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1 | INTRODUCTION

| Leila Rafiei? | Bahark Divband®* | Ali Ehsani>®

Abstract

In this study, three types of Polypropylene-based (PP) films (two active nanocompos-
ites and one control film) containing zinc oxide nanoparticles (ZnO NPs), 4A zeolite (4A
Z), and green tea extract (GTE) were studied as modern active packaging's that can
adjust the release of antimicrobial agents. The influence of PP nanocomposite with 3%
(w/w) ZnO NPs/4A Z/GTE (treatment 1) and 6% (w/w) ZnO NPs/4A Z/GTE (treatment
2) on controlling microbial growth and preserving the sensory and chemical qualities
of Salmon over nine days of storage at 4 + 1°C was evaluated. The disk diffusion test
revealed inhibition zones in the range of 10.98 + 0.03 to 13.42 + 0.01 m for treatments
1 and 2, respectively; the nanocomposite film with 6% ZnO NPs/4A Z/GTE had the
highest antimicrobial effect against Gram-negative bacteria (p < .05). Chemical analy-
sis revealed that the initial peroxide value of Salmon was 0.68 + 0.0 mEqg/kg, which
increased by day 9 to 12.3 + 0.03 mEqg/kg in the control sample, but rising only to
9.9 + 0.01 and 7.3 + 0.02 mEq/kg in treatments 1 and 2, respectively (p < .05). The
shelf life of Salmon given treatment 2 increased significantly to nine days relative to the
control. Accordingly, these nanocomposite films are promising as new active packaging

for preventing microbial growth and preserving the quality of salmon.
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recognized (Hosseini et al., 2016). Also, PUFA can prevent heart dis-
ease, though high levels of PUFA in Salmon fish result in weak product

Salmon fish is a type of seafood and valuable protein source, main-
taining a significant role in the human diet. Salmon fish contain large
amounts of important compounds, including fat-soluble vitamins,
trace elements, and polyunsaturated fatty acids (PUFA; mainly doco-
sahexaenoic acid [DHA] and eicosapentaenoic acid [EPA]). The role
of PUFA in brain cell growth during the embryonic period has been

quality. Fish spoilage leads to lipid oxidation and growth of microor-
ganisms, as well as the consequent spread of unpleasant odor, color,
taste, texture, and appearance; the nutritional value is also reduced
(Hosseini et al., 2016). One of the common methods for preserving
Salmon fish is the utilization of cold temperatures via refrigerators.
Low temperatures slow down the speed of enzymatic reactions and
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microbial growth but do not completely inhibit them. Therefore, the
innovation of new and modern way to preserve Salmon fish with min-
imal changes is essential (Alparslan & Baygar, 2017).

Given the increasing variety of food products and the height-
ened consumer tendency for use of fresh foods without any chem-
ical preservatives, active packaging has been considered as a new
technique in the food packaging industry. Active packaging is gen-
erally used to prevent the activity of microorganisms, enzymes and
oxidative corruption (Biji et al., 2015). Utilization of preservatives
such as inorganic antimicrobial materials (e.g., zinc oxide nanopar-
ticles [ZnO NPs]) and plant extracts (e.g., green tea extract [GTE])
can be effective in improving the shelf life, quality, and safety of
products without causing any side effects (Ates et al., 2013; Luo
etal., 2015).

As a metal oxide, the importance of ZnO is highlighted through
its low cost, high availability, nontoxicity, regular crystalline struc-
ture, high specific surface area, excellent thermo-mechanical
properties, UV-barrier characteristics (Akbariazam et al., 2016;
Kavitha et al., 2011; Meshram et al., 2017), and considerable anti-
microbial activity certain viral, bacterial, and fungal species (Jesline
et al., 2015; Luo et al., 2015). It should be noted that ZnO NPs under
limited amount have been granted a “generally recognized as safe”
(GRAS) status by the Food and Drug Administration (FDA, 2011).

Green tea plants, known as Camellia sinensis, are grown in China
and northern India. Green tea leaf compounds include flavanols,
flavonols, folic acid, phenolic compounds (e.g., catechins), caffeine,
and theobromine. The most important catechin compounds are epi-
catechin, epicatechin gallate, epigallocatechin, and epigallocatechin
gallate. Epigallocatechin gallate is the most abundant and active cat-
echin with antioxidant activity in GTE (Akbari et al., 2019; Arezoo
etal., 2020).

Recently, the application of nanoparticles and plant extracts in
polymer matrices such as polypropylene (PP) has been looked at
for the production of antimicrobial nanocomposite films that can
maintain the quality, safety, and shelf life of food products (Lagaron
et al., 2005). In fact, ZnO NPs and GTE inhibit bacterial growth by
altering the permeability of the cell wall and membrane, activating
reactive oxygen species (ROS), annihilating the protein network,
and preventing DNA replication and enzymatic activities in bacte-
ria (Kumar & Anthony, 2016; Maheswari et al., 2018; Sirelkhatim
et al.,, 2015). Hence, with the aim of enhancing the quality of Salmon
fish, this research concentrated on destroying bacteria or at least de-
laying their growth. To this end, the microbial, chemical and sensory
properties of Salmon fish packaged in different PP nanocomposites

were measured during storage at 4°C.

2 | MATERIALS AND METHODS
2.1 | Materials

Polypropylene (molecular weight: 0.85 g/cm®; melting point:
130 to 171°C; CAS number: 9003-07-0) were purchased from

Arya polymer company, and zinc acetate dehydrate were ob-
tained from Azar-Kimia-Khatam company, Tabriz, Iran. ZnO
NPs were synthesized in the laboratory. 4A zeolite (4A Z) (Si/
Al =~ 2) was synthesized from clinoptilolite (clinoptilolite were
purchased from Azar-Kimia-Khatam company). Dry leaves of
green tea were purchased from Golestan Co. Methanol, etha-
nol, thiobarbituric acid (TBA), TBA reagent, magnesium oxide,
hydrochloric acid, sulfuric acid, potassium iodide, starch, chlo-
roform, sodium thiosulfate, phenolphthalein reagent, boric acid,
sodium hydroxide, and diethyl ether were obtained from Merck.
Micromedia supplied the medium cultures including Plate Count
Agar (PCA) and de Man, Ragusa, Sharpe (MRS) agar. All reagents
were of analytical grade.

2.1.1 | Bacterial stains

The Biological and Genetic Resources Center (Tehran, Iran) supplied
all bacterial species including Escherichia coli O157:H7 (IBRC-M
10698), Listeria monocytogenes (IBRC-M 10671), Pseudomonas
fluorescens (IBRC-M 10752), and Staphylococcus aureus (IBRC-M
10690).

2.2 | Methods

2.2.1 | Determination of minimum inhibitory
concentration (MIC) and minimum bactericidal
concentration (MBC) of 4A Z/ZnO/GTE
nanocomposites

The process of microdilution with 96-well microplates was used to
determine the MIC and MBC of the various samples of the study
(Dhanasekar et al., 2018). Nutrient broth was used to culture the
species of bacteria used (E. coli O157:H7, L. monocytogenes, P.
fluorescens, and S. aureus) for 24 hr before adjusting them to 0.5
McFarland standard turbidity (1.5 x 108 CFU/ml). Next, the test
wells were filled with 160 pl of nutrient broth, before 20 pl bacte-
rial suspensions and various concentrations (0.5, 1, 2, 3, 4, 5, 6,
and 7 mg/ml) of 4A Z, ZnO NPs/4A Z,4A Z/GTE, and ZnO NPs/4A
Z/GTE dispersed with ultrasonic bath in distilled water were
added. For confirmation, both positive (broth and ZnO NPs/4A
Z/GTE) and negative controls (broth and each bacterial suspen-
sion) were included. Next, incubation (24 hr) of the microplates
took place at 25°C for P. fluorescens and at 37°C for the other
three bacterial species; a microplate shaker (Boeco) was applied
for continuous shaking at 50-100 rpm during the incubation time.
The minimal antibacterial substance concentration at which bac-
terial growth is not visible is defined as the MIC, while the lowest
concentration required for destroying a specific bacterial species
is regarded as the MBC. To distinguish between MIC and MBC,
broth dilution tests involving subculturing to agar plates lacking

the test agent were employed.
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2.2.2 | Extraction of green tea extract (GTE)

Extraction was performed via the microwave method described
by (Ghasemzadeh-mohammadi et al., 2017). This method involved
preparation of dried green tea leaves followed by extraction using
clevenger. The dried leaves of green tea were completely crushed
and sieved in order to increase the surface area of solvent exposed
to dry matter and consequently enhance the extraction efficiency.
In this procedure, 1 g of sieved particles was mixed with 100 ml of
deionized water. Microwave extraction was performed for 30 min
with 50 Hz frequency, 2,450 MHz output, 600 W output power, and
80°C maximum temperature. The mixture of green tea leaves and
deionized water was poured into the tube at a ratio of 1/100 then
thoroughly mixed. Finally, the extract was filtered through a vacuum
filter before stored at 4°C.

