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Abstract
Oranges were kept at ambient condition (20 ± 2oC), 2oC, 6oC and 10oC for 0, 15, 30, 45 and 60
days, respectively. Mean percent difference in each interval was calculated and analyzed. Highest
decease in ascorbic acid content (1.24 mg/100 ml) was observed at 60 days in room temperature
followed significantly (0.68 mg/100 ml) at 2oC in same storage period whereas lowest reduction
of .02 mg/100 ml was witnessed in zero storage period plus SMT (SMT stands for What?) at 2oC.
The highest reduction in acidity (0.47 %) was recorded at room temperature after 60 days storage
significantly followed by (0.42% ) at 2 oC in same storage period while it was lowest (0.03 %)
at 2oC in zero storage duration with additional 72 hours of SM (?) followed non-significantly (0.04
%) in room temperature having same storage period. The mean percent reduction in acidity was
more at higher temperatures during storage whereas the percent acidity reduction was more at
lower storage temperatures during shelf life of sweet orange fruits. The highest decline in acidity
in sweet orange fruits stored at 2oC after 72 hours of simulated marketing is a manifestation of the
chilling injury. It was observed that in cold storage conditions the oranges could be kept for 45
days. Beyond this, the quality deteriorates resulting chilling injury, however, at 10oC the oranges
can be kept for longer durations.
Keywords: Citrus; Chilling injury; Ascorbic acid; Acidity; Storage
health, including ascorbic acid, dietary fiber,
Introduction
Fruits and vegetables provide more than 90
phenolic compounds and phenolic acids [2,
% of the Vit C in human diets [1]. Citrus are
3].Blood orange is an important variety of the
the most important sources of vitamin C. It is
world having valuable medicinal and
consumed in large quantities. Citrus fruits are
nutritional compounds and is primarily
sources of important nutrients for human
cultivated in the Mediterranean climate
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[4].The major antioxidant components of
blood orange (cv. Tarocco) juices are
ascorbic
acid,
flavonoids
and
hydroxcinnmics acids [5-7].There is citrus
market glut in Pakistan (December to April)
which increases the post-harvest losses which
are about 35-40% [8]. Post-harvest losses in
citrus fruits have been observed too much due
to which fruit loses its quality [9]. Cold
storage prolongs the post- harvest duration
but has disadvantage as the cold storage
temperature depends on the nature and type
of fruit to be stored. Majority of storages at
national level are being operated below 10oC.
Thus, the stored produce quality is adversely
affected due to injury caused by chilling and
loss of water from the commodity. The
temperature of storage is the main aspect
influencing the post-harvest deterioration
scale of commodities [10]. Food nutritional
quality in storage has become serious issue.
The loss of nutrients (ascorbic acid/Vitamin
C) might be a significant issue for the shelf
life of citrus juice concentrates. Vitamin C
content of citrus juices adversely affected
during storage. Cold storages are used to
prolong post-harvest life thereby making
fruits more prone to chilling injury
development and post-harvest rind disorders.
These disorders cause severe financial losses
to the citrus industry globally [11].Postharvest handling of oranges like long storage
periods, storage at increased temperatures,
physical and chilling injury are known to
cause vitamin C loss in citrus. The main
limiting factor of nutritional quality of fruits
and vegetables is the loss of Ascorbic Acid
and Carotenes. Decline in malic acid, acidity,
reduction in ascorbic acid and significant
change in sugars were observed during apple
fruits storage. Postharvest losses of tropical
fruits are a serious problem because of repaid
deterioration during handling, transport and
storage. Storage temperature was the prime
limiting factor for the shelf life of citrus fruits
[12]. Previously storage temperatures were

studied in terms of their effects on chilling
injury and physical damages occurred to the
fruit commodities. Therefore, the study was
undertaken to evaluate the effect of different
storage temperatures and durations on
percent ascorbic acid content, which is one
the most important nutritional constituent of
sweet orange.
Materials and methods
Sweet oranges (Blood Red) were procured
from an orchard in Khaal Rabat area of
District Dir, Khyber Pakhtunkhwa, Pakistan.
The fruits having uniform maturity and size
were grouped to curtail error and were stored
in different storage conditions e.g. Ambient
condition (Room Temperature), 2oC, 6 oC
and 10oC for different storage durations e.g.
0,15,30,45 and 60 days. Sweet orange fruits
were taken out of each storage interval and
were analyzed for ascorbic acid content and
acidity. At each storage interval, the fruits
were taken out of storage and the immediate
data was recorded. After taking the
immediate data fruits were kept at room
temperature for additional 72 hours of
Simulated Marketing Time (SMT) and again
analyzed for ascorbic acid content and
acidity.
Ascorbic acid and acidity were determined
by the standard method as mentioned in
AOAC 1990 [13]. Mean percent difference
between before and after SMT in Ascorbic
Acid Content and Acidity was calculated and
analyzed.
Statistical analysis
The ANOVA technique was applied to find
the treatments and interactions differences.
The means were further analyzed by using
Least Significant Difference (LSD) Test, in
cases where the differences were significant.
For computing the ANOVA and LSD the
Statistix
8.1
software
was
used.

