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Abstract | The lab experiment was conducted to evaluate the influence of location on quality attributes and
storage performance of Sweet orange (Blood red). The Sweet oranges were collected from four different
locations i.e. location-1 (Torwarsak, Buner), location-2 (Rabat, Lower Dir), location-3 (Wartair, Malakand)
and location-4 (Palai, Malakand), which were stored in three replications at room condition for 48 days
and Complete Randomized Design was used during the post-harvest experiment. Data were recorded
on fruit juice pH %, titratable acidity, percent juice content, Rind thickness, Rind weight loss, at 12 days
intervals. The fruit juice pH showed an increasing trend from the start to the end of storage. While the juice
content decreased with storage intervals. The maximum titratable acidity (1.97) was documented from Palai
(Malakand) in freshly harvested fruits after 48 days of storage. The minimum rind thickness (0.66 mm) and
the highest rind weight loss percentage (41.42%) was recorded after 48 days of storage. It is concluded that
Sweet orange fruits from different locations can be best stored at room temperature (20+1 °C with a relative

humidity of 45-50 %).
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Introduction

Citrus sinensis L. commonly known as sweet
orange, part of the citrus group, belongs to
Rutaceae family. Citrus Sinensis is originated from
northern China and is adoptive to tropical, sub-
tropical and mild temperate climates (Piccinelli et
al., 2008). Citrus fruits are the most important and
widely grown non-climacteric fruit crops (Paul et al.,
2012). Temperature ranges from 30 to 40 °C is found
to be adequate for tree growth and yield. Citrus fruits
are less perishable fruit. The respiration rate which
is an important element of the shelf life of fruit is

affected by humidity, temperature, movement of air,
bruises, and microbial activity (Chhikara et al., 2018).

Citrus sinensis is a very important fruit and export
commodity of Pakistan a total production of 2334
thousand tons on an area of 195,000 ha (Swinnen and
Squicciarini, 2012; Jabeen et al., 2016). In Pakistan
major producing areas are Punjab and Khyber
Pakhtunkhwa (Peshawar, Malakand, Dir, Buner,
Nowshera and Haripur). In the Khyber Pakhtunkhwa
province, the major citrus grown is sweet orange
having 32.30 thousand tons per annum production

from 4000 hectares (Ghafoor et al., 2016).
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Sweet orange is important for health. It contains a
wide range of active ingredients. Which is a rich in
vitamin A, vitamin C, flavonoids, acids volatile oils
and potassium (Etebu and Nwauzoma, 2014). They
are eaten fresh or processed into juice.

During November-December, the fruits are harvested
and stored in cold storages. Citrus fruits have more
storage life, as they have low rates of respiration and
ethylene production (Kader and Arpaia, 2002), but
storage at a lower temperature may cause injuries and
subsequent higher respiration rate with more changes
in biochemistry (Crifo et al., 2011). Postharvest losses
of horticulture crops affect both the nutritional status
of the population and the economy of the country
(Rahman et al., 2017). The post-harvest diseases can
be controlled through chemical treatment, uses of
biological control agents, proper packing and storage
facilities, and other post-harvest practices to reduce
post-harvest damages (Etebu and Nwauzoma, 2014).

Keeping in view the importance of sweet orangs and
its diverse adaptability in climatic conditions and
postharvest losses, it is essential to evaluate the effect
of diverse localities on postharvest quality of sweet
orange. Therefore, the current study was conducted
to investigate the post-harvest performance of citrus
from different localities in Khyber Pakhtunkhwa from
the behalf of The Agriculture University of Peshawar.

Materials and Methods

The sweet orange variety Blood Red were harvested
on 15 January 2016 from four different locations i.e.
Location-1 (Torwarsak, Buner), Location-2 (Rabat, Lower
Dir), Location-3 (Wartair, Malakand) and Location-4
(Palai, Malakand). The initial data was recorded on
the day of freshly harvested and after that 12 days
interval data were collected up to 48 days in Post-
harvest Laboratory at Horticulture Department, UAP
during the year 2016. The research was performed in
Complete Randomized Design (CRD) having three
repetitions. During the data analysis, 3 fruits were
taken from each treatment for quality attributions.

Physico-chemical analysis

Titratable acidity (%): Standard methodology
proposed in (Hernandez et al., 2006) was applied for
determining titratable acidity of fruit sample.

Fruit juice content (%): Fruit juice content was

recorded by the procedure given by (Irshad et al.,2017).

Thickness of the rind (mm): Rind thickness from
each treatment was measured by using Vernier Caliper
and the means were worked out.

