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Summary

This study uses sour cherries (Prunes census 1..) pomace extract as
a reducing agent to demonstrate the creation of silver nanoparticles
(AgNPs) and preparation of starch film via blending glycerol, poly-
ethylene glycol, and produced starch-AgNPs in different concentra-
tions 1, 2, 3, and 4% of AgNPs with starch film as control. The
prepared starch-Ag nanocomposite films were used for packaging
strawberries at 4 °C. Characteristics of the composite films included
FTIR, XRD, SEM, and UV-vis spectroscopy. The composite films
with 4% AgNPs showed a smooth surface, as the SEM results showed.
Following blending with glycerol and AgNPs, the FTIR result
changed the starch’s structure. After adding AgNPs, the composite
film s flexibility improved. The starch-Ag nanocomposite films
demonstrated significant antimicrobial activity against Staphylococcus
aureus, Escherichia coli, and Candida albicans. Weight loss was
used to assess the impact of packing on the quality and shelf life of
packed strawberries during storage, the effect time on pH, and micro-
bial growth throughout a 14-day storage period. The results indicate
that strawberry fruits may be kept fresher longer and their shelf life
preserved with a 3% AgNPs starch-Ag nanocomposite. This is the
first research that uses pulp extract from Prunus census L. to describe
the production of AgNPs.

Keywords: Green silver nanoparticle, sour cherry, starch nano-
composite, and strawberry

Introduction

In recent years, greener synthetic approaches have piqued scientists’
interest in synthesizing nanostructures on the micro-scale (ALAM,
2022). Silver (Ag) nanoparticles (AgNPs) are a type of metal nano-
particles that are approximately 1-100 nm in length (DUNCAN, 2011;
AraM, 2022) and may be employed as an antibacterial agent in food
packaging to stop microbiological and foodborne illnesses (HERRERA-
MARIN et al., 2023). They have been shown to suppress micro-
organisms’ growth and survival, including pathogens like Salmonella
typhi, Escherichia coli, or Staphylococcus aureus (SHEIKH et al., 2022).
Green nanoparticle synthesis is preferred over microorganisms due
to their simplicity, ease of scale, and large concentrations, making
them ideal for large-scale synthesis (VINODHINI et al., 2022). The
use of plant extracts to reduce silver ions to silver nanoparticles
has grown in popularity, developing new environmentally friendly
methods of this field without needing expensive chemical reagents
or equipment and following green chemistry (HERRERA-MARIN et al.,
2023; PHUONG et al., 2023; WASILEWSKA et al., 2023).

Nanocomposite films are used in food packaging to keep food safe,
reduce chemical additives, and improve heat resistance. It is also
gaining popularity due to its lower environmental impact. Starch,
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polypeptides, hyaluronic acid, sodium alginate, and heparin have all
been used to produce green nanoparticles (MOHSENI et al., 2020).
Starch films offer numerous potential advantages because they have
better mechanical and barrier qualities (MAO et al., 2023); however,
starch-based foams have restricted applications due to their innate
hydrophilicity and poor mechanical performance. Various additives
have been introduced, considering starch foams’ shortcomings (TACHA
et al., 2023). Natural polymers and chemical substances like chitosan
can be used in active packaging with antimicrobial properties for
various food safety applications when combined with polysaccharide
clay nanocomposites (QU and LU0, 2021). Due to the low biodegrad-
ability and environmental impact of mass-produced discarded plastics
(DE MATTEIS et al., 2023), scientists have been working to produce
newer polymers with greater environmental readability, particularly
in food packaging.

Edible film and coatings extend fruit’s off-shelf life and maintain
food quality by avoiding alterations in flavo , texture, appearance,
and aroma due to the prevention of respiratory gases and water vapor
(GoL et al., 2013). The sour cherry (Prunus census 1.) is also
known as the tart cherry, a Rosaceae fruit (VAN DE KLLASHORST et al.,
2020; Y.piz et al., 2022). Turkey is the second largest sour cherry
producer in the world (BASYIGIT et al., 2020; YILDIZ et al., 2022);
cherries are affordable dietary antioxidants (BASYIGIT et al., 2020),
crucial for tumor cell regulation and preventing chronic diseases
(HURTADO-BARROSO et al., 2020; FONSECA et al., 2021). They are
used in fresh, frozen, and processed nutraceutical products (SHEIKH
et al., 2022). Health benefits are most likely related to the presence
of polyphenols and enrichment in anthocyanins (VAN DE KLLASHORST
et al., 2020), which are typically present in the fruit’s skin and bear
accountability for the fruit’s rich red pigment (KHOO et al., 2017).
YILDIZ et al. (2022) examined the effects of heating, boiling, and
microwave application on sour cherry juices. Results showed no
significant differences in color values, anthocyanin content, intensity,
or antioxidant activity. However, microwave application significantly
increased phenolic substance concentrations, resulting in higher food
safety. Even though, at standard serving sizes, they have one of the
highest capacities of any fruit to absorb oxygen radicals (VAN DE
KLASHORST et al., 2020).

This study’s objective is to create AgNPs out of a fluid mixture of sour
cherry waste extract, and AgNO; solution to produce a composite thin
film to protect strawberry fruit and extend its shelf life, preserve the
valuable metabolites such as polyphenols and other phytochemicals
(DonNo et al., 2013).

Materials and methods

Materials

Fresh sour cherries were provided at the neighborhood market in
Kutahya, Turkey. YILDIZ et al. (2022) reported that fruit waste extracts
prepared from sour cherry juice production were used to synthesize
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nanostructures after making sour cherry juice. The fruit wastes were
kept in polypropylene bags at 25 °C for 30 d without sunlight. This
study made use of sodium hydroxide (NaOH), silver nitrate (AgNO3)
manufactured by (Merck, Darmstadt, Germany), hydrochloric acid,
sodium hypochlorite, starch soluble (extra pure) (Biochem Chemo-
pharma, Cosne-Cours-sur-Loire, France), polyethylene glycol (Bio-
chem), and glycerol (Biochem). Throughout the investigation, double
distilled water was used. Chemicals used throughout the study were
used from Merck unless otherwise stated.

Green synthesis of silver nanoparticles from Sour cherry waste
extract

The ecosynthesis of metal oxide (MO) and bioactive metal (M) nano-
structures (NSs) was using a portion of food, food waste, and plant
extracts for the creation of the functionalized M NPs and MO NPs
without the use of toxic, hazardous, or harmful ingredients. Initially,
90 ml of double distilled water was mixed with 1.0 g of powdered
sour cherries. The mixture was then submerged in a water bath at
60 °C for 20 min. Whatman filter paper was then used to filter the
mixture, and the extract (filtrate) was stored at 4 °C.

