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INFLUENCE OF INTERMITTENT WARMING ON REDUCING
CHILLING INJURY AND KEEPING QUALITY OF "VALENCIA"

EXPORT ORANGES

El-Helaly, Amira A. E.
Hort. Res. Station, Sabahia, Alex., Hort. Res. INS., A.R.C. Giza, Egypt.

ABSTRACT

During 2004 and 2005 seasons, consignment of “Valencia” oranges was
obtained from citrus packinghouse before shipping to overseas markets. The fruits
were stored for up to 15 weeks al the following temperature regimes (a) Continuous
temperature at 5 °C (control), the remained fruits were subjected to intermittent
warming (IW) cycles of (b) 18 days[d] at 5°C + 36 hours[h] at 20°C; (c) 18 d at 5°C +
48h at 20°C; (d) 18d at 5°C + 60h at 20°C; {e) 18d at 5°C + 72h at 20°C; {f) 13d at
5°C + 24h at 20°C; (g} 6d at 5°C + 12h at 20°C and (h) 6d at 5°C + 24h at 20°C, with
RH 85-90%. All fruits then were held at 20°C with RH 80-90% for one week to
simulate retial marketing.

The results indicated that, in both experimental seasons, as the storage period
advanced, the percentages of unmarketable fruits, weight loss, total soluble solids
(TSS) and TSS: acid ratio were significantly increased. Meanwhile, the percemages of
titratable acidity (TA), fruit juice (%) and values of ascorbic acid (V.C) significantly
decreased, as an average for all treatments. The highest significant unmarketable
(%) existed in fruits stored continuously at 5°C (control) (37.22 and 33.33% in first and
second season, respectively), compared with those in oranges freated with W
freatments (9.44- 24.44% in first season and 10.55 - 27.22% in the second), as an
average for all storage periods. In addition, during the following shelf life period, those
percentages were significantly decreased from 90% in both seasons in fruits stored
continuously at 5°C to 46.66 -73.33% and 40.00- 73.33% in first and second
seasons, respectively in ones treated with intermittent warming treatments. Moreover,
IW had a great effect on decreasing fruit weight loss percentages.

The effectiveness of IW treatments on improving physical properties, was not
clearly noticed on chemical ones such as TSS, TA, fruit juice (%), TSS: TA and V.C
content. In spite of the efficiency of IW on TA was not clearly obvious, it was found
that fruits reated with long cycle IW treatments (b),(c), (d) and {e) showed highest
percentages followed by medium cne (f) then those of short cycles (g) and (h).

The best IW treatment was (g) (6d at 5°C + 12h at 20°C) as the most clear
reduction in unmarketable fruits (%)associated with that treatment especiaily during
storage period, while the worst one was (f) (13 d at 5°C + 24h at 20°C) whereas the
rest of IW treatments showed medium effects. Generally, there were no significant
differences among long cycles intermittent warming treatments (b), {c), {d} and {e) on
reducing the percentages of unmarketable fruits and weight loss. Also between short
cycles IW treatments (g) and (h) on reducing weight loss.

Keywords: “Valencia” orange fruits, storage, intermittent warming and chilling injury.
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INTRODUCTION

Egypt is considered as one of the most important producers of citrus

fruits. The total area nearly 327838 feddans produced 2887599 tons of fruits. .

Valencia oranges occupied 47953 feddans representing 14.627% of the total
citrus fruit area and their production reached 437165 tons (According to
statistics of Ministry of Agriculture, 2008).

More efforts are recommended to raise the export potential of the
exsisting markets, beside opening new international markets for the export of’
the local citrus fruit production. In order to achieve these goals, more
attention should be directed to solve problems facing production, handling
and marketing processes.

Egypt “Valencia" oranges are often exported between February and
May. After discharge from packinghouse, fruits are placed in refrigerated
containers (4-6°C) and shipped to overseas markets in countries such as
Saudi Arabia, Arab Gulf, Middle East, iran, Europe, Far East, Russia, Kenya,
Sengal and Australia. Because of transportation and custom conditions, the
fruits remain almost § days before shipping, besides the long journey may
take about a month. On arrival, fruits remain again for inspection.

