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Effect of packaging materials on the shelf-life o§trawberry cv. Sweet Charlie
under room temperature storage
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Abstract: Strawberry (Fragaria x ananassa Duch.) fruits cv. Sweet Charlie were harvested at the 3/4" maturity
stage. Freshly harvested fruits were packed in plastic punnets and wrapped with different packaging materials viz.,
low-density polyethylene (LDPE) 25, 50 and 75 micron, polypropylene (PP) 25 micron, cellophane paper and cling
film. Effect of all the packaging materials was studied in ambient storage condition (18-25 °C and 80-90% RH). The
result showed that LDPE 50 micron packaging material proved as the most effective one to control the weight loss
(5.49%) and all of the LDPE films along with the PP and cling films appeared best to minimize decay loss. MAP con-
ditions help prevent the decaying of strawberry fruits up to a day. The total soluble solids (6.35% - 5.78%) and titrat-
able acidity (0.91% - 0.70%) were found to be decreased with the prolongation of storage periods, but no significant
variation was recorded for different packaging materials. A better level of ascorbic acid in strawberry fruits packed
with LDPE 50 (31.56 mg/ 100g) and 75 micron (29.86 mg/ 100g) packaging films was retained. The organoleptic
rating of strawberry fruits was found best in fruits packed with LDPE 50 micron (7.90) packaging films. In future,
these experimental results may prove very useful for storage of strawberry fruits for a certain period in better quality.
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INTRODUCTION attract the consumers, the packaging material pdays
significant role. Modified atmospheric packaging
; i . : (MAP) using different films can be illustrated aseo
sity. Owing to that diversity most of the well-know ¢ e et and low cost technology to have a bette
fruits i.e., either temperate or tropical or subtropical, shelf life with proper quality for a soft fruit lkstraw-

are found in India. Ampng the different temperate berry. Modified atmosphere (MA) means an atmos-
fruits, strawberry Kragaria x ananassaDuch.) iS @ — jneric composition around the fruit that is diffetre

popular one, which has successfully been accliredtiz from that of normal aii.e., 78.08 per cent N20.95

in the subtropics as well. It is one of the mostaat per cent @and 0.03 per cent G@Kader, 1992). Such
tive, delicious, refreshing and nutritious softifrand change in the gaseous atmosphere ca;n be attrituted
mostly preferred for its delicate flavour. The @dib o t2tors Jike respiration and other biochemijialc-
portion of the fruit is about 98% and contains @88 g cag of the produce and permeation of gases throug
nutritionally important elements. It is popular amgo o packaging film. It slows down the growth of @er
the red fruits and a rich source of anthoCyanirspss- e microbes and the speed of oxidation reactidns.
ing high antioxidant activity (Suet al, 2002). well-known benefit of MAP is to reduce high water
Strawberry shows non-climacteric ripening behavitle | by creating high humidity inside the packaging
rate of ethylene evolution is low but due to itareltteris- ;.4 with that the produce maintains freshness com-
tic high respiration rate (50-100 ml g@er kg of fruits paratively for a longer period. Therefore, presient

per hour at 20 °C), it is a highly perishable faid can e igation was carried out to evaluate the stifelfdf
be stored only for a very short period (Nweted, 2006).  giqred fruits of strawberry(Fragaria x ananassa

This Ich_aracteristic Leature of strawberlrly fruitrit'rmitsd Duch.) cv. Sweet Charlie under room temperature sto
popularity among the growers as well as the tra ersage in modified atmospheric packaging.
About 20-50 per cent fruit loss occurs as postdwiry

decay in strawberry depending upon harvesting monthMATERIALS AND METHODS
fruit maturity, transportation distance and method
packaging (Mingchi and Kojimo, 2005).