The ecosynthesis of AgNPs was carried out based on SUMAN et al.
(2013) and ALI et al. (2022). The waste extract solution was mixed
with an aqueous solution of AgNO; (1.0 M) (1:9) ratios (best effect)
at pH 8 (MOHSENI et al., 2020). The solution was then swirled on
a heating stirrer until its color changed because surface Plasmon
vibrations in AgNPs are excited; they appear yellowish brown in
aqueous solution (SUMAN et al., 2013). It was eventually covered with
aluminum foil to prevent oxidation. The creationand characterizationof
AgNPs were examined by temperature, pH, and time for the optimum
reaction extraction.

Optimization of AgNPs

The solutions were centrifuged at 5000 rpm and dried for identifica-
tion. SKIBA et al. (2020) employed an optimization approach in the
green synthesis of AgNPs. A spectrophotometer (Varian, Cary 100
Cone model, U.S.A)) with a 350-550 nm range was used to record
the AgNPs UV-vis transmission spectra. The impacts of different
temperatures of 40-85 °C, time 10-60 min, and pH 6-9 on the creation
of nanoparticles were explored for synthesizing (20) different AgNPs.

Synthesis of starch film

According to the process employed by TEODORO et al. (2015), corn
starch has been produced with a few adjustments. In order to create a
homogenous solution, the maize starch (4.0 g) is spread out in 100 ml
water and then stirred by a heater for 20 min. They were added to
the starch solution after combining polyethylene glycol and glycerol
at a 2:0.4 ratio. To create the films, pour 15 ml of the solution onto a
Petri dish with a 14 cm diameter after chilling in known quantities after
spending 15 min in a hot water bath. A thin starch film is obtained after
24 h of drying at 62 °C in the oven. A thin film, a nanocomposite, was
obtained and used in packing food.

Synthesis of starch-AgNPs nanocomposite film

Adding AgNPs, as reported by SUMAN et al. (2013), at the ratios 1, 2,
3, and 4% (1 to 4 ml AgNP solution, v/v) in 100 ml into (starch film)
solution to provide starch-Ag-nanocomposite is due to incorporating
appropriate ratios of AgNPs into the film mechanical characteristics,
and physical resistance is increased.

Characterization of AgNPs and starch-Ag nanocomposite
Scanning Electron Microscope (SEM) images, the Transmission spec-
trum of the Fourier transform infrared (FTIR), and evaluations using

X-ray diffraction (XRD) spectroscopy were conducted by earlier
research (BASYIGIT et al., 2022). A Thermos Nicolet spectrometer
(Nexus 870, USA) was used to produce the Transmission spectrum of
the Fourier transform infrared (FTIR) of the sour cherry waste extract
and AgNPs in the 4000 to 400 cm™! KBr disk transmission mode. The
usage of X-ray diffraction (XRD) obtained the AgNPs spectra using a
diffractometer by scanning the samples across a 20 range of 5-60° under
a continuous scan at a step size of 0.02 using Shimadzu XRD-6000
(Shimadzu, Tokyo, Japan), and then using a Zeiss Sigma 300 SEM for
field emission (Oberkochem, Germany). Both the size and morphology
of the starch-nanocomposite film and AgNPs were examined.

Physicochemical characteristics of thin film

Moisture content

The moisture content of the blend films was determined by calculat-
ing the loss-weight of edible films that were preconditioned and dried
in an oven at 105 + 1 °C for 24 h (KUMAR et al., 2020).

M1 —-M2
MC_TXIOO

Thickness

A digital micrometer (Q.L.R. digit-IP54, China) was used to measure
the thickness of each blend film at ten randomly selected sites with an
accuracy of 0.001 mm. Other calculations used average values (PIRSA
et al., 2020).

Color parameters

The color values of composite film samples were evaluated using a
colorimeter (D25-9000, Hunterlab, U.S.). After locating edible film
samples on a white standard plate with 1L.*=95.49, a*=-0.30, and
b*=-0.08, the films brightness, redness-greenness, and yellowness-
blueness values were calculated. Equation (~E) was used to measure
the overall color difference (OMAR-AZIZ et al., 2021).

AE=V[[L—L*2+ (a—a*2+ (b—b¥)2]

AgNP antimicrobial activity using the Agar diffusion method
Agar well diftusion techniques were used based on ABDOLLAHZADEH
etal. (2021), with some modifications to measure the AgNPs’ antimicro-
bial activity against Gram-positive (S. aureus) and Gram-negative
(E. coli) bacteria and C. albicans as fungal microorganisms. Before
testing, the pathogenic bacteria (S. aureus) and (E. coli) were asep-
tically cultivated at 37 °C for 16 hr in trypticase soy agar (T'SA) and
brain-heart infusion (BHI) broth medium. After serially diluting each
bacterial culture in 0.1 mL of sterilized (D.W.). 100 mL of TSA and
BHI agar media were mixed with 1 mL (1,49 x 106 CFU/mL) of cells
from diluted broths before plating, and 6 mm-diameter agar wells were
drilled into the media to create the wells. The wells were filled with
sample solutions (80 pl.) and incubated at 37 °C for 24 h. The nhibi-
tion zone diameter (mm) of the microbial growth around the wells was
measured to estimate the method (RHIM et al., 2013), all tests were for
nanocomposite film s antibacterial efficacy using agar diffusion as-
say. Remel, Lenexa, Kansas, offers a Muller-Hinton agar (MHA)
medium streaked in individual cultures of S. aureus, E. coli, and C.
albicans to guarantee improved antimicrobial disk diffusion. The four
different starch-Ag nanocomposite films containing 1, 2, 3, and 4%
AgNPs were cut into circular discs with 5 mm diameters. The MHA
medium will be topped with one circular disc from each film, and the
plates will then be cultured at 37 °C for 24 h with pathogenic bacteria.
A film sans AgNPs (starch-thin film) is used as a control. The inhibi-
tory zone diameters will be calculated by deducing the diameter of
the disc from the diameter of the inhibition zone as a whole (mm).
However, potato dextrose agar (PDA) was used for mold and yeast
tests on strawberry-coated fruits.
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DPPH radical scavenging activity

Antioxidant activity utilizing a modified version of the extraction
procedure published by YANG et al. (2023), the produced films anti-
oxidant activity was evaluated. The film samples (0.1g) were agitated
in a 24-h shaker without exposure to light after being combined
with a 50% ethanol solution (5 ml). The combined solution was then
centrifuged. A centrifuge tube containing 1 mL of supernatant and, for
anh, 2 ml of 0.1 mg DPPH (1, 1-diphenyl-2-picrylhydrazyl) ethanol
solution was stored in the dark for 10 min. The capacity was
measured with a fluorescence microplate reader (Biotek, USA).
DPPH radical scavenging rate (%) was calculated as follows:

