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Abstract
A laboratory study was carried out during 2016 to assess the effect of storage conditions on the fruit quality of apple. The apples
were passed through all the procedures needed for storage and designated as groups A (Refrigeration=7oC), B (Cold
storage=16oC) and C (Room temperature=25-280C). The processed apples were determined for various quality characters at
various storage periods which include pH, Total Soluble Solids (TSS), ash, vitamin-C, acidity, moisture, colour, specific gravity
etc. The pH of stored apples increased at refrigeration temperatures of 7 0C (4.53) and decreased at cold storage temperature of
160C (4.20). The extending storage periods resulted in increase in pH from 0 to 14 days. The highest mean TTS (16.10%), ash
content (0.34%), vitamin C (6.24%) and acidity (0.29%) was observed under the cold storage temperature of 16 0C. However, the
refrigeration temperature of 7 0C and cold storage temperature of 160C exhibited statistically similar results for moisture content
(83.94; 83.33%), colour (8.11; 8.11) and specific gravity (0.62; 0.62). The extending storage periods reduced the mean TTS
(15.68 to 13.85%) ash content (0.35 to 0.30%), moisture content (85.03 to 74.00%), specific gravity (0.64 to 0.57) and colour
(8.22 to 5.33) from 0 to 14 days. The results indicated that the postharvest storage response of apples in relation to storage
temperatures and storage periods varied in different physico-chemical properties of the fruit. However, the cold storage
temperature of 16oC was found an appropriate postharvest storage temperature followed by refrigeration temperature of 7 oC,
because under room temperature, the physico-chemical and apparently microbiological changes started occurring after one week
of storage and fruit quality did not remain useable.
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Introduction
rich in Vitamin C, B and A as well as contains about
11% sugar besides appreciable amounts of essential
minerals. It has colour appeal, appetite and is the most
refreshing. Apples are an alkaline food because they

Apple (Malus demestica Borkh) is a member of sub
family Pomoideae in Rosaceae family and world’s
80% supply comes from Europe (Beers et al., 2005).
Apple is highly nutritious, aromatic and delicious fruit,
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contain pectin. They are also an eliminative food as
Pectin from apples takes in excess water in the
intestines, making a soft bulk that creates a mild, nonirritating stimulant (Sabir et al., 2004). Balochistan is
the key contributor of apple production in Pakistan
while Khyber Pakhtunkhwa (KPK) stands on second
number contributing 25% to total national apple
production. After Balochistan and KPK, Punjab
province also contributes to apple production as its
upper part (Potohar and Muree) produce apples. Azad
Kashmir is also a renowned place of apple growth and
Kashmir’s apple is used as term because of its taste
(Syed, 2013).

simultaneously influenced (Lee & Kader, 2000).
Storage temperature is the major factor that influences
the weight loss and other quality characteristics of
apple. The flesh firmness of storage Golden Delicious
apples decreases when stored at 5-10oC or 20oC
(Neves, 1984). However, the weight loss is mainly
associated with temperature, relative humidity and
evaporation (Montgomery, 1997; Molnar, 1995;
Scalzo et al., 2003; Dixon et al., 2004 and Luning &
Marcelis, 2006). The studies carried out in the past
(Marcilla et al., 2006; Wandel & Bugget, 1997;
Vashishtha, 1998) have reported that temperature and
storage duration affect the vitamin C content of fruit
considerably (Kadzere et al., 2006). The storage
temperature and duration have linear association in
relation to changes quality and shelf life of fruits (Lee
& Kader, 2000). Under low storage temperature
chilling injury could be a risk and fruit storage life
may be reduced (Tembo et al., 2008).

The apple varieties have varied nutritional qualities
and studies show that Amri contains 12.68% vitamin
C, Golden Delicious 9.70%, Mashhadi 9.10% and
Kalakulu 8.70% (Crouch, 2003). The acidity of apples
varies during storage and varieties of apple vary
significantly (P<0.05) for this characteristics (Tahir &
Ericsson, 2003). Higher levels of vitamin C, total
sugars, TSS and acidity in Amri apple and six weeks
storage without quality deterioration has been reported
by Ali et al. (2004). Amri apple suffers higher weight
loss (19.2%) and less by Kalakulu (16.3%) at room
temperature storage (Khan & Ahmad, 2005). Golab
Kohanz & Shafi Abadi apple varieties possesses 86
and 84% moisture, no variation in fruit pH
(Chakespari et al., 2010). Olufunmilola & Oladapo
(2011) reported that moisture content in apple may be
53.5% in peel to 86.3% in pulp; lower titratable acidity
(1.2%) and higher sugar (5.4 Brix).

