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ARTICLE INFO ABSTRACT
Article type: Background: Gamma-ray irradiation is a novel method for controlling
Research Article pathogen, effectively eliminating almost all microorganisms present on

the fruit and the package surface. Moreover, precooling plays an effective
) _ role in prolonging the shelf life of fruits. The performance parameters of
Article history: the gamma application and design specifications of the package can be
Received: February 20, 2024 | attained through concurrently utilizing these processes.
Accepted: November 23, 2024 Aims: The aim of this research was to examine the combined effects of
Published: Jan 4, 2024 packaging type and gamma irradiation at different doses on quality
attributes, fruit decay during storage, and the determination of ideal
performance conditions.
Methods: In this study, three types of packages were used, perforated

Keywords: polyethylene package designed for the strawberry precooling process,
Gamma, Irradiation, non-perforated polyethylene package with a top polymer film and non-
Packaging, Postharvest, perforated polyethylene packages without film. Moreover, three doses of
Shelf life gamma irradiation, namely 1, 2, and 3 kGy, were investigated, and their

effect on the quality attributes of strawberry were assessed over a 16-day
storage period.

Results: The finding showed that both package type and dose of gamma
irradiation significantly affected the quality attributes of strawberry in
comparison to the control treatment. The concurrent application of
irradiation at a dose of 2 kGy along with precooling package effectively
preserved the quality attributes of the fruit at a high level as long as 12
days. On the 12th day of storage, the decay index for the control treatment
and the irradiated fruit were 4.33 and 1.6, respectively. At this dose of
radiation, the firmness, decay index, ascorbic acid content, TSS, and TA
were assessed in the precooling package and the non-perforated
polyethylene package with a top film, with values of 0.97 N, 1.43, 45
mg/100 g, 6.2%, and 1.26 g/100 ml, respectively.

Conclusion: The shelf life of strawberry can be significantly extended by
applying a precooling package and gamma radiation at 2 kGy since these
processes delay the re-contamination of the fruit.
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Extended Abstract

Introduction: Fruits and vegetables are highly
perishable products due to their high moisture
content. Various technologies have been
developed and used to prevent decay and
increase the shelf life of agricultural products.
However, many methods are not appropriate
for fresh food products due to quality
deterioration. Irradiation technology
effectively reduces postharvest losses by
prevent of insects and acts on the stored
products. This technology does not create toxic
or radioactive compounds in food. Gamma
irradiation eliminates most microorganisms on
the fruit and the package surface but does not
guarantee the re-contamination. Consequently,
the type of product packaging is critical to
prevents re-contamination of the product
during postharvest stage. Few studies
examined the simultaneous effects of these two
factors on the shelf life of perishable products
such as strawberry, which is one of the most
perishable fruits, and is susceptible to
destruction by microorganisms, especially
Botrytis cinerea, which causes extensive losses
(40%) in the postharvest stage. Selecting
appropriate packaging is the initial step in
reducing the waste of this product.
Strawberries come in various packaging,
consist of perforated polyethylene packages
and perforated packages designed for
precooling operations. The type of packaging
can play an essential role in irradiation and re-
contamination after  this operation.
Consequently, both gamma irradiation and the
precooling of fruits are cost-effective methods
for controlling pathogens and preserving
quality. This study evaluated the simultaneous
effect of various packaging types, including
commercial non-perforated polyethylene
package with a top polymer film, non-
perforated polyethylene package without a top
polymer film, and specific precooling package,
long with the effects of gamma irradiation at
different doses on qualitative characteristics,
contamination reduction, shelf life extension,
and the subsequent contaminants throughout
storage and decay control.

Material and methods: In this study, three
types of packages were used, including
perforated polyethylene package designed for
the strawberry precooling operation, non-
perforated polyethylene package with polymer
film on top of that and non-perforated
polyethylene package without a lid and film.
Strawberry cv. Gavita was acquired from a
greenhouse. Fruits with a uniform shape and
no damage were selected and packed.
Packages were situated in trays and then
placed in five-layer thick cartons for
irradiation in accordance with the suggestion
of the Food and Agricultural Product Radiation
Center. The prepared samples were
immediately transferred to the irradiation
center. The cartons were placed in the
irradiation pallet and irradiated by a cobalt-60
source (Gamasel) with doses of 1, 2, and 3
kGy. Then, the irradiated samples were stored
with the control samples at 1 + 3 “C and relative
humidity of 90 %. Qualitative changes in
strawberry were evaluated in five phases,
including days 1, 4, 8, 12, and 16 after process.
In each step, the three packages of each
treatment were removed from the cold storage,
and quality characteristics were measured,
such as fungal decay, fruit tissue firmness,
ascorbic acid content, total soluble solid
content (TSS), titratable acidity (TA), flavor
index and the pH (acidity) of the juice. The
results were analyzed using a randomized
complete  block design (as factorial
experiments) in three replications. The mean
comparison was performed by the Duncan test.
Results and discussion: Contamination and
decay indices serve as the key indicators for
assessing the shelf life and quality of fruits in
the postharvest stage. The results indicated that
the type of packaging and storage time had a
significant effect on the decay index at a
probability level of 1%.