DPPH radical scavenging activity (%) = (A control-A sample)/100

Nanocomposite coating

In Erbil, Iraq, strawberries were purchased in a neighborhood market.
The same color, size, fungal decay, and lack of physical damage were
used to choose the fruits (WIGATI et al., 2023). Fruits were washed
with 1% (v/v) sodium hypochlorite for 1 min and rinsed with dis-
tilled water. Then, samples were dried for 2 h at room temperature
by using lint-free tissue. Coating solutions were made using glycerol
as a plasticizer and a starch-Ag nanocomposite. Before being used,
the solution was shaken for 15 min at room temperature. Samples
were coated by soaking as outlined by WIGATI et al. (2023) with some
modifications. Strawberry fruit was washed and air dried for 2 h
at room temperature after being surface cleaned for 2 min in a
2% sodium hypochlorite solution. Each treatment consisted of three
repetitions and 24 fruits divided among four groups according to
randomization. Each of the five coating treatments (S1, 2, 3, and 4
is present 1, 2, 3, and 4% AgNPs in starch-Ag nanocomposite film,
and S5 is starch nanocomposite (starch film), was given to one of five
groups. The fruit in the sixth group, known as control or uncoated (S6),
was untreated and dipped in distilled water. The samples were kept at
4 °C and 70-75% relative humidity (RH) in plastic containers. Quality
characteristics and the enzyme activities were assessed at the start of
the experiment at (0 d) and after 72 h, 1 week, 10 d, and 14 d of
storage. Data for uncoated (control) fruits were only collected for the
first2 d of storage since, after that point, the fruit started to deteriorate
(GoL et al., 2013).

Storage analysis for the coated foods

A digital balance (0.01 g) model TE12025 (Sartorius, Canada) was
used to measure the weight of the strawberries. According to the
AOAC (1994) standard technique, the weight loss percentage of
strawberries was ascertained by weighing samples (72 fruits per
replication) both at the beginning (i.e., day 0) and the end of each
storage period in comparison to their initial weight. The results were
reported as % weight reduction. Deterioration in strawberries was
characterized as an apparent infection with grey mold, brown patches,
or the injured region becoming softer (SHANKAR et al., 2021).
According to the AOAC (1994) standard procedure, the fruit samples
pH was measured using a digital pH meter (HANNA, Holand model:
ELICO, LI120) (SAMBUCETTI and ZULETA, 1996; GoL et al., 2013).

Statistical analysis

A triple of each measurement was made unless otherwise noted. The
mean+ SD is the reported value for the experimental data. Data was
analyzed using the statistical program SPSS (SPSS 23.0, I.B.M,,
Armonk, NY, USA). One-way analysis of variance (ANOVA) was
used in the statistical analysis, along with Duncan’s multiple range
test as a post-hoc test, at a 95% confidence level (p < 0.05).

Results and discussion

Green synthesis of silver nanoparticles from Sour cherry waste
extracts

Spectroscopic and analytical techniques are used for nanoparticle
characterization, including silver nanoparticles, concentrating on their
morphology, elemental composition, distribution, stability, and nature,
as SHEIKH et al. (2022) reported.

Optimization of AgNPs

The production of AgNPs was validated by the color change from
white to yellow, intense brown; As presented in the Fig. 1, the color
shift in the (AgNO3) mixture to brown shows the creation of AgNPs.
The UV-Vis spectra show a prominent surface plasmon resonance
(SPR) band at 400-450 nm, which verifies the production of AgNPs.
The AgNPs produced during plasma-chemical synthesis were
centrifuged at 5000 rpm for 5 min (SKIBA et al., 2020); as a result of
silver ion reduction and surface plasmon resonance in an extraction
combination of plant extracts with silver nitrate at room temperature;
it was noticed within a 30 s of exposure to sunlight (MOHSENI et al.,
2020). Among 20 synthesized AgNPs, a maximum clear peak has
been shown at 462, 458, 456, 451, and 435 nm for samples (S20, S17,
S2, S16, and S14), respectively, as shown in Fig. 2, whereas there
was no peak visible in the sour cherry extract UV-vis spectrum. The
nanoparticle size distribution was found to be 58 nm. Overall, the
literature states that pure silver should exhibit absorption bands above
390 nm, and the production of AgNPs revealed a distinct peak at a
wavelength between 400 and 500 nm (SEEKONDA and RaNI, 2022;
TACHA et al., 2023; WASILEWSKA et al., 2023). Effects of tempera-
ture, pH, and stirring time on the AgNPs and U.V.U.V. spectra of the
AgNOs-plant extract are displayed. The optimal temperature for
extraction was determined to be 62 °C because, as shown in Fig. 2,
the absorption increased as the temperature rose from 40 to 62 °C and
subsequently dropped to 75 °C. Due to the AgNOj solution’s pH value,
the synthesis of AgNPs is significantly affected by pH, as shown in
Fig. 3. The synthesis showed that pH 6.6 had a larger absorption
value than other pH values. Hence, it was selected for the synthesis.
According to WASILEWSKA et al. (2023), unique particles with vary-
ing antibacterial activity were found in each extract, which had a pH
range of 2.1 to 6.2. However, the sour cherry extract was well chosen
to produce NPs. Since the reaction absorption value was higher after
10 min of reaction time than at other times. Plasma therapy for 1 to
6 min reduces absorption strength, while gradually decreasing the
concentration of silver ions in the solution. A comparable pheno-
menon presumably relates to transforming silver nanoparticles to
silver oxide nanoparticles without a stabilizing reagent (SKIBA et al.,
2020). SHEIKH et al. (2022) reported that a timing-related analysis
of spectral UV-vis absorption data for AgNPs revealed a peak bio-
synthesis after 24 h, with the absorption peak rising over time, as
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Fig. 1: Color change during reaction (control): AgNOs solution, (1): color
changed by adding a few drops of plant extract after (5) min, (2):
color changed by adding plant extract to the solution after (10)
min, (3): color changed by adding plant extract to the solution after
(20) min, (4): color changed with adjusting pH of solution its color
indicates that AgNPs sensitized.
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Fig. 2: Optimization of temperature, pH, and time reaction of AgNOj3-plant
extract on UV-Vis’s spectra.
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Fig. 3: Analysis of the effect of temperature, pH, and time reaction of
AgNOs-plant extract on UV-Vis’s spectra.
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shown in Fig. 2. In addition to improving barriers, nano clays /can
reduce U.V.U.V. radiation by reflection or absorption, due to its
enormous aspect ratio and surface area, the results of this study agree
with (QU and LLuo, 2021), while do not agree with SKIBA et al. (2020)
were studied optimization process in green synthesis AgNPs. They
reported that the optimum pH for green synthesis was (7-10) within
1-5 min. During the incubation of the ellagic acid-Ag" complexes,
reaction temperature served as a driving factor, promoting electron
transfer from ellagic acid to Ag+ and the formation of zero-valent
Ag0 for the production of AgNPs (EKRIKAYA et al., 2021). Demirbas
et al. identified comparable pathways for NP creation. Anthocyanins
in red cabbage extracts preferentially bind to Au3+ ions, forming
anthocyanin- Au3+ complexes. Charge transfer from anthocyanin to
Au3+ leads to the synthesis of Au+ClI2-, zero-valent Au0, and AuNPs
(DEMIRBAS et al., 2019).