Chilling injury (CI) is a serious problem on long-term storage of
export “Valencia" oranges. Investigations with various horticultural crops have
shown periodic interruption of cold storage by fruit exposure to short periods
of warming, to prevent or reduce C| development and maintain fruit quality for
longer period, (Wang, 1993). “Thompson Navel” oranges indicated
significantly lower Cl and respiratory rates when stored under temperature
cycies, rather than under constant temperature, {(Arras and Usai, 1992).
Several techniques have been applied to alleviate Cl in lemons stored for 2-6
months in relative humidity > 90%. These techniques include using moderate
temperatures {~13), intermittent fruits warming during ¢old storage and some
chemicals. Reduction in decay and physiological disorders was best with two
cycles of 2 weeks at 2°C and 2 weeks at 13°C and relative humidity > 95%,
(Artes et al., 1993). IW delayed the onset of Cl of "Olinda" oranges fruits by
10 weeks when stored with cycles of 3 weeks at 3°C followed by 2 weeks at
15°C compared with continuous storage at 3°C (chilling temperature),
(Schirra and Cohen, 1999).

In connection with governmental strategies in the agricultural sector
for improvement of the Egyptian export oranges it is important to define
clearly the most effective intermittent warming treatment, during long-term
storage of "Valancia" oranges, on:

1- Reducing chilling injury and disorders.
2- Physical and chemical changes of fruits during cold storage.

MATERIAL AND METHODS

The present study was carried out during the two successive
seasons 2004 and 2005 using "Valencia" oranges. Fruits were obtained from
"Sonac” company in Damnhour, Behira Governorate, which is considered as
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the best citrus packinghouse of Egypt (accredited with both 1ISO 9002 and
- HACCP certificates). It's capacity is 80 tons of citrus fruits per hour, 25000
tons of "Valencia" oranges were exported per season.

In effective procedures, fruits were harvested from definite excellent
private orchards in Behera Govemorate. Most of the trees were about fifteen
years oid, budded on sour orange rootstock, planted in ¢lay soil at 5 x 5
‘meters apart and received the standard horticultural practices. Just as
oranges arrived at the citrus packinghouse, all treatments were done. Sound
fruits free from any visible biemishes or brusies were selected, treated with
fungicide (SOPP at 2% for 2 min), rinsed in water and soap, dried (40°-50°C
for 3-5 min), waxed (Citrosol wax emulsion containing T.B.Z and |.M.Z at
0.50% and 0.25%, respectively), dried again (40-50°C for 3-5 min)),
examined again, sized and finally packed in export cartons.

In the fourth week of April, in each of the experimental seasons, 49
small export cartons, 30 fruits each (10 fruits for each replicate) were taken.
One of them was used for an initial sample for physical parameters and
chemical analysis. The remaining cartons (48) were divided into 8 equal
groups (treatments), i.e each treatment was represented by 6 cartons (5 for
storage periods and one for shelf life). In other words, 6 storage periods x 3
replicates x 10 fruits = 180 fruits /each treatment. Each of these 8 groups was
treated with one of the following treatments:

(a) Fruits were stored continuously at 5°C (control)

Other remaining groups (7) were subjected to intermittent warming
cycles, ie., fruits stored at 5°C (for definite periods), followed by
subjection to warming at 20°C (for definite intervais) then returned to
storage at 5°C again as follows

{b) 18 days at 5°C + 36 hours at 20°C.

{c) 18 days at 5°C + 48 hours at 20°C.

(d) 18 days at 5°C + 60 hours at 20°C.

(e) 18 days at 5°C + 72 hours at 20°C.

{fi 13 days at 5°C + 24 hours at 20°C.

(g) 6 days at 5°C + 12 hours at 20°C.

{h) 6 days at 5°C + 24 hours at 20°C.

All fruits were stored at 85-90 % RH.

Fruits were kept as long as they were suitable for human
consumption and the percentage of unmarketable fruits didn't reach nearly
75%. In addition, at the end of storage, fruits were held one week for shelf life
at 20°C at 80-90% RH to simulate retail marketing. "Valencia" orange fruits
were evaluated at a 3 week-intervai throughout the storage period, to study
the effect of various treatments on:

A- Physical properties:

1- Unmarketable fruits (during storage and after one week of shelf iife), the
number of unmarketable fruits due to chilling injury, decay and shrinkage was
calculated as percentage from the total number of each sample.