The lowest decay was witnessed in fruits
packed in precooling and polyethylene
package with a film (1.44 and 1.42,
respectively). In polyethylene package with a
film, the fruit’s surface area exposed to the
outside is nonexistent, leading to no chance of
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secondary contamination. Nonetheless, within
these packages rising humidity and the
condensation of moisture on the product create
a suitable environment for the development of
microorganisms present in the strawberry
achenes and exacerbating their deterioration.
In precooling packages, the storage conditions
of the fruit were superior to those of the
polyethylene packages with a film as moisture
can exit these packages, leading to a reduced
spoilage rate for the product. The irradiation
dose has a non-significant effect, based on the
results, the decay and its rate in treated samples
were lower than in the control sample. After
being stored for 12 days, the decay index of the
treated strawberry was approximately 1.66
whereas 4.33 for the control sample. The type
of Packaging type, the dose of irradiation, and
duration of storage significantly influenced the
firmness of strawberry texture. The fruits kept
in the precooling package exhibited the
greatest firmness (0.97 N). There was no
significant effect between the precooling
package and polyethylene package with a top
film. The evaluation of the firmness between
irradiated and control fruits showed that
control samples were firmer than irradiated
samples on the 4th and 8th days. In addition,
maximum and minimum firmness were
recorded at doses of 2 and 3 kGy with values
of 0.966 and 0.918 N. Based on these findings,
the use of 3 kGy is not advisable. Irradiation at
doses of 1 and 2 kGy may preserve fruit
firmness throughout storage. The firmness of
fruit diminished the storage period, reaching
its minimum after 16 days. Nonetheless, there
was no difference between fruit firmness at the
8 and 12 day of storage. As a results, a storage
period of 12 days was advised. The packaging
type and storage duration influenced the
ascorbic acid content of strawberry. The level
of ascorbic acid was greater in the fruits kept
in precooling and polyethylene package with a
film, possibly because this package created
optimal storage conditions that preserve the
fruit quality. The greatest level of ascorbic acid
was noted on the initial day of the storage
(71.11 mg/100 g) which declines as the fruit is
stored because this vitamin is utilized

throughout the storage duration. Irradiation
doses did not affect the ascorbic acid content.
Nonetheless, the control samples contained
more ascorbic acid than the treated samples.
Although the amount of ascorbic acid was
equal in all samples at the end of storage, the
control samples shoed higher ascorbic acid
levels on the 8th and 12th days of storage. The
maximum pH (3.22) was observed at
irradiation doses of 1 and 2 kGy and
throughout the storage period, the pH showed
a declining trend. Comparing control
specimens with other samples demonstrated
that the fruit in the control package exhibited a
higher pH until the 8th day. However, no
difference was noted between the control
sample and the other samples following this
duration. The polyethylene package with the
film and the precooling package showed a
more effective preservation of TSS, with no
significant differences noted between the two.
Thus, the type of packaging influenced the
quality attributes of the fruit by regulating the
rate of respiration and transpiration of the
product. The irradiation dose also had a
significant effect on the TSS in the samples.
Raising the irradiation dose from 1 to 3 kGy
led to increase TSS (from 6.29 to 6.59%). On
the 1st, 4th, and 8th days of storage, the TSS
was reduced, it rose over the storage period.
The maximum TSS of 7.32% was associated
with a 3 kGy treatment on the 16th day post-
irradiation. The irradiation dose and storage
duration influenced the TA of strawberry. It
rose with increasing the irradiation dose and
showed a downward trend over 16 days of
storage. The maximum and minimum TA
percentages of 1.51 % and 1.02 % were
associated with the 2 kGy dose treatment on
the first and 16th days following irradiation,
respectively. the flavor index of the fruit
increased over the storage period and there was
no significant difference Dbetween the
irradiation levels.