Characterization of AgNPs and Starch-Ag nanocomposite film

The study used FTIR Fourier transform infrared, the reduction
of Ag+ ions to silver oxide (AgO), capping, and stabilization of
biosynthesized AgNPs as shown in the study of extracts and silver
nanoparticles to examine the functional group in sour cherry extract
(ALAM, 2022). The FTIR spectra revealed multiple main bands,
exhibiting notable peaks in the wavelength regions for the absorption.
The study compared the functional groups in pure starch film with
AgNPs in bioactive films and sour cherry extract with AgNPs from
fresh and powder waste. As shown in Fig. 4, the FTIR spectrum of
the sour cherry extract was obtained at various positions, including
3400.50 cm! and 2927.94, which indicates the presence of O-H and
C-H stretching, respectively. 1734.01 cm ! which is due to the presence
of various carbonyl groups from carbohydrates proanthocyanins,
hydroxycinnamic, hydroxybenzoic acids, gallotannins, ellagitannins,
flavonols, anthocyanin flavanols’, and other compounds were detected
by N-O stretching 893.04 ecm’!, and C-H stretching in the range
of 800-1500 cm™! (ALAM, 2022; ALI et al., 2022). Fig. 4 (a) shows
the FTIR spectrum of freshly extracted Prunus census L. pomace-
based manufactured AgNPs. The produced AgNPs’ FTIR spectra
show the presence of significant peaks at 2927.94 cm™! is attributed
to the aromatic compounds’ C-H stretching as well as to the C-H
functional groups, as well as to aromatic alkenes’ C=C stretching at
1616 cm'!, and C-O stretching at 1383 cm!. The vibratory stretching
of the (N-H) C-O group is attributed to a weaker band at 1616 cm™.

% Transmittance

——1% AgNPs|
——2% AgNPs|
3% AgNPs|
{—— 4% AgNPs|

T T T T T T T
4000 3500 3000 2500 2000 1500 1000 500
Wavenumber (cm™')

(b)

(a) FTIR spectrum of synthesized AgNPs after reaction of the mixed solution of AgNO; and sour cherry pulp extract, (b) FTIR spectrum of synthesized

starch-Ag nanocomposite biofilm with di ferent concentrations of AgNPs.
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The spectrum shows two distinct and powerful absorption bands at
1070.49 cm! and 873.75 em'!, which are brought about by extending
the vibration of stretched C=0 coupled with C-H bending mode. Peaks
at 873.75 cm’! and 659.66 cm™! demonstrate that AgNPs creation is
not visible in sour cherry extract FTIR spectra (ALI et al., 2022).
For the production of AgNPs, phytochemicals visible at infrared
wavelength serve as agents that reduce or cap. Then, using qualitative
testing, such phytochemicals discovered aqueous extracts included
to pinpoint the biochemically active substances by examining the
changing color (ALAM, 2022). Standard biochemical procedures were
used to identify these biochemical substances, containing tannin,
coumarins, flavonoids, saponins, volatile oils, phenols, and sterols,
as reported in FARNSWORTH (1966). While the absorption peaks in
the FTIR spectrum of AgNPs made from waste powder occur at
various locations, including 2939.52 cm'! stretching of aromatic C-H,
1406.11 em ! for C-H stretching in aromatic alkene, and 1207.07 cm™!
for the stretching N-O bond, as well as C-O stretching, they are all
related to the stretching of the aromatic chain as shown in Fig. 4 (a).
Most starch nanocomposite comprises amylopectin and amylose,
including the C-O-C and O.H.O.H. group and the CH2 and
C.H.C.H. backbone. Each spectrum showed the presence of bonds
at 3414, 3400, 3381, and 3367 cm™! for O.H.O.H. stretching, 2939,
2885 cm'! for C-H, and CH2 stretching respectively, 1463 cm! for
CH3 symmetrical vibration (MAO et al., 2023). There is water pre-
sent, as evidenced by the peaks at 1645 cm™!. The bands’ intensities
differ at 3414, 3381, 3367, and 1107 cm! before and after the starch
nanocomposite and AgNO; reaction. In starch-Ag nanocomposite
as presented in Fig. 4 (b) with 1% AgNPs, the band’s intensity at
3398, 3371, 3360, and1153 cm'!, the vibration of O.H.O.H. groups
connected to intra and inter-molecule hydrogen bonds in starch, water,
and glycerol in the nanocomposite film. In the composite films FTIR
spectra, multiple unique peaks at 1742 and 1600-1400 cm™! were seen
in all different starch-Ag nanocomposite films. The spectrometer
identifies the absorbed wavelengths and produces an FTIR spectrum,
a unique fingerprint of the chemical bonds in the material. Identifying
chemical conjugation: In the case of chemically coupled AgNPs, the
FTIR spectra of the starch-based film should exhibit modifications
or shifts in the typical absorption bands associated with the starch
molecules. These modifications may include position or intensity
shifts in the starch polymers C-O, C-H, or O-H stretching vibrations.
The appearance of new peaks or bands indicates the establishment
of new chemical bonds between the AgNPs and the starch functional
groups (e.g., hydroxyl, carbonyl, or ether groups). Chemically
conjugated AgNPs cause changes in hydrogen bonding patterns
within the starch matrix.

