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Abstract: There has been an exponentially increasing concern regarding green synthesis and silver
nanoparticles (AgNPs) use in various human contact areas. Here, the synthesis of AgNPs using egg
white proteins as alternative antimicrobials and fruit preservation agents was reported. To extend the
shelf-life of cherries and apricots was aimed using AgNPs-locust bean gum (LBG) coating. The
synthesized nanoparticles were characterized by AAS, Uv-Vis spectroscopy, FTIR, Mastersizer, and
SEM/TEM. The amount of the AgNP in the solution was calculated after analyzing silver ion
concentration using AAS. SEM, TEM, and Mastersizer results showed the spherical shape of AgNPs
with a size distribution from 9 to 13 nm and the hydrodynamic diameter range of 0.1-7 pum, respectively.
Their antifungal activities were tested against Bipolaris sorokiniana, Fusarium culmorum, Fusarium
graminearum, and Fusarium verticillioides using the standard agar well diffusion method. The
nanoparticle-based films showed significant inhibition activity against Bipolaris sorokiniana-(19 2
mm) and Fusarium graminearum-(20 £1 mm). Rotting rate test results showed the synergistic effects
of AgNPs and LBG on the shelf life of fruits. Overall, the coating with an AgNPs-LBG solution has the
potential use in the fruit industry to extend the shelf life of products.
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1. Introduction

Fresh fruit and vegetable consumption has gained much attention due to their
significant nutrient source and health benefits in a rapidly growing world. For maintaining
quality at the highest standard and extending shelf life, food preservation methods such as
antimicrobial applications have become more important [1-4]. Food spoilage can occur through
internal and external conditions. Water activity, pH, redox potential, biological components,
and all biochemical reactions in the fruit and vegetable can lead to internal spoilage. Fruits and
vegetables can be spoiled much faster by external factors such as microbial contamination [5-
7].

With increasing attention being paid to the recent advantages of nanotechnological
applications, various types of nanoparticles have been evaluated for their antimicrobial features
[8-10]. There are many antimicrobial activity studies regarding titanium dioxide [11-14], zinc
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oxide [15-17], gold [18-20], and silver nanoparticles [21-23]. However, production methods,
toxic chemical composition, and their separation from the synthesis media have great
importance for food technology. In this regard, the green synthesis approach of nanoparticles
has received great attention. Recently, AgNPs have attracted much interest in food preservation
methods because of their special properties such as antineoplastic, antibacterial, antifungal, and
antiviral effects. For the synthesis and functionalization of AgNPs, a green synthesis approach
could be easily used. Due to green synthesis, toxic chemicals and organic solvents could be
eliminated as reducing agents [24-30]. Biologic systems (e.g., microorganisms), many different
natural sources, and plant extracts produce AgNPs. For instance, plant extracts, peels, fruits,
rhizomes, leaves, or whole plants can be used easily. In the extract, flavonoids, alkaloids,
terpenoids, and polyphenols act as reducing agents as well as stabilizing agents. Their reaction
with silver ions results in AgNPs [26, 30].

Recently biocompatible polymers such as proteins were chosen for the production of
AgNPs. One of them is egg white proteins. Homogeneous and stable sample solutions can be
obtained from egg white proteins [31, 32]. Ovalbumin, ovomucoid, ovotransferrin, avidin,
lysozyme, ovomucin, ovoflavoprotein, cystatin, ovomacroglobulin, ovoglycoprotein, and
ovoinhibitor are the proteins found in egg white [33, 34]. They act as reducing and stabilizing
agents for the synthesis of AgNP [31, 32]. Thiyagarajan et al. reported using ovotransferrin,
ovalbumin, and ovomucoid as reducing and capping agents for obtaining AgNPs. Also, their
antibacterial activity against Salmonella typhimurium, and Escherichia coli were studied,
biocompatibility studies on chicken blood were conducted, and their acute and chronic toxicity
was tested on Drosophila melanogaster [32]. Also, Owoseni-Fagbenro et al. reported that the
egg protein-stabilized AgNPs were synthesized, and the AgNPs were used as an antibiotic
(hesperidin) carrier. Their results showed that using AgNPs as a carrier for hesperidin enhanced
its therapeutic effectiveness [31]. However, there are limited studies of AgNPs obtained from
egg proteins and detail of their inhibitory effect on bacteria and fresh fruit preservation in
assays. Also, studies have investigated the synergistic effects of polysaccharides and AgNPs
on fruit shelf life. Liang et al. showed the size-controllable preparation of chitosan- AgNP
composite microspheres and that small-size chitosan-AgNP composite microspheres could be
a promising candidate in the field of antibacterial and fruit preservation applications [35].
Direct application of biodegradable coatings on food surfaces by dipping or spraying can be
used to regulate the migration of O., CO2, moisture, lipids, and aroma components. In
particular, surface contamination can be inhibited by surface coatings. In recent years, edible
films and coatings have attained much interest, and their physical and chemical properties have
been broadly investigated [36-39]. Edible coating applications can increase the quality of food.
Besides, the nutritional value of food can be protected during storage. Chien et al. studied the
effect of a chitosan coating on the quality and shelf life of sliced mango fruit. They found that
chitosan coating increased the solid soluble content, titratable acidity, and ascorbic acid content
by decreasing water loss and dropping in sensory quality [40]. Generally, edible coatings with
good gas and water vapor barrier features are widely investigated [41].

