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Abstract Peach (Prunus persica L. Batsch) fruits of cultivar
‘Shan-i-Punjab’ were harvested at colour break stage and
packed in paper moulded trays followed by wrapping with
different packaging films viz. cryovac heat shrinkable RD-
106, cling and low density polyethylene (LDPE) film. After
packaging, the fruits were stored under two different condi-
tions i.e. super-market conditions (18–20 °C; 90–95 % RH)
and ordinary market conditions (28–30 °C; 60–65 % RH).
The fruits were evaluated for various quality attributes peri-
odically. The shrink film helped in reducing the loss in weight,
firmness, decay incidence andmaintained the various qualities
attributes like total soluble solids, sugars, acidity and ascorbic
acid content of the fruits during shelf-life better than
unwrapped control fruits. The pectin methyl esterase enzyme
activity was also found to be lower in shrink film packed fruits
over the unwrapped control fruits. The in-package gaseous
composition (O2 and CO2) in shrink film packed fruits was
found to be at desired level which resulted in maintenance of
pleasant flavour of the fruits. On the other hand LDPE film
accumulated very high level of CO2, which led to formation of
fermenting odour and decay of fruits in the package. The data
revealed that RD-106 film proved quite effective in
prolonging the shelf-life and maintaining the quality of peach
fruits for 9 and 4 days under super market conditions (SMC)
and ordinary market conditions (OMC), respectively as
against 6 and 2 days only in case of unpacked control fruits
under both the marketing conditions. The results suggest that
shrink film could be used in packaging of peach without
negative effects on quality.
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Introduction

The Peach (Prunus persica L. Batsch) is one of the most
important fruits grown in the temperate zones of the world.
In India, it is grown in the mid hill zone of the Himalayas in
the states of Jammu & Kashmir, Himachal Pradesh,
Uttarakhand and in North eastern region. The low chilling
cultivars of peach are becoming popular in Punjab state as
these come early in the market and growers get remunerative
price for their produce. Peach is a delicious but highly perish-
able fruit and has a short shelf life under ambient conditions.
Shan-i-Punjab is a low chilling cultivar of peach that grows
well under subtropical conditions of Punjab and attains phys-
iological maturity in the months of May–June, when the
atmospheric temperature is high, which leads to fruit soften-
ing, shrinkage, decay and heavy post harvest losses (Pongener
et al. 2011). Immediately after harvest, the nutritional and
organoleptic quality of fresh produce start to declining as a
result of altered plant metabolism. This quality deterioration is
the result of produce transpiration, senescence, ripening asso-
ciated processes and development of postharvest disorder
(Gorris and Peppelenbos 2007). The postharvest technologies
providing even a short extension of shelf-life could have a
profound effect on marketing of peach fruits.

The concept of super market is fast gearing up in Indian
markets and small quantity of selected Indian and exotic fruits
are being displayed in the super markets for attracting upper
end consumers. Packing of fruits in polymeric films creates
modified atmospheric conditions around the produce inside
the package allowing lower degree of control of gases and can
interplay with physiological processes of commodity resulting
in reduced rate of respiration, transpiration and other
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metabolic processes of fruits (Zagory and Kader 1988; Erkan
and Wang 2006). Modified atmosphere packaging techniques
are accepted now as the technology of the future. The present
investigation was conducted to study the effect of different
packaging films on storage life and quality of peach fruits cv.
‘Shan-i-Punjab’ under super-market conditions (SMC) and
ordinary market conditions (OMC).

Materials and methods

The fruits of peach cv. ‘Shan-i-Punjab’ were harvested at
colour break stage. The bruised and diseased fruits were sorted
out and only healthy and uniform sized fruits were selected for
the study. Three types of packaging films commercially avail-
able in the market viz shrink (15 μ), cling (15 μ) and low
density polyethylene film (LDPE, 25 μ) films were used for
packaging of peach fruits in paper moulded trays (22 cm×
13 cm). Peach fruits were packed in trays and tightly sealed
with different packaging films. However, the shrink film
wrapped packs were passed through a shrink wrapping ma-
chine (Model BS-450, Samrath Engineers, India) at 165ºC for
10 s. Thereafter, the packed fruits as well as control (non-
packed) fruits were stored at 18–20 °C and 90–95 % RH
(SMC) and 28–30 °C and 60–65 % RH (OMC).