2.2.3 | Preparation of the ZnO NPs/4A Z/GTE
nanocomposite

The hydrothermal method was used to synthesize 4A Z (alumina
silicates); the ratio of silica to alumina was approximately 2:1. As
sources of silicon and aluminum, clinoptilolite and alumina were
used and mixed with NaOH. Finally, the 4A Z nanocomposite was
produced through the transfer of the mixture to a Teflon reactor
set at 90°C (Khatamian et al., 2012). To prepare ZnO clusters, a
mixture containing 0.17 g Zn (CH3CHOO) ,.2H,0 was mixed with
4A Zin aratio of 5:95% (w/w) before being shaken for 30 min. Then,
zinc acetate was integrated to 4A Z over 24 hr via the ion exchange
process at 60°C. Next, the mixture was washed with distilled water
before being dried at 80°C. The resulting powder was then cal-
cined (2 hr; 500°C) to give the ZnO NPs/4A Z nanocomposite. In
order to add GTE, 200 ml of GTE was added to 5 g of ZnO NPs/4A
Z; the mixture was placed on a magnetic stirrer set at 40 rpm for
12 hr. Then, washing was done with distilled water before drying
in the oven at 70°C.

2.2.4 | Preparation of polypropylene (PP)
nanocomposite films with ZnO NPs/4A Z/GTE

Polypropylene films were prepared using the procedure described
by Carlol et al, in 2013. This involved the use of a double helix ex-
truder set at 180°C. Polypropylene powder (1 kg) with different
concentrations of ZnO NPs/4A Z/GTE (3% and 6% in treatments 1
and 2, respectively) was added to the extruder (Alswat et al., 2016;
Jiang et al., 2012; Khalaj et al., 2016; Lepot et al., 2011). These
materials melted through the extruder in six heat zones and were
thoroughly mixed by applying a variety of shearing and compres-
sive forces. The melted material exited the extruder in strips before
being inserted into the granulator. Finally, the granules were pre-
pared by casting in the form of food packaging films (de Dicastillo
et al., 2013).

2.2.5 | Evaluation of disk diffusion test of
Polypropylene nanocomposite ZnO NPs/4A Z/
GTE films

To evaluate the antibacterial impact of the prepared films, the disk
diffusion assay was employed (Ehsani et al., 2016). After 18 hr of
growth in nutrient broth, suspensions of P. fluorescens, S. aureus,
L. monocytogenes, and E. coli O157:H7 bacteria were collected and
adjusted to 0.5 McFarland standard turbidity (1.5 x 108 CFU/ml) be-
fore being diluted in a ratio of 1:10 to achieve a density of bacteria of
1.5 x 10° CFU/m. In the next step, 10 mm slices of the nanocompos-
ites were cut under sterile conditions and placed on Mueller-Hinton
agar; 0.1 ml bacterial suspensions (1.5 x 10° CFU/ml) were then in-
oculated on the nanocomposite segments. To arrive at the optimum
nanocomposite film for preserving salmon, the films were prepared
in three separate groups, namely the bare PP film (control sample),
PP/3% ZnO NPs/4A Z/GTE (treatment 1) and PP/6%ZnO NPs/4A Z/
GTE (treatment 2). Incubation occurred for 24 hr at 37°C for all the
species studied except P. fluorescens, which was incubated at 25°C.
Then, a digital micrometer was used to measure the zone of inhibition

surrounding the disks.

2.2.6 | Preparation of Salmon
samples and treatments

Fresh Salmon were transferred to the laboratory immediately after
being purchased at the Fish and Shrimp Market of Tabriz, Iran. After
washing, aseptic conditions were maintained as the heads and tails
were separated. Then, each 25 g samples of prepared fish were
placed into three separate groups (control and treatments). Next,
packaging of the control samples occurred within PP films, whereas
the different PP nanocomposite films were utilized to pack the
Salmon in the treatment groups (3% ZnO NPs/4A Z/GTE and 6%
ZnO NPs/4A Z/GTE). Then, the packaged samples were refrigerated
(4 + 1°C) for 9 days; microbial and sensory evaluations took place
initially and after 3, 6, and 9 days of storage.

2.2.7 | Microbial characterization

To conduct microbial analysis, a Stomacher 400 (Seward Medical,
London, UK) was initially used to mix salmon (10 g) with 0.1% sterile
peptone water (90 ml) for 1 min. Next, serial dilutions (from 107! to
1078) were utilized to prepare solutions of different concentrations.
Then, agar plates that had previously been prepared were inoculated
with 100 pl of the diluted solutions. To determine the total viable
count (TVC), incubation occurred in PCA for 48 hr at 37°C. To obtain
the count of psychrotrophic bacteria, the temperature and duration
of incubation on PCA used were 10°C and 7 days, respectively. In
contrast, MRS agar was utilized for anaerobic incubation (25°C; 48 hr
in anaerobic jar) ahead of determining the lactic acid bacteria count

(Raeisi et al., 2015). All results were reported as log CFU/g sample.
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2.2.8 | Determination of chemical properties of
polypropylene nanocomposite films with ZnO NPs/4A
Z/GTE

Evaluation of peroxide value (PV)

To measure the PV, 0.5 g of Salmon fish meat was mixed with 25 ml
of acetic acid and chloroform (the ratio of acetic acid to chloroform
was 3:2). Then, 1 ml of saturated potassium iodide was added to the
mixture, which was kept in dark conditions for 10 min. In the next
stage, 30 ml of distilled water and 1 ml of 1% starch solution were
added to the mixture. Finally, titration by sodium thiosulfate was
performed until the mixture be colorless (Heller et al., 2019). The PV
was calculated using the following formula:

Peroxide value _mEq = YxNx1,000
kg w

where "V" denotes the volume of consumed sodium thiosulfate, "N"
denotes the normality of sodium thiosulfate, and "W" denotes the
weight of the sample.

Evaluation of thiobarbituric acid (TBA)

The colorimetric method was used to measure TBA; 200 mg of the
Salmon fish was transferred to a 25 ml specific container and then
brought to volume using 1-butanol. Next, 5 ml of TBA reagent was
added to 5 ml of the prepared solution. In the next stage, the solu-
tion was placed in a hot water bath set at 95°C for 90 min before
being putin anice bath for 10 min. Finally, the absorbance was meas-
ured at 532 nm (Morsy et al., 2016). The TBA value was calculated
via the following formula:

As _Ab

TBA(mg)= 200

x50

where "A_" denotes the absorbance of each treatment and "A," denotes

the absorbance of the control sample.