Conclusion: The finding indicated that the
firmness, decay index, and ascorbic acid
content of fruits stored in precooling packages
and polyethylene packages with a protective
top film were better preserved during storage.
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The irradiated fruits with a dose of 2 kGy
exhibited increased firmness and pH alongside
a reduced decay index, which was significantly
lower than that of non-irradiated control
samples. In general, irradiating strawberry
with gamma at a dose of 2 kGy and packing
them in precooling packaging or polyethylene
packaging with a top film can serves as an
effective method in strawberry postharvest
technology. These processes delay the re-
contamination of the fruit and help to preserve
the quality index of product at a high level for
up 12 days, which is adequate for a perishable
fruit like strawberry.
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Figure 2- Trays used for irradiation

Figure 1- Packages used for packing strawberries: I.
Perforated polyethylene package for pre-cooling
operation, Il. Perforated polyethylene package with
a polymer film, I1l. Non-perforated polyethylene
package without a polymer film
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Figure 3- Gamma irradiation set up for food
processing
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Table 1- ANOVA results for irradiation doses, packaging type, and storage time on the quality characteristics of
the strawberry

MS
sV df i[r)fj(«:a?(y Firmness Ascorbic acid  TSS TA pH
Packing type (A) 2 14.674 ** 0.028 ** 784.630 ** 2.096 * 0.004 " 0.004 "
Irradiation dose (B) 2 0.049 " 0.023 ** 33.519"™ 1.680 ** 0.068 ** 0.035 **
Time (C) 4 9.696 ** 0.784 ** 6775.460 ** 4.840 ** 0.569 ** 0.572 **
AxB 4 0.085 " 0.007 " 55.185 "™ 0.296 " 0.009 " 0.002 "
AxC 8 0.896 ** 0.010 " 58.930 ™ 0.529 " 0.008 " 0.008 "
BxC 8 0.163 " 0.006 ** 74.490 ™ 3.485 ** 0.05 ** 0.120 **
AxB xC 16  0.363* 0.006 " 50.670 ™ 0.51" 0.007 " 0.007 "
Error 90 0.185 0.004 31.660 0.298 0.004 0.004
CcVv 24.41% 6.8% 13.04% 8.56% 5.13% 1.91%

ANOVA: Analysis of variance; SV: Source of variation; df: Degree of freedom; MS: Mean squares; TSS: Soluble solid content; TA:
Titratable acidity. ™ p <0.01, * p <0.05, and ns: non-significant difference
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Table 2- Mean comparison of the packaging type on decay, firmness, ascorbic acid, and TSC of
the strawberry

Box Decay Firmness
Type  index (N)

Ascorbic Acid TSS

P 1.444° 0.975%
S 1.422° 0.968 @
R 24227 0.925°

(mg/100 g) (%)
45.780 @ 6.380 @
45.330 @ 6.150
38.330 " 6.5422

Different letters indicate a significant difference at the 1% probability level
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Table 3- Mean comparison of the storage time on decay, firmness, ascorbic acid, TSS, TA, and pH of
the strawberry

Storage  Decay Firmness  Ascorbic Acid TSS TA pH
Time index (N) (mg/100 @) (%) (9/100ml)

1 1.074¢ 12142 71.110° 6.120°  1.450° 3.370°2
4 1.407 ¢ 0.977° 40.010° 5.920°  1.370° 3.280°
8 1.667 ¢ 0.913¢ 36.110°¢ 6.180° 1.270°¢ 3.210°¢
12 2.037° 0.9005 ¢ 35.740 « 6.8002 1.260°¢ 3.170¢
16 2.632 0.745¢ 32.780 ¢ 6.8502  1.060¢ 2.280 ¢

Different letters represent a significant difference at the probability level of 1%
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Figure 4- Variations in the strawberry decay index
during the storage time as a function of I. Type of
packaging and I1. Irradiation dose
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Table 3- Mean comparison of the average effect of irradiation dose on firmness, TSS, TA,
and pH of strawberry

Irradiation Firmness TSS TA pH
Dose (kGy) (N) (%) (g/100ml)

1 0.965°? 6.310° 1.260° 3.220°
2 0.966 2 6.330° 1.270° 3.210°
3 0.918° 6.590% 1.330% 3.170°

Different letters indicate a significant difference at the probability level of 1%
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Figure 5- Variations in strawberry firmness during
the storage time as a function of irradiation dose
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Figure 6- Variations in I: ascorbic acid and I1: pH
of strawberry during storage as a function of
irradiation dose
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Figure 7- Variations of I: TA and II: Flavor index
of strawberry during storage as a function of
irradiation dose
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