Results and discussion
Ascorbic acid (mg/100 ml)
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Different temperatures, durations and their
interaction had significant effect on decrease
in ascorbic acid during shelf life of sweet
orange fruits (Table 1). The decrease in
ascorbic acid of the stored sweet orange fruits
climbed significantly from the lowest (0.04
mg/100 ml) at time zero in shelf life to the
highest decrease of 0.65 mg/100 ml at the end
of storage period (60 days). In different
storage temperatures, the highest reduction of
0.45 mg/100 ml was recorded in room
temperature followed significantly by 0.22
mg/100 ml at 2 oC whereas lowest reduction
of 0.15 mg/100 ml was noticed at 10 oC
followed non-significantly by 0.17 mg/100
ml at 6 oC. Interactive effect was highest
(1.24 mg/100 ml) at 60 days in room
temperature followed significantly (0.68
mg/100 ml) at 2 oC in same storage period
whereas lowest reduction of 0.02 mg/100 ml

was witnessed in zero storage period plus
SMT at 2 oC (Figure 1). During storage, fruits
lose weight, shrivel and change colour, lose
acidity and ascorbic acid but gain sweetness
[14]. Studies were conducted to assess the
changes in ascorbic acid content of lemon
fruits stored in zero energy cool chamber and
under ambient atmosphere. It was concluded
that the ascorbic acid of the fruits followed a
decreasing trend in both the storage
conditions; however, the decrease was
comparatively very low in the fruits stored in
zero energy cool chambers in comparison to
the fruits stored under ambient conditions
[15].The higher retention of the ascorbic acid
in zero energy cool chambers might be due to
the low temperature and respiratory rate
resulting in the slow oxidation process, which
helps in reducing the rate of conversion of
ascorbic acid to dehydro ascorbic acid [16].
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Figure 1. Mean decrease in Ascorbic Acid content of oranges affected by different storage
durations and temperatures during shelf life
Different storage temperatures, durations and
their interaction had significant effect on
percent decrease in acidity during shelf life of

Percent acidity

306

Hussain et al.

sweet orange fruits (Table 1). Highest
reduction of 0.35 % was observed at end of
storage (60 days) significantly followed by
0.20 % at 45 days storage duration while
lowest reduction of 0.04 % in acidity was
found at zero storage period after 72 hours of
simulated marketing. Percent decrease in
acidity varied significantly in sweet orange
fruits stored at different temperatures.
Highest significant reduction of 0.20 % was
noted in room temperature followed
significantly by 0.17 % at 2 oC while lowest
significant reduction of 0.12 % was recorded
at 10oC significantly followed by 0.15 % at
6oC. Interactive effect was highest (0.47 %)
in room temperature in 60 days storage
period followed significantly by (0.42% ) at
2oC in same storage period while it was
lowest (0.03 %) at 2oC in zero storage
duration with additional 72 hours of SM
followed non-significantly (0.04 %) in room
temperature having same storage period

(Figure 2). Percent acidity in sweet orange
fruits stored at different temperatures in cold
storage exhibited pattern of decrease in both
during storage and shelf life. Nevertheless,
the mean percent reduction in acidity was
more at higher temperatures during storage
whereas the percent acidity reduction was
more at lower storage temperatures during
shelf life of sweet orange fruits. The highest
decline in acidity in sweet orange fruits
stored at 2 oC after 72 hours of simulated
marketing is a manifestation of the chilling
injury. Increased activity of citric acid during
ripening or reduction in acidity may be due to
their conversion into sugars and further
utilization in the metabolic processes of fruits
[16].The reduction in titratable acidity might
be due to utilization of citric acid and malic
acid in the fruit respiratory process. Fruits
lose weight, shrink, change colour, drop
acidity and ascorbic acid but gain sweetness
during storage [17, 18].
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Figure 2. Mean percent decrease in acidity of oranges as affected different storage
durations and temperatures during shelf life
Table 1. The storage temperatures and durations effects on physico-chemical changes in
oranges (after 72 hours simulated marketing)
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Storage Duration (Days)

Decrease in Ascorbic Acid
(mg/100 g)
0.04 e
0.09 d
0.17 c
0.30 b
0.65 a
0.0387

0
15
30
45
60
LSD at α 0.05
Storage temperature
Ambient condition
0.45 a
o
0.22 b
2 C
0.17 c
6 oC
o
0.15 c
10 C
0.0346
LSD at α 0.05
Interaction (Storage temperature X Storage durations)
*
Significance
0.0774
LSD
1
Figs

Decrease in acidity
0.04 e
0. 08 d
0.13 c
0.20 b
0.35 a
0.0143
0.20 a
0.17 b
0.15 c
0.12 d
0.0128
*
0.0287
2

Means having similar letter(s) in columns do not significantly differ
NS= non-significant and *= Significant at 5 % probability level
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Conclusion
It is concluded that oranges could be kept in
cold storage conditions for 45 days and
further storage deteriorates quality resulting.
Nevertheless, oranges can be kept for longer
durations at 10oC.
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