Packaging is an integral and determinant part ef th
industrial and commercial food supply chain. Toéav
a better shelf life of the packed product as wslit@a

India is a country bestowed with a wide climatiedi

Experimental site and material: The present study
was conducted in the Post-Harvest Laboratory of De-
partment of Horticulture, CCS Haryana Agricultural
University, Hisar during March 2015. Medium sized
fruits of strawberry cv. Sweet Charlie were hargdst
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at approximately 75 per cent colour developmergesta per and the control oné)e., 3.69 and 5.49 per cent,

in early morning hours (6-8 am). About 150 g fruits respectively. The loss in weight of fruits varieak f
were packed in plastic punnets with due care td-min different packaging materials. Minimum per centslos
mize the chances of injury. Individual punnets werein weight was recorded in fruits packed with LDPE 5
wrapped with different packaging materiaig., Low micron packaging film. Packaging films alter the £O
density polyethylene (LDPE) 25 micron, 50 micron and Q concentration inside the packages hence, in a
and 75 micron, Polypropylene (PP) 25 micron, Cling high respiring fruit like strawberry the respiraticate
Film, Cellophane Paper and then sealed. Fruits ikept is reduced by keeping in low,@nd/or high C@ at-
punnets without any packaging material wrapping wasmosphere (El-Kazzaet al, 1983 and Li and Kader,
taken as control in the experiment. 1989). Fruits packed in different packaging filngs r
Quality analysis: All the packages were stored under corded lower weight loss, which was obvious due to
the ambient condition and various physic-chemicaltheir role in checking rate of transpiration/reafion
observations related to the quality of the stomeitd  and maintaining higher humidity inside the wrappers
were recorded daily with three replications. Theslm (Ben, 1985). On the other hand, fruits retained un-
weight during storage was calculated by subtractingwrapped conditions exhibited the highest physiaabi
the final weight from the initial weight of the fts and  loss in weight as compared to fruits packed in gilm
expressed in per cent. The decay loss was caldulateand that might be due to the exposure of fruit aef

by subtracting the number of decayed fruit from theto the open atmosphere resulting in higher rateank
total number of fruits and expressed in per cehe T spiration and respiration thereby leading to higher
total soluble solids of preserved fruits and pulprev  physiological loss in weight. Similarly, Kumar and
determined at room temperature by using PocketDigi Nagpal (1996) in mango, Siddiqui and Gupta (1987) i
tal Refractometer having a range of 0 to 32° Biyx b guava and Sonkar and Nagpal (1998) in Nagpur man-
putting a drop of juice obtained by pressing thip mn darin also reported the fruits wrapped in different
the prism and taking the readings. Acidity and B8co  packaging films retain better quality for longerraiu
acid were determined as per the method suggested kjon compared to the unwrapped fruits.

AOAC (1990) and stored fruits of strawberry weré-su Decay loss (%) :The data pertaining to decay loss of
jected to sensory evaluation by a panel of sixgsdgl-  the strawberry fruits stored under room temperature
lowing the 9 points hedonic rating scale for coldlavor, condition (18-25°C) was illustrated in the TableNa
appearance and texture. Characters with mean safdBes decay loss was found on th&day of storage, on the
or more out of 9 marks were considered acceptable. 2" day of storage there was no significant variation
Statistical analysis: The data were analyzed according among the different packaging materials. Cfhday of

to the procedure for analysis of completely randemi  storage, a lower decay loss was recorded in LDPE 50
design (CRD) as given by Panse and Sukhtme (1984)1.73%), 25 micron (1.77%), PP 25 micron (1.77%),
The overall significance of difference among treatsr  cling film (1.83%) and LDPE 75 micron (1.89%) pack-
ments was tested, using critical differences (Cd&).) aging as that of the cellophane paper wrapping
5% level of significance. The results were stataty (2.13%) and the unwrapped punnets (3.45%). On the
analyzed with the help of a windows based compute4™ day of storage, the minimum decay loss 3.16% was
package OPSTAT (Sheoran, 2004). recorded in LDPE 50 micron packaging, which was at

. o e
RESULTS AND DISCUSSION par to the LDPE 75 micron (3.26%) and the clingnfil

Loss in weight (%): The data illustrated in the Table 1
revealed that there was no significant loss in tveaj
strawberry fruits on the®land 2%day of storage. On  Treatments Storage period (days)
the 3°and 4" day LDPE 50 micron recorded least loss 2 3 4
in weight as compared to all other (LDPE 25 micron, | ppg 25 micron . +9° 177 (333) 204

Table 2. Effect of packaging materials on decay loss (%) of
strawberry cv. Sweet Charlie under room temperatiorage.