Determination of total volatile basic nitrogen (TVB-N)

Total volatile basic nitrogen values were determined via the modified
Conway microdiffusion method with a Kjeltec 8400 (Foss, Sweden)
(Cai et al., 2014). To this end, minced Salmon meat (10 g) was first
added to distilled water (250 ml). Then, the mixture was transferred
to a flask after the addition of 2 g of MgO and one drop of silicon.
Next, this blend was distilled into a receiver flask containing 25 ml of
3% boric acid solution and an indicator (0.1 g of methylredand 0.1 g
of methylene blue in 100 ml of ethanol) before being titrated with
0.01 N HCIL. Finally, the value of TVB-N was obtained considering
the volume of HCI consumed in mg/100 g of Salmon meat.

Determination of pH value
To measure the pH value of Salmon, 5 g of salmon was homogenized
in 25 ml of distilled water for 30 s, and the resulting solution's pH

was determined using a pH meter (pH 510; Eutech® CyberScan,

Singapore) at room temperature according to AOAC regulations
(AOAC, 2005).

2.2.9 | Sensory evaluation

To conduct the sensory evaluation, a panel of ten semitrained
judges was asked to score the Salmon on a nine-point hedonic scale
in terms of odor, texture, color, and total acceptance in accordance
with the method described by Jouki et al. (2014). The panelists
were well educated regarding the characteristics of salmon as they
were chosen from graduate students of the Department of Food
Science and Technology of Tabriz University of Medical Sciences
(Tabriz, Iran). The scale points were 1-4, 5-8, 9-11, and 12 for
bad/unacceptable, good, very good, and excellent, respectively
(Prabhakar et al., 2020).

2.2.10 | Statistical analysis

Statistical analyses were performed using SPSS software (version
21.0, IBM). All experiments were carried out in triplicates using
different samples of salmon from the same batch on the same day
and independent bacterial cultures. Analyses included the use of
ANOVA, independent-samples t test, and Tukey's post hoc test.
Differences were considered significant at p < .05.

3 | RESULTS AND DISCUSSION

3.1 | MIC and MBC assessment of the 4A Z/ZnO
NPs/GTE nanocomposites

The MIC and MBC of the 4A Z/ZnO NPs/GTE nanocomposites
are demonstrated in Tables 1 and 2. The nanocomposites were
active in the concentrations of 1-4 mg/ml versus E. coli O,5,:H,,
S. aureus, P. fluorescens, and L. Monocytogenes. These results are
confirmative of the results of Dhanasekar and Madhumitha et al.
(Dhanasekar et al., 2018; Madhumitha et al., 2015). The optimal
MICs were chosen for the ZnO NPs/4A Z, GTE/4A Z, and ZnO
NPs/4A Z/GTE films as 2 + 0.02, 3 + 0.02, and 1 + 0.01 mg/ml,
respectively (Table 1); for MBC, the corresponding values were
3 + 0.02, 3 + 0.01, and 2 + 0.01 mg/ml, respectively. It should
be noted that in the negative control, we could see turbidity re-
lated to bacterial growth, whereas no turbidity was observed in
the positive control.

Gram-negative bacteria were more susceptible to ZnO NPs
and GTE than Gram-positive bacteria. Gram-positive bacteria
have a thick peptidoglycan layer in their cell walls, which leads
to greater resistance against nanoparticles and GTE compared
to Gram-negative bacteria. The cell wall of Gram-negative bac-
teria has a very thin peptidoglycan layer, meaning that the entry
of ZnO NPs and GTE to the cell is thus accelerated. The faster
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TABLE 1 MIC of 4A Z/ZnO NPs/GTE PP nanocomposites
against bacteria

MIC (mg/mL)
GTE, ZnO,4A
Bacteria 4AZ ZnO,4A Z 4AZ Z/GTE
E. coli O157:H7 - 2 3 1
S. aureus = S 4 2
P. fluorescens - 1 2 2
L. Monocytogenes - 2 3 3

Abbreviations: MIC, minimum inhibition concentration; PP,
polypropylene; ZnO, Zinc oxide; 4A Z, 4A zeolite; GTE, green tea
extract.

TABLE 2 MBC of 4A Z/ZnO NPs/GTE PP nanocomposites
against bacteria

MBC (mg/mL)
GTE, ZnO,4A
Bacteria 4AZ ZnO,4A Z 4AZ Z/GTE
E. coli O157:H7 - 3 3 2
S. aureus = 4 5 3
P. fluorescens - 2 3 2
L. Monocytogenes - 3 4 3

Abbreviations: MBC, minimum bactericidal concentration; PP,
polypropylene; ZnO: Zinc oxide; 4A Z: 4A zeolite; GTE: green tea
extract.

TABLE 3 Disk diffusion analysis of PP nanocomposites
containing 4A Z/ZnO NPs/GTE against bacteria

Diameter of inhibition zone (mm)

Control
Bacteria sample Treatment 1 Treatment 2
E. coli O157:H7 - 1273 +0.03 a 13.42+0.01e
S. aureus = 10.98 + 0.03 b 11.09 + 0.04 f
P. fluorescens - 12.11 +0.04 ¢ 13.09 +0.02g
L. Monocytogenes - 11.36 +0.01d 11.86 + 0.03 hr

Note: Control sample: Polypropylene (PP), Treatment 1: PP/3% ZnO
NPs/4A Z/GTE and Treatment 2: PP/6% ZnO NPs/4A Z/GTE. 4A Z: 4A
zeolite and GTE: green tea extract.

Data are presented as mean + SD and analyzed with one-way
analysis of variance. Different letters in each day represent statistical
significance among different treatments using the Tukey test.

the particles enter the cell, the faster they react with the bacte-
ria. Furthermore, these bacteria also have a negative charge in
their lipopolysaccharide layer, which is significant in the incorpo-
ration of positive ions. This facilitates the entrance of ZnO NPs
into the cell, which is followed by impairment in cell permeabil-
ity as well as prevention of DNA replication and protein damage
(Arezoo et al., 2020; Jalali et al., 2016; Mith et al., 2014; Sharma
et al., 2016).

CWILEY- %

3.2 | Disk diffusion assay of polypropylene polymer
with 4A Z/ZnO NPs/GTE

The disk diffusion test was carried out to evaluate the antimicro-
bial effect of PP nanocomposites containing 4A Z/ZnO NPs/GTE
(Table 3). The results showed that the nanocomposites with 6% ZnO
NPs/4A Z/GTE had greater antimicrobial impact versus bacteria than
those with 3% 4A Z/ZnO NPs/GTE. According to the results, Gram-
negative bacteria (particularly E. coli O,5,H,) were more sensitive to
the ZnO NPs and GTE than Gram-positive bacteria. Polypropylene
nanocomposites without ZnO NPs and GTE had no impact on the
mentioned bacteria. This was expectable as the main advantages
of PP nanocomposites with 4A Z are improvements in physicom-
echanical properties, though these nanocomposites can also control
the release of ZnO NPs and GTE, thereby enhancing the antimicro-
bial effect of the latter two agents against bacteria (Azizi-Lalabadi
et al., 2019). The highest zone of inhibition was seen against E. coli
0,5,H,, measuring 12.73 + 0.03 mm and 13.42 + 0.01 mm for treat-
ments land 2, respectively; S. aureus had the lowest inhibitory zone
across all treatments (p < .05).

It has been established that nanoparticles affect the permeabil-
ity of the cell wall, consequently preventing processes such as DNA
replication and protein synthesis (Luo et al., 2015). Reactive oxygen
species (ROS) cause the death of bacteria by oxidizing phospholip-
ids and thus reducing cellular energy (Ando et al., 2015; Jayaseelan
etal., 2013). Our results are in agreement with those of other studies
(Azizi-Lalabadi et al., 2020; Slavin et al., 2017).

3.3 | Microbial evaluation

In the present study, microbial alterations were assessed via total
viable count (TVC), psychrophilic bacteria count, and lactic acid bac-

teria count in Salmon fish over 9 days of refrigerated storage.