Materials and Methods
The apple samples (Golden Delicious variety) were
collected from local market of Hyderabad and brought
to the laboratory of Institute of Food Sciences and
Technology, Faculty of Crop Production, Sindh
Agriculture University (SAU), Tandojam, Pakistan.
The proper arrangements were made for storage of
fruits. The fruits were initially washed with fresh
water and left in the laboratory to evaporate the
external surface moisture on the sample fruits. After
the fruits were ready for further process, these were
packed in small paper boxes (cartons). Each carton
packing contains 10 apples with labels of different
treatments consisted of different storage conditions
(temperature) and storage durations. The following
methods/procedures were employed for determination
of apples:

Major apple harvest comes during August/September
and in these months entire fruit market reflects apple
centred trade. However, apple growers do not fetch
proper price during this period of two months due to
overabundance of apple in the market (Asif, 2002).
For achieving good apple price, its storage conditions
to be improved to maintain the edible quality for a
longer time, so that the fruit is marketed according to
the consumption (Widayat et al., 2003). This fruit has
great potential to be consumed for a longer duration
when kept under proper storage temperatures (Asif,
2002).

Colour
The fruit samples in different treatments were
evaluated organoleptically for color by three semitrained judges using Hedonick scale as described by
Land & Shapherd (1988).

The storage conditions are the key factors to influence
the postharvest quality of apple. Despite diverse
production and marketing related issues, the growers
achieve a phenomenal profit that eventually
encouraged the growers to increase fruit production
(Biolatto et al., 2005). The weight of fruit is lost
during storage gradually; and with the weight loss, the
fruit colour and other nutritional quality traits are

Vitamin-C
Vitamin-C was determined using phenol indophenol
dye method (AOAC, 2000). 10g fresh samples were
blended with metaphosphoric acetic acid extracting
solution to homogenous slurry. 5ml of the filtrate
extract were then titrated with standard indophenol to
pink end point.
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Analytical chemists (AOAC, 2000) with slight
modification. Apple juice diluted with distilled water
(25ml) and titrated with 0.1 N NaOH solution using
titration kit, where phenolphthalein (3-5 drops) was
used an indicator. The volume of alkali used was
noted, and calculation was made using following
formula:

Specific gravity
Specific gravity was determined by water displaced
method as described by Mazumdar & Majumder
(2003). Apple fruit were washed with distilled water,
dried and weighed one by one. Measuring cylinder
with a capacity of 1000ml was taken and filled with
500ml of distilled water. Apple fruits were dipped in
measuring cylinder. The volume of water displaced
was noted. The specific gravity was determined by the
following formula:

Titratable acidity (malic acid mg/5g fr.wt)

=

d x 0.006 (If NaoH solution is 0.1N)
axbxc

Weight of apple fruit
Specific gravity = --------------------------------Volume of water displaced

Where

Moisture (%)

a= Weight of sample,
b= volume of aliquot taken
for examination,
c= Volume made with distilled
water,
d= Average burette reading for sample.

The moisture content of apple fruit was determined
according to the method of AOAC (2000). An empty
flat-bottomed aluminium dish was sterilized and
weighed. The sample (5g) was placed in the preweighed dish and placed in an oven at 70C. The dish
was removed after 3 hours and cooled in desiccator for
1 hour and weighed. The moisture content was
calculated by using the following formula:

The collected data were statistically analysed. The
analysis of variance was worked out to ascertain the
significance level of the differences, while Duncan’s
Multiple Range Test (DMRT) was employed to
compare the treatment groups as per the methods
suggested by Gomez and Gomez (1984).