These findings indicated that the interaction between starch and
AgNPs was done successfully because of Tween 80’s C-O linkages
and carvacrol’s aromatic ring (ARRIETA et al., 2013). The starch
films hydroxyl peak was narrow and smaller when 4% AgNPs were
present. Hydrogen bonding decreased the starch’s free hydroxyl
group and reduced the film s hydrophilicity, which is responsible for
this outcome (MAO et al., 2023). The new interaction between the
OH group in starch and AgNOs that results in the creation of OH-
AgNOs; can denote this reduction. Additionally, starch has several
actives OH- groups that can interact with integrated Ag"* ions through
steric entrapment and chemical interactions. Ag* becomes involved
with the polymer layer due to these interactions between the starch
layer and Ag". Therefore, it is crucial to consider the possibility of
producing silver nanoparticles due to the in-situ conversion of Ag"
to their state of metallic (TAHA et al., 2022). In this study (10 ml),
aqueous AgNOs3 (1 uM) was used. The final concentration of AgNPs
in the film might be 2.86 mg of Ag per kg dried film (ppm) depending
on a study by (ORTEGA et al., 2017), which reported that the final
concentration of AgNPs in the film was measured 28.6 mg of Ag per
kg dried film (ppm) when (10 ml) aqueous solution of AgNO3 (10 uM)

used to produce starch nanocomposite films containing green AgNPs.
Also, (FERDOUS and NEMMAR, 2020) reported that AgNPs in doses
less than 10 mg/kg are safe, while AgNPs in doses more than 20 mg/
kg are toxic. Fig. 5 shows the patterns of XRD for the synthesized
AgNPs from silver nitrate and P. census L. Utilizing XRD, the
crystalline structure for nanoparticles was examined. A small quantity
of dry powder was used for the measurement, and they were deposited
in the center of the XRD goniometer, which attached the nylon loop
with a very viscous lubricant.

In the diffractogram of the AgNPs, five different peaks at angles of
20 26.410, 33.679. 36.259, 41.375, and 43,298 correspond to a cubic
lattice of silver oxide reflection planes, (101), (110), (002), (102),
and (201), respectively, which match with the center of cubic phase
for AgNPs (JCPDS No. 96-710-9247). AgNPs’ particle size was
determined and calculated according to the Scherrer formula, with
about 58 nm average diameter. There was no indication that other
substances, including silver chloride, would have interfered with the
chemical reaction; the outcome of this experiment shows that the
reaction exclusively reduced AgNPs nanocrystals using the aqueous
extraction of P. census L. Analysis of the nanoparticle crystalline
structure was performed using XRD. For the measurements, a small
amount of dried powder was glued to the nylon loop using highly
viscous oil and placed in the center of the XRD goniometer. The
registered diffractograms are shown in Fig. 5. Qualitative analysis
of the diffraction patterns allowed us to state that as a result of the
conducted reaction, AgNPs were formed. Using too much AgNOs3 in
the response causes the appearance of silver chloride, the reducing
agent in the plant extract. Thus, not all silver ions were able to be
reduced during synthesis. In addition, many fruits and vegetables
contain sodium chloride (US Food and Drug Administration, 2006).
As (MEHTA et al., 2017) reported, XRD analysis of synthesized NPs
led to the identification of diffraction peaks originating from two
crystallographic systems: metallic silver and silver chloride; the
silver diffraction peaks are located on two theta axes in positions
17.27; 19.97; 28.39, 33.42, which corresponds to the planes hkl
according to the Miller nomenclature: (111), (200), (220), (311).
The silver chloride diffraction peaks were identified at angle values:
12.83, 14.53, 21.02; 24.71, 25.83; 33.56, which corresponds to
the following planes hkl: (111), (200), (220), (311), (222), (420)
(WASILEWSKA et al., 2023). The evaluation of the average crystallite
size of nanoparticles synthesized in the presence of plant extracts
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Fig. 5: X-ray diffraction (XRD) patterns of AgNPs.
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was determined based on matching diffraction data with theoretical
patterns of the Williamson-Hall equation (AHMAD et al., 2020).
The formed nanoparticles show the highest percentage of metallic
silver in the presence of apple and orange extract, which proves the
complete reduction of silver ions nanostructures during synthesis.
However, the highest share of silver chloride was identified in
nanoparticles formed with potato, onion, and radish extracts. On
the basis of collected data, it can be concluded that the factor that
influences the precipitation of silver chloride may depend on the pH
of the used extracts (WASILEWSKA et al., 2023). SEM. demonstrated
the relatively homogeneous distribution of nanoparticles on the
fracture. SEM. examined the resulting nanocomposite film surface
and cross-section morphologies, moreover, Fig. 6 (A, B, C, D,
E and F) displays the micrographs for each (AgNPs, starch film,
nanocomposite film with 1% AgNPs, 2% AgNPs, 3% AgNPs,
and 4% AgNPs respectively). According to the previous author’s
observations (CHENG et al., 2021; Wu et al., 2023) and as can be
seen from the surface photos, the starch film has a relatively flat
surface as presented at Fig. 6 (B). Conversely, adding AgNPs in
four different concentrations in the starch-Ag nanocomposite films
caused surface roughness to increase slightly by raising the AgNPs
content. However, starch-Ag nanocomposite film contained 4%
AgNPs, indicating an optimal distribution of AgNPs across every
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nanocomposite. Moreover, the film s surface lacked any discernible
holes or cracks, indicating that AgNPs had been incorporated into the
starch matrix (ALMEIDA et al., 2023), glycerol, as shown in Fig. 6.
Surface morphology: The Fe-SEM micrographs used to evaluate the
surface morphologies of the nanocomposite films (BAGC) surface
were slightly rough, with CN aggregates of 50-150 nm diameter
within the polymer matrix. This indicated specific interactions among
the CNs, mostly attributed to strong hydrogen bonding between the
cellulose-surface hydroxyl groups (ORSUWAN, 2023).

Moisture content

The moisture content of the blend films was calculated by monitoring
the weight loss of preconditioned edible films after drying in an oven
at 10541 °C for 24 h. As shown in Fig. 8 (a), the results demonstrated
that the nanocomposite film contains 1, 2, 3, and 4% AgNPs, and
the starch thin film lost 23.23, 21.95, 21.58, 18.83, and 23.49% of its
weight, respectively.

M1 — M2

Mc =222 100
m

M1 is the weight of the preconditioned film sample, and M2 1s the
weight of the dry film sample
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Fig.6: (A, B, C, D, E and F) SEM Scanning Electron Microscope morphology for (AgNPs, starch film, starch-Ag nanocomposite films with 1% AgNPs, 2%

AgNPs, 3% AgNPs, and 4% AgNPs respectively).
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Fig.7: Coated Strawberry fruits during storage time.
B: Strawberry fruits,
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(1B1, 1B2, 1B3, and 1B4 means strawberries were coated by starch Ag-nanocomposite film containing 1% AgNPs after zero-time (first day of coating),

72 h, 1 week, 14 d, respectively).

(2B1, 2B2, 2B3, and 2B4 means strawberries were coated by starch Ag-nanocomposite film containing 2% AgNPs after zero-time (first day of coating),

72 h, 1 week, 14 d, respectively).

(3B1, 3B2, 3B3, and 3B4 means strawberries were coated by starch Ag-nanocomposite film containing 3% AgNPs after zero-time (first day of coating),

72 h, 1 week, 14 d, respectively).

(4B1, 4B2, 4B3, and 4B4 means strawberries were coated by starch Ag-nanocomposite film containing 4% AgNPs after zero-time (first day of coating),

72 h, 1 week, 14 d, respectively).