Hydrophilic polymers such as LBG, which contains oxygen and carbon dioxide barrier
features, can form viscous solutions at relatively low concentrations. Producing intense edible
coatings with good water vapor barrier properties is possible with LBG applications [42]. LBG,
also called carob gum, is produced from the fruit of carob trees [43]. It is also a suitable
candidate for food packaging material among natural polysaccharides. As side chains, this gum
has a - (1-4) mannopyranose backbone linked to D-galactopyranosyl units [44]. Thanks to its
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high viscosity in aqueous solution at low concentrations, biocompatibility, and binding water
feature, LBG is used in many food applications as a stabilizer [45], thickening agent [46], and
edible film [47]. LBG is stable in a wide range of temperatures and pHs because of its nonionic
structure [48]. Also, LBG is affirmed as generally recognized as safe by the United States Food
and Drug Administration (FDA). Rojas-Argudo et al. studied the effect of LBG coating on the
shelf life of fortune mandarins. They demonstrated that LBG coating improved the external
appearance, avoided fruit degradation, and extended shelf life [49].

In this study, we aimed to reveal the effect of antimicrobial LBG coating on the quality
and shelf life of apricots and cherries. To our knowledge, the effect of AgNP-loaded LBG
coating on the shelf life of apricots and cherries has never been investigated. The main purpose
of our study was to develop edible coatings composed of mixtures of AgNPs and LBG and to
assess the effect of different ratios of these edible coatings on fruit spoilage processes. Herein,
we reported the synthesis of AgNPs via a green synthetic pathway from egg white proteins.
The prepared LBG solution was reinforced with synthesized AgNPs. Coating solutions were
characterized using Uv-Vis spectra, atomic absorption spectroscopy (AAS), Fourier transform
infrared spectroscopy (FTIR), Mastersizer, and scanning/transmission electron microscopy
(SEM/TEM) analysis. The antimicrobial properties of the samples on fungi were tested. Lastly,
the dip-coating method was chosen for a fruit preservation experiment. Rotting rate assays were
conducted for fresh cherries and fresh apricots.

2. Materials and Methods

LBG, AgNOs, and cycloheximide were purchased from Sigma Aldrich. During all the
experiments, Millipore water was used (Millipore Applied Systems, USA). Chicken eggs were
bought from local markets (Samsun, Turkey). Fresh cherries and apricots were purchased from
the local markets (Samsun, Turkey). Fruits with uniformity in size, shape, color, and physical
integrity without visual defects were selected. The plant pathogenic fungi strains (Bipolaris
sorokiniana, Fusarium culmorum, Fusarium graminearum, and Fusarium verticillioides) were
obtained from the Department of Plant Protection in Ondokuz Mayis University, Samsun,
Turkey.

2.1. Synthesizing of AgNPs via a green synthetic pathway.

The synthesis of AgNPs was studied using a green synthetic pathway according to the
previously described procedure [23, 32]. Egg proteins were isolated from fresh chicken eggs.
Egg white (EW) was carefully separated from yolk at first. The separated egg white was placed
in a clean flask, and almost 27 g of egg white was fully dissolved in 200 mL distilled water
with a strong magnetic stirrer (300 rpm) for 60 minutes. The mixture of various proteins in egg
white is mostly soluble in distilled water.