Results

Wt of fresh sample - Wt of dried sample
Moisture (%) = ------------------------------- x 100
Wt of fresh sample taken

Colour
The colour of the apples stored at different
temperatures assessed by a panel of judges using 10
points hedonic scale varied significantly (P<0.05) for
storage temperatures as well as by storage duration.
The colour of apples kept under refrigeration
temperature (7oC) and cold storage temperature (16oC)
was rated at equally 8.11 score out of 10, while the
colour rating for apples kept under room temperature
(control) came to zero after 14 days of storage and
average score was 4.55 marks out of a total 10. The
results further indicated that storage of apples under
room temperature (control) resulted in spoiling of the
fruits and hence the judges disliked the appearance of
the fruits when determined after 14 days of storage
and the colour rating for apples stored under
refrigeration temperature (7oC) and cold storage
temperature (16oC) were non-significant However,
extending storage of apples resulted in a lower ranking
of these fruits for colour; (P>0.05) and was in the
range of 8 to 8.66 out of 10, indicating that the quality
of fruits remained good under cold storage and
refrigeration temperatures (Table 1). The coefficient
of variation (11.24%) indicates some heterogeneity in
the sample fruits for this character.

pH
pH of the apples was determined by using pH meter
(Hana Instrument, HI8417, Italy).
Total Soluble Solids (%)
TSS were determined using Atago RX 1000 digital
refractometer. A drop of juice was extracted and
placed on clean prism of Refractometer and the lid
was closed. Reading was taken directly from the scale
at room temperature.
Ash (%)
Ash percentage was determined by gravimetric
method as described by AOAC (2000) using muffle
furnace.
Acidity (%)
Acidity (malic acid mg/5g fr.wt) was determined
according to the method of Association of official
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Table 1: Colour of apple as affected by different postharvest storage temperatures
Storage period
0 days 7 days 14 days

Mean

T1= Refrigeration Temp (7 C)

8.00 a

8.33 a

8.00 a

8.11 a

S.E.

0.2596

0.2596

0.4496

T2=Cold storage Temp (16oC)

8.00 a

8.33 a

8.00 a

8.11 a

LSD 0.05

1.355

1.438

1.304

T3=Room Temp (25-28oC)

8.66 a

5.00 b

0.00 c

4.55 b

LSD 0.01

1.873

2.066

1.761

7.22 a

5.33 b

CV%

11.24

Storage Temperatures
o

8.22 a
Mean
T=Storage Temperature, P=Storage Period

Statistical analysis
Factor
T
P

T×P

under room temperature (control) and refrigeration
temperature (70C) resulted in decreased vitamin-C
content, while storing apples at cold storage
temperature (16oC) maintained the vitamin-C level
positively. Similarly, the prolonged storage resulted in
decreased vitamin-C in stored apples. The LSD test
suggested that differences in vitamin-C of apples
stored under refrigeration temperature (7oC) and room
temperature (control) were non-significant (P>0.05),
while significant when these treatments were
compared with apples kept under cold storage
temperature (16oC). The coefficient of variation
(5.29%) indicates that the apple samples used for
determination for vitamin-C were homogenous.

Vitamin-C (%)
The vitamin-C in apple fruits stored apples differed
significantly (P<0.05) due to storage temperatures and
storage duration (Table 2). The vitamin-C in apples
kept under cold storage temperature (16oC) was
markedly higher (6.24%) as compared to 4.68 and
4.27% obtained under refrigeration temperature (7oC)
and room temperature (control), respectively. It is
further evident from the data that vit-C content of the
stored apples was relatively higher (5.41%) when
analysed after 7 days of storage and it was
significantly (P>0.05) decreased to 5.10 and 4.68%
before storage and after 14 days of storage,
respectively. The results showed that storage of apples

Table 2: Vitamin-C (%) of apple as affected by different postharvest storage temperatures
Storage period
0 days
7 days
14 days

Mean

T1= Refrigeration Temp (7 C)

4.06 d

5.66 b

4.32 d

4.68 b

S.E.