3.3.1 | Total viable count

Salmon, because of their high moisture content (above 70%), are a good
source for growth of bacteria. The recommended acceptable TVC limit
for salmon is 7 log CFU/g (Jouki et al., 2014). Based on Figure 1, the
TVC for Salmon fish was initially 4.3 log CFU/g, which demonstrates
that the quality of the salmon was acceptable (Soares et al., 2017).
In all of the studied samples, the microbial load increased over time.
However, it is notable that the microbial load remained within the ac-
ceptable range up until day nine of treatment with 6% ZnO NPs/4A Z/
GTE. The microbial load for treatment 2 on the sixth and ninth days
was 6.1 and 7 log CFU/g, respectively. This result is in accordance with
other reported TVC values for fish. Yildiz in 2017 found that the initial
microbial load for different fish species was between 2 and 6 log CFU/g
(Yildiz, 2017). Ehsani et al. in 2020 reported that the TVC in fish during
seven days of refrigerated storage was more than 7 log CFU/g (Ehsani

et al., 2020). Such amounts were observed in the present study on
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the sixth day for 3% ZnO NPs/4A Z/GTE and on the ninth day for 6%
ZnO NPs/4A Z/GTE, meaning that the latter nanocomposite showed
higher antimicrobial properties. Yang et al. in 2008 demonstrated that
green tea catechins (as polyphenolic compounds) have antimicrobial
activity against both Gram-negative and Gram-positive bacteria (Yang
et al., 2008). Irshad et al. in 2018 reported that GTE carries out anti-
microbial activities via disturbing cell morphology, preventing bacterial
enzyme function, inhibiting bacterial metabolism, and producing hy-
drogen peroxide through catechin oxidation (Irshad et al., 2018). Also,
ZnO NPs exert their antimicrobial impact by producing free radicals
on the surface of bacteria, thereby damaging the lipopolysaccharides
of the cell membrane and releasing metal ions from the surface of the
nanoparticles that bind to the cell membrane, consequently causing
microbial cell death. In addition, indirect antimicrobial effects occur
through the production and release of hydrogen peroxide; cellular de-
struction occurs due to the electrostatic interaction and direct pen-
etration of ZnO NPs into the bacterial cell (Rojas et al., 2019).

3.3.2 | Psychrophilic bacteria count

Seafood such as fish after fishing are mostly spoiled by psychrophilic
bacteria such as Pseudomonas spp. because of their cold living condi-
tions. These species are Gram-positive and psychrotrophic bacteria, as
obligate aerobes. Pseudomonas spp. are a key group of bacteria respon-
sible for seafood spoilage (Jay et al., 2005). Our findings revealed that

FIGURE 1 Effect of PP nanocomposite
films containing ZnO NPs/4A Z/GTE on
the total viable count (TVC) of Salmon
during storage at 4°C. Each point
represents the mean + SD. Control
sample: Polypropylene (PP), Treatment 1:
PP/3% ZnO NPs/4A Z/GTE and Treatment
2: PP/6% ZnO NPs/4AA Z/GTE. 4A z: 4A
zeolite; GTE: green tea extract

o—Tretment 2

FIGURE 2 Effect of PP nanocomposite

films containing ZnO NPs/4A Z/GTE

on the psychrophilic bacteria count of

Salmon during storage at 4°C. Each

point represents the mean + SD. Control

sample: Polypropylene (PP), Treatment 1:

PP/3% ZnO NPs/4A Z/GTE and Treatment
g 2: PP/6% ZnO NPs/4A Z/GTE. 4A Z: 4A

zeolite; GTE: green tea extract

relative to the control film, the PP nanocomposite films had higher activ-
ity against psychrophilic bacteria (p < .05; Figure 2). The psychrophilic
bacteria count was approximately 4.8 log CFU/g on the initial day of
storage for all samples. By day 9, the bacterial population of the control
sample had significantly increased to 8.5 log CFU/g, while such growth
was not observed in treatments 1 and 2, which had counts of 6.8 and
6 log CFU/g, respectively. In fact, the highest increase was observed
on the ninth day in the control sample, while the lowest bacteria count
was on the ninth day in treatment 2. Our finding is in accordance with
those of other researchers (Jayabalan et al., 2019; Polverari et al., 2019).

3.3.3 | Lactic acid bacteria count

The fact that the growth of lactic acid bacteria (LAB) is possible at
low oxygen concentrations has resulted in the recognition of these
bacteria as facultative anaerobes. Interestingly enough, a consider-
able proportion of the naturally occurring microflora in seafood is
comprised of LAB (Aymerich et al., 2019). Initially, all samples had
LAB counts of 2.6 log CFU/g; this amount increased during storage
(Figure 3). Across the storage time, the nanocomposite films were
able to significantly stunt the rise in LAB count (by approximately
1 log CFU/g) relative to the control (p < .05). The LAB count on the
ninth day was 5.8, 4.8, and 4.2 log CFU/g for the control, treatment
1, and treatment 2, respectively. Our results are in accordance with

those of a former study (Moosavi-Nasab et al., 2019). In one study;, it



AZIZI-LALABADI ET AL.

CWILEY- -

was declared that essential oil and plant extract significantly prevent
LAB growth during storage of food products (Ankolekar et al., 2011).

3.4 | Determination of chemical properties of
polypropylene nanocomposite films containing ZnO
NPs/4A Z/GTE

3.4.1 | Evaluation of peroxide value (PV)

The PV is an index of the primary products of fat oxidation. The PV
values measured during refrigerated storage of the salmon are pre-
sented in Figure 4. The recommended acceptable limit of PV for salmon
is 5 mEq/kg of fish (Jouki et al., 2014). Based on Figure 4, the initial
PV of Salmon was 0.68 + 0.0 mEqg/kg, which increased to 12.3 + 0.03,
9.9 + 0.01, and 7.3 + 0.02 mEq/kg on the ninth day of storage for the
control sample and treatments 1 and 2, respectively. It is known that
unsaturated fatty acids (UFA) in seafood lead to large PV alterations
(Shadman et al., 2017). The rise in PV after 6 day in Salmon during
storage indicates spoilage and a rapid increase in rancidity. Lipolytic
enzymes have an important impact on the UFA of salmon; the meas-
urement of free fatty acids is thus a good indicator for evaluating the
effect of these enzymes on Salmon (Kop et al., 2019). In this study, the
PV increased significantly across all samples after nine days of storage
(b <.05). It should be noted that this trend developed at a higher rate in
the control sample than either treatment. The lowest PV was observed
in treatment 2, which could be attributed to the lower oxygen perme-
ability and the moisture absorption properties of the 4A Z. In addition,
GTE exerts its antioxidant effects by inhibition of chain reactions and
degradation of hydroperoxides and free radicals (Raeisi et al., 2015).
Our results are in agreement with those of Raeisi et al. (2015). Indeed,
the results of this study indicate the effect of low temperature and the
ZnO NPs/4A Z/GTE PP nanocomposite on PV regulation in salmon.

3.4.2 | Evaluation of thiobarbituric acid (TBA)

The measurement of TBA is a good indicator for determining the pro-
gress of lipid oxidation and carbonyl and aldehyde production. The in-
crease in the amount of TBA during storage may be due to the increase

in free iron and other peroxidants in fish tissue (Raeisi et al., 2015).

FIGURE 3 Effect of PP nanocomposite
films containing ZnO NPs 4A Z and

GTE on the lactic acid bacteria count

of Salmon during storage at 4°C. Each
point represents the mean + SD. Control
sample: Polypropylene (PP), Treatment 1:
PP/3% ZnO NPs/4A Z/GTE and Treatment
2: PP/6% ZnO NPs/4A Z/GTE. 4A Z: 4A
zeolite; GTE: green tea extract o

Lactic acid bacteria (Log CI'U/g)

Figure 5 shows the effect of storage on TBA. Based on Figure 5, the
amount of TBA increased significantly during storage (p < .05). The
highest amount for TBA was observed on the ninth day in the control,
while treatment 2 maintained the lowest TBA amount. The mechanism
through which GTE decreases the TBA amount in active Salmon pack-
aging is related to the ability of GTE in chelating iron ions from salmon
proteins. The PP nanocomposite containing 6% ZnO NPs/4A Z/GTE
had the most protective effect against fat oxidation in the salmon fillets
due to less oxygen penetration to the salmon as well as greater diffu-
sion of GTE from the surface of the film into the salmon. In fact, GTE,
with its antioxidant activity, was able to suppress free radicals or slow
down their production (Castro et al., 2019). Our results are in accord-
ance with those of Raeisi et al. (2015) and Castro et al. (2019).