The cloudy white solution was observed and filtered through Whatman filter paper. The
clear solution was stored at 4°C until required for further analysis. The clear egg white solution
(1 mL) was mixed with 1 mM of (respectively 4, 6, and 8 mL) AgNOz3 solution at room
temperature. The reaction mixture showed a color change from white to dark yellow with time.
To determine the maximum nanoparticle formation, samples were collected at different time
intervals (i.e., 24, 48, 72, and 96 hours) and analyzed using AAS, FTIR spectroscopy, Uv-Vis
spectroscopy, Mastersizer, and SEM/TEM.
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2.2. Preparation of LBG-AgNP composite microspheres.

The LBG-AgNP solution was prepared using a slightly modified version of a method
in a previous study [50]. LBG solutions (1% and 1.5%) were prepared in water at 60°C under
magnetic stirring (300 rpm) overnight. The obtained LBG solutions were added to the
synthesized AgNPs solution under magnetic stirring (300 rpm), and the mixture was stirred for
almost 6 hours to form a homogeneous solution. Finally, the homogeneous solution that
eventually formed was kept at 4°C for further applications.

2.3. Characterization.

Samples were characterized using a Uv-Vis spectrophotometer (Thermo fisher
scientific, G10S), and distilled water was used as a blank. Uv-Vis spectroscopic analysis was
studied by scanning at a range of 190-900 nm. A color change was observed in the reduction
of silver ions to AgNPs by egg white proteins. The color of the AgNOas/egg white proteins'
extract mixture changed from white to dark yellow due to the formation of AgNPs. The
detection approved the formation of the AgNPs of the surface plasmon resonance (SPR)
absorption band between 400 nm and 475 nm in the Uv-Vis spectrum. The samples’ FTIR
spectra (PerkinElmer, Spectrum two, USA) were recorded using an infrared spectrometer to
characterize the interaction between the AgNPs and protein present in the egg white. EW-
AgNPs were recorded in a range of 400-4000 cm™! using the spectrometer. The samples'
surface morphology and particle sizes were observed using SEM (JEOL-JSM-7001F).
Transmission electron microscopy (TEM) images were obtained on a JEOL-JSM 7001F using
a STEM detector with an accelerating voltage of 30 kV. The particle sizes were calculated
using the ImageJ software [51]. The amount of AgNPs in the solutions was calculated after
analyzing silver ion concentration using the Perkin Elmer PinAAcle 900f Atomic Absorption
Spectrometer (AAS) mounted with a silver hollow cathode lamp (Photron). Silver standards of
0.125 ppm, 0.25 ppm, 0.50 ppm, 0.75 ppm, and 1.00 ppm have been prepared and used to
obtain a calibration curve with an R? = 0.9992. After synthesizing of AgNPs, the solutions were
centrifuged, and then the supernatants were analyzed using AAS. The concentrations of silver
ions in the supernatants were calculated using a calibration curve. The concentrations of AgNPs
in the solutions were calculated by subtracting the initial concentration of silver ions by the
concentration of silver ions in the supernatants. The particle size of AgNPs was analyzed using
a Mastersizer Hydro 3000. Measurements were performed in the range between 0.01 and 1000
um with the particle refractive index (n: 0.135), particle absorption coefficient (k: 3.99), and
particle bulk density (0.312 g/cm?).

2.4. Antifungal activity tests.

The plant pathogenic fungi strains (Bipolaris sorokiniana, Fusarium culmorum,
Fusarium graminearum, and Fusarium verticillioides) were obtained from the Department of
Plant Protection in Ondokuz Mayis University, Samsun, Turkey. The antifungal activity of
synthesized nanoparticles was determined using agar well diffusion as described by Magaldi
et al. [52]. The fungi were grown in potato dextrose broth for 48 hours before inoculation onto
potato dextrose agar (PDA) medium. An aliquot of 200 pL of each strain was spread onto the
PDA medium and then allowed to dry under aseptic conditions. The wells were made using a
cork borer and filled with 100 pL of nanoparticle solutions prepared in different concentrations.
Cycloheximide (25 pg/mL) was used as the positive control, while egg white and silver nitrate
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were used as negative controls. After incubation for 2 days at 35+1°C, the zone of inhibitions
was measured.