(5B1, 5B2, 5B3, and 5B4 means the starch film coated strawberries without AgNPs after zero-time (first day of coating), 72 h, 1 week, 14 d, respec-

tively).

(6B1, 6B2, 6B3, and 6B4 means untreated strawberries after zero-time (first day of coating), 72 h, 1 week, 14 d respectively)

Adding glycerol to the film-forming fluid greatly reduced the
moisture content of edible films. This may be due to the hydro-
phobic glycerol forming and filling hydrophobic regions in the
matrix of the film. As a result, the hydrogen bonding between
starch and may be decreased. Lowering the ability of the film to
hold water is similar to PHUONG et al. (2023), who added tea seed
oil to the chitosan edible film. As mentioned by (ORSUWAN, 2023),
the addition of hydrophobic nanofiller (AgNPs) on the film surface
resulted in a considerable reduction in moisture content. How-
ever, this was most likely owing to the reduced concentration of
adsorbed water molecules on the banana flour/agar nanocomposite
(BANC) and banana flour/agar green nanocomposite (BAGN)
films compared to the neat banana flour/agar blend (BAB) and
banana flour/agar green composite (BAGC).

Thickness

Each blend film sample’s thickness, as shown in Fig. 8 (b), was
measured at ten random locations using a digital micrometer (Chinas Qlr
digit-IP54), with a 0.001 mm precision. The findings demonstrate that
the thickness of nanocomposite films comprising 1, 2, 3, and 4% AgNPs
and starch nanocomposite rose significantly with the increasing level of
starch, measured as 0.25, 0.22, 0.20, 0.18, and 0.35 mm, respectively.
This rise in thickness may be related to an increase in the films solids
content. Contrarily, AgNPs cause a reduction in the thickness of the bled
film when added to the composite, resulting in starch-Ag nanocomposite
film with the highest amount of starch content, and the lowest amount of
AgNPs having a thickest layer. This interaction reduces the alignment
of the polymer chain, which limits the compression and packing of
the film network and raises the film thickness (PHUONG et al., 2023).
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Incorporating the cellulose nanocrystals (CN) and AgNPs enhanced
the film thickness compared to neat banana flour/agar blend (BAB)
film, owing to an increase in the solid content of the solution. The
higher film thickness also reflects the roughness of the banana
flour/agar green composite (BAGC) and banana flour/agar green
nanocomposite (BAGN) films, as shown in the FE-SEM micrographs
(ORSUWAN, 2023).

Color parameters

The colorimetric results in Fig. 9 demonstrate that the incorporation
of AgNPs significantly impacts the color parameters of the starch-Ag
films. In contrast, adding starch does not affect the color of the resulting
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(a) Determining film moisture content to the five different concentrations of the starch-Ag-nanocomposite films. (b) Determining film thicknesses to the

starch-Ag nanocomposite films. The brightness parameter L* decreases
as the level of AgNPs increases as shown in Fig. 9 (a). Also, as AgNPs
content increased, a* and b* parameters were enhanced as presented
in Fig. 9 (b) and (c). Additionally, the overall color difference ( of the
starch-Ag nanocomposite films was boosted with a greater percentage
of AgNPs as shown in Fig. 9 (d). This observation agrees with those
reported by Roy et al. (2019) for the agar-based film. The presence and
concentration of AgNPs significantly (p <0.01) affected chromaticity
parameters (a* and b*). However, the corresponding values were quite
low, and the nanocomposite films remained colorless. The increase in
the b* parameter might be related to the chemical browning reaction
of maltose in the matrix, which acts as a reducing agent during AgNPs
production. A clear trend of increasing AgNPs content was not seen,
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(a) Determining (L*) color parameters for the five different concentrations of the starch-Ag-nanocomposite films. (b) Determining (a*) color parameters

for the five different concentrations of the starch-Ag-nanocomposite films. (¢) Determining (b*) color parameters for the five different concentrations of
the starch-Ag-nanocomposite films. (d) Determining (DE*) color parameters for the five different concentrations of the starch-Ag-nanocomposite films
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Fig. 10: (a) Weight losing to the five different concentrations of the starch-Ag-nanocomposite films with control during storage time. (b) Effect of the pH to the
five different concentrations of the starch-Ag-nanocomposite films with control during storage time. (c¢) Total count number of bacteria in the coated
samples with five different concentrations of the starch-Ag-nanocomposite films during storage time. (d) Total count number of yeast and mold in the
coated samples with five di ferent concentrations of the starch-Ag-nanocomposite films during storage time
The tests of sample No. (1, 2, 3, 4, and 5) show that fruits coated with starch-Ag nanocomposite contain 1, 2, 3, and 4% AgNPs, respectively, and 5 is
starch nanocomposite. The control shows untreated fruit during storage time (T0, T1, T2, T3, and T4 mean storage in zero time, 72 h, seven days, ten

days, and 14 days, respectively).

most likely due to the lower dosage used in this investigation. ABREU
et al. (2015) and CHEVIRON et al. (2014) discovered a significant rise
in the b parameter, resulting in a shift from milt clear to yellow/orange
color for nanocomposite films with concentrations of up to 1 mM. The
addition of NPs had a substantial impact (p <0.01) on luminosity (L*),
with a decrease as concentration rose. The integration and concentration
of AgNPs had a significant (p <0.01) influence on the color difference
(DE), as illustrated in Fig. 9 (d). Again, the low values suggest that the
created films are practically colorless, which corresponds with cinema
visual observations (ORTEGA et al., 2017).

Antimicrobial activity of AgNPs and starch thin film

The investigation results find that AgNPs have a potent antibacterial
action in the fight against foodborne diseases. The inhibitory effects of
the AgNPs samples illustrated against Gram-positive (S. aureus) and
Gram-negative (E. coli) bacteria, and (C. albicans) as fungal micro-
organisms. The AgNPs, on the other hand, showed significan
antimicrobial activity. E. coli had the most growth inhibition at
21 + 0.4 mm, while S. aureus, a Gram-positive bacteria, had the lowest

growth inhibition at 18.5 + 1.20 mm, but C. albicans had the highest at
12.0 + 2.0 mm. The particle size of the AgNPs produced also affected
antibacterial activity or bacterial growth inhibition. Small particles
with a high surface area were picked up by the cell membrane of
bacteria and interacted with them by releasing toxins. The liberated
Ag ions expedited the generation of oxidative species, which are
more responsible for cell membrane damage and, thus, cell death
(MoHSENI et al., 2020). Among the different concentrations of AgNPs
in composite films, the 4% AgNPs composite film demonstrated the
zone of highest inhibition (23.43 + 2.05, 20.65 + 1.74, and 15.82
+ 1.23 mm for S. aureus, E. coli, and C. albicans, respectively) as
presented in Tab. 1. Previous research examined the antibacterial
activity against S. aureus and E. coli. AgNPs produced a result of
15.4 £ 0.6 for E. coli, which was quite effective against this strain.
The standard cultured value for E. coli was established at 37.3 + 0.6.
The results for S. aureus with AgNPs were 9.9 + 1.2, compared to the
typical value of 31.3 + 1.1 (AL1 et al., 2022).

