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Abstract

Background and Objective: The objective of this study was to assess antimicrobial effects of
silver nanoparticles on Gram-positive and Gram-negative bacteria that used in preparing silver
nanocomposite with the antibacterial characteristics using solution method. Moreover, the aim of
the current study was to produce antimicrobial silver nanocomposites for food coating with their
effects on a wide range of bacteria.

Material and Methods: To assess antibacterial characteristics of silver nanoparticles, several
steps were carried out. First, nanoparticles were synthesized through a chemical reduction method
using NaBH4 and then analyzed using x radiation diffraction, ultraviolet and visible spectroscopic
analysis, dynamic light scattering and scanning electron microscopy nanometric assays. Then,
Staphylococcus aureus and Escherichia coli were used as Gram-positive and Gram-negative
bacterial indicators. Minimum inhibitory concentration, minimum bactericidal concentration and
inhibition zone levels were measured. Nanocomposite was produced using solution blending
method and its antibacterial characteristics were assessed using inhibition zone method.

Results and Conclusion: Results indicated that silver nanoparticles with 20 and 50 pg.I*
concentrations included inhibitory effects on Staphylococcus aureus and Escherichia coli,
respectively. Furthermore, concentrations of 40 to 60 mg.I' included lethal effects on
Staphylococcus aureus and Escherichia coli, respectively. Based on the results, the highest
antibacterial effects were observed on Gram-positive Staphylococcus aureus. In inhibition zone
assays, a 3-5 mm zone was seen around the silver nanoparticle discs in cultures of the
microorganisms. In the inhibition zone assay of the produced nanocomposites, the zone was
expected regarding the concentrations. Results were calculated in three repetitions and the value
estimated through ANOVA was significant when p<0.0001. It has been concluded that silver
nanoparticles are useful in Gram-positive and Gram-negative bacteria for the inhibition and
destruction. Moreover, it has been verified that using the method includes great effects on
antibacterial characteristics of the nanocomposites.
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1. Introduction

In recent years, use of metal nanoparticleshas increased
due to the resistance of pathogenic microorganisms
(bacteria, fungus and viruses) against conventional
antimicrobials. General concerns on the safety and quality
of foods, particularly marine foods, during storage and
stocking have led the microbial growth control a
fundamental part of the distribution and storage chain of
such products [1-4]. Based on various studies and

assessment of silver nanoparticle function mechanism
against microorganisms, their use as antimicrobial agents,
especially in the food and medical industries, can be one of
the novel solutions for conquering problems caused by the
pathogenic microorganisms. Food products are infected by
various microbial agents during production processesss.
Infections may occur in formulation of ingredients, using
chemical additives and posing high pressure and flash
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pasteurization. Harmful materials likely enter food
formulation during this process, or chemical reactions may
occur with dangerous outcomes to humans.

If food products are in contact with contaminated
surfaces or surfaces with metal ions during the production
processes, this can endanger consumers’ health. Therefore,
use of proper antimicrobial packaging based on bio-
polymers is nowadays highly interested due to being
biodegradable, lack of collection of various synthesized
materials in the natural ecosystem and improvement of
mechanical and viscoelastic characteristics as well as
appropriate antimicrobial characteristics [5]. Liao et al.
studied the antibacterial activity and action mechanisms of
silver nanoparticles (AgNPs) against Pseudomonas
aeruginosa resistant to several medicines. In that study, use
of morphological changes and assessment of active oxygen
and activity of enzymes in the bacteria when exposed to
AgNPs as well as reporting minimum inhibitory
concentration (MIC) and minimum  bactericidal
concentration (MBC) showed the potential antibacterial
effects of AgNPs on the bacteria [6]. Jo et al. investigated
antibacterial ~ characteristics of  polyethylene  and
polypropylene nanocomposite films using AgNPs. First,
nanocomposites were prepared using melting method and
extruder. Based on the results, these nanocomposites
included a 99.9% destructive effect on Staphylococcus
aureus and Escherichia coli bacteria. This result showed
well that using these nanocomposites could be effective and
efficient in food packaging [7]. Furthermore, researchers
synthesized degradable films with mixed clay and polyvinyl
alcohol (PVA). They used these films against essential food
pathogens such as Salmonella typhimurium and
Staphylococcus aureus. Their results could reflect high
antimicrobial effects of these nanoparticles, their
mechanical characteristics and appropriate flexibility
caused by PVA, as well as biodegradability of these films,
which were verified through burring assaessment of them in
the ground. To show efficiency of the highlighted packaging
bags, shelf life of the chicken sausage samples was
compared with that of regular polyethylene bags. Results
showed enhancements in shelf life by decreasing microbial
loads [7].