0.0893

0.0893

0.1547

T2=Cold storage Temp (16oC)

6.36 a

6.42 a

5.94 b

6.24 a

LSD 0.05

0.4670

0.495

0.4495

T3=Room Temp (25-28oC)

4.89 c

4.17 d

3.77 e

4.27 b

LSD 0.01

0.6456

0.712

0.6070

5.10 a
Mean
T=Storage Temperature, P=Storage Period

5.41 a

4.68 b

CV%

5.29

Storage Temperatures
o

Statistical analysis
Factor
T
P

T×P

temperature (control). The specific gravity of stored
apples was markedly higher (0.64) when determined
before storage, while the specific gravity relatively
decreased to 0.61 and 0.57 when determined after 7
and 14 days of storage, respectively. The results
further showed that storage of apples under room
temperature (control) resulted in decreased specific
gravity, while storing apples at cold storage
temperature (16oC) and refrigeration temperature (7oC)
decrease in the specific gravity after 7 days and 14
days of storage. The LSD test suggested that

Specific gravity
The specific gravity of stored apple fruits (Table 3)
varied significantly (P<0.05) due to storage
temperatures as well as by storage periods. The
specific gravity in apples kept under refrigeration
temperature (7oC) and cold storage temperature (16oC)
was higher i.e. 0.62 and 0.62, respectively as
compared to 0.58 in apples kept under room
managed to keep specific gravity within normal
values. Similarly, the extending storage resulted in a
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differences in specific gravity of apples stored under
refrigeration temperature (7oC) and cold storage
temperature (16oC) were non-significant (P>0.05),
while significant when these treatments were

compared with apples kept under room temperature
(control). The coefficient of variation (3.63%)
indicates that the fruits used as samples in the study
were homogenous for this parameter.

Table 3: Specific gravity of apple as affected by different postharvest storage temperatures
Storage Temperatures

Storage period
0 days 7 days 14 days

Mean

T1= Refrigeration Temp (7oC)

0.64 a

0.62 b

0.61 b

0.62 a

S.E.

0.0074

0.0074

0.0128

T2=Cold storage Temp (16oC)

0.64 a

0.62 b

0.59 c

0.62 a

LSD 0.05

0.0174

0.0184

0.0167

T3=Room Temp (25-28oC)

0.64 a

0.58 c

0.51 d

0.58 b

LSD 0.01

0.0240

0.0265

0.0226

0.64 a
Mean
T=Storage Temperature, P=Storage Period

0.61 b

0.57 c

CV%

3.63

Factor

Statistical analysis
T
P

T×P

The storage of apples under room temperature
(control) resulted in decreased moisture content, while
storing apples at cold storage temperature (16oC) and
refrigeration temperature (7oC) maintained the normal
moisture content. Similarly, the extending storage
resulted in a decrease in the moisture after 7 days and
14 days of storage. The LSD test suggested that
differences in moisture of apples stored under
refrigeration temperature (7oC) and cold storage
temperature (16oC) were non-significant (P>0.05),
while significant when these treatments were
compared with apples kept under room temperature
(control). The coefficient of variation (1.79%)
suggesting that the fruits used as samples in the study
were homogenous for this character.

Moisture (%)
The stored apples subjected to moisture determination
indicated significant variation (P<0.05) due to
different storage temperatures and storage duration.
The highest moisture (Table 4) was observed in
apples kept under refrigeration temperature of 7oC
(83.94) followed by cold storage temperature of 16oC
(83.33). These results are statistically similar with
each other. However, the lowest moisture percent was
observed in apples stored under room temperature
(73.27). The moisture content of stored apples was
markedly higher (85.03%) when determined before
storage, while it reduced to 81.51 and 74.00% when
analysed after 7 and 14 days of storage, respectively.

Table 4: Moisture (%) of apple as affected by different postharvest storage temperatures
Storage period
0 days
7 days 14 days

Mean

T1= Refrigeration Temp (7 C)

86.04 a

85.22 a

80.56 b

83.94 a

S.E.

0.478

0.478

0.8279

T2=Cold storage Temp (16oC)

85.06 a

82.51 b

82.42 b

83.33 a

LSD 0.05

2.495

2.648

2.402

T3=Room Temp (25-28oC)