In the structure of the pathogen, the accumulation of nanoparticles
causes cell membrane denaturation, which may affect analyzed nano-
structures’ antibacterial potential. The nanoparticles showed lower
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Tab. 1: Diameters of inhibition zone of Gram-negative, Gram-positive bac-
teria and fungi (mm)

Antimicrobial activities of Starch-Ag composite films

(mm)

Films E. coli S. aureus C. albicans

1% 15 18 11

2% 17 20 13

3% 18 21 14

4% 20 23 15
Starch 14 18 10
Nanocomposite

Values are mean + SD of three replicates.

activity against Gram-negative bacteria such as E. coli. Therefore,
Gram-positive bacteria, such as S. aureus, are more susceptible to
the harmful effects of AgNPs and have a thicker peptidoglycan layer,
susceptible when compared with Gram-negative bacteria (RHIM
et al., 2013; AMALRAJ et al., 2020; BIswaAs et al., 2022; ORSUWAN,
2023; WASILEWSKA et al., 2023; YANG et al., 2023). AgNPs exhibit
more cell penetration and storage antibacterial effects than silver ions
(CHENG et al., 2021).

Antioxidant activity of AgNPs and starch thin film by DPPH

The antioxidant activity of both generated AgNPs and Starch-Ag
nanocomposite film was evaluated using the DPPH test. AgNPs
had lesser antioxidant activity than starch-Ag nanocomposites.
The scavenging activity (%) of AgNPs elevated from 14 to
84%, whereas starch-Ag nanocomposites increased from 3.8 to
90.7%. The data presented above demonstrated a high antioxidant
capacity against ascorbic acid. They showed that adding silver
nanoparticles to the starch nanocomposite coatings could be a
novel antioxidant for food processing. The following formula was
used to calculate the percentage of activity for scavenging DPPH
radicals (SHUMI et al., 2023):

The radical form of DPPH is changed into the non-radical form,
causing the color to change from violet to pale yellow DPPH is an
astable free radical that binds to species that come into contact within
(often the species that may transfer the electrons) and absorbs their
free electrons, or hydrogen. When DPPH is exposed to AgNPs, which
have the potential to transfer electrons, DPPH becomes decolored as
a result of the radical scavenging that occurs. The absorbance of the
DPPH radical drops over time, indicating a decrease in concentration
caused by the conversion of non-radical forms or scavenging
activity, an effective antioxidant feature. The results demonstrated
that maximum radical scavenging (90.7%) was achieved in about
20 min for AgNPs in a starch-Ag nanocomposite film containing
3 and 4% AgNPs, demonstrating AgNP’s effective antioxidant
ability. The calculated time vs. percent inhibition displays the linear
relationship (an ideal activity) for AgNP antioxidant capability in
the DPPH assay. In addition to this, DPPH has several limitations,
including the need for incubation in the dark due to light sensitivity
in the scavenging process and sensitivity to the Lewis base (ALI
etal., 2022). The antioxidant levels of the optimized extract with and
without nanoparticles were reported by HERRERA-MARIN et al. (2023)
to be 0.7 £ 0.1 ppm and 0.65 +0.05 ppm, respectively.

Nanocomposite coating

The advancements of (bio-nanocomposites) in “edible coating”
with an emphasis on “strawberry preservation” will be discussed
in this part, even though numerous studies have focused on diverse
food packaging nano systems. Coating is frequently employed as an

active packaging solution to maintain the freshness of fresh items
and lengthen their shelf life (Qu and Luo, 2021). Compared to larger
systems, “nanomaterials” can impart various features due to their
small size. By releasing during storage times, hydrophilic or lipophilic
components can be added to modern packaging technologies to boost
the system’s bioactivities, such as antibacterial and antioxidant.

Storage analysis for the coated foods

Due to their nutritional significance, starch-Ag nanocomposite
edible films for berries like strawberries include a wide spectrum of
minerals and vitamins. Strawberries, however, have limited shelf life
due to high metabolic activity, sensitivity to contamination, fungal
deterioration, and thin epidermis. Strawberries require the right to use
technology to keep them fresh and extend their shelf life because they
are expensive luxury fruits and high-value goods (JAFARZADEH et al.,
2021), as presented in Fig. 7. In this investigation of the changes in
gas, mechanical, and qualitative characteristics of strawberries stored
using nanocomposite films made of starch, polyethylene glycol, and
glycerol. When combined with silver nanoparticles, the starch-Ag
nanocomposite coating sample enhanced the strawberry’s physical,
chemical, and mechanical qualities during storage (JAFARZADEH et al.,
2021; WIGATI et al., 2023).

Weight loss

Weight losses during strawberry coating can be impacted by a variety
of factors, including the coating substance employed, the application
technique, storage conditions, and the inherent properties of the
strawberries. When strawberries are coated with a variety of edible
coatings, such as polysaccharide-based coatings (e.g., starch, chitosan),
the weightloss may vary depending on the coating materials, thickness,
storage conditions, and strawberry characteristics. However, well-
designed coverings can help to reduce weight loss when compared
to untreated strawberries (TAHA et al., 2022). Fig. 10 (a) shows the
significant increase in weight loss during storage time. After 72 h of
storage, the untreated samples lost 11.13% of their initial weight. In
contrast, coated samples with starch-Ag nanocomposite at 1,2, 3, and
4% of AgNPs, and starch nanocomposite lost 3.98, 12.8, 7.88, 11.02,
and 14.98% of their initial weight, respectively. After seven days of
coating, the uncoated samples lost 30.32% of their weight, whereas
the strawberries coated with starch-Ag nanocomposite 1, 2, 3, 4%,
and starch composite lost 12.4, 21.46, 18.33, 14.23, and 19.63%,
respectively. Regarding the impact of 4 °C storage, coating techniques
significantly reduced loss in weight for treated strawberries compared
to uncoated samples. Up to day 14 of storage, there was no discernible
difference in weight loss across coated strawberry samples. Uncoated
strawberries lost the most weight during the last few days of storage
(65.74%), while samples coated with starch-Ag nanocomposite
at 1, 2, 3, and 4%, and starch nanocomposite alone lost 31.5, 46.7,
45.7, 46.18, and 30.12% of their weight, respectively. Application
of starch-Ag nanocomposite edible film showed a significant impact
(»<0.005) on the percentage of weight lost with 3% AgNPs causing
a significantly (p<0.005) higher reduction compared with 1, 2, and
4% starch-Ag nanocomposite contains AgNPs and starch film alone.
Among the coatings, AgNPs 3% coating had the best Effect on
delaying the weight loss of strawberry samples to 14 d of storage, as
shown 1n Fig. 10 (a). The highest losses occurred in control samples.
The results were broadly in line with earlier research that showed that
coatings may have prevented weight loss by acting as semi-permeable
water and gas barriers that inhibit oxidative processes, respiration,
and moisture loss (GOL et al., 2013; JAFARZADEH et al., 2021).