2.5. Rotting rate assay.

Fresh cherries and apricots (purchased from a local market, Samsun, Turkey) with a
moderate size were selected and washed with distilled water, then dried at room temperature.
Dip coating was used on the fruits, and each group was placed on a clean plate. Then, the plates
were wrapped in polyethylene film and stored at a constant temperature of 25+1°C. Changes
in the fruits were observed and the data collected, and images were taken every 24 h. Mold
and rotting conditions were observed. The rotting rate was calculated using the following Eq
(1) [53]:

Rotting Rate (%) = (xt/ Xo) * 100% 1)

Xo: the total number of samples
xt: the number of rotting after a storage time t (d).

3. Results and Discussion

3.1. Green synthesis of AgQNPs.

Nowadays, the green synthesis of metallic nanoparticles has garnered greater attraction
than chemically produced ones. Green plants, microorganisms, and polymers are used for the
green production of AgNPs [54-57]. Egg white proteins were used as reduction agents to obtain
AgNPs (Table 1). Compounds with thiol (-SH) groups (such as cysteine) present in protein
molecules reduce Ag*ions to form spherical AgNPs [31, 58]. It has been proven that Ag* reacts
with proteins by binding with hydroxyl (-OH), carboxyl (-COOH), an amine (N-H) groups and
acts as a reduction agent for Ag* [31, 59]. The egg white protein function as a reducing agent
in the green synthesis of AgNPs is shown in Figure 1.

Table 1. Prepared samples from egg white proteins for an antimicrobial test.

Egg White Protein Solution (mL) 1 mM AgNOs Solution (mL)
EW1/4 [i u
EW1/6 [1 6
EW1/8 1 8

AgNPs absorption peaks were observed up to 96 h (Figure 2). The solutions showed a
color change from white to dark brown due to the reduction of Ag* into Ag°. The intensity of
the peaks at 350-600 nm increases up to 72 h, shown in Figure 2. This means that the
concentration of the AgNPs is shown in a gradual increase of surface plasmon resonance (SPR)
peak intensity for 72 h, but peak intensity decreases for 96 h (Figure 2). Therefore, the
absorption completely depends on the chemical surroundings, particle size, and dielectric
medium, which demonstrates that it is an efficient method for observing the electron injection
and aggregation of nanoparticles [60]. Furthermore, enhancing the nanoparticle size and
forming an aggregation of nanoparticles can cause a sensible broadening of the plasmonic band
towards larger wavelengths [60-62]. The maximum intensity of the absorption peak was
observed in the EW1/4, EW1/6, and EW1/8 for 72 h, and these solutions were used for further
studies.
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Figure 1. Green synthesis of AgNPs.
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Figure 2. Uv-vis spectroscopy results of the green synthesized AgNPs after (A) 24 hours; (B) 48 hours; (C) 72
hours; (D) 96 hours.

3.2. Fourier-transform infrared (FTIR) spectroscopy.

The FTIR spectra of the samples are shown in Figure 3. Ovalbumin (54%),
ovotransferrin (12%), ovomucoid (11%), ovomucin (3.5%), and lysozyme (3.5%) are among
the major egg white proteins [34]. The amine, thiol, carboxyl, and hydroxyl groups of egg white
proteins can donate electrons to reduce Ag+ to Ag0 and stabilize nanoparticles [31]. The strong
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peak at around 3270 cm™ was assigned to —OH stretching of the proteins in the egg white. The
spectra reveal amide 1 (1620 cm™) and amide 11 (1525 cm™) bands due to the bending vibrations
of the C=0 and N-H bonds in the amide of the proteins, respectively [63]. The peak at 2970
cm could be assigned to the C-H stretching vibration of the methyl, methylene, and methoxy
groups. The new peak at 1740 cm™ could be assigned to aldehyde or ketone groups that were
oxidized after the reduction of silver ions. These results indicated that egg white proteins acted
both as a reducing agent and capping agent for AgNPs.
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Figure 3. FTIR spectra of the nanoparticle solutions.

3.3. AAS.

The concentrations of AgNPs in the solutions and percentage conversion of silver ions
to AgNPs were determined using AAS. The results are given in Table 2. As seen in Table 2,
the conversion of the silver ions to AgNPs increased with the concentration of silver ions in
the biomass. The highest AgNPs concentration was found as EW 1/8 with 40% conversion.

Table 2. AAS results of the samples.

