
Akhtar and Rab The J. Anim. Plant Sci., 30 (4) 2020

1052

EFFECT OF HARVESTING STAGES AND PERFORATED PACKAGES ON THE
QUALITY AND STORAGE LIFE OF STRAWBERRY FRUIT

I. Akhtar1 and A. Rab2

1Agricultural Research Institute Tarnab, Peshawar, Khyber Pakhtunkhwa, Pakistan
2Department of Horticulture, The University of Agriculture, Peshawar, Pakistan

1Corresponding author’s email: ijazakh@hotmail.com

ABSTRACT
A study was done to investigate the effects of harvest stage and perforated packaging on fruit quality and storage in
strawberry. Fruit were harvested at three stages of maturity, including the pink, red, and dark red stages, and were stored
for 8 days at 5±2°C and 90% RH. The fruit was either unpackaged during storage (control) or stored inside plastic
packages that had 12, 18, or 24 circular perforations (0.5cm diameter). Fruit harvested at the dark red stage had the
greatest weight loss, total soluble solids (TSS), total sugars, reducing sugars, and sugar/acid ratio, the least number of
marketable fruit, the shortest shelf life, and the lowest amount of non-reducing sugars, titratable acidity, moisture
content, and ascorbic acid content. In contrast, fruit harvested at the red stage had the greatest number of marketable
fruit, the least weight loss, TSS, total sugars, and reducing sugars, and the lowest sugar/acid ratio. Packaging
significantly affected fruit storage and quality and was best when fruits were harvested at the red stage and stored in
packages with18 perforations.
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INTRODUCTION

Strawberries are highly perishable at room
temperature and have a shelf life of only 1-2 days (Jouki
and Khazaei, 2012). The short shelf life is due to high
fruit respiration (Cordenunsi et al., 2005), rapid fruit
weight loss (Garcia et al., 1998), mechanical injuries
(Rosen and Kader, 1989), and high susceptibility to
postharvest fungal diseases (Park et al., 2005). Very ripe
fruit (dark red stage) are particularly vulnerable to fungal
pathogens (Brummel and Harpster, 2001). Many factors
are known to affect shelf life of strawberry, including
the amount of nitrogen fertilizer applied to the crop (El-
Farhan and Pritts, 1997), irrigation frequency (Parikka,
2003), maturity stage at harvest (Klein et al., 2000), and
modified atmosphere packaging (Holcroft and Kader,
1999). Nunes et al. (2002) found that ‘Chandler’
strawberry harvested at three-quarter color lasted longer
in controlled atmosphere packages than fully ripe fruit
during 2 weeks of storage, maintaining better appearance,
color, firmness, acidity, TSS and minimum fruit decay.
Postharvest life of strawberries can also be extended by
changing the storage environment, especially atmospheric
oxygen and carbon dioxide concentrations (Church,
1994). The respiration of fruits and vegetables normally
declines as the concentration of carbon dioxide increases
and oxygen availability decreases (Holcroft and Kader,
1999). Modified atmosphere packages (MAP) prolong
the shelf life of strawberries and maintain fruit quality

(Celikel et al., 2005) by increasing carbon dioxide
concentrations and reducing oxygen concentrations
during cold storage (Gomes et al., 2010).

Soft fruits are highly perishable in nature and
almost up to 40% post-harvest losses occur in highly
perishable fruits and vegetables including strawberry in
developing countries (Jouki and Khazaei, 2012). Post-
harvest study of strawberry is need of the time as this
nontraditional fruit is flourishing and expanding
throughout Pakistan very quickly. Shelf life can be
prolong through different methods including use of
proper packages and harvesting of strawberry fruit at
proper maturity stage (Aslam and Rasool, 2012).

The objective of the present study was to
determine whether perforated packaging increases fruit
quality, storage life and strawberry fruit harvested at
various stages of development, including an under-ripe
pink stage, the red stage, and an over-ripe dark red stage
for investigation.