75 micron, PP 25 micron, Cling film, Cellophane pa- (2'88) (133'1363)
. . . . LDPE 50 micron ’ 1.73 (3.03) :

Table 1 Effect of packaging materials on loss in weigt) of (0.00) (12.12)
strawberry cv. Sweet Charlie under room temperatiorage. LDPE 75 micron 1.00 1.89 (4.17) 3.26

Storage period (days) (0.00) (12.50)
Treatments . 1.00 4.17

1 2 3 4 PP 25 micron 0.00 177(3.33) 1667

LDPE 25 micron 164  2.84 431 6.42 (0.00) (16.67)
LDPE 50 micron 1.18 2331 369 549 Cling film 1.00 183@3.70) >3

LDPE 75 micron 131 249 396 5.87 (0.00) (14.81)
PP 25 micron 144 278 416 6.29 Cellophane pa- 173 = 5 15505 429

Cling film 1.82 304 458 6.69 per (3.03) (18.18)
Cellophane paper 1.96 322 471 6.84 Control 1.83 3.45 (14.81) 5.01

Control 211 351 578 9.2 (3.70) (25.93)
CD (P=0.05) NS NS 0.8 0.31 CD (P=0.05) NS 0.37 0.52
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Table 3.Effect of packaging materials on total solubledsolf°
Brix) of strawberry cv. Sweet Charlie under roommgerature
storage.

Storage period (days)

Treatments ) 1 > 3 7 Mean
LDPE 25 micron 6.33 640 6.33 6.25 5.83 6.23
LDPE 50 micron 6.37 6.47 6.35 6.20 5.97 6.27
LDPE 75 micron 6.40 644 634 6.30 5.80 6.26
PP 25 micron 6.31 6.43 6.36 6.27 5.78 6.23
Cling film 6.30 641 635 6.25 574 6.21
Cellophane paper 6.38 6.43 6.28 5.87 5.72 6.14
Control 6.33 644 621 598 563 6.12
Mean 6.35 6.43 6.32 6.16 5.78

CD (P=0.05) Treatments (T) = NXS,SS£orgge period (S) =0.10, T

Table 5. Effect of packaging materials on ascorbic acid

(mg/100g) of strawberry cv. Sweet Charlie undemréemperature
storage

Storage period (days)

Treatments 0 T > 3 Mean
LDPE 25 micron 36.43 3395 2949 25.00 19.87 2895
LDPE 50 micron 38.57 3580 32.05 28.29 23.08 31.56
LDPE 75 micron 37.14 3457 30.77 26.32 2051 @ 29.86
PP 25 micron 38.57 3457 2949 2434 1931  29.26
Cling film 3786 3395 2885 23.03 2159 29.06
Cellophane paper 36.43 3210 26,92 2231 17.38 327.0
Control 37.14 3148 2521 20.63 14.18 25.73
Mean 37.45 3377 28.97 2427 19.42

CD (P=0.05) Treatments (T) =2.21,:S:\cl>gage period (S) =2.41F x

(3.45%) packaging. Positive effects of film packepi
are the maintenance of high relative humidity agd r

Table 4. Effect of packaging materials on titratable aci¢fity) of
strawberry cv. Sweet Charlie under room temperatarage.

Storage period (days)

Treatments 0 1 > 3 7 Mean
LDPE 25 micron 0.86 0.86 0.83 0.80 0.74 0.82
LDPE 50 micron 0.93 0.90 0.86 0.83 0.77 0.86
LDPE 75 micron 0.90 0.86 0.86 0.83 0.80 0.85
PP 25 micron 0.96 0.90 0.83 0.77 0.74 0.84
Cling film 0.90 0.86 0.83 0.70 0.67 0.79
Cellophane paper 0.83 0.80 0.74 0.67 0.61 0.73
Control 0.96 0.80 0.70 0.64 0.58 0.74
Mean 0.91 0.85 0.81 0.75 0.70

CD (P=0.05) Treatments (T) = NS, it([)\lrgge period (S) = 0.05,9 x

Table 6. Effect of packaging materials on organoleptic ¢atif
strawberry cv. Sweet Charlie under room temperatarage.