3.4.3 | Determination of total volatile basic nitrogen
(TVB-N)

The TVB-N value has an important role in the quality assessment of
salmon. This index includes the amount of ammonia and volatile amines
as major indicators of degradation and spoilage of Salmon proteins.
When TVB-N reaches 25 mg per 100 g of Salmon, spoilage is identified
(Joukietal.,2014; Volpe et al., 2015). The results of evaluation of TVB-N
in Salmon during refrigerated storage are shown in Figure 6. The initial
amount of TVB-N was 1.3 + 0.0 mg, increasing after nine days of stor-
age to0 29.3 + 0.01, 25.7 + 0.03, and 21.8 + 0.02 mg in the control sam-
ple and treatments 1 and 2, respectively. After six days of storage, the
amount of TVB-N remained below the permitted limit across all sam-
ples. Also, it should be noted that the amount of TVB-N in treatment 2
remained below the permitted limit after nine days of storage. The high-
est amount of TVB-N was found in the control sample, while the lowest
increase in TVB-N was observed in treatment 2 (p < .05). Our findings
are in accordance with those of other researchers (Ojagh et al., 2010;
Shadman et al., 2017). Reasons for these differences in TVB-N include
the enhanced microbial load or the ability of the plant extract to de-
aminate nonprotein nitrogen compounds (Ojagh et al., 2010). Feng et al.
in 2017 evaluated the effect of the polyphenols of GTE on the amount
of TVB-N during storage of Salmon. They confirmed that TVB-N in-
creased during Salmon storage; however, the antioxidant activity of the
polyphenols of GTE resulted in the increase to be much higher in the

control sample than the treatments (Feng et al., 2017).

—e—Control —s—Tretment 1 Tretment 2

3 Time (days) 3 9
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3.4.4 | Determination of pH value storage to 7.4 + 0.02, 7.2 + 0.02, and 7 + 0.00 in the control sample
and treatments 1 and 2, respectively (Figure 7). The reason for such
The pH is an important factor that changes during Salmon storage. rises in pH is the formation of nitrogenous compounds such as am-
The pH value increased significantly during the storage of Salmon. monium and biogenic amines as a result of enzymatic activity as well

The initial pH value was 6.3 + 0.0 which increased after nine days of as the proteolytic activity of psychrophilic bacteria (Lee et al., 2019).
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TABLE 4 Effect of polypropylene nanocomposite films containing 4A Z/ZnO NPs/GTE on the sensory evaluation of Salmon at 4°C

Color Odor Texture Total acceptance
Days Groups Mean + SD Mean + SD Mean + SD Mean + SD
0 Control 12.00 +0.00 12.00 + 0.00 12.00 + 0.00 12.00 +£ 0.00
3 Control 8.34+0.05a 8.25+0.03a, 10.5+0.08 a, 10+ 0.04 a,
Treatment 1 9.13+0.04b 11.19 + 0.08 b, 11.5+0.04 b, 11 +0.07 b,
Treatment 2 10.21 £ 0.03 ¢ 11.5+0.05¢, 11.5+0.04c, 11 +0.08 ¢,
6 Control 5.40 + 0.06 a 6.13+0.03 a; 7.5+0.03a, 8 +0.05 a4
Treatment 1 6.25+0.04b 9.28 +0.03 b, 9+0.04b, 9+0.04b,
Treatment 2 8.05+0.05¢c 9.5+0.03 ¢, 9+0.06¢c, 10+ 0.06 c,4
9 Control 2.5+0.05a 4+0.04a, 5+0.05a, 6.5+0.04 a,
Treatment 1 4 +0.05b 7 +0.04 b, 75+0.2b, 75+0.1b,
Treatment 2 6.5+0.06 c 7+0.06c, 7.5+0.08¢c, 8 +0.04 b,

Note: Control sample: Polypropylene (PP), Treatment 1: PP/3% ZnO NPs/4A Z/GTE and Treatment 2: PP/6% ZnO NPs/4A Z/GTE. 4A Z: 4A zeolite

and GTE: green tea extract.

Data are presented as mean + SD and analyzed with one-way analysis of variance. Different letters in each day represent statistical significance

among different treatments using the Tukey.

3.5 | Sensory evaluation

Table 4 presents the results obtained from the evaluation of the
Salmon samples in terms of sensory properties. Despite the fact
that the Salmon samples all had acceptable sensory properties
on the first day, significant drops in sensory features were found
over the storage time (p < .05; Prabhakar et al., 2020). The control
sample maintained good sensory characteristics until the third
storage day, though acceptable texture, color, odor, and total ac-
ceptance scores were recorded even after nine days of storage
in both treatments. Among the treatments, treatment 1 received
a lower score compared with treatment 2 in terms of sensory
evaluation. In fact, the higher total acceptance of treatment 2
indicates the ZnO NPs-GTE interaction induced strong antimi-
crobial activity, preventing undesired alterations in texture, odor,
and color. Significant differences were found between the control
and treatment samples for total acceptance at days 3, 6, and 9
of refrigerated storage. These results are consistent with those
obtained in related studies (Azizi-Lalabadi et al., 2020; Shahbazi
& Shavisi, 2018; Yuan et al., 2016). Indeed, the progressive re-
lease of ZnO NPs and GTE from the PP nanocomposite matrix
exerted preservative impacts on sensory characteristics including

texture, smell, and total acceptance.

4 | CONCLUSION

In this study, PP nanocomposite films including 4A Z/ZnO NPs/
GTE were used to increase the shelf life of Salmon. The results
showed that the nanocomposites significantly increase the shelf
life of Salmon (p < .05). Furthermore, the PV, TBA, and TVB-N in-
dices of Salmon all increased significantly during storage (p < .05).
Sensory evaluation revealed that the texture, color, odor, and

general acceptance of the Salmon samples in the treatment

groups were significantly higher relative to the control (p < .05).
The results of microbial analysis showed that the TVC, psychro-
philic bacteria count, and lactic acid bacteria count all increased
during Salmon storage, but these trends were significantly lower
in the treatments compared to the control (p < .05). In conclusion,
producing PP nanocomposite packaging's containing ZnO NPs/4A
Z/GTE is an effective, promising and efficient method for increas-

ing the shelf life, quality, and safety of salmon.

CONFLICTS OF INTEREST
All author declares that there is no conflict of interest.

AUTHOR'S CONTRIBUTION
Maryam Azizi-Lalabadi write the manuscript, Leila Rafiei do experi-
ments, Bahark Divband involved in data analysis, and Ali Ehsani de-

signed the work.

ETHICAL APPROVAL
This article does not contain any studies with human participants or

animals performed by any of the authors.

ORCID

Maryam Azizi-Lalabadi https://orcid.org/0000-0002-1245-3731
Ali Ehsani https://orcid.org/0000-0003-4869-8164
REFERENCES

Akbari, M., Sadeghi Mahoonak, A., Sarabandi, K., & Ghorbani, A. (2019).
Physiochemical characterization and antioxidant activities of green
tea extract microencapsulated by co-crystallization technique. Food
Science and Technology, 15(85), 179-193.

Akbariazam, M., Ahmadi, M., Javadian, N., & Nafchi, A. M. (2016).
Fabrication and characterization of soluble soybean polysaccharide
and nanorod-rich ZnO bionanocomposite. International Journal of
Biological Macromolecules, 89, 369-375. https://doi.org/10.1016/j.
ijbiomac.2016.04.088


https://orcid.org/0000-0002-1245-3731
https://orcid.org/0000-0002-1245-3731
https://orcid.org/0000-0003-4869-8164
https://orcid.org/0000-0003-4869-8164
https://doi.org/10.1016/j.ijbiomac.2016.04.088
https://doi.org/10.1016/j.ijbiomac.2016.04.088

AZIZI-LALABADI ET AL.