83.99 a

76.80 c

59.02 d

73.27 b

LSD 0.01

3.450

3.805

3.244

Mean

85.03 a

81.51 b

74.00 c

CV%

1.79

Storage Temperatures
o

Statistical analysis
Factor
T
P

T×P

T=Storage Temperature, P=Storage Period

storage periods (Table 5). The pH of apples stored
under refrigeration temperature (7oC) and Room
temperature (25-280C) was higher i.e. 4.53 and 4.42,
respectively; while the lowest pH of 4.20 was

pH
The pH of apples stored at different temperatures
differed significantly (P<0.05) due to temperatures and
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observed under cold storage temperature of 160C. The
and cold storage temperature (16oC) resulted in
effect of storage period indicated that the pH was
decreased fruit pH. This indicates that stored apples
relatively higher 4.48 and 4.47 when stored apples
under cold storage conditions (16oC) is better to
were determined after 7 and 14 days of storage, while
maintain fruit pH. The differences in fruit pH kept
the lowest fruit pH of 4.21 observed before storage. It
under refrigeration temperature (7oC) and Room
was observed that fruit pH increased with the
temperature (control) were non-significant (P>0.05);
prolonged storage period of apples, while reduced
and similarly after 7 and 14 days of storage, the fruit
temperature (refrigeration 7oC) caused increase in pH,
pH was almost similar.
Table 5: pH of apple as affected by different postharvest storage temperatures
Storage Temperatures

Storage period
0 days
7 days 14 days

Mean

T1= Refrigeration Temp (7oC)

4.17 c

4.78 a

4.65 b

4.53 a

S.E.

0.0236

0.0236

0.0409

T2=Cold storage Temp (16oC)

4.27 c

4.14 c

4.20 c

4.20 b

LSD 0.05

0.1231

0.1306

0.1185

T3=Room Temp (25-28oC)

4.19 c

4.52 b

4.55 b

4.42 a

LSD 0.01

0.1701

0.1876

0.1600

4.21 b
4.48 a
Mean
T=Storage Temperature, P=Storage Period

4.47 a

-

CV%

1.61

Factor

Statistical analysis
T
P

T×P

respectively. The results suggested that storage of
apples under room temperature (control) or
refrigeration temperature (7oC) resulted in decreased
TSS content, while storing apples at cold storage
temperature (16oC) affected the TSS content
positively. Similarly, storage period showed negative
effect on TSS content and prolonging storage period
resulted in a considerable decrease in TSS content.
The LSD test showed that differences in TSS of apples
stored under room temperature (control) and
refrigeration temperature (7oC) were non-significant
(P>0.05), while significant when these treatments
were compared with cold storage of apples.

Total soluble solids (%)
The TSS of storage apples varied significantly
(P<0.05) due to temperatures and storage duration
(Table 6). Total soluble solids of apples stored under
cold storage temperature of 16oC were higher
(16.10%) as compared to 14.21 and 14.09% obtained
under room temperature (control) and refrigeration
temperature (7oC), respectively. The TSS were
markedly higher (15.68%) when apples were analysed
before storage, while the TSS content in stored apples
was significantly (P>0.05) reduced to 14.87 and 13.85
when observed after 7 and 14 days of storage,

Table 6: Total soluble solids (%) of apple as affected by different postharvest storage temperatures
Storage Temperatures

0 days

Storage period
7 days
14 days

Mean
Factor

Statistical analysis
T
P

T×P

T1= Refrigeration Temp (7oC)

14.85 d

13.42 f

14.00 e

14.09 b

S.E.

0.0821

0.0821

0.1422

T2=Cold storage Temp (16oC)

16.32 a

16.43 a

15.54 c

16.10 a

LSD 0.05

0.4298

0.4562

0.4138

T3=Room Temp (25-28oC)

15.88 b

14.74 d

12.01 g

14.21 b

LSD 0.01

0.5942

0.6554

0.5587

Mean

15.68 a

14.87 b

13.85 c

CV%

1.66

T=Storage Temperature, P=Storage Period
Ash content (%)

refrigeration temperature of 70C (0.33%). However
these results are non-significant with the results
obtained under room temperature (control). The ash
content in stored apples was relatively higher (0.35%)
when determined before storage, while the ash content
in apples was significantly (P>0.05) decreased to 0.32
and 0.30 percent when determined after 7 and 14 days

The ash content in storage apples differed significantly
(P<0.05) due to temperatures and storage periods
(Table 7). The ash content of apples kept under cold
storage temperature (16oC) were higher (0.34%) and
statistically similar with the results obtained under
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refrigeration temperature (7oC) and cold storage
temperature (16oC) were non-significant (P>0.05),
while significant when these treatments were
compared with apples kept under room temperature
(control). The coefficient of variation (6.23%)
suggested that the sample apples examined for ash
content were homogenous.