Evaluation of physico-chemical attributes The physiological
loss in weight (PLW) of stored fruit was calculated by
subtracting final weight from the initial weight of the fruits
and expressed in per cent. The fruit firmness was measured
with the help of a penetrometer (Model FT- 327, USA) using
8 mm stainless steel probe and expressed in terms of pound
force pressure (lb force). The overall organoleptic rating of the
fruits was done by a panel of ten judges on the basis of
external appearance of fruits, texture, taste, and flavor and
overall quality rating was calculated making use of a nine-
point Hedonic scale (Amerine et al. 1965). The total soluble
solids (TSS) of the fruit juice were determined using a hand
refractometer and expressed as percent TSS after making the
temperature correction at 20 °C. The total sugars and titratable
acidity were estimated as per standard procedure (AOAC
2005).

Pectin methyl esterase activity For enzyme extraction, fruit
samples were stored immediately after harvest in the cool
chamber. Twenty grams of fruit pulp was blended in 60–
100 ml 0.15 M NaCl solution, filtered through two layers of
cheese-cloth, centrifuged at 2,000 rpm for 30 min at 4 °C. The
pH of the titration was constantly maintained at 7.0 for 0.15M
of NaCl solution for maximum PME activity considering the
results of Castaldo et al. (1989); Denes et al. (2000) and
Contreras-Esquivel et al. (1999) as there is direct correlation
between pH and salt concentration used. The supernatant was

used as an enzyme source. The activity of PME was deter-
mined bymeasuring the increase in acidity after the hydrolysis
of pectin by the enzyme (Mahadevan and Sridhar 1982).
Pectin methyl esterase units were expressed by the symbols
PME (units/ml juice) which represents the milli equivalents of
esters hydrolyzed per min per ml of juice, which represents the
milli equivalents of esters hydrolyzed per min per ml of juice.
The units per milliliter were multiplied by 1,000 for easy
interpretation as described by Balaban et al. (1991).

Gaseous composition (CO2 and O2 concentration) The in-
package gaseous composition (CO2 and O2 concentration) of
sealed fruit package was monitored at periodic intervals with
the help of portable Head Space Gas Analyzer (Model: GS
3/P, Make: Systech Instruments, U.K.). A sample of 0.5 ml
was automatically withdrawn from the headspace atmosphere
with a pin-needle connected to the injection system. Gases
were analyzed with inbuilt sensors for CO2 and O2. The
instrument was calibrated towards air.

Experimental design and statistical analysis

The experiment consisted of 4 treatments and 3 storage inter-
vals for SMC experiment and 4 treatments and 2 storage
intervals for OMC experiment. Both experiments were laid
out in completely randomized design with three replications
for each treatment and each storage interval. Data were ana-
lyzed for variance by using the SAS (V 9.3, SAS Institute Inc.,
and Cary, NC, USA) package.

Results and discussion

Physiological loss in weight (PLW)

The percent PLW, in general, increased with the advancement
of storage period rather slowly in the beginning but at a faster
pace as the storage period advanced (Table 1). It was noticed
that shrink film packed fruits registered the lowest average
PLW (0.63 %) and ranged between 0 and 1.10 from 3 to
9 days of storage as compared to control where PLW was
found to be the highest and ranged between 3 and 8 % under
SMC. Similarly under OMC, the lowest mean PLW (1.81 %)
was observed in fruits packed in shrink film and the highest
(16.25%) was observed in control fruits. The increase in PLW
under different storage conditions is obvious due to respirato-
ry activity leading to moisture loss (Salisbury and Ross 1992).
The reduction in weight loss in film-packed fruits is attributed
to lower moisture loss due to restricted respiratory process of
fruits inside the packaging films (Ben Yehoshua 1985). The
apparent increase in in-pack relative humidity prevented the

J Food Sci Technol (June 2015) 52(6):3756–3762 3757



weight loss (Rai et al. 2011). The positive role of shrink film in
reducing the PLW of papaya has been reported by Singh and
Rao (2005).

Firmness

The fruit firmness, in general, followed a declining trend
commensurate with advancement in storage period (Table 1).
The fruits packed in shrink packaging film maintained the
highest average firmness (9.77 lb force) and control fruits
registered the lowest mean firmness (6.90 lb force) under
SMC. The firmness of fruits in shrink film declined slower
and steadily and ranged between 14.30 and 6.20 lb force from
3 to 9 days of storage interval, whereas in case of control
fruits, the decline in firmness was found to be abrupt and sharp
and ranged between 12.30 and 2.30 lb force, thereby leading
to excessive softening and shriveling of fruits. Under OMC,
the shrink film packed fruits recorded highest average firm-
ness (9.70 lb force) and ranged between 11.40 and 8.00 lb