2- Weight loss, as a percentage from the initial weight.

B- Chemical properties:

1- Total soluble solids (TSS), were determined using a hand refractometer.
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2- Titratable acidity (TA), was determined by titration against 0.1 N sodium
hydroxide, according to the A.O.A.C. (1985). )

3- TS8S/ TA ratio.

4-  Fruit juice, it's weight was calculated as a percentage from the fruit weight (wiw).

5- Ascorbic acid (V.C), was determined by fitration against 2.6 dichlorophenol
indophenol blue dye, according to the AO.AC. (1985).

All data were statistically analyzed according to Snedecor and
Cochran (1971). The design was completely randomized with two factors
experiment, treatments and storage periods, (split in time). The L.S.D method
at (0.05) was used to compare the average of treatments (T), storage periods
(P) and their interaction (TXP).

RESULTS AND DISCUSSION

A- Physical Properties
1- Unmarketable fruits:
1.1. During storage

The data nominated in Table (1) declared that, in both seasons of
study, there was a gradual increase in the percentages of unmarketable fruits
with the progress of storage period. As an average for all experimental
treatments, the differences were significant among all storage periods, except
between the first and second ones. This could be due to fruit shrinkage as a
result of moisture loss; fruit chilling injury, fungal attack of the fruits such as
green and blue molds and Alternaria rot and fruit senescence and
consequently rapid deterioration of the fruits. These findings agreed with
those obtained by Bertolini ef al. (1991) on "Femminello comune lemons".
Also Saltveit and Morris (1990) reported that Cl generally results from
exposure of tropical or subtropical plants te temperature bellow 10-15°C.

The data also revealed that, in both seasons, as an average for the
whole storage period, the fruits continuously stored at 5°C had higher
significant percentages of unmarketable fruits (37.222 and 33.333% in first
and second seasons, respectively) than those treated with IW treatments
(9.444 - 24444 and 10.556 - 27.222% in first and second seasons,
respectively).

Reduction of unmarketable fruits by intermittent warming treatments
supported the hypothesis that IW maintains cellular membrane integrity as
the pectinesterase activity was lower in intermittently warmed fruits than in
ones continuously stored at chilling temperatures, which resulted in reducing
Cl and keeping fruit quality. The above mentioned data and the related
discussion were in accordance with those found by Arras and Usai (1992) on
"Thormpson Navel" oranges, Artes ef al/, (1993) on "Primofiori" lemons,
Schirra and Mulas (1995) on "Fortune" mandarin, Schirra and Cohen (1999)
on "Olinda" oranges and Artes ef a/. (1999)on peaches.

Regarding IW treatments, the least significant percentages of
unmarketable fruits were found in those treated with IW treatment (g) (6d at
5°C + 12h at 20°C) as an average for the whole storage period.
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On the contrary, the highest ones were existed in fruits treated with treatment
(f) (13d at 5 °C + 24h at 20°C). No significant differences were detected.
among unmarketable fruits (%) of those treated with the long cycle IW
treatrments (18d at 5°C plus any hours at 20°C) except, treatment (d) (in
second season only) as the differences were significant. ,

The superiority of IW treatment (g) (6d at 5°C + 12h at 20°C) on
reducing unmarketable fruits (%) was in harmony with those previously found
by Arras and Usai (1991) on "Murcott" mandarins, EI-Shiekh (2002) and EI-
Hefnawi (2002) on "Balady” limes.
1.2 After one week of shelf life

The data presented in Table (2) clearly showed that, fruits stored
continuously at 5°C gave the highest significant percentages of unmarketable
fruits after one week of shelf life (90.000% in both seasons) compared with
those treated with IW treatments (46.667-73.333% and 40.000-73.333% in
first and second season, respectively) except the treatment (f) (13 d at 5°C +
24h at 20°C) (in first season) as the differences were not significant.

Concerning IW treatments, the treatments (f) (13d at 5°C + 24h at
20°C) showed the highest percentages of unmarketable fruits (73.333% in
both seasons) compared with other treatments. However, the differences
were not significant between those values and others of treatments (b), (c)
ana (e) (in first season) and (b) and {(h) (in second one). On the other side,
the least significant unmarketable fruits (%) were existed in ones of treatment
(g) {6d at 5°C + 12h at 20°C) (46.667 and 40.000% in first and second
season, respectively), except those of treatments (b}, {c), (d) and (h) in first
season and (c), {d) and (e) in second one as the differences were not
significant. The above mentioned results were in line those obtained by Arras
and Usai {1992) on "Thompson Navel" oranges.