Cag* (initial) (mg/L) Cag" (supernatant) (mg/L) Cagnps (Mg/L) IAgNPs (%)
EW1/4 0.6048 0.5557 0.0491 8.111
EW1/6 0.6480 0.4383 0.2096 32.35
EW1/8 0.6720 0.4029 0.2691 40.05

3.4. Mastersizer.

The samples' particle size and size distribution were investigated using sizes ranging
from 0.1 to 1000 nm using laser diffractometry (Figure 4). Measurements were taken in the
range between 0.01 and 1000 um with the particle refractive index (n: 0.135), particle
absorption coefficient (k: 3.99), and particle bulk density (0.312 g/cm®). The average
hydrodynamic diameter of the particles of EW1/6 and EW1/8 is 0.2 um, and the volume
distributions are 3.6% and 6.8%, respectively. The average hydrodynamic diameter of EW1/4
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is 7 um, and the volume distribution is 2.7%. EW1/4 shows broader particle distribution

compared with EW1/6 and EW1/8.
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Figure 4. Particle size distribution of green synthesized AgNPs.

3.5. SEM/TEM Analysis.

The size and morphology of the egg white-capped AgNPs were measured using SEM.
Powder samples were attached to the carbon band. When the morphology of AgNP is
examined, AgNPs are spherical, and their size is below 50 nm (Figure 5). Respectively, 4 mL,
6 mL, and 8 mL of LBG 1% and LBG 1.5% solutions were added to the samples of EW1/4,

EW1/6, and EW1/8. Their SEM images are shown in Figure 5.
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Figure 5. SEM image of the green synthesized AgNPs for EW1/4, EW1/6, EW1/8, and different ratios of EW-
LBG.
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The TEM images and particle size distributions of the AgNPs are given in Figure 6.
The images reveal spherical shapes and uniform distributions of nanoparticles. The average
particle size ranges of the nanoparticles were between 9-13 nm, as shown in Figure 6. It is seen
from TEM results that the particle size increased with the increase of initial silver ion
concentration. TEM images of EW1/8 show slightly larger nanoparticles. It was likely due to
the high initial silver ion concentration causing aggregation.

n: u 50 -

Lenghinm Lenghtipm Lenghtinm)
Figure 6. TEM images and particle size distributions of the samples (a,d,i) EW1/4, (b,e,j) EW1/6 and (c,f,k)
EW1/8.

3.6. Antifungal activity test results.

The antimicrobial efficacy of AgNPs depends on many factors. AgNPs can attach to
the microorganism cell wall and easily pass through it. Due to this phenomenon, cell
membranes could be damaged, and cytoplasm content can leak. AgNPs could interact with
vital cellular structures and biomolecules such as DNA. Besides, they can affect ATP synthesis
mechanisms. They might cause cell apoptosis due to DNA damage, lipid peroxidation, and
increased reactive oxygen species [27, 64]. In this study, the antifungal activities of the
synthesized nanoparticles were tested against Bipolaris sorokiniana, Fusarium culmorum,
Fusarium graminearum, and Fusarium verticillioides, which are causative agents of several
plant diseases such as common root rot, leaf spot disease, seedling blight, head blight, and
black point of cereals [65, 66]. AgNPs showed significant inhibitory activity against Bipolaris
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sorokiniana and Fusarium graminearum, but they were not effective against Fusarium
culmorum and Fusarium verticillioides (Table 3).

Table 3. Antifungal activity of AgNPs, coating solutions, and control groups.

Inhibition zone (mm)

Sample B. sorokiniana [F.culmorum  [|F. graminearum F. verticillioides
EW 1/4 10 0 mm 6 £0 mm 17 1 mm 6 £0 mm
EW 1/6 17 +1 mm 6 £0 mm 19 +2 mm 6 +0 mm
EW 1/8 15 +3 mm 6 £0 mm 20 +2 mm 6 £0 mm
EW 1/4 +1 % LBG 18 +1 mm 6 £0 mm 20 1 mm 6 =0 mm
EW 1/6 +1% LBG 18 +1 mm 6 £0 mm 14 +1 mm 6 =0 mm
EW 1/8 + 1% LBG 19 +1 mm 6 £0 mm 18 +3 mm 6 +0 mm
EW 1/4 + 1.5 % LBG 15 £3 mm 6 £0 mm 15 +1 mm 6 £0 mm
EW 1/6 + 1.5 % LBG 18 +1 mm 6 £0 mm 18 +1 mm 6 £0 mm
EW 1/8 + 1.5 % LBG 19 +2 mm 6 £0 mm 19 +1 mm 6 =0 mm
1% LBG 9 £1 mm 8 £l mm 7 £1 mm 8 £1 mm
1.5%LBG 8 £0 mm 8 £1 mm 8 £1 mm 8 £1 mm
EW 9 £0 mm 9 +£1 mm 9 £1 mm 9 +£1 mm
AgNOs3 9 +0 mm 9 +1 mm 9 +1 mm 9 £1 mm
Cycloheximide(25 pg/ml) 31 +1 mm 41 +3 mm B1 +1 mm 41l +£2 mm