Storage period (days) Mea
Treatments 0 1 > 3 2 n
LDPE 25 micron 7.50 8.22 8.53 7.51 6.53 7.66
LDPE 50 micron 7.50 8.21 8.52 8.12 7.13 7.90
LDPE 75 micron 7.50 8.20 8.50 7.97 6.80 7.79
PP 25 micron 7.50 8.23 7.07 6.52 5.34 6.93
Cling film 7.50 8.35 8.44 7.29 6.13 7.54
Cellophane paper 7.50 8.16 6.95 6.28 5.15 6.81
Control 7.50 8.03 6.48 5.13 4.17 6.26
Mean 7.50 8.20 7.78 6.97 5.89

zineet al (2015) and Li and Kader (1989) also reported,
strawberry fruits packed in LDPE in room storagaire
the TSS per cent compared to the other packaging- ma
rial. TSS of strawberry fruits increased up to arspe-
riod of storage and then a steady decrease was/ebtlse
The initial rise in TSS might be attributed to ttmmple-
tion of ripening process of the unripe fruits. Teerease

duction in water loss of produce at optimum tempera in TSS in the later phase of storage might be dltieet on

ture and these conditions are responsible for lmger
the spoilage of fruits (Hardenburg, 1971). Howewer,

-going physiological catabolic processes in thiédfru
Titratable acidity (%): The titratable acidity of straw-

the present study the lowest decay loss (%) was reperry fruits packed in different packaging filmsnven

ported in strawberry fruits packed with the packagi
films in all the storage conditions. Modified atmos

decreasing with the advancement of storage pedad.
der room temperature storage condition (Table 4), n

pheric packaging prevented the occurrence of decayesignificant variation in titratable acidity of ftai packed

loss in the packed strawberry fruits up to a sirtgg.
Different packaging films behaved differentially to
regulate the fruit decay on different days undéfedi
ent storage conditions. This might be due to treppr
erty of packaging films to retain a higher level@®,
inside the packages. Higher atmospheric, G€vel
shows fungi static effect (Li and Kader, 1989). f&m
findings were reported by Ozkaw al. (2009), they
also found the modified atmospherically packedvstra
berry fruits resulted in a lower decay loss thandbn-
trol fruits (without packaging).

Total soluble solids (°Brix): The TSS of strawberry
fruits packed in different packaging materials bithtl
significant variation (at 5% level) with respecttte pe-
riod of storage only, but no significant variatiaas re-
corded with respect to the type of packaging filmed.

with different packaging films was found, howewvever
the storage period, significant variation (at 5%eleof
significance) in titratable acidity was observedxiinum
titratable acidity was noted on th& @ay (0.91%) and
minimum on the % (0.70%) day of storage. The interac-
tion between the packaging films and storage peneas
not-significant. Similar trend in decrease in toality of
strawberry fruit over a storage period was obsetwed
Garciaet al. (1998), Kiradet al. (2007) and Shoodt al
(2012). Such reduction in acidity might be dueh wtili-
sation of different free acids present in the véeud
cells during various metabolic processes like raspi
tion and anthocyanin biosynthesis (Wooward, 1972).
In the present study, the variation in titratabdédiy

of strawberry fruits as a function of various pagikg
materials, which was not significant. The preseantilt is

Under room temperature condition (Table 3), the TSSin close agreement with the findings of Li and Kade

was maximum on the™day (6.43 °Brix), being at par the

(1989) and Magaziet al (2015), who also observed the

0" day (6.35 °Brix) of storage and but decreasedugrad non-significant variation in the per cent aciditystraw-

ally till 4™ day (5.78 °Brix) of storage. Similarly, Maga-

berry, when packed in different packaging materials
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Ascorbic acid (mg/100g):The data recorded during |oss in weight of fruits was observed but LDPE 50
the period of study revealed that the ascorbic ecid micron packaging material proved as the most effec-
tent of strawberry fruits packed in different pagik®y  tive one to control the weight loss. MAP conditions
films varied significantly (at 5% level of signihioce)  prevented decaying of strawberry fruits up to sngl
over the period of storage. Under the room tempegat day under the room temperature condition. The TSS,
storage (Table 5), maximum ascorbic acid was retitratable acidity, ascorbic acid and organoleptit-
corded in fruits packed with LDPE 50 micron packag- ings decreased in the stored fruit at room tempezat
ing film (31.56 mg/100g), which was at par the ui and spoiled completely aftef"4lay of storage. At the
wrapped with LDPE 75 micron (29.86 mg/100 g) and room temperature condition the LDPE 50 micron may

minimum in fruits kept unwrapped as well as packedprove very useful for storage of strawberry fruits
in cellophane paper. With the advancement of storag longer duration in better quality.

periods, ascorbic acid decreased significantly5@t
level of significance). It acid was recorded maximu ACKNOWLEDGEMENTS
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