MATERIALS AND METHODS

The research was conducted in 2012-2013 at
The University of Agriculture, Peshawar, Pakistan.
Strawberries (‘Chandler’) were harvested at the pink, red,
and dark red stages of maturity and stored at 5±2°C and
90% RH for 8 days inside plastic packages (1520 cm).
The TSS contents of pink, red and dark red stages of
strawberries were 8.27, 8.42 and 8.65 respectively. The
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packages had 12, 18, or 24 circular perforations of 0.5 cm
diameter while the control treatment was left unpackaged.
Fifty fruit with the calyx attached were selected for each
storage treatment and replicated three times

Fruit moisture content and weight loss (%): Fruit
moisture content was determined in each treatment after 8
days of storage using the oven drying method (AOAC,
2005). Moisture content was expressed as a percentage
and calculated as:

Moisture content (%) =
100

1
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WW

Where W1 and W2 represent the weight of the fruit before
and after drying, respectively.

Fruit weight loss was also calculated in each
treatment by weighing the fruit samples immediately
before and after storage. Weight loss was expressed as a
percentage and calculated as:

Weight loss (%) =
100

sampleofWeight
weightsampleofLoss



Marketable fruit (%): Physically sound fruit, free from
any injury or damage, were counted after storage, and the
percentage was calculated as:
Marketable fruits (%) =

100
fruitsofumbernTotal

fruitsmarketableofNumber


Shelf life (days):A second set of 50 fruit (with the calyx
attached) were harvested from each treatment and used to
determine the shelf life of fruit in the refrigerator. Shelf
life was estimated by counting the number of marketable
and non-marketable fruit remaining after each day in
storage and was identified as the number of days in which
15% of the fruit were no longer marketable.

Total soluble solids, sugars, titratable acidity, sugar
acid ratio, and ascorbic acid:Total soluble solids (TSS)
in the fruits were measured after 8 days storage using a
hand refractometer (Kernco, Instrument Co, Texas).
Reducing sugars, non-reducing sugars, titratable acidity,
and ascorbic acid were also determined after 8 days
following procedures described by the Association of
Official Analytical Chemist, using the acid neutralization
and titrimetric methods to measure titratable acidity and
ascorbic acid, respectively (AOAC, 2005). The sugar acid
ratio was calculated by dividing total sugars by titratable
acidity.

Statistical analysis: Treatments were arranged in
randomized complete block design (RCBD) and were
analyzed by two-way analysis of variance (ANOVA).
Main effects included fruit maturity and packaging.
Means were separated at the 5% levels using the

protected least significant difference (LSD) test (Steel et
al., 1997).

RESULTS AND DISCUSSION

Fruit moisture content and weight loss (%): Fruit
moisture content was significantly affected during storage
by the stage of fruit maturity, packaging, and the
interaction between the two (Table 1). Moisture content
was greatest at the pink and dark red stage in packages
with 12 perforations and greatest at the red stage with
either no packaging (control) or packages with 18 or 24
perforations. Evapotranspiration is the major process
leading to moisture loss in the fruit (Nunes et al., 1995),
resulting in loss of freshness and deterioration of fruit
quality (Nasrin et al., 2008).

Fruit weight loss was also significantly affected
by packaging but, unlike moisture content, was not
affected by fruit maturity or the interaction between
maturity and package perforations (Table 1). Fruit in
packages with 12 perforations had less weight loss than
those with no packaging or 18 and 24 perforations per
package. Weight loss in stored strawberries is primarily
due to water loss produced by fruit respiration (Moing et
al., 2001; Zhang, 2001). Modified atmosphere packaging
(MAP) often reduces the weight loss and thereby
maintains fruit quality (Celikel et al., 2005; Ozkaya et al.,
2009). A lower number of perforations in the packing
material reduced moisture loss in the present study, but it
still likely allowed the release of CO2 and other
respiratory gases from the fruit during storage (Artes et
al., 2006).

Marketable fruit (%): The percentage of marketable
fruit remaining after 8 days of storage was significantly
affected by fruit maturity and packaging (Table 1). On
average, the highest percentage was marketable when
fruit were harvested at the pink stage and were stored in
packages with 18 perforations. Fruit were generally
firmer at the pink stage, which reduced fruit damage
during storage (Aliasgarian et al., 2013). On the other
hand, fruit harvested at the dark red stage were least
marketable due to a soft and juicy texture and were quite
easily damaged (Cordenunsi et al., 2005). It was also
clear that 18 perforations provided the optimum
atmosphere among the packaging treatments. Perhaps a
higher number of perforations increased fruit exposure to
unfavorable external environmental conditions (An et al.,
2009) and fewer perforations in the package may create a
condition to greater anaerobic respiration (Peano et al.,
2014).