454

Alparslan, Y., & Baygar, T. (2017). Effect of chitosan film coating com-
bined with orange peel essential oil on the shelf life of deepwater
pink shrimp. Food and Bioprocess Technology, 10(5), 842-853. https://
doi.org/10.1007/s11947-017-1862-y

Alswat, A. A., Ahmad, M. B., Saleh, T. A., Hussein, M. Z. B., & Ibrahim,
N. A. (2016). Effect of zinc oxide amounts on the properties and an-
tibacterial activities of zeolite/zinc oxide nanocomposite. Materials
Science and Engineering: C, 68, 505-511. https://doi.org/10.1016/j.
msec.2016.06.028

Ando, H., Kawasaki, N., Yamano, N., Uegaki, K., & Nakayama, A.
(2015). Biodegradation of a poly (e-caprolactone-co-I-lactide)-vis-
ible-light-sensitive TiO2 composite with an on/off biodegradation
function. Polymer Degradation and Stability, 114, 65-71. https://doi.
org/10.1016/j.polymdegradstab.2015.02.003

Ankolekar, C., Johnson, D., Pinto, M. D. S., Johnson, K., Labbe, R., &
Shetty, K. (2011). Inhibitory potential of tea polyphenolics and in-
fluence of extraction time against Helicobacter pylori and lack of
inhibition of beneficial lactic acid bacteria. Journal of Medicinal Food,
14(11), 1321-1329.

AOAC. (2005). Official methods of analysis of the Association of Analytical
Chemistry, chapter 39 (pp. 5-8, 18th ed.) (code 39.1.15). : Association
of Official Analytical Chemists.

Arezoo, E., Mohammadreza, E., Maryam, M., & Abdorreza, M. N. (2020).
The synergistic effects of cinnamon essential oil and nano TiO2
on antimicrobial and functional properties of sago starch films.
International Journal of Biological Macromolecules, 157, 743-751.
https://doi.org/10.1016/j.ijbiomac.2019.11.244

Ates, M., Daniels, J., Arslan, Z., Farah, I. O., & Rivera, H. F. (2013).
Comparative evaluation of impact of Zn and ZnO nanoparticles on
brine shrimp (Artemia salina) larvae: Effects of particle size and sol-
ubility on toxicity. Environmental Science: Processes & Impacts, 15(1),
225-233. https://doi.org/10.1039/C2EM30540B

Aymerich, T., Rodriguez, M., Garriga, M., & Bover-Cid, S. (2019).
Assessment of the bioprotective potential of lactic acid bacteria
against Listeria monocytogenes on vacuum-packed cold-smoked
salmon stored at 8° C. Food Microbiology, 83, 64-70.

Azizi-Lalabadi, M., Ehsani, A., Divband, B., & Alizadeh-Sani, M. (2019).
Antimicrobial activity of Titanium dioxide and Zinc oxide nanoparti-
cles supported in 4A zeolite and evaluation the morphological char-
acteristic. Scientific Reports, 9(1), 1-10.

Azizi-Lalabadi, M., Ehsani, A., Ghanbarzadeh, B., & Divband, B. (2020).
Polyvinyl alcohol/gelatin nanocomposite containing ZnO, TiO2 or
ZnO/TiO2 nanoparticles doped on 4A zeolite: Microbial and sensory
qualities of packaged white shrimp during refrigeration. International
Journal of Food Microbiology, 312, 108375.

Biji, K., Ravishankar, C., Mohan, C., & Gopal, T. S. (2015). Smart packaging
systems for food applications: A review. Journal of Food Science and
Technology, 52(10), 6125-6135.

Cai, L., Wu, X., Dong, Z., Li, X., Yi, S., & Li, J. (2014). Physicochemical
responses and quality changes of red sea bream (Pagrosomus major)
to gum arabic coating enriched with ergothioneine treatment during
refrigerated storage. Food Chemistry, 160, 82-89.

Castro, F. V., Andrade, M. A., Sanches Silva, A., Vaz, M. F., & Vilarinho,
F. (2019). The Contribution of a whey protein film incorporated with
green tea extract to minimize the lipid oxidation of salmon (Salmo
salar L.). Foods, 8(8), 327.

de Dicastillo, C. L., del Mar Castro-Lépez, M., Lépez-Vilarifio, J. M., &
Gonzalez-Rodriguez, M. V. (2013). Immobilization of green tea ex-
tract on polypropylene films to control the antioxidant activity in
food packaging. Food Research International, 53(1), 522-528.

Dhanasekar, M., Jenefer, V., Nambiar, R. B, Babu, S. G., Selvam, S. P,
Neppolian, B., & Bhat, S. V. (2018). Ambient light antimicrobial ac-
tivity of reduced graphene oxide supported metal doped TiO2
nanoparticles and their PVA based polymer nanocomposite films.
Materials Research Bulletin, 97, 238-243.

Ehsani, A., Hashemi, M., Afshari, A., Aminzare, M., Raeisi, M., & Zeinali,
T. (2020). Effect of different types of active biodegradable films con-
taining lactoperoxidase system or sage essential oil on the shelf life
of fish burger during refrigerated storage. LWT, 117, 108633.

Ehsani, A., Hashemi, M., Naghibi, S. S., Mohammadi, S., & Khalili
Sadaghiani, S. (2016). Properties of Bunium persicum essential oil
and its application in Iranian white cheese against Listeria monocy-
togenes and Escherichia coli O157: H7. Journal of Food Safety, 36(4),
563-570.

FDA (2011). FDA Part 182—Substances Generally Recognized As Safe. Food
and drug administration.

Feng, X., Ng, V. K., Mik3-Krajnik, M., & Yang, H. (2017). Effects of
fish gelatin and tea polyphenol coating on the spoilage and deg-
radation of myofibril in fish fillet during cold storage. Food and
Bioprocess Technology, 10(1), 89-102. https://doi.org/10.1007/s1194
7-016-1798-7

Ghasemzadeh-mohammadi, V., Zamani, B., Afsharpour, M. &
Mohammadi, A. (2017). Extraction of caffeine and catechins using
microwave-assisted and ultrasonic extraction from green tea leaves:
An optimization study by the IV-optimal design. Food Science and
Biotechnology, 26(5), 1281-1290. https://doi.org/10.1007/s1006
8-017-0182-3

Heller, M., Gemming, L., Tung, C., & Grant, R. (2019). Oxidation of fish
oil supplements in Australia. International Journal of Food Sciences
and Nutrition, 70(5), 540-550. https://doi.org/10.1080/09637
486.2018.1542666

Hosseini, S. F., Rezaei, M., Zandi, M., & Ghavi, F. F. (2016). Effect of
fish gelatin coating enriched with oregano essential oil on the
quality of refrigerated rainbow trout fillet. Journal of Aquatic Food
Product Technology, 25(6), 835-842. https://doi.org/10.1080/10498
850.2014.943917

Irshad, S., Salamat, A., Anjum, A. A, Sana, S., Saleem, R. S., Naheed, A,
& Igbal, A. (2018). Green tea leaves mediated ZnO nanoparticles and
its antimicrobial activity. Cogent Chemistry, 4(1), 1469207. https://
doi.org/10.1080/23312009.2018.1469207

Jalali, S., Allafchian, A., Banifatemi, S., & Tamai, |. A. (2016). The anti-
bacterial properties of Ag/TiO2 nanoparticles embedded in silane
sol-gel matrix. Journal of the Taiwan Institute of Chemical Engineers,
66, 357-362. https://doi.org/10.1016/j.jtice.2016.06.011

Jay, J. M., Loessner, M. J., & Golden, D. A. (2005). Indicators of food mi-
crobial quality and safety. Modern Food Microbiology, 473-495.

