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Abstract: A research was conducted to explore the effect of yellow, white and transparent polyethylene
packaging on storage life extension of plum fruit stored at ambient temperature (25+°C) and refrigeration
temperature (1-4°C). Experiment was designed with simple randomized complete block design. The fruits were
washed with tap water and surface dried under a fan. The fruits were divided into six polyethylene bags of different
colors and the samples were numbered as T,, YR, WR, TR, YF, WF and TF. YR, WR and TR were stored at room
temperature in yellow, white and transparent polyethylene packaging respectively. YF, WF and TF were stored at
refrigerated temperature in yellow, white and transparent polyethylene packaging respectively. In our research
study significant effect of polyethylene packaging and storage intervals was observed on most of the parameters.
Samples were analyzed for its firmness, acidity, total soluble solids, weight loss, decay index and ascorbic acid.
Highest mean values of weight loss (5.79), decay index (22.11), total soluble solids (9.92°Brix) and acidity
(0.78) were found in sample Ty while lowest mean values of weight loss (1.64), decay index (4.73), total soluble
solids (8.34°Brix) and acidity (0.65) were found in TF. Maximum ascorbic acid (5.95 mg/100g) content was
determined in YR while minimum ascorbic acid (5.05 mg/100g) was recorded in TF. Firmness (3.50 kg) of the
sample was highest in TF and lowest in YR. Samples were also studied for their sensory characteristics such as
texture, flavor, color and overall acceptability. TF obtained maximum mean score of judges for color (6.92),
flavor (6.37), texture (6.37) and overall acceptability (7.03) while minimum score rate was obtained by sample
Ty. Treatment TF (transparent colored packaging at refrigerated temperature) retained maximum quality
attributes and also got maximum score for organoleptic evaluation. Statistical analysis showed that treatments
and storage intervals had a significant (P<0.05) effect on physico-chemical, characteristics and sensory analysis of
plum fruit.
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I.  Introduction

Plum (Prunus domestica) belongs to the group of deciduous fruits commonly known as stone or drupe
fruit. It is a true fruit and is characterized by having a distinct three layered peri-carp- an exo-carp, meso-carp
and a stony endo-carp, which encloses the seed. It belongs to the genus prunus, sub genus Pronupora (plum and
apricot) to the family Rosaceae (Saima, 2001).

Unlike most food products, fresh fruit and vegetables continue to ‘breathe’ or respire after they have
been harvested. This process consumes oxygen and produces carbon dioxide and water vapors. The key to
keeping these packaged products fresh for as long as possible is to reduce the respiration rate without harming
the quality of the product, its taste, texture and appearance. In general, the rate of respiration can be reduced by
keeping the temperature low, having lower levels of oxygen in the packaging atmosphere and increased levels of
carbon dioxide. Packaging is a mean of providing a correct environmental condition for food. The method of
food preservation is much more depending upon the packaging materials. Deterioration is a response to the
external circumstances and much of the packaging, which remains in direct contact with food, delay the process
of deterioration for the required time. Although chemical preservatives act upon controlling spoilage, but
packaging provides support for chemical preservatives in addressing the issue of micro organism. Packaging
also lowers the ingress of moisture, oxygen, or foreign odors. Packaging, obviously play a vital role in keeping
the food clean and in hygienic condition (Hussain, 1986).

Modified atmosphere packaging (MAP) utilizes polymeric films with selective permeability for O,,
CO,, and H,0 vapor to create an MA around the packaged product due to the respiration of the product and the
selective permeability of the packaging material (Guevara et al. 2003).
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Modified atmosphere packaging (MAP) is most commonly used for highly perishable commodities and
effectively retards deterioration of fresh fruits and vegetables. MAP can prolong the shelf life of mushrooms
Pleurotus nebrodensis to 90 aging. Days, inhibit the respiration and weight loss, and retard soluble sugars,
titratable acidity and anthocyanin decrease of strawberries (Zhang et al. 2003). MAP significantly inhibits the
lignification and delay of the ripeness of bamboo shoots. MAP using 0.03 mm Polyethylene film could inhibit
weight loss and decrease total soluble solids (TSS), firmness of fruits and keep an acceptable appearance of mini
tomatoes compared with control fruit.

The aim is to achieve a state known as equilibrium to produce a so-called equilibrium modified
atmosphere, or EMA. Here, oxygen and carbon dioxide can pass between the inside and outside of the package
in such a way that as oxygen is consumed within the pack it is replaced by oxygen from outside, and similarly a
constant level of carbon dioxide is maintained. Another advantage of a modified atmosphere is that it reduces
the natural production by the fruit or vegetable of a gas called ethylene, which speeds up the ripening process.