Mathew et al. synthesized nanocomposites, combining
clay and biodegradable PVA. Based on their findings, the
combined nanocomposite films included sufficient
antimicrobial characteristics against food pathogens such as
S. typhimurium and S. aureus and higher mechanical
characteristics such as resistance against water and light
transmission, compared to control films. The soil burial
assay revealed that the nanocomposites degraded within 110
d and hence were considered biodegradable. Then,
nanocomposite combined films were included in the bags
used for keeping chicken sausages, which resulted in
decreases in microbial loads compared to the control

polyethylene bags and were much more effective in
increasing shelf life of the chickens [8]. Findings from their
study were similar with those of the the current study.

Liao et al. studied antibacterial characteristics and
mechanisms of AgNPs against P. aeruginosa resistant to
drugs. In this study, antimicrobial effects of AgNPs on
resistant clinical isolates against P. aeruginosa with MIC
and MBC were investigated. Morphological changes were
observed in P. aeruginosa resistant against drugs under
transmission electron microscopy (TEM). Distinct protein
highlighted in the proteomics approach was studied
quantitatively and production of reactive oxygen species
was assessed using 2',7'-Dichlorodihydrofluorescein
diacetate (H,DCFDA) coloring. Activity of superoxide
dismutase (SOD), catalase and peroxidase was chemically
assessed and apoptosis effects were studied through flow
cytometry. Findings revealed that AgNPs included strong
inhibitory effects on P. aeruginosa resistant against the
antimicrobials with MIC of 1.406-5.625 mg.mlt and MBC
of 2.81-5.62 mg.ml. Results of TEM revealed that AgNPs
could penetrate resistant bacteria and disrupt their structure.
Furthermore, quasi-apoptosis in bacteria affected by AgNPs
was significantly higher. General findings and the estimated
p-value (p<0.01) revealed strong antibacterial effects of
AgNPs on multiresistant P. aeruginosa [9]. Active
packaging incorporating AgNPs becomes popular due to its
efficacy in combating foodborne pathogens. This
technology uses AgNPs directly embedded in the packaging
materials or adsorbed as ions, offering a safe effective
antimicrobial shield. Recent approvals by the European
Food Safety Authority (EFSA) for specific silver
compounds further facilitates broader implementations [10].

This study investigated antibacterial effects of AgNPs on
Gram-positive and Gram-negative bacteria and produced
silver nanocomposites with appropriate antibacterial
characteristics using solution blending. As previously
stated, the present experimental study investigated use of
AgNPs synthesized via chemical resuscitation method by
assessing their MIC, MBC and inhibition zone against S.
aureus, E.coli and Candida albicans, leading to decreases
of food spoilage and enhancement of food shelf life.
Moreover, their antimicrobial effects were studied as
alternatives to antimicrobials. The aim of this study was to
investigate antibacterial effects of AgNPs on Gram-negative
and Gram-positive bacteria and produce silver
nanocomposites with appropriate antibacterial
characteristics using solution blending method.

2. Materials and Methods

2.1. Synthesis and characterization of silver
nanoparticles
The AgNPs were synthesized using chemical reduction

method with sodium borohydride (NaBH,4). Dynamic light
scattering (DLS) verified the particle sizes within the
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desired range of 25-40 nm. The X-ray diffraction (XRD)
analysis revealed crystal structure of the materials, while
UV-VIS spectroscopy provided information on nanoparticle
size and homogeneity. Additionally, scanning electron
microscopy (SEM) visualized morphology of the
synthesized nanoparticles.