Jayabalan, J., Mani, G., Krishnan, N., Pernabas, J., Devadoss, J. M., & Jang,
H. T. (2019). Green biogenic synthesis of zinc oxide nanoparticles
using Pseudomonas putida culture and its In vitro antibacterial and
anti-biofilm activity. Biocatalysis and Agricultural Biotechnology, 21,
101327. https://doi.org/10.1016/j.bcab.2019.101327

Jayaseelan, C., Rahuman, A. A., Roopan, S. M., Kirthi, A. V., Venkatesan,
J., Kim, S.-K,, lyappan, M., & Siva, C. (2013). Biological approach to
synthesize TiO2 nanoparticles using Aeromonas hydrophila and
its antibacterial activity. Spectrochimica Acta Part A: Molecular and
Biomolecular Spectroscopy, 107, 82-89. https://doi.org/10.1016/j.
saa.2012.12.083

Jesline, A., John, N. P,, Narayanan, P., Vani, C., & Murugan, S. (2015).
Antimicrobial activity of zinc and titanium dioxide nanoparticles
against biofilm-producing metbhicillin-resistant Staphylococcus au-
reus. Applied Nanoscience, 5(2), 157-162. https://doi.org/10.1007/
s13204-014-0301-x

Jiang, J., Li, G.,, Ding, Q., & Mai, K. (2012). Ultraviolet resistance
and antimicrobial properties of ZnO-supported zeolite filled
isotactic polypropylene composites. Polymer Degradation and
Stability, 97(6), 833-838. https://doi.org/10.1016/j.polymdegra
dstab.2012.03.046

Jouki, M., Yazdi, F. T., Mortazavi, S. A., Koocheki, A., & Khazaei, N.
(2014). Effect of quince seed mucilage edible films incorporated with
oregano or thyme essential oil on shelf life extension of refrigerated


https://doi.org/10.1007/s11947-017-1862-y
https://doi.org/10.1007/s11947-017-1862-y
https://doi.org/10.1016/j.msec.2016.06.028
https://doi.org/10.1016/j.msec.2016.06.028
https://doi.org/10.1016/j.polymdegradstab.2015.02.003
https://doi.org/10.1016/j.polymdegradstab.2015.02.003
https://doi.org/10.1016/j.ijbiomac.2019.11.244
https://doi.org/10.1039/C2EM30540B
https://doi.org/10.1007/s11947-016-1798-7
https://doi.org/10.1007/s11947-016-1798-7
https://doi.org/10.1007/s10068-017-0182-3
https://doi.org/10.1007/s10068-017-0182-3
https://doi.org/10.1080/09637486.2018.1542666
https://doi.org/10.1080/09637486.2018.1542666
https://doi.org/10.1080/10498850.2014.943917
https://doi.org/10.1080/10498850.2014.943917
https://doi.org/10.1080/23312009.2018.1469207
https://doi.org/10.1080/23312009.2018.1469207
https://doi.org/10.1016/j.jtice.2016.06.011
https://doi.org/10.1016/j.bcab.2019.101327
https://doi.org/10.1016/j.saa.2012.12.083
https://doi.org/10.1016/j.saa.2012.12.083
https://doi.org/10.1007/s13204-014-0301-x
https://doi.org/10.1007/s13204-014-0301-x
https://doi.org/10.1016/j.polymdegradstab.2012.03.046
https://doi.org/10.1016/j.polymdegradstab.2012.03.046

AZIZI-LALABADI ET AL.

rainbow trout fillets. International Journal of Food Microbiology, 174,
88-97. https://doi.org/10.1016/j.ijfoodmicro.2014.01.001

Kavitha, B., Dasharatham, D., Srinivasu, D., Srinivas, C., & Narsimlu, N.
(2011). Synthesis and characterization of TiO2 doped polyvinyl alco-
hol polymer composites. J Chem Pharm, 4, 155-157.

Khalaj, M.-J.,, Ahmadi, H., Lesankhosh, R., & Khalaj, G. (2016). Study of
physical and mechanical properties of polypropylene nanocompos-
ites for food packaging application: Nano-clay modified with iron
nanoparticles. Trends in Food Science & Technology, 51, 41-48. https://
doi.org/10.1016/j.tifs.2016.03.007

Khatamian, M., Divband, B., & Jodaei, A. (2012). Degradation of 4-ni-
trophenol (4-NP) using ZnO nanoparticles supported on zeolites
and modeling of experimental results by artificial neural net-
works. Materials Chemistry and Physics, 134(1), 31-37. https://doi.
org/10.1016/j.matchemphys.2012.01.091

Kop, A., Gamsiz, K., Korkut, A. Y., & Saygl, H. (2019). The effects of dif-
ferent storage temperatures and durations on peroxide values of
fish feed ingredients. Turkish Journal of Agriculture-Food Science and
Technology, 7(sp3), 43-49.

Kumar, V. V., & Anthony, S. P. (2016). Antimicrobial studies of metal
and metal oxide nanoparticles. In G. Alexandru Mihai (Eds.), Surface
chemistry of nanobiomaterials (pp. 265-300). Elsevier.

Lagaron, J., Cabedo, L., Cava, D., Feijoo, J., Gavara, R., & Gimenez,
E. (2005). Improving packaged food quality and safety. Part
2: Nanocomposites. Food Additives and Contaminants, 22(10),
994-998.

Lee, J., Jahurul, M., Pua, V., Shapawi, R.,, & Chan, P. (2019). Effects
of chitosan and ascorbic acid coating on the chilled tilapia fish
(Oreochromis niloticus) fillet. Paper presented at the Journal of
Physics: Conference Series.

Lepot, N., Van Bael, M. K., Van den Rul, H., D'Haen, J., Peeters, R.,
Franco, D., & Mullens, J. (2011). Influence of incorporation of ZnO
nanoparticles and biaxial orientation on mechanical and oxygen bar-
rier properties of polypropylene films for food packaging applica-
tions. Journal of Applied Polymer Science, 120(3), 1616-1623. https://
doi.org/10.1002/app.33277

Luo, Z., Qin, Y., & Ye, Q. (2015). Effect of nano-TiO2-LDPE packaging
on microbiological and physicochemical quality of Pacific white
shrimp during chilled storage. International Journal of Food Science &
Technology, 50(7), 1567-1573.

Madhumitha, G., Elango, G., & Roopan, S. M. (2015). Bio-functionalized
doped silver nanoparticles and its antimicrobial studies. Journal of Sol-
Gel Science and Technology, 73(2), 476-483. https://doi.org/10.1007/
s10971-014-3591-2

Maheswari, P., Ponnusamy, S., Harish, S., Ganesh, M., & Hayakawa, Y.
(2018). Hydrothermal synthesis of pure and bio modified TiO2:
Characterization, evaluation of antibacterial activity against gram
positive and gram negative bacteria and anticancer activity against
KB Oral cancer cell line. Arabian Journal of Chemistry.