Table (2): Effect of intermittent warmming treatments on the percentage of
unmarketable "Valencia” orange fruits after one week of sheff life.

One week of shelf life after cold
intermittent warming treatments storage period
First season Second season
(a) Continuous storage at 5°C 90.000 90.000
{b) 18 d at 5°C + 36 h at 20°C. 60.000 70.000
(c)18d at 5°C + 48 h at 20°C. 60.000 50.000
(d) 18 d at 5°C + 60 h at 20°C. 50.000 43,333
{(e}18dat5°C+72hat20°C. 70.000 50.000
{f) 13d at 5°C + 24 h at 20°C. 73.333 73.333
|_{g)6dat5°C +12 b at 20°C. 46.667 40.000
(hy6dat5°C + 24 h at 20°C. 50.000 60.000
L.S.D 0.05 18.016 14.568
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2. Weight loss

The data illustrated in Table (3) showed that the percentages of
weight loss were significantly increased as the storage period advanced. As
an average for all storage periods, the highest significant percentages of
weight loss were found in fruits continuously stored at 5°C (8.277 and
8.469%) compared with those treated with intermittent warming treatments
- (5.571-7.154 and 5.291-7.498% in first and second seasons, respectively).
The reduction in weight loss by using intermittent warming treatments was
confirmed by those obtained by Tugwell and Chvyl (1995) and El-Hefnawi
{(2002).

In respect to intermittent warming treatments, the data indicated that,
as an average of all storage periods, treatment (f) (13d at 5°C + 24h at 20°C)
showed the highest significant percentages of weight loss compared with
other IW treatments, except (c), {g) and (h) ones (in first season) as the
differences were not significant. On the other side, treatment (d) (18d at 5°C
+ B0h at 20°C) displayed the least significant weight loss (%) nevertheless
treatments (b) and (&) (in first season only) almost showed the same values
as the differences were not significant.

The data also showed that, as an average for all storage periods, no
significant differences were detected among weight loss percentages of fruits
treated with long cycles IW treatments (18d at 5°C plus any hours at 20°C)
except treatments (c) in the first season and (d) in the second. The same
trend was also noticed concerning short cycles IW treatments (6d at 5°C + 12
or 24h at 20°C), as the differences were also not significant between them in
both seasons.

B. Chemical Properties
1. Total soluble solids (TSS)

The data presented in Table (4) showed that the percentages of TSS,
as an average for experimental treatments, generally increased with the
progress of storage time, in both years of study.

As an average for all storage periods, fruits stored continuously at
5°C generally had higher TSS percentages than those of fruits treated with
IW treatments. However, the differences were not significant except ones
treated with long cycles 1W treatments {(b}, (¢}, {d) and (e)} in first season
only. No significant differences were also noticed among TSS percentages of
all W treatments in both experimental seasons except treatment (h) in first
one.

It can be noticed that TSS percentages was not greatly affected by IW
treatments. These findings were supported by those reported by Artes et al (1993)
on "Primofiori” lemons and Schira and Cohen (1999} on "Olinda" oranges. In
addition Kluge et al. (1996) recorded that IW had no effect on total soluble solids in
peach fruits. However, the results were not in line with the findings of Ei-Shiekh
(2002) and El-Hefnawi (2002) on "Balady” limes, they noficed that TSS increased
with {W freatments.
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2, Titratable acidity (TA)
The data obtained in Table (5) showed that, as an average for alt
treatments, the initial citric acid percentages significantly decreased from 0.862 to
0.730% and from 0.887 to 0.719% in first and second seasons, respectively, at the
end of storage period (15 weeks). This reduction could be explained, as the citric
acid is a respiratory substrate and its consumption in respiration increases with the
progress of storage period and resulted in obyserved decrease. The reduction in
acidity with the advanced of storage time was previously reported by El-Zayat et af. -
{1998) on lime fruits and E-Wahab (2000) on *Washington Navel’ orange. '

In both experimental seasons, as an average of all storage penods
the least significant percentages of citric acid were existed in fruits treated
with short cycle IW treatment (h) (6d at 5°C + 24h at 20°C) compared with
those of all other treatments, except ones stored continuously at 5°C (in first
season). The data also indicated that no significant differences were found
among citric acid percentages of fruits treated with long cycle IW treatments
(b), (c) and (d).