In Pakistan the post harvest losses are estimated to that of the total one third produce. The present study
is to extend the shelf life of plum fruit by different colored polyethylene packaging. Plum fruit will be stored at
ambient as will as at refrigerated temperature and will be studied for physical, chemical and organoleptic at four
days intervals.

II.  Materials And Methods

The present research work was conducted at Food Science Division of the Nuclear Institute for Food
and Agriculture (NIFA) Tarnab, Peshawar, Pakistan.Plum fruits (not fully matured) were obtained from the
orchard of NIFA in wooden crates lined with soft paper. Diseased and discolored skin fruits were discarded.
Fresh plum fruits (not fully matured) with uniform size and color were selected for this experiment. The fruits
were properly washed with tape water to remove dust and other undesirable materials attached with fruits. The
fruits were divided into six lots (YR, WR, TR, YF, WF and TF). T, is control stored at room temperature, while
YR, WR and TR were stored at room temperature in yellow, white and transparent polyethylene plastic bags.
Similarly YF, WF and TF were stored at refrigerated temperature in yellow, white and transparent polyethylene
plastic bags respectively. YR, WR and TR were stored at room temperature (wooden cup board) while YF, WF
and TF were stored at refrigerated temperature (refrigerator). YR, WR and TR were placed in corrugated cub
board and placed in controlled condition at 25+°C to store them at uniform temperature according to the method
described by Ahmed et al. (2007). The analyses were carried out initially and after four days interval i.e. 0 day
4, day 8 up to 32 days until the fruits were spoiled. Plum fruits were obtained from local plum (Fazl e Manani)
orchard and were sorted. Fruits were then packed with different colors polyethylene packages according to the
following planning. After packing fruit were kept at ambient and refrigerated temperatures.

Proposed plan of study
Ty = Control
YR = Yellow polyethylene plastic bag at room temperature
WR = White polyethylene plastic bag at room temperature
TR = Transparent polyethylene plastic bag at room temperature
YF = Yellow polyethylene plastic bag at refrigerated temperature
WF = White polyethylene plastic bag at refrigerated temperature
TF = Transparent polyethylene plastic bag at refrigerated temperature

Quality Parameters to be studied
Weight Loss

Weight loss of the fruits already separated from each treatment was determined as described by Wang
et al. (2005). Fruits were weighed after every four days and the percent weight loss was calculated by using the
following formula:

Wel . Wi- W,
eight loss (%) = %100
AW
Where:
W, = Initial weight
W, = Final weight

Ascorbic Acid
Ascorbic acid content (mg/100g) of the samples was determined by the titramitric method as described
in AOAC (2000).
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Decay index

The decay was assessed by measuring the extent of decayed area on each fruit, and was determined as:
0, no decay; 1, less than 1/4 decay; 2, 1/4-1/2 decay; 3, 1/2-3/4 decay. Decay index of the samples was
determined as described by Wang et al. (2005).
Total Soluble Solids

Total soluble solids (TSS) were determined with digital refractometer according to (AOAC, 2000).
Firmness

Firmness of the samples was determined by using recommended method of AOAC (2000). For this
purpose penetrometer was used.
Acidity

Titratable acidity (%) of the samples was determined by using recommended method of AOAC (2000),
by titrating the sample against standard alkali solution.
Sensory Evaluation

Sensory evaluation of the fruits was carried out using a nine-point hedonic scale. The whole as well as
cut fruit was presented to the judges for evaluation of appearance, odor and taste (Larmond 1977).
Statistical Model

The experiment was laid out in RCBD. The means were compared by applying LSD test (Steel and
Torrie 1997).

III.  Results And Discussion
Weight loss

The mean values of weight loss were recorded as 1.64 to 5.79 showing the maximum value at storage
intervals for 32 days of the samples (5.79) was recorded for the sample T, and the minimum mean value at
storage intervals for the samples TF was recorded as (1.64) during 32 days of storage period. The percent
increase was maximum (9.74) in the sample YR and was minimum (4.75) in the sample TF, An increase in the
mean values of weight loss was seeing during the storage intervals of plum fruit in 32 days show in (Fig. 1).

The statistical analysis showed that temperature and storage intervals of treatments had a significant
(P<0.05) effect on weight loss content of plum fruit during storage intervals. Weight loss is an important index
of post harvest storage life in the fresh products. It is mainly attributing to the loss of water during metabolic
processes like respiration. Moisture loss and gaseous exchange from the fruit is usually controlled by the
epidermal layers provided with guard cells and stomata. A coating helps to reduce this further because it form a
film on the top of the skin acting as an additional barrier to the moisture loss as been reported by Togrul And
Arslan (2004). Weight loss was calculated according to the weights of each package before and after storage,
and expressed as a percentage of the initial weight of mushrooms (Xiao and Zhang, 2003).
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Fig. 1.Effect of different colored polyethylene packaging on weight loss (%) of plum fruit stored at
ambient and refrigerated temperatures.