Rind weight loss (%) rind weight loss was recorded
using a digital electronic balance. Rind fresh weight
was noted in grams. The rind weight loss was
determined after 12 days of storage duration with the
help of following formula.

Weight of fresh rind (g) — Weight after storage interval (g) 1
X

Rind weight loss (%) = 00

weight of fresh rind (g)

pH of the fruit juice: Electronic pH meter was
operated for calculating the pH of sweet orange juice

(Lee et al., 2005).

Statistical analysis

'The data recorded were subjected to analysis of variance
technique using statistical software STATISTICS
8.1 (Lee et al., 2005).

Results and Discussion

'The Physico-chemical composition of sweet orange
juice is given in Table 1. The statistical analysis
showed that mean values of Titratable acidity, Fruit
juices content, Rind thickness, Rind weight loss was
statistically significant.

Table 1: Physico-chemical composition of sweet orange
fruit as influenced by location and storage durations.

Storage Titrat- Fruit  Rind Rind pH
duration able  juice thickness weight

acidity content loss
0 197a 4594a 086a 0.00e  4.18e¢
12 1.66 b 43.61b 0.83a 865d  4.29d
24 142c 4158c¢ 0.78b 17.52¢  439c¢
36 1.04d 39.55d 0.72¢ 27.39b 4.48b
48 0.72e 36.56e¢ 0.66d 4142a 46la
LSD 0.100  0.730  0.040 4.230 0.02
Locations
L, 1.13d  4023c 085a 22.01a 4.19d
L, 141b 40.78c 0.87a 2047a 423c¢
L3 127c¢ 4293a 0.63c¢ 1521b 4.60a
L, 1.64a 41.85b 0.73b 18.29ab 4.55b
LSD 0.090  0.65 0.040 3.790 0.02

L Torwarsak (Buner), L, Rabat (Lower Dir), L Wartair
(Malakand), L ; Palai (Malakand).
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The titratable acidity showed a decreasing trend
from start-up to 36 days of storage. The maximum
titratable acidity was recorded in freshly harvested
fruits. While the least titratable acidity was noted
after forty-eight days. In case of locations means the
highest acidity levels were documented in a different
sample of sweet orangs i.e. Palai (Malakand) followed
by Rabat (Lower Dir). While minimum titratable
acidity (1.12%) were observed in L, (Torwarsak,

Buner).

The fruit juice content showed frequently decreasing
trend from the start-up to the end of storage. The
highest fruit juice content was recorded in fresh fruits
at zero storage (45.94%) as comparatively after 48
days of storage (36.56). Whereas, in locations means
the maximum content of juice (42.93%) was recorded
in L, (Wartair, Malakand) followed by juice content
(41.85%) was observed in L, (Palai, Malakand). While
the lowest juice content (40.23%) was recorded in L,
(Torwarsak, Buner).

In case of storage means, the rind thickness of sweet
orange showed a decreasing trend from the start to
the end of storage. The maximum rind thickness (0.86
mm) was noted in freshly harvested fruits. While
minimum rind thickness (0.66 mm) were noted
at forty-eight days of storage duration. Locations
significantly affect the rind thickness of sweet orange
fruit. The maximum rind thickness (0.87 mm) was
noted in L, (Rabat, Lower Dir). While minimum
rind thickness (0.63 mm) was noted in L, (Wartair,
Malakand).

'The mean values of storage durations indicate that the
rind weight losses increase with the increase in storage
durations. The highest rind weight loss percentage
(41.42%) was noted in fruit stored for forty-eight
days. while zero percent (0.00%) rind weight loss was
recorded in freshly harvested fruit. The mean values
of location clarified that the extreme rind weight
loss (22.01%) was noted in L, (Torwarsak, Buner),
which as statistically similar with the rind weight loss
(20.47%) noted in L, (Rabat, Lower Dir), while the
minimum rind weight loss (15.21%) was observed in

L, (Wartair, Malakand).

In the case of pH, the mean values of fruit juice
pH increase with increase storage durations. The
maximum pH of fruit juice (4.61) was recorded in

fruit stored for 48 days, followed by PH (4.49) of fruit

juice stored for thirty-six days. While minimum pH
(4.18) of fruit juice was observed in freshly harvested
sweet orange fruit. Likewise, Location mean values
significantly affected the pH of fruit juice. The highest
fruit juice pH (4.60) of location was documented
at Location-3 (Wartair, Malakand) by Location-4
(Palai, Malakand). While minimum fruit juice pH

(4.19) was noted in Location-1 (Torwarsak, Buner).