In spite of the effectiveness of IW treatments on values of citric acid
was not clearly obvious generaily, it could be noticed that, fruits treated with
long cycle W treatments (b), (c), (d) or (e) showed highest percentages of
citric acid followed by medium one treatment (f) then those of short cycles
treatments (g) or (h).

The obtained results are in harmony with those reported by Artes et
al. (1993) on "Primofiori" lemons and Schirra and Cohen (1999} on "Olinda”
oranges. Moreover, Kiuge et a/. (1996) found that IW had no effect on total
titratable acidity in peach fruits. However, El-Hefnawi (2002) on "Balady"
limes reported that, the IW treatments showed significant decrease in juice
total acidity compared with the constant temperature in first experimental
season. While, Ei-Sheikh (2002} on "Balady" limes found that fruit acidity
increased as a result of the intermittent warming treatments in both seasons
of study.
3.TSS: TA ratio

The data demonstrated in Table (6) revealed that in both years of
study as an average for all treatments, the initial TSS: acid ratios significantly
increased from 12.083 to 15.066 and from 11.640 to 15.343 in first and
second seasons, respectively, at the end of storage time.

In both experimental seasons, as an average for all storage periods
the highest significant TSS: acid ratios were found in ones treated with IW
treatment (h) (6d at 5°C + 24h at 20°C) compared with those of all other
treatments. These results were supported by those found by EI-Shiekh (2002)
on "Balady" limes. The data also showed that, no significant differences were
detected among TSS: acid ratios of fruits treated with fong cycles W
treatments (b}, (c), (d) and (e), except last one (e} in first season. Generally,
those values were significantly lower than ones treated with short cycles (g)
or (h).

It seems quiet clear that, TSS: TA ratio did not greatly influenced by
IW treatments. The obtained results were in line with those found by Schirra
and Cohen (1999) on "Olinda" oranges.
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4.Fruit juice: '

. The data introduced in Table (7) showed that, in both seasons, as an
. average for all treatments, the initial juice percentages were decreased
" significantly at the end of storage period. The results were confirmed with
" those found on “Balady" limes by El-Hefnawi (2002).

As an average for all storage periods, no significant differences were
 existed between juice percentages of fruits stored continuously at 5°C and
_those of oranges treated with all IW treatments, , except treatment (f)(in
second seasons) as the differences were significant. Regarding W
treatments, it could be mentioned that, no significant differences were
detected among juice percentages of all treatments in first season and the
same trend almost showed in second one.

The inefficient of IW treatments on juice percentages was previously
noticed by El-Hefnawy (2002) in first season. Moreover, El-Shiekh (2002)
reported that no significant differences were noticed in limes fruit juice
content as affected by the different IW treatments in both experimental
seasons.
5.Ascorbic acid (V.C):

The data introduced in Table (8) recorded that in both years of study,
as an average for all treatments, the initial vaiues of V.C decreased
significantly at the end of storage period. Similary El-Shiekh (2002) and El-
Hefnawi (2002) found that significant reduction in V.C content was with the
advanced in cold storage period. However, Artes ef al. (1993) found that the
concentration of ascorbic acid was increased.

In first season, no significant differences were found between V.C
values in juice of fruits stored continuously at 5°C and those of ones treated
with IW treatments, as an average for all storage periods, except (c), (e) and
(g) treatments as the differences were significant. In addition, the V.C vaiues
of those treatments {(c}, (e) and (g)} were significantly lower than ones of ail
other treatments. Meanwhile in second season no significant differences
were existed among V.C values of all experimental treatments.

It could be concluded that, IW treatments almost had no effect on
V.C content. Similarly Arras and Usai (1992) found that V.C values of
"Thompson Navel" oranges generally proved to be little affected by different
cold-storage temperature cycles compared with those of fruits stored at a
constant storage temperature 6°C. However, El-Hefnawi (2002) on limes
recorded significant increase in second season and reduction in first one in
V.C values of IW treatments compared with the constant one.
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