Shelf life (days): Shelf life of the fruit was significantly
affected by fruit maturity and packaging (Table 1). Fruit
had the longest shelf life when harvested at the pink stage
and stored in packages with 18 perforations. In both
cases, the fruit remained marketable for up to 8 days. In
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comparison, fruit lasted 7 days, on average, when
harvested at the red stage and were stored in packages
with 12 or 24 perforations, and lasted only 6 days when
harvested at the dark red stage and were stored without
any packaging material. It has been reported that shelf
life of strawberry fruit may vary and depends on maturity
stage at which harvested (Ali et al., 2011) as well as
storage environments (Almenar et al., 2006). The
maximum storage life of pink fruit as compared to dark
red fruit can be attributed to greater firmness at this stage
(Ali asgarian et al., 2013). Similarly, packages having 18
holes increased the storage life to the maximum because
it may have retained a balance high CO2 and low oxygen
concentrations in the packages, which has been shown to
retain firmness (Smith, 1992), by slowing the action of
ethylene and delay ripening (Aday and Caner., 2011)

Total soluble solids, sugars, titratable acidity, sugar
acid ratio and ascorbic acid: Total soluble solids, non-
reducing sugars, total sugars, titratable acidity, sugar acid
ratio, and ascorbic acid content were all significantly
affected by fruit maturity, packaging, and the interaction
between fruit maturity and packaging, while reducing
sugars were only affected by fruit maturity and packaging
(Table 2).

Total soluble solids ranged from 8.27-8.73% and
were similar among the packaging treatments at the pink
stage, greater with no packaging than with packaging at
the red stage, and greater with no packaging or in
packages with 12 perforations than in packages with 18
or 24 perf orations at the dark red stage (Table 2). In
general, TSS increase with fruit ripening and are greatest
at full maturity i.e., the dark red stage (Pineli et al.,
2010). They also often increase during storage because of
moisture loss, which may explain why concentrations
were greater in unpackaged ripe berries than in packaged
berries (Kirad et al., 2003; Nunes, et al., 2002). However,
it does not explain why TSS were also high in dark red
berries stored in packages with 12 perforations.

Dark red fruit had a higher percentage of
reducing sugars than pink or red fruit but a lower
percentage of non-reducing sugars. Unpackaged fruit
likewise had a higher percentage of reducing sugars than
packaged fruit, as well as higher percentage of non-
reducing sugars than packaged dark red fruit. However,
fruit had a higher percentage of non-reducing sugars with
packaging than with no packaging at the pink stage and
packages with 12 or 18 perforations at the red stage.
Sucrose is the primary non-reducing sugar in strawberry,
which then converts to reducing sugars, including glucose
and fructose, as the fruit matures (Basson et al., 2010;
Sturm et al., 2003). These sugars apparently concentrated
more so during storage when the fruit, particularly the
ripe fruit, were unpackaged. This was probably due to

greater moisture loss. However, it is also possible that
perforated packages provided more suitable O2 and CO2
concentrations, and thus, creating modified atmosphere
that resulted in lower rates of respiration (Almenar et al.,
2006) and ethylene production (Bower et al., 2003).
Among the three packaging treatments, fruit packed in
packages with 12 perforations had the highest percentage
of non-reducing sugars.

Total sugars ranged from 8–11%, and the
percentage was highest when fruit were harvested dark
red and were stored in packaging and lowest when fruit
were harvested red and were stored in packages with 18
perforations. The percentage of total sugars in the fruit is
directly related to TSS (Chang and Chang, 2010) and
therefore increased with fruit maturity and was likely
more concentrated when the fruit were unpackaged due to
greater water loss (Kirad et al., 2003).

Titratable acidity decreased from 1.8% at the
pink stage to 1.5–1.7% at red and dark red stages and was
greatest in fruit stored in packages with 12 perforations
and lowest in red and dark red fruit stored with no
packaging or in packages with 24 perforations (Table 2).
Acidity is one of the most important factors affecting
fruit taste and flavor (Wozniak et al., 1997). Acidity of
fruits normally decreases during storage (Nicole et al.,
2015), which over time may reduce quality of acidic
fruits such as strawberries (Usenik et al., 2008). The
perforated packages helped maintain fruit acidity during
storage in the present study, regardless of the maturity
stage.