In case of interactive effect (location x storage
durations) for juice content in Figure 1. The fruit
juice pH remained statistically significant. Which
showed an increasing trend with storage intervals.
The highest fruit juice pH (4.85) was recorded for the
fruit of location-3 (Wartair, Malakand) after 48 days
of storage duration, which was closely followed by
fruit juice pH (4.72) after forty-eight days of storage
observed in Location-4 (Palai, Malakand). However,
the lowest fruit juice pH (3.96) at zero storage days
was noted in location-2 (Rabat, Lower Dir) which
was statistically uniform with fruit juice pH (3.96)
at zero storage days was observed in Location-1
(Torwarsak, Buner).

6

0 12 24 36 48

Storage duration

juice content (%)
N w = w

[y

M Torwarsak (Buner) B Rabat (Lower Dir)
Wartair (Malakand) ® Palai (Malakand)

Figure 1: Interactive effect (location storage durations) for juice
content.

In case of interactive effect (location x storage
durations) in Figure 2, also significantly affected the
juice content of sweet orange fruits. The overall juice
content showed a decreasing trend from the start up
to the end of storage. The maximum juice content
(46.60%) was recorded in freshly harvested fruits of
Location-4 (Palai, Malakand), which was statistically
at par with Location-2 (Rabat, Lower Dir) (46.40%)
at zero storage duration. while less juice content
(35.13%) was noted after 48 days of storage duration
in Location-2 (Rabat, Lower Dir).

Titratable acidity: The intermediate metabolites
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of the citric acid cycles are mostly organic acids
which are used during the process of respiration and
therefore, with increasing storage duration the level
of acidity was reduced (Mao et al., 2006; Jalal et al.,
2017).The during storage period of fruits, respiration
causes consumption of organic acids which lessen the

acidity in fruits (Chen et al., 2012).

6

5

o|||||||||||||||
0 12 24 36 48

Storage duration

S

fruit juice pH
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M Torwarsak (Buner) M Rabat (Lower Dir)
Wartair (Malakand)  Palai (Malakand)

Figure 2: Interactive effect (location x storage durations) for pH
Juice content.

Fruit juice content: It was reported that the different
varieties of oranges produced 26-59% of juice (Lado
et al., 2016). During storage, loss of moisture and
subsequent decrease in juice content is common in
different fruits (Obeed and Harhash, 2006). The
moisture loss may be the major reason for decreased
content of juice in stored sweet orange fruit. Similarly,
delaying harvesting may decrease the uptake of
moisture by the fruit reducing the juice content
(Pailly et al., 2004). It was reported that the different
varieties of oranges produced 26-59% of juice (Jalal
et al., 2017). During storage, loss of moisture and
subsequent decrease in juice content is common in
different fruits (Tariq et al., 2001). The moisture loss
may be the major reason for decreased content of
juice in stored sweet orange fruit. Similarly, delaying
harvesting may decrease the uptake of moisture by the
fruit reducing the juice content (Pailly et al., 2004).

Rind thickness: The maximum rind thickness of
sweet orange might be due to the favourable climatic
condition of Torwarsak (Buner) and Rabat (Lower
Dir). These results are in full accord with (Camarena et
al., 2007) who observed that minimum rind thickness
is extended with the effect of storage durations. The
results are further supported by Cohen et al. (1972)

who observed the profound impact of climate on rind

thickness.

Rind weight loss: The variation in rind weight loss
across different locations might be attributed to
a different climatic condition like humidity and
temperature. These results are supported by Rickman
et al. (2007) who observed that climatic condition had
a profound impact on fruit peel weight loss of citrus
fruits. These results are also supported by (Camarena
et al,, 2007). Singh and Reddy (2006) observed
reduction in dry matter content of citrus fruits and
rind with increasing time of storage.

pH of the fruit juice: all fruits showed an increase
in pH values during storage due to breakup of acids
to sugars during respiration (Ball, 1997). Hussein
(2014) also stated that during storage the respiration
and aging process caused degradation of organic
acids and eventually enhanced the pH and lessened
acidity. The increasing trend of fruit juice pH noted
at different storage days was obtained from various
treated and untreated fruits (Ahmad et al., 2013).
'The rising tendency of pH of the fruit juice was also
checked by (Faasema et al., 2011).

Conclusions and Recommendations

The recorded data obtained from Physico-chemical
analysis of different sweet oranges which were taken
from various locations in KPK. The statistical analysis
showed that the best temperature for sweet oranges
during storage with relative humidity (RH) 45-50%),
for one month is 20+1°C. Among different storage
duration, the fruit holds its quality attributes up to
30 days of storage. The increased in storage duration,
titratable acidity, % juice content, and rind thickness,
rind weight, pH also showed an increasing trend.
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