less chilling injury and decay symptoms
than those of control fruits (dipped for 2 min. in water at 20°C) (Figs 3
and 4). Raising the temperature degree of tested solution was
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associated with reduction in both CI and decay symptoms. Heated
solution of calcium chloride was more efficient than heated water, in
this respect. The best results were obtained when fruits were dipped
for 2 min. in 2% heated solution of CaCl, at 50°C, in both scasons.
Fruits receiving the previous treatment did not show any decays
symptoms in the first season of the experiment. Most decay was due to
green mold (Penicillium sp.) and anthracnose (Colletotrichum sp.). A
single fruit may exhibit both types of fungus.

‘The effect of hot water or calcium chloride treatments either
alone or in combination in controlling chilling injury symptoms of
'Washington navel' orange after 2 months of cold storage may be
attributed to their positive effect in decreasing fruit weight loss. Purvis
(1984) correlated higher weight loss during storage with chilling
injury development in citrus fruits. Cohen et al., (1994) used weight
loss as an early indicator of chilling injury.

3.5

34

32005 W2006

2.5

CI index

Con.l (20C} CaCl2(20C) HW (40C) B-CaC12 HW (50C) H-CaCl2
(40C) (S0C)

Treatments

Fig.3: Chilling injury index of ‘Washington navel’ oranges after two
months of cold storage as influenced by prestorage hot water
and calcium chloride dip treatments in 2005 and 2006 years.
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Fig.4: Total decay percentage of ‘Washington navel’ oranges after two
months of cold storage as influenced by prestorage hot water
and calcium chloride dip treatments in 2005 and 2006 years.

Serrano et al., (1998) reported also that chilling injury stress was
associated with a great increase in conjugated-soluble and cell wall-
bound putrescine (Put) and free spermidine (Spd) during storage.
However, the increases in these polyamines were significantly lower
in fruits that were previously treated with either calcium or heat
treatment (Serrano et al., 2004), which could indicate a protective
effect of these treatments against this stress.

The obtained results are in agreement with those of Wang (1994)
and Gonzalez-Aguilar et al., (1997). They reported that exogenous
application of calcium chloride or hot water dips have been found
successful in reducing chilling injury stress of squash or mandarin,
respectively.

The main effect of the combined application of calcium and heat
treatment was a net increase in fruit firmness (Serrano et al., 2004).
Since one of the main effects of both treatments is inducing a greater
resistance to pathogen attack. The diffusion of calcium ions into the
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tissue increases at higher dip temperatures (Luna-Guzman et al, 1999).

They also suggested that prestorage dip treatment of calcium chloride

may cffectively retarded the microbial contamination of fruits during

storage especially when dip temperatures increased.

Hot water treatment is efficient in preventing growth of surface
decay organisms, and cleanses fruit surface during treatment (Shellie
and Mangan, 2000). Heat treatments may also have an indirect effect
on decay development by inducing anti-fungal substances within the
commodity that inhibit fungal development or by promoting the
healing of wounds on the commodity (Schirra ef al., 2000). They also
added that heat treatments enhanced wound healing by promoting the
synthesis of lignin-like compounds and these compounds act as
physical barriers to the penetration of pathogens. Short duration, hot
water dip treatments appear to be a promising method to control
postharvest decay in citrus (Rodov et al, 1995). Also, calcium
chloride possess antimicrobial activity and has been demonstrated to
control postharvest decays of fruits efficiently (Conway et al., 1991).
A combination of heat treatment and calcium dip has also been
applied for the primary purpose of controlling postharvest diseases of
apples (Conway et al., 1994).
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