force from 2 to 4 days of storage. Whereas, in control, the
fruits experienced a faster loss of firmness during storage and
ranged between 8 and 3.40 lb force with the average fruit
firmness of 5.70 lb force. The progressive decrease in the fruit
firmness with the advancement of storage may be due to the
breakdown of insoluble protopectins into soluble pectin or by
hydrolysis of starch (Mattoo et al. 1975). The lower rate of
softening in packaging film packed fruits might be due to the
effect of the films in lowering the rate of respiration, delaying
the ripening process and reduction in moisture loss (Zagory
and Kader 1988). The maintenance of higher firmness with
polymeric film packaging has been reported in pear fruits
(Mahajan et al. 2013).

Sensory quality

A gradual decline in sensory score was noticed in shrink film
packed fruits as compared to control where decline was sharp
under both the storage conditions (Table 1). The maximum

Table 1 Effect of different packing films on PLW, firmness, organoleptic quality and spoilage of peach fruit during super market conditions (SMC) and
ordinary market conditions (OMC)

Treatment SMC OMC

3 days 6 days 9 days Mean 2 days 4 days Mean

PLW (%)

Shrink film 0.00 0.80 1.10 0.63 D 1.02 2.60 1.81 D

Cling film 0.80 1.14 1.30 1.08 C 1.97 3.78 2.87 C

LDPE film 1.20 1.70 2.15 1.68 B 2.15 4.20 3.17 B

Control (unpacked) 3.00 6.40 8.00 5.80 A 11.70 20.80 16.25 A

Mean 1.25 C 2.51 B 3.14 A 4.21 B 7.84 A

Firmness (lb force)

Shrink film 14.30 8.80 6.20 9.77 A 11.40 8.00 9.70A

Cling film 14.20 7.50 6.00 9.63 B 11.20 7.30 9.25 B

LDPE film 12.00 7.00 6.10 8.37 C 10.50 6.89 8.69 C

Control (unpacked) 12.30 6.10 2.30 6.90 D 8.00 3.40 5.70 D

Mean 13.20 A 7.35 B 5.15 C 10.28 A 6.39 B

Sensory quality

Shrink film 7.50 7.00 6.70 7.07 A 7.50 7.00 7.25 A

Cling film 7.20 6.80 6.00 6.67 B 7.26 6.77 7.02 B

LDPE film 6.50 6.00 5.00 5.83 C 6.00 5.50 5.75 C

Control (unpacked) 6.70 6.00 5.00 5.90 C 6.00 5.00 5.50 D

Mean 6.97 A 6.45 B 5.67 C 6.69 A 6.07 B

Spoilage (%)

Shrink film 0 3.00 5.00 2.67 D 0.00 3.00 1.50 D

Cling film 0 3.00 7.00 3.33 C 0.00 5.00 2.50 C

LDPE film 5 12.00 16.00 11.00 A 8.00 14.00 11.00 A

Control (unpacked) 0 10.00 18.00 9.33 B 0.00 8.00 4.00 B

Mean 1.25 C 7.00 B 11.50 A 2.00 B 7.50 A

Means within the same column with same letter are not significantly different (P<0.05)
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average sensory score was shown by fruits packed in shrink
film (7.09 and 7.25) under both the marketing conditions. The
control fruits registered the minimum sensory score (5.90 and
5.50). The flavour of peach fruit depends on a delicate balance
of sugars, acids, phenols and aromatic compounds with a
number of additional factors such as pulp texture and visual
appearance also influence the perceived quality and consumer
acceptance and appreciation (Predieri et al. 2006). The record-
ing of higher sensory score in shrink wrapped fruit might be
due to the ability of heat shrinkable film to retain the desirable
gaseous atmosphere inside the package which is responsible
for maintaining the texture and flavour of the fruit (Nanda
et al. 2001). The maintenance of freshness, crispness and
aroma in shrink packaging has been reported in apple
(Sharma et al. 2010) and Nagpur mandarin (Sonkar et al.
2009).

Spoilage

The spoilage of peach fruits under both storage conditions was
found to be lower in shrink film packed fruits (Table 1). The
LDPE film packed fruits recorded the highest spoilage of
fruits even higher than unpacked control fruits. The occur-
rence of higher decay incidence in LDPE film might be due to
accumulation of excessive water vapour inside the package,
because of restricted movement of water through the film. The
WVTR of LDPE is highest as compared to shrink and cling
film (Robertson 1993). Singh et al. (2012) reported that pack-
aging of pear fruits in LDPE polythene bags resulted in
development of off- flavour and decay during storage. Dhall
et al. (2012) mentioned that shrink film wrapped cucumber
exhibited lower decay incidence and better retention of green
colour and other physico-chemical attributes during storage as
compared to unwrapped cucumber.