2.2. Antimicrobial activity assessment

Culture media and autoclaves were sterilized. Each
experimental tube included 5 ml of culture media, 100 mg
of bacteria/fungi and calculated concentrations of AgNPs.
Triplicate experiments were carried out.

2.3. Minimum inhibitory concentration and minimum
bactericidal concentration assessments

Microdilution assay in gamma tubes was used. Nutrient
broth was used for S. aureus and E. coli and Sabouraud
dextrose (SD) broth for C. albicans. Standardized inocula
(100 pl) were added to the broths and incubated at 37 °C for
24 h. The MIC was assessed as the lowest concentration
inhibiting visible growth. The MBC included plating 100-pul
aliquots onto agar media (nutrient agar for bacteria and SD
agar for fungi) and incubating at 37 °C for 24 h. Moreover,
MBC was defined as the lowest concentration
demonstrating no microbial growth or less than three
colonies (99-99.5% killing).

2.4. Nanoparticle synthesis method

First, sodium borohydride was dissolved in water (ice
bath) and mixed with polyvinylpyrrolidone (PVP). Silver
nitrate solution was then added to the mixture, which
changed the color from yellow to orange, brown and then
black. This was then stirred quickly (~1500 rpm) at 50-60°
C, which created clods. Drops of silver nitrate (0.001 M)
were added to sodium borohydride (0.002 M) set in the ice
bath, which changed color of the final product to yellow.
This color became darker over time. To increase stability of
the product, 1% PVP was added to the solution, which
changed color of the product to pale orange-red.
Concentration of the colloidal nanosilver was 6 mg.ml and
based on the UV-VIS assay, size of the particle was 25-40
nm. The quantity of PVP used for increasing stability was 3
mg.ml2.

2.5. Nanocomposite production through solution
blending

In brief, 500 ml of the polymer PVA were divided into
five beakers with volume of 0.28, 0.42, 0.83, 1.67 and 2.5
ml. Then, AgNPs were added to 12.5 25, 50, 100 and 150
ml with a concentration of 6 mg.ml%. These were stirred on
a stirrer heater at 50 °C for 24 h until volume of the solution
reached 20 ml. The final product was poured into a Petri dish
and set in the oven for 24 h to dry. Then, the final composite
with similar thickness and appropriate level of flexibility
was ready.

2.6. Analysis of the size of nanoparticles using dynamic
light scattering method

In general, DLS is a technique used to assess particle
sizes in solutions and suspensions. In this method,
specialized devices analyze the motion of particles while
they are suspended in a liquid. It provides a rapid and non-
destructive way to assess particle sizes, ranging from nano
to micrometers. For example, researchers transferred
nanosilver colloids into the DLS device cell. The subsequent
analysis estimated the particle size. Specifically, 5 ml of
nanosilver colloid were analyzed at 25 °C with a laser
strength of 60%.

2.7. UV-VIS analysis

Characteristics of photons on samples and measuring the
rate of passage or absorption (rate of adsorption or
reflectance of light) in various wavelengths ranging 200-
1100 nm. Results of the assay were presented in a typical
surface absorption plasmon at 420 nm achieved from the
AgNPs.

2.8. Scanning electron microscopy analysis

The SEM is an exceptionally well-suited method for the
study of nanoparticle structure and it depicts the size of
AgNPs in ranges from 10 to 100 nm. No agglomeration was
seen in nanoparticles, showing stabilization of the
nanoparticles.

3. Results and Discussion

3.1. Analysis of the nanoparticle characteristics

The DLS results from Fig. 1 (a, b, ¢) revealed essential
information on AgNPs. Based on the figure, AgNPs
demonstrated the following characteristics. Number
distribution, approximately 41% of the particles within
specific size ranges; volume distribution, nearly 48% of the
particles contributing to the overall volume; intensity
distribution, significantly 92% of the scattered light
intensity originating from the specific particle sizes.

Additionally, Fig. 2 shows a SEM image of AgNPs
synthesized  through  chemical reduction.  These
nanoparticles exhibited spherical shapes and included a size
range of approximately 25 to 40 nm.