A proper sugar acid ratio is also essential for
characteristic fruit flavor in strawberries (Kafkas et al.,
2007). The ratio averaged 4.7 in pink fruit and increased
to 5.0 in red fruit and 6.9 in dark red fruit and was highest
in dark red fruit stored without packaging or in packages
with 24 perforations and lowest in pink fruit stored in any
packaging and red fruit stored in packages with 12 or 18
perforations.

Ascorbic acid content averaged 45.3 mg/100 g
fresh weight in red fruit and 40–42 mg/100 g in pink and
dark red fruit and increased when fruit were stored in
packages with 12 or 18 perforations at each stage of
maturity. Ascorbic acid of strawberry declines during
storage and may decrease by as much as 50% during
extended storage (Cordenunsi et al., 2003). High
temperature and low relative humidity during storage
increases the loss of ascorbic acid due to ascorbate
oxidase activation and this enzyme is mainly responsible
for loss of ascorbic acid (Morales et al., 2014). Perforated
packaging with 12 or 18 perforations reduced the loss of
ascorbic acid in the present study and therefore improved
nutritional quality of the fruit i.e., vitamin C during
refrigerated storage.
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Table 1. Physical properties of strawberries harvested at three different stages of fruit maturity and stored for 8
days at 5°C and 90% RH with either no packaging (control) or in plastic packages with 12, 18, or 24
perforations.

Treatment Fruit moisture
content (%)

Fruit weight loss
(%)

Marketable fruit
(%)

Storage life (days)

Fruit maturity
Pink 88.9 b 14.0 95.9 a 8.0 a
Red 90.0 a 11.9 92.2 b 7.0 b
Dark Red 88.0 c 17.0 86.3 c 6.0 c
LSD (0.05) 0.6 NS 1.2 0.4
Package perforations
Control 87.9 b 18.6 a 88.9 d 6.0 c
12 90.0 a 7.9 b 92.2 b 7.0 b
18 89.5 a 15.3 a 94.1 a 8.0 a
24 88.4 b 15.3 a 90.8 c 7.0 b
LSD (0.05) 0.7 6.6 1.3 0.4
Fruit maturitypackaging
LSD (0.05) 1.3* NS NS NS
*P≤ 0.05; NS Non-significant.

Table 2. Chemical properties of strawberries harvested at three different stages of fruit maturity and stored for 8
days at 5°C and 90% RH with either no packaging (control) or in plastic packages with 12, 18, or 24
perforations.

Treatment Total
soluble

solids (%)

Reducing
sugars (%)

Non-
reducing

sugars (%)

Total
sugars (%)

Titratable
acidity (%)

Sugar: acid
ratio

Ascorbic
acid

(mg/100 g)
Fruit maturity
Pink 8.27 c 5.83 b 2.69 a 8.53 b 1.83a 4.71 c 40.0 b
Red 8.42 b 5.84 b 2.41 b 8.24 c 1.66 b 5.02 b 45.3 a
Dark Red 8.65 a 8.03 a 2.09 c 10.11 a 1.48 c 6.94 a 41.7 b
LSD (0.05) 0.12 0.19 0.09 0.14 0.04 0.12 2.5
Package perforations
Control 8.73 a 6.91 a 2.32 b 9.24 a 1.54 c 5.99 a 39.8 b
12 8.44 b 6.36 c 2.47 a 8.83 b 1.82 a 4.91 c 46.1 a
18 8.27 c 6.39 bc 2.46 a 8.85 b 1.68 b 5.26 b 44.2 a
24 8.32 bc 6.60 b 2.34 b 8.94 b 1.58 c 6.05 a 39.2 b
LSD (0.05) 0.14 0.21 0.11 0.17 0.04 0.14 2.8
Fruit maturity packaging
LSD (0.05) 0.24* NS 0.19* 0.29* *0.07 *0.24 *4.9
*P≤ 0.05; NS Non-significant

Conclusion: The results indicated that strawberries could
be harvested at the dark red stage when used quickly for
consumption or processing but should be harvested at the
pink or red stage for longer storage life. Plastic packaging
enhanced cold storage and was best when the packages
had 18 perforations.
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