of storage, respectively. The storage of apples under
room temperature (control) resulted in decreased ash
content, while storing apples at cold storage
temperature (16oC) or refrigeration temperature (7oC)
maintained the ash content level positively. Similarly,
the prolonged storage resulted in decreased ash
content in stored apples. The LSD test showed that
differences in ash content of apples stored under

Table 7: Ash content (%) of apple as affected by different postharvest storage temperatures
Storage period
0 days 7 days 14 days

Storage Temperatures

T1= Refrigeration Temp
0.33 b
0.34 b
(7oC)
T2=Cold storage Temp
0.37 a
0.34 b
(16oC)
T3=Room Temp (25-28oC)
0.33 b
0.28 e
0.35 a
0.32 b
Mean
T=Storage Temperature, P=Storage Period

Mean
Factor

Statistical analysis
T
P

T×P

0.32 c

0.33 a

S.E.

0.0068

0.0068

0.0117

0.30 d

0.34 a

LSD 0.05

0.0174

0.0184

0.0167

0.28 e
0.30 c

0.30 b

LSD 0.01
CV%

0.0240
6.23

0.0265

0.0226

storage, while the lowest and similar results obtained
before storage (0.25%) and after 14 days of storage
(0.25%) of the apples. The apples kept under room
temperature (control) resulted in decreased acidity
level, while storing apples at cold storage temperature
(16oC) increased the acidity content of the apples.
Similarly, the extending storage resulted in a slight
increase in acidity after 7 days of storage, but reduced
after 14 days of storage. The LSD test suggested that
differences in acidity of apples stored under
refrigeration temperature (7oC) and cold storage
temperature (16oC) were non-significant (P>0.05).

Acidity (%)
The acidity of apples stored at different temperatures
varied significantly (P<0.05) due to storage
temperatures and storage duration (Table 8). The
highest acidity (0.29%) was recorded under the cold
storage temperature of 16oC followed by refrigeration
temperature of 70C (0.26%) and room temperature
(0.24%). However there was no effect of storage
period on the acidity of the apples when kept under
cold storage temperature of 160C. The highest acidity
(0.29%) of apples was recorded after 7 days of

Table 8: Acidity (%) of apple as affected by different storage temperatures
Storage period
0 days
7 days
14 days
0.24 b
0.28 a
0.25 b

Mean
0.26 a

Factor
S.E.

0.28 a

0.30 a

0.28 a

0.29 a

LSD 0.05

0.0550

0.0401

0.0529

0.23 b
0.25 b
Mean
T=Storage Temperature, P=Storage Period

0.27 a
0.29 a

0.22 b
0.25 b

0.24 b

LSD 0.01
CV%

0.0760
10.36

0.0639

0.0715

Storage Temperatures
o

T1= Refrigeration Temp (7 C)
o

T2=Cold storage Temp (16 C)
T3=Room Temp (25-28oC)

Statistical analysis
T
P
0.0092 0.0092

T×P
0.0159

Biolatto et al. (2005) despite multifarious problems,
the apple growers obtain a phenomenal profit which
leads to ultimate efforts for increasing the fruit
production. There is a gradual weight loss in different
varieties of apple during storage. Fruit colour changes
appreciably without refrigeration and when regular
determination is made for the weight, dry matter,
sugar, soluble acid and ascorbic acid contents, flavour
and aroma of apple, weight loss during storage

Discussion
Pakistan is rich in resources related to agricultural
production and demand of fruits and vegetables
produced in Pakistan has increased which has
developed a better chance to export the surplus
produces and earn precious foreign exchange for the
nation. Postharvest quality of apple is mainly
associated with the storage conditions. According to
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condition were highest in Golden Delicious and lowest
in Red Delicious (Lee & Kader, 2000). Vitamin C
decreased during storage, maximum decrease in
acidity lead us to the conclusion that it can be stored
up to six weeks after maturity to fetch good market
price and may be stored up to six weeks without
deteriorating its internal fruit quality. According to
Neves, (1984), decrease in flesh firmness during
storage of delicious apples at 5-10oC or 20oC has also
been reported; while Scalzo et al. (2003) reported that
weight loss in different varieties of apple depends
upon post harvest temperature. The present study was
carried out to examine the effect of postharvest storage
temperatures on the physico-chemical properties and
shelf life of apple.