Meshram, J., Koli, V., Phadatare, M., & Pawar, S. (2017). Anti-microbial
surfaces: An approach for deposition of ZnO nanoparticles on
PVA-Gelatin composite film by screen printing technique. Materials
Science and Engineering: C, 73, 257-266. https://doi.org/10.1016/j.
msec.2016.12.043

Mith, H., Dure, R., Delcenserie, V., Zhiri, A., Daube, G., & Clinquart, A.
(2014). Antimicrobial activities of commercial essential oils and their
components against food-borne pathogens and food spoilage bacte-
ria. Food Science & Nutrition, 2(4), 403-416. https://doi.org/10.1002/
fsn3.116

Moosavi-Nasab, M., Mirzapour-Kouhdasht, A., & Oliyaei, N. (2019).
Application of essential oils for shelf-life extension of seafood prod-
ucts. In H.A. EI-Shemy (Ed.), Essential oils-oils of nature. IntechOpen.
https://doi.org/10.5772/intechopen.86574

Morsy, M. K., Zér, K., Kostesha, N., Alstrgm, T. S., Heiskanen, A., El-Tanahi,
H., Sharoba, A., Papkovsky, D., Larsen, J., Khalaf, H., Jakobsen, M. H.,

CWILEY- %%

& Emnéus, J. (2016). Development and validation of a colorimetric
sensor array for fish spoilage monitoring. Food Control, 60, 346-352.
https://doi.org/10.1016/j.foodcont.2015.07.038

Ojagh, S. M., Rezaei, M., Razavi, S. H., & Hosseini, S. M. H. (2010). Effect
of chitosan coatings enriched with cinnamon oil on the quality of re-
frigerated rainbow trout. Food Chemistry, 120(1), 193-198. https://
doi.org/10.1016/j.foodchem.2009.10.006

Polverari, A., Lovato, A., Vitulo, N., Vandelle, E. G., & Pignatti, A. (2019).
Inhibition of virulence-related traits in Pseudomonas syringae pv. ac-
tinidiae by Gunpowder green tea extracts. Frontiers in Microbiology,
10, 2362.

Prabhakar, P. K., Vatsa, S., Srivastav, P. P., & Pathak, S. S. (2020). A com-
prehensive review on freshness of fish and assessment: Analytical
methods and recent innovations. Food Research International, 133,
109157.

Raeisi, M., Tajik, H., Aliakbarlu, J., Mirhosseini, S. H., & Hosseini, S. M.
H. (2015). Effect of carboxymethyl cellulose-based coatings incor-
porated with Zataria multiflora Boiss. essential oil and grape seed
extract on the shelf life of rainbow trout fillets. LWT-Food Science and
Technology, 64(2), 898-904.

Rojas, K., Canales, D., Amigo, N., Montoille, L., Cament, A., Rivas, L. M.,
Gil-Castell, O., Reyes, P., Ulloa, M. T., Ribes-Greus, A., & Zapata, P.
A. (2019). Effective antimicrobial materials based on low-density
polyethylene (LDPE) with zinc oxide (ZnO) nanoparticles. Composites
Part B: Engineering, 172, 173-178. https://doi.org/10.1016/j.compo
sitesb.2019.05.054

Shadman, S., Hosseini, S. E., Langroudi, H. E., & Shabani, S. (2017).
Evaluation of the effect of a sunflower oil-based nanoemulsion with
Zataria multiflora Boiss. essential oil on the physicochemical prop-
erties of rainbow trout (Oncorhynchus mykiss) fillets during cold
storage. LWT-Food Science and Technology, 79, 511-517. https://doi.
org/10.1016/j.lwt.2016.01.073

Shahbazi, Y., & Shavisi, N. (2018). Chitosan coatings containing Mentha
spicata essential oil and zinc oxide nanoparticle for shelf life ex-
tension of rainbow trout fillets. Journal of Aquatic Food Product
Technology, 27(9), 986-997.

Sharma, N., Jandaik, S., Kumar, S., Chitkara, M., & Sandhu, I. S. (2016).
Synthesis, characterisation and antimicrobial activity of manga-
nese-and iron-doped zinc oxide nanoparticles. Journal of Experimental
Nanoscience, 11(1), 54-71. https://doi.org/10.1080/17458
080.2015.1025302

Sirelkhatim, A., Mahmud, S., Seeni, A., Kaus, N. H. M., Ann, L. C,,
Bakhori, S. K. M., Hasan, H., & Mohamad, D. (2015). Review on zinc
oxide nanoparticles: Antibacterial activity and toxicity mechanism.
Nano-Micro Letters, 7(3), 219-242. https://doi.org/10.1007/s4082
0-015-0040-x

Slavin, Y. N., Asnis, J., Hafeli, U. O., & Bach, H. (2017). Metal nanopar-
ticles: Understanding the mechanisms behind antibacterial activity.
Journal of Nanobiotechnology, 15(1), 65. https://doi.org/10.1186/
s12951-017-0308-z

Soares, N., Silva, P., Barbosa, C., Pinheiro, R., & Vicente, A. (2017).
Comparing the effects of glazing and chitosan-based coat-
ing applied on frozen salmon on its organoleptic and physico-
chemical characteristics over six-months storage. Journal of
Food Engineering, 194, 79-86. https://doi.org/10.1016/j.jfood
eng.2016.07.021

Volpe, M., Siano, F., Paolucci, M., Sacco, A., Sorrentino, A., Malinconico,
M., & Varricchio, E. (2015). Active edible coating effectiveness
in shelf-life enhancement of trout (Oncorhynchusmykiss) fillets.
LWT-Food Science and Technology, 60(1), 615-622. https://doi.
org/10.1016/j.lwt.2014.08.048

Yang, C.S., Sang, S., Lambert, J. D., & Lee, M. J. (2008). Bioavailability is-
sues in studying the health effects of plant polyphenolic compounds.
Molecular Nutrition & Food Research, 52(S1), $139-S151. https://doi.
org/10.1002/mnfr.200700234


https://doi.org/10.1016/j.ijfoodmicro.2014.01.001
https://doi.org/10.1016/j.tifs.2016.03.007
https://doi.org/10.1016/j.tifs.2016.03.007
https://doi.org/10.1016/j.matchemphys.2012.01.091
https://doi.org/10.1016/j.matchemphys.2012.01.091
https://doi.org/10.1002/app.33277
https://doi.org/10.1002/app.33277
https://doi.org/10.1007/s10971-014-3591-2
https://doi.org/10.1007/s10971-014-3591-2
https://doi.org/10.1016/j.msec.2016.12.043
https://doi.org/10.1016/j.msec.2016.12.043
https://doi.org/10.1002/fsn3.116
https://doi.org/10.1002/fsn3.116
https://doi.org/10.5772/intechopen.86574
https://doi.org/10.1016/j.foodcont.2015.07.038
https://doi.org/10.1016/j.foodchem.2009.10.006
https://doi.org/10.1016/j.foodchem.2009.10.006
https://doi.org/10.1016/j.compositesb.2019.05.054
https://doi.org/10.1016/j.compositesb.2019.05.054
https://doi.org/10.1016/j.lwt.2016.01.073
https://doi.org/10.1016/j.lwt.2016.01.073
https://doi.org/10.1080/17458080.2015.1025302
https://doi.org/10.1080/17458080.2015.1025302
https://doi.org/10.1007/s40820-015-0040-x
https://doi.org/10.1007/s40820-015-0040-x
https://doi.org/10.1186/s12951-017-0308-z
https://doi.org/10.1186/s12951-017-0308-z
https://doi.org/10.1016/j.jfoodeng.2016.07.021
https://doi.org/10.1016/j.jfoodeng.2016.07.021
https://doi.org/10.1016/j.lwt.2014.08.048
https://doi.org/10.1016/j.lwt.2014.08.048
https://doi.org/10.1002/mnfr.200700234
https://doi.org/10.1002/mnfr.200700234

AZIZI-LALABADI ET AL.

4

Yildiz, P. O. (2017). Effect of chitosan coatings enriched with cinnamon oil on
proximate composition of rainbow trout fillets. Paper presented at the
AIP Conference Proceedings

Yuan, G., Zhang, X., Tang, W., & Sun, H. (2016). Effect of chitosan
coating combined with green tea extract on the melanosis and
quality of Pacific white shrimp during storage in ice. CyTA-
Journal of Food, 14(1), 35-40. https://doi.org/10.1080/19476
337.2015.1040459

How to cite this article: Azizi-Lalabadi M, Rafiei L, Divband B,
Ehsani A. Active packaging for Salmon stored at refrigerator
with Polypropylene nanocomposites containing 4A zeolite,
ZnO nanoparticles, and green tea extract. Food Sci Nutr
2020;8:6445-6456. https://doi.org/10.1002/fsn3.1934



https://doi.org/10.1080/19476337.2015.1040459
https://doi.org/10.1080/19476337.2015.1040459
https://doi.org/10.1002/fsn3.1934