3.7. Rotting rate test results.

After dip coating treatments, the antimicrobial activity of fruit samples was studied
using the rotting rate. The appearance of the fruits during the storage period is shown in Figure
7. The rotting rate of all samples increased progressively throughout the storage time, as shown
in Figure 8 and Figure 9. The degradation of fruits was more significant in the blank fruits and
just LBG-added samples. The usage of AgNPs considerably decreased the rotting rate with the
dip-coating method.

The synergistic effects of AgNPs and LBG on the shelf life of fruits were observed.
LBG-AgNPs solutions showed better results for both apricots and cherries. Also, only LBG-
coated apricots became 100% rotten on the fourth day due to LBG possessing good oxygen
and carbon dioxide barrier features, whereas it is a hydrophilic polymer. The appearance of
apricots showed a significant difference from the 10th day (Figure 7). On the fifth day, most
apricots in the blank group were rotten, whereas the coated apricots showed no considerable
difference on their surface until the 10th day, except for 1/4AEW- LBG 1%. Also, cherries in
the blank group were rotten on the fourth day, and only LBG-coated cherries were rotten on
the fifth day (Figure 7). Food spoilage is an unacceptable process for healthy consumption.

Generally, fresh fruits possess beneficial conditions for microbiologic resistance.
Microbial spoilage can affect fruits and fruit juices much quicker than the variety of intrinsic
conditions of the fruit [67, 68]. Also, water activity, pH, redox potential, biologic components,
and all biochemical reactions in the fruit lead to its spoilage in different ways [5-7]. As
observed, cherries have more survival conditions than apricots in the same experimental
conditions. Apricots are more perishable fruits.
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Figure 7. Change of appearance of apricots and cherries during storage.
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Figure 8. Rotting rate of apricots within one week.
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Figure 9. Rotting rate of cherries among one month.
4. Conclusions

The green chemistry method was used to synthesize AgNPs from silver nitrate solution
using egg white proteins at room temperature. Then, LBG solutions were obtained, and it was
reinforced with the prepared AgNP solution. Uv-Vis spectroscopy, FTIR, SEM, TEM, AAS,
and master size analyses were studied for the characterization of the samples. The maximum
surface plasmon resonance bands were observed in the Uv-Vis spectrum for the samples at 72
hours. Also, the FTIR results showed that egg white proteins acted as both reducing and
capping agents for AgNPs synthesis. The size distribution of AgNPs was found between 9 and
13 nm, according to the TEM results. Atomic absorption spectroscopy results showed that the
concentration of the AgNPs in the EW1/4, EW1/6, and EW1/8 solutions were respectively
0.0491 mg/L, 0.2096 mg/L, and 0.2691 mg/L.

Further, the antifungal performance of the synthesized AgNPs and AgNP — LBG
solutions were examined against plant pathogenic fungi, Bipolaris sorokiniana, Fusarium
culmorum, Fusarium graminearum, and Fusarium verticillioides. The AgNPs notably
inhibited the growth of Bipolaris sorokiniana and Fusarium graminearum. Additionally, the
dip-coating treatment was applied to the fresh fruits. The antimicrobial activities of the AgNP
and AgNP — LBG samples on the fresh fruits were observed. The rotting rate showed the
coatings' good antimicrobial properties on the fresh fruits. The results showed that the AgNP
and AgNP — LBG samples possess a strong antifungal effect as coatings. Also, the coating
treatment supported the shelf life of the cherries and the apricots. The rotting rate of fruits was
more significant in the LBG - only samples, but it was considerably decreased with AgNPs
with dip coating. AgNPs reinforced solutions showed better results for both the apricots and
the cherries. LBG — AgNP nanocomposites incorporated as coatings can extend the shelf-life
of fresh apricots and fresh cherries. The prepared coating agents have great potential as
alternative food preservatives in the fresh fruit industry. AgNPs are promising antifungal
agents, and our results will lead to the exploration of novel antimicrobial applications in the
fruit industry.
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