Ascorbic Acid

The mean values of ascorbic acid were recorded from 5.05 to 5.91 showing the maximum mean value
(5.97) was recorded for the sample YR and minimum mean value (5.05) was recorded for the sample TF. The
percent decrease was maximum (44.66) in the sample TF and was minimum (33.23) in the sample TR. A
decrease in the mean values of ascorbic acid was seeing during the storage intervals of plum fruit in 32 days
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shown in (Fig. 2). The statistical analysis showed that temperature and storage intervals of treatments had a
significant (P<0.05) effect on ascorbic acid content of plum fruit during storage intervals. This decreasing of
ascorbic acid during storage might be due to the presence of O, which resulted in the conversion of ascorbic
acid into dehydroascorbic acid. The presence of oxygen and high rate of respiration accelerates oxidation
process in fruits. These results were in line with the finding of Sumnu and Bayindirli (1995).
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Fig. 2. Effect of different colored polyethylene packaging on ascorbic acid (mg/100g) of plum fruit
stored at ambient and refrigerated temperatures.

Decay Index %

The mean values of decay index were observed from 4.73 to 22.10 at storage intervals showing the
maximum mean value (22.1) at storage intervals for 32 days for the samples T, was recorded and the
minimum mean value at storage intervals for the samples TF was recorded as (4.73) during 32 days of storage
period. The percent increase was maximum (53.78) in the sample T, and was minimum (16.58) in the sample
TF. An increase in the mean values of decay index was seeing during the storage intervals of plum fruit in 32
days show in (Fig. 3). The statistical analysis showed that temperature and storage intervals of treatments had a
significant (P<0.05) effect on decay index content of plum fruit during storage intervals. Decay of citrus fruits
after harvest of any given season depends on a number of factors over which the grower has little or no control.
These includes variety, age of fruits, climate, time of bloom, local weather condition prior to harvest, abundance
of inoculums of fungi causing decay, and many others. However, he does have some control over other factor
which also greatly affect the shelf life of fruit; these include maturity of fruit, proper care and timing in
harvesting, handling, processing, shipping and storage (Smoot And Melvin, 1967).
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Fig. 3. Effect of different colored polyethylene packaging on decay index (%) of plum fruit stored at
ambient and refrigerated temperatures.
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Total Soluble Solids

The mean values of weight loss were observed from 8.34 to 9.92 at storage intervals showing the
maximum mean value (9.92) at storage intervals for 32 days for the samples Ty was recorded while the
minimum mean value at storage intervals for the samples TF was recorded as (8.34) during 32 days of storage
period. The percent increase was maximum (33.33) in the sample YR and was minimum (10.11) in the sample
TF. An increase in the mean values of total soluble solids was seeing during the storage intervals of plum fruit in
32 days shown in (Fig. 4). The statistical analysis showed that temperature and storage intervals of treatments
had a significant (P<0.05) effect on total soluble solids content of plum fruit during storage intervals. Change in
total soluble solids (TSS) in the present study was might be due to the hydrolytic conversion of polysaccharide
into soluble sugar as is the case in many climatric fruits during the ripening process. In the initial stages of
storage, rate of conversion of insoluble polysaccharides was faster then the rate of fermentation of mono
disaccharides into organic acids. Therefore, this resulted in an increase in total soluble solids (TSS) of the fruits.
In the later stages of storage the rate of conversion of soluble mono and disaccharides into organic acid was
faster than the conversion of insoluble mono and disaccharides into organic acids and thus resulted in increased
total soluble solids (TSS) in the fruits. This increasing trend in total soluble solids (TSS) might be attributed to
the microbial activity. The results are in line with the findings of Manzano et al. (1997) and Sarkar ef al. (1997).
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Fig. 4.  Effect of different colored polyethylene packaging on TSS (“Brix) of plum fruit stored at
ambient and refrigerated temperatures.

Firmness

The mean values of firmness were recorded from 3.38 to 3.5 kg showing the maximum mean value
(3.5) was recorded for the sample TF and minimum mean value (3.34) was recorded for the sample YR. The
percent decrease was maximum (57.44) in the sample YR and was minimum (52.08) in the sample WF and TF.
A decrease in the mean values of firmness was seeing during the storage intervals of plum fruit in 32 days show
in (Fig. 5). The statistical analysis showed that temperature and storage intervals of treatments had a significant
(P<0.05) effect on firmness content of plum fruit during storage intervals. Firmness loss varied widely among
treatments after 14 and 25 days at 10 °C. After 14 days, control and Methyl Jasmonate (MJ) 10—5 M treated-
fruit had lost 56-60% of their initial firmness while MJ 10—4 M fruit had only a 42% loss of firmness. However,
no significant differences were found among control, fruit treated with MJ and packaged controls, after 4 days at
20 °C. However, after 32 days at 10 °C+4 days at 20 °C, no appreciable differences in firmness were found
among treatments, except for control and MJ 10—4 M fruit that showed the lowest firmness values. MJ-
treatment alone, reduced loss of firmness, but when combined with modified atmosphere packaging (MAP), a
further reduction in firmness loss was observed. Previous studies demonstrated that MJ treatments slightly
decreased the firmness of strawberry (Perez et al., 1997) but did not affect the firmness of mango ‘Tommy
Atkins’ during cold storage and shelf life (Gonzalez-Aguilar et al., 2000). It appears that response of fruit to MJ
treatment in the reduction of firmness loss may be related to the cultivars and the MJ concentrations used.
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Fig. 5. Effect of different colored polyethylene packaging on firmness (kg) of plum fruit stored at ambient
and refrigerated temperatures.
Acidity %