Effect of pH
The pH of strawberry coatings can have a major influence on their
performance and properties when stored. Polysaccharide-based
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coatings, such as starch, chitosan, or alginate, perform better at
slightly acidic pH levels, improving film formation and adhesion
to the strawberry surface. Maintaining the correct pH range for the
coating ingredient may aid in creating a stable and continuous coating
on strawberries. The pH of the coating affects its moisture barrier
qualities, which are crucial in minimizing weight loss while coating
strawberries. (ABERA et al., 2024) reported that, the pH of coated
and uncoated strawberries differs significantly (p<0.05). The acidity
of uncoated strawberry was significantly increased compared to the
coated and p<0.05, indicating that coating slows down changes in the
pH of the fruit. The pH change of strawberries shows a significant
difference for coating treatments during storage time (p<0.005), as
presented in Fig. 10 (b). According to the study, fruit senescence and
enzymatic activity may be to blame for the increase in pH during shelf
life. Depending on the cultivar, ripening stage, storage circumstances,
and microbial contamination, the pH of fresh strawberries is typically
between 3 and 3.9. Strawberries had ultimate pH values that were
relatively low after 14 d of storage in all treatments, whether uncoated
or coated, which may be related to the fruit’s ascorbic content.

This study showed that fruits have a lower pH due to relatively high
levels of ascorbic acid. The consumption during respiration since
four out of five measurements 0, 3, 7, 10, and 14 d with coated fruits
utilizing the starch-Ag nanocomposite formulation had the highest
pH compared with other samples. Uncoated strawberries showed a
difference as early as day 3. On day 10, the pH content of uncoated
fruit was 2.4. In contrast, the pH content of samples coated with
starch-Ag nanocomposite at 1, 2, 3, and 4% AgNPs and starch nano-
composite mg .1 was 5, 4.6, 5.1, 5.1, and 3.7, respectively, as shown
in Fig. 10 (b). The pH of uncoated fruit reached two on day 14 of
storage. The pH content of uncoated fruit reached 2. In contrast, the
pH of samples coated with starch-Ag nanocomposite at 1, 2, 3, and
4% AgNPs and starch nanocomposite mg .1 reached 4.7, 4.1, 4.5,
4.8, and 3.1, respectively, whereas the untreated sample was rejected.
The sample coated with starch-Ag nanocomposite mg 1.1 had the
least decline at the end of storage at cold storage (day 14). In the
physiological and metabolic activities of fruit, fruit respiration, and
acid consumption can be slowed down by nanocoating. As a result,
the nanomembrane extends strawberry shelf life.

Changes in microbial load for strawberry fruit during storage

As seen in Fig. 10 (c), the total bacterial count decreased when the
coating was applied. It should be noted that all samples’ initial T.B.C.
rose during storage, particularly in untreated fruits, which accelerated
more quickly than in other samples. After 72 hrs of storage at 4 °C, the
starting amounts of T.B.C. grew to 4.63 log CFU/g for the untreated
sample, compared to 2.84, 2.68, 2.53, 2.61, and 3.12 log CFU/g for
the samples treated with starch-Ag nanocomposite contain AgNPs 1,
2, 3, and 4%, and starch film respectively. Fruit coated with starch-
Ag nanocomposite 3% AgNPs exhibited the lowest bacterial count
(2.01 log CFU/g) of fruits coated with starch film (3.65 log CFU/g)
on day 7 of storage. In contrast, fruit covered in Starch-Ag
nanocomposite 3% AgNPs exhibited bacterial count of about
(5.08 log CFU/g) of fruits were coated with starch film on day 14
of storage. Coated samples with starch film increased by 5.27 log
CFU/g, although untreated samples were rejected at day 14 of storage,
demonstrating the performance of coating in growth inhibition of
bacteria. According to the findings, the coating in strawberry fruits
was more effective than the control in controlling T.B.C. On the other
hand, AgNPs can significantly inhibit growing bacteria in fruits.
Fig. 10 (d) also shows the mold and yeast level variations in coated
and uncoated strawberries over time. Initial concentrations of mold
and yeast in fresh fruit were 2.25 log CFU/g; however, the levels
of mold and yeast were reduced to 3.5, 3.1, 2.92, 2.89, and 3.6
log CFU/g, respectively, immediately following 72 h of coating.
These findings are consistent with those who discovered 2.11 log

CFU/g for fresh strawberries’ mold count and yeast. The mold
and yeast counts grew in all samples after storage. The untreated
samples rose more quickly and attained higher levels than the
treated ones and higher levels more quickly than the covered ones.
The untreated strawberry had the highest yeast and mold count
(3.8 log CFU/g) after 72 h, while the starch-Ag nanocomposite
3% AgNPs coated strawberries had the lowest number of yeast and
mold count (2.92 log CFU/g). In contrast, after 14 d of storage in
the fridge (4 °C), fruit coated with starch-Ag nanocomposite 3%
AgNPs showed decreased yeast and mold counts (5.36 log CFU/g).
According to the findings observed and displayed in Fig. 10 (d),
nanocoating demonstrated antimicrobial properties by preventing or
delaying the formation of yeast and mold.

Conclusions

In this investigation, starch and glycerol composite films with and
without silver nanoparticles synthesized from sour cherry were
developed via optimization, and their structural, physical, thermal,
antimicrobial, and antioxidant properties were characterized. The
processed thermoplastic starch-Ag nanocomposite films exhibited
a rougher surface with more protrusions, as morphological studies
of increasing AgNPs showed. The development of intermolecular
interactions, such as hydrogen bonds, between the film s constituent
molecules was validated by FTIR analysis. As a result, adding AgNPs
may enhance the starch-Ag composite films mechanical, barrier, and
water resistance qualities. Above all, when the amount of AgNPs
increased, the composite films demonstrated outstanding DPPH
radical scavenging properties. In addition, all the developed starch-
Ag nanocomposite films possessed good antimicrobial activity,
and starch-Ag films could significantly slow down the oxidative
deterioration of strawberry fruits during storage. Thus, thermoplastic
processed Starch-Ag films incorporating fresh strawberry fruits
extend their shelf life to 14 d, containing articles.
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