Total Soluble Solids (TSS) and total sugars

The fruits packed in shrink film registered maximum average
TSS and total sugars content (9.97 % and 5.33 %) under SMC
(Table 2). The control fruits recorded the lowest average TSS
and total sugar content (8.36% and 4.72%). Similar trend was
noticed under OMC, where shrink film packed fruits recorded
higher TSS and total sugars content (9.32 % and 6.29 %) as
compared to control package (8.03 % and 6.03 %). Under
super market conditions, a gradual increase in TSS and total
sugar upto 6 days was observed in film packed fruits and
thereafter declined slowly and steadily, whereas control fruits
recorded highest TSS and total sugars after 6 days of storage
as compared to film packed fruits and thereafter declined at a
faster rate resulted in development of flat taste. The increase in
TSS during storage period could be attributed to the water loss
and hydrolysis of starch and other polysaccharides to soluble
form of sugars (Wills et al. 1980). The gradual increase and

decrease in TSS and sugars in film wrapped peach fruits
during storage may be possibly due to retarded ripening and
senescence processes which simultaneously delayed the con-
version of starch into sugars. The present results confirmed the
findings of Sharma et al. (2012) who have reported a delayed
and sustained increase in the total soluble solids and sugars in
shrink film packed kiwi fruits.

Acidity

The acidity of peach fruits experienced a linear decline as the
storage period advanced (Table 2). It was noticed that shrink
film packed fruits showed higher acidity over the other treat-
ments throughout the storage period and recorded mean acid-
ity (0.52 %) followed by cling film packed fruits (0.48 %).
The control fruits showed the lowest mean acidity (0.41 %)
under SMC. The acidity content in shrink and cling film
packed fruits, ranged between 0.62 and 0.41, 0.60 to 0.36,
percent, respectively from 3 to 9 days of storage as compared
to control where acidity was found to be the lowest and ranged
between 0.55 and 0.30 %. Under OMC, the highest mean
acidity content (0.54 %) was observed in cling film packed
fruits and it was closely followed by shrink film packed fruits
(0.53 %). On the other hand, the lowest mean acidity (0.49 %)
was observed in LDPE film packed fruits. The progressive
reduction in the acidity with advancement of storage period
might be due to the increased catabolism of organic acids
present in fruit through the process of respiration. The de-
crease in titratable acids during storage may be attributed to
utilization of organic acid in pyruvate decarboxylation reac-
tion occurring during the ripening process of fruits
(Echeverria and Valich 1989). The packaging films helped
in better retention of acidity as compared to control. In
wrapped fruits, the lowering of acidity was delayed, which
might be due to the effect of packaging films in delaying the
respiratory and ripening process. Nanda et al. (2001) and
Sharma et al. (2012) observed higher acidity content in shrink
wrapped pomegranate and kiwi fruits.

Ascorbic acid

The ascorbic acid content of the fruit showed linear decline
during storage irrespective of different treatments (Table 2).
However, the shrink film packed fruits maintained the highest
ascorbic acid content as compared to control fruits under both
the storage conditions. The decrease in ascorbic acid during
storage may be due to the oxidation of L-ascorbic acid into
dehydroascorbic acid (Mapson 1970). The influence of heat
shrinkable films on maintaining higher ascorbic acid content
in citrus fruits has also been reported (Ladaniya and Singh
2001; Ladaniya 2003).
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In-package gaseous composition

During storage a decrease in O2 and an increase in CO2 levels
occurred for passive modified atmospheric packaging (MAP)

in all the three films under SMC aswell as under OMC (Figs. 1
and 2). However, gaseous composition in-side the package
was significantly different depending on the type of film used.
The heat shrinkable packaging film registered a gradual

Table 2 Effect of different packing films on TSS, Total Sugars Acidity and Vitamin C of peach fruit during super market conditions (SMC) and ordinary
market conditions (OMC)

Treatment SMC OMC

3 days 6 days 9 days Mean 2 days 4 days Mean

TSS (%)

Shrink film 9.6 10.3 10.0 9.97 A 9.60 9.03 9.32 A

Cling film 9.4 10.0 9.8 9.73 B 9.40 9.20 9.30 A

LDPE film 8.9 9.6 9.2 9.23 C 8.90 8.40 8.65 B

Control (unpacked) 8.9 10.2 6.0 8.36 D 8.90 7.17 8.03 C

Mean 9.20 B 10.02 A 8.75 C 9.20 A 8.45 B

Total Sugars (%)