The mean values of acidity were observed from 0.65 to 0.78 at storage intervals showing the
maximum mean value (0.78) at storage intervals for 32 days for the samples T, was recorded and the
minimum mean value at storage intervals for the samples TF was recorded as (0.65) during 32 days of storage
period. The percent decrease was maximum (50.51) in the sample TF and was minimum (34.09) in the sample
YF. A decrease in the mean values of acidity was seeing during the storage intervals of plum fruit in 32 days
show in (Fig. 6). The statistical analysis showed that temperature and storage intervals of treatments had a
significant (P<0.05) effect on acidity content of plum fruit during storage intervals. The possible reason for the
variation ma be due to the difference in the micro environment created by coatings, packaging and ethylene
absorbent used, coupled with less oxidative reactions and lesser decline in degradation of acids thus maintaining
the integrity of ells. These results are in lines with finding of several researchers (Raje et al., 1997; Li and Yu,
2001; Dong et al., 2004) which were of the opinion that titratible acidity was higher in fruits like Alphanso
mango, apple, peaches etc. either treated with coatings or ethylene absorbent as compared to control with similar
decreasing trend of acidity stored at ambient temperature. Another possibility for the decrease in acidity is
consumption of acid by micro-organisms as a source of carbon. High amount of acidity in treated fruit might be
due to the facts that Co, accumulates internally in the fruit tissues caused acidosis after dissolving and farming
carbonic acids. These results were also in line with those of Carrillo et al. (1995).
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Fig. 6.  Effect of different colored polyethylene packaging on acidity (%) of plum fruit stored at
ambient and refrigerated temperatures.

Overall Acceptability

The mean values of overall acceptability were recorded from 5.67 to 7.03 showing the maximum mean
value (7.03) was recorded for the sample TF and minimum mean value (5.67) was recorded for the To. The
percent decrease was maximum (75.00) in the sample YR and was minimum (43.52) in the sample TF. A
decrease in the mean values of overall acceptability was seeing during the storage intervals of plum fruit in 32
days show in (Fig. 7). The statistical analysis showed that temperature and storage intervals of treatments had a
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significant (P<0.05) effect on overall acceptability content of plum fruit during storage intervals. These results
are in agreement with the findings of Rosario (1996), who observed that increasing storage time cause
progressive degradation, which leads to decrease in overall acceptability. However Ca treated fruits rated
superior in appearance, aroma, flavor and texture after harvest but the overall acceptance of the Ca treated fruit
continued to be greater than the control fruit even after four weeks of storage. Which are also according to the
results of Robson et al. (1989). Acceptability of control fruit rapidly diminished during storage followed by the
MJ 10-4 M treatment, while MJ (Methyl jasmonate) 10—5 M retained good visual appearance longer. MAP
alone maintained an acceptable appearance equal to the 10—5 M MJ treatment, after 14 days at 10°C+ shelf life,
but the appearance of the packaged control samples declined to below the acceptable level after 25 days at
10°C+4 days at 20°C. No significant differences were found among packaged control fruit and those treated
with MJ 10—5 M, after 32 days at 10°C+4 days at 20°C. Papaya fruit treated with 10—4 or 10—5 M MJ plus
MAP maintained the best visual appearance (rating, very good) after 32 days at 10°C+4 days at 20°C. However,
no significant differences were found among the MJ treatments when combined with MAP, at the end of the
storage period (Gonzalez-Aguilar ef al. 2001).
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Fig. 7. Effect of different colored polyethylene packaging on overall acceptability parameter of plum
fruit stored at ambient and refrigerated temperatures.

IV.  Conclusion
Our results show that yellow and white polyethylene packaging were found less effective than
transparent polyethylene packaging for extending storage life of plum fruit with transparent polyethylene
packaging retained maximum firmness, TSS, ascorbic acid content, color, flavor, texture, overall acceptability,
and reduced decay index and weight loss as compared to other colored packaging.
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