adversely, while storing apples at cold storage and
refrigeration temperatures maintained the normal
weight of single fruit. The dry matter content of apples
under room temperature decreased, and storing apples
at cold storage and refrigeration temperatures
maintained the normal dry matter contents. The
specific gravity of stored apples decreased under room
temperature but at cold storage and refrigeration
temperatures specific gravity within normal values.
The storage of apples under room temperature spoiled
the fruits and could not get any ranking; this all
happened because of apples under room temperature,
and the colour rating for apples stored under
refrigeration and cold storage temperatures were in the
range of 8 to 8.66 out of 10, indicating that the quality
of fruits remained good under cold storage and
refrigeration temperatures. These results are further
confirmed by numerous past workers and many
studies on the effect of storage temperature on quality
and storage life of fruits have been done which shows
temperature plays an important role on quality of fruits
after harvest (Tembo et al., 2008). Temperature
management is one of the most important tools for
extending the shelf life of fruits (Lee & Kader, 2000),
because it regulates the rate of all associated
physiological and biochemical process.

The fruit pH was increased with the prolonged storage
period of apples, while reduced temperature caused
increase in pH, and cold storage temperature decreased
fruit pH. This indicates that apple storage under cold
storage temperature 16oC is better to maintain the fruit
pH. Johnston et al. (2005) suggested blow 20°C
storage temperature for maintaining the postharvest
quality of apples. The storage of apples under room
temperature or refrigeration temperature decreased
total soluble solids, while storing apples at cold
storage temperature total soluble solids improved.
These results are in line with those of Banks et al.
(1997) examined the effect of storage temperatures on
apple and stored at 5oC or 10oC. Clarke et al. (2001)
who found that total soluble solids of apples did not
differ significantly when stored under temperature
range of 4 or -18oC. The storage of apples under room
temperature resulted in decreased ash content, while at
cold storage temperature or refrigeration temperature
maintained the ash content level positively. Storage of
apple under room temperature decreased Vitamin-C
content and apples kept at cold storage temperature
maintained the Vitamin-C level positively. Crouch
(2003) reported that highest amount of vitamin C
contents were found under cold storage temperature.
Similarly, Ali et al. (2004) evaluated the effect of
storage at room temperature (25oC) on apple and
found non-significant decrease in acidity and
significant increase in vitamin-C and total soluble
solids during storage. The acidity under room
temperature decreased while storing apples at cold
storage temperature increased the acidity level
slightly. Tahir and Ericsson (2003) reported marked
difference in acidity of apples after storage. The
moisture content under room temperature decreased,
while apples stored at cold storage and refrigeration
temperatures maintained the normal moisture content.
The fruit weight under room temperature affected

Lower temperatures may cause chilling injury and
higher ones can reduce the storage life of the product.
Sabir et al. (2004) found color of apple fruit, weight
loss percentage, TTS, pH, acidity, total sugar,
reducing sugar and Vitamin-C after 15, 30, 45 and 60
days of storage and reported significant changes in
these properties during storage periods. Tembo et al.
(2008) reported 10 days shelf life when stored under
20°C±1 and at 55-60% relative humidity. Aiken &
White (2007) reported that the coated apples during
cold storage at 0°C, 90-95% RH showed a significant
delay in the change of weight loss, firmness, titratable
acidity, total soluble solids, decay and color compared
to uncoated ones. Khorshidi et al. (2010) stored apples
under 0, 5 and 12°C and found that storage with 0°C
fruit length, diameter, weight, volume, firmness, total
titrable acids, total soluble solids, elements of sodium
and potassium, marketable quality and color surface
could maintain better product quality.

Conclusion
In-depth study showed that postharvest storage
response of apple in relation to storage temperature
and storage period varied in different physic-chemical
properties of the fruit. However, the cold storage
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temperature (16oC) was found to be most appropriate
post harvest storage condition for apple, followed by
refrigeration temperature of 7oC, because under room
temperature, the physico-chemical and apparently
microbiological changes started occurring after one
week of storage and fruit quality did not remain
useable.
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Suggestions
It is suggested that the appsle after harvest may be
storage under the cold storage temperature of 16oC to
maintain fruit physico-chemical properties and can be
used for a longer time.
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