Shrink film 5.20 5.70 5.10 5.33A 6.80 5.78 6.29 A

Cling film 5.08 5.61 5.00 5.23B 6.65 5.70 6.18 B

LDPE film 5.26 5.40 4.60 5.09C 6.50 5.30 5.90 D

Control (unpacked) 5.30 5.06 4.80 4.72D 6.90 5.16 6.03 C

Mean 5.21 B 5.44 A 4.87 6.71 A 5.48 B

Acidity (%)

Shrink film 0.62 0.52 0.41 0.52 A 0.60 0.46 0.53 AB

Cling film 0.60 0.48 0.36 0.48 B 0.63 0.45 0.54 A

LDPE film 0.57 0.42 0.31 0.43 C 0.58 0.40 0.49 C

Control (unpacked) 0.55 0.40 0.30 0.41 C 0.60 0.42 0.51 BC

Mean 0.59 A 0.45 B 0.34 C 0.60 A 0.43 B

Ascorbic acid (mg%)

Shrink film 10.20 9.20 8.20 9.20 A 8.50 7.60 8.05 A

Cling film 10.10 8.90 7.80 8.93 B 8.60 7.00 7.80 B

LDPE film 9.50 9.00 7.00 8.50 C 8.20 6.80 7.50 C

Control (unpacked) 9.60 8.20 6.00 7.93 D 8.00 6.20 7.10 D

Mean 9.85 A 8.82 B 7.25 C 8.32 A 6.90 B

Means within the same column with same letter are not significantly different (P<0.05)
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Fig. 1 Effect of different packaging films on in-package CO2 concentration (a) and O2 concentration (b) under super market conditions



increase in CO2 and decrease in O2 concentration within the
package where as LDPE film recorded a sharp increase in CO2

and decrease in O2 concentration inside the package. These
findings are in accordance with Nanda et al. (2001) who
observed reduced respiration rate in shrink packed pomegran-
ate fruit due to impressive gas barrier properties of heat
shrinkable film. The shrink film is known to have better gas
exchange properties due to its structure which promote desir-
able permeability for better gaseous environment within the
package which is indicator of controlled respiration of fruit.
Zagory and Kader (1988) confirmed about modification of the
atmosphere around the fresh produce in the package made of
flexible plastic films.

Pectin methyl esterase activity

The packaging films significantly influence the PME activity
in peach fruit and this was due to the difference in gaseous
conditions generated inside the packages (Fig. 3). Under SMC
the PME activity increased upto 6 days of storage and the
declined thereafter irrespective of different treatments. The
increase in PME activity was quite low in shrink film packed

fruits upto 6 days of storage and thereafter declined gradually.
On the other hand control fruits recorded maximum activity
upto 6 days of storage and thereafter a sharp decline was
noticed. Under OMC the shrink film packed fruits recorded
the lowest average enzyme activity closely followed by cling
film, whereas the control fruits recorded the highest enzyme
activity. Pectin methyl esterase removes the methyl groups of
the galacturonic acid polymers. De-esterification of
polygalacuronic acid chain by PMEmay make the chain more
susceptible to polygalacturonade degradation (Carpita and
Gibeaut 1993) facilitating rapid loss of cell wall structure.
The increase in PME activity for all samples on 6th day
(SMC) and 2nd day (OMC) may be due to increase in respi-
ratory activity which led to ripening of fruits and thereafter
decline in PME activity could be due to accelerated senes-
cence leading to over softening of fruits. The lowering of PME
activity in shrink film packed fruit may be due to slower
respiratory activity occurring inside the package due to crea-
tion of modified atmospheric conditions (Sen et al. 2012;
Giacalone and Chiabrando 2013). Kaur et al. (2012) reported
lower PME activity during storage in pear fruits packed in
polymeric film.
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Conclusion

One of the major benefits of modified atmosphere packaging
(MAP) is the prevention or retardation of fruit senescence
(ripening) and associated biochemical and physiological
changes. Packaging of peach fruits in paper moulded trays
followed by wrapping with heat shrinkable film seems to hold
promise in improving the shelf life and maintaining the quality
under super market and ordinary market conditions by 9 and
4 days respectively as against 6 and 2 days only in case of
unpacked control. This technology can be helpful in minimiz-
ing the postharvest losses of peach fruits during retail
marketing.
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