Furthermore, Fig. 3 presents the UV-VIS diagram,
providing further characterizations of the AgNPs. To assess
structural characteristics of the nanocomposite films,
XRD analysis was used. Nanosilver samples were irradiated
with Cu-Ko radiation (A = 54.1 A) using X-ray spectrometer
operating at 40 kV and 30 mA. The resulting XRD pattern
provided valuable information on the crystalline phases
and crystallographic orientation within the nanocomposite
films (Fig. 4).
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Figure 1. Dynamic light scattering diagram of the produced silver nanoparticles with various sizes: a, 121.9, b, 145.8 and c,
150.3
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Figure 3. The UV-VIS diagram of the produced silver nanoparticles
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Figure 4. The X-ray diffraction diagram of the produced silver nanoparticles

3.2. Minimum inhibitory concentration and minimum
bactericidal concentration assessments

The MIC and MBC of the biosynthesized nanoparticles
were assessed against various pathogens. Nanoparticles
showed potential antibacterial activities against E. coli
(MIC, 50 pg.ml* and MBC, 70 pg.ml?) and S. aureus
(MIC, 25 pg.mlt and MBC, 45 pg.mlt). However,
nanoparticles demonstrated weaker antifungal activities
against C. albicans (MIC, 350 pug.ml** and MBC, 380 pg.ml-
D). Results suggested potentials of these nanoparticles as
broad-spectrum  antimicrobials.  Although  further
optimizations may be necessary for the enhanced antifungal
efficacies (Fig. 5).

3.3. Antimicrobial susceptibility assay for the assessment
of inhibition zone diameters (disk diffusion)

To assess antibacterial and antifungal activities of the
AgNPs, inhibition zone assay was used via diffusion disks
impregnated with various concentrations (200 and 6000
pg.ml~1). Three microorganisms were assessed, including S.
aureus, E. coli and C. albicans. Isolated bacterial colonies
of S. aureus and E. coli were suspended in sterile serum,
creating a homogenous solution. This solution was then
streaked onto agar plates using sterile swabs. Blank disks
loaded with either AgNPs or control antibiotics (amikacin
for bacteria and itraconazole for fungi) were transferred
onto the inoculated plates. Following incubation at 37 °C for
24 h, diameters of the resulting inhibition zones around the
disks were measured using caliper. For the nanocomposite
disks, another experiment was carried out, where blank
disks were punched out and loaded with various
nanoparticle concentrations. These disks were then added to
the bacterial cultures and the inhibition zones were
measured as described. Results of this study provided

information on the potentials of the AgNPs as antimicrobial
agents against various pathogens (Table 2).

Findings of MBC and MIC assays verified that by
prohibiting microorganisms, AgNPs could increase the shelf
life of foods (Table 1). Results revealed the higher effects of
AgNPs on Gram-positive S. aureus, compared to Gram-
negative E. coli. According to Abbaszadegan et al., the
major reason for differences in antibacterial effects of
Gram-positive and Gram-negative bacteria included the
quantity of peptidoglycan in the bacteria cell wall. Ggram-
positive strains included further peptidoglycans in their cell
walls, compared to those Gram-negative strains did,
allowing AgNPs to include extended inhibition zones for
these strains.

This study demonstrated effectiveness of AgNPs in
extending food shelf life by inhibiting microbial growth.
Studies, including those by Abbaszadegan et al. and Eslami
et al., highlighted the nanoparticle efficacy against various
bacteria, with Gram-positive strains such as S. aureus
exhibiting a greater susceptibility, compared to that Gram-
negative E. coli doing. This difference was attributed to the
thicker peptidoglycan layer in Gram-positive bacterial cell
walls, offering a larger target for AgNPs.

Researchers investigated the potential of AgNPs to
combat microbes in various settings, including food
preservation. In a study by Eslami et al. (2016),
effectiveness of AgNPs in preserving saffron was
investigated. Various concentrations of nanoparticles were
incorporated into packaging materials and the microbial
loads on the saffron were monitored over time.
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Figure 5. Statistical findings of the minimum inhibitory concentration assay using ANOVA

Table 1. Estimated nanosilver concentrations for MBC, MIC and MFC

Bacteria/fungi MBC/MFC result pg.ml-t MIC pg.ml?
Escherichia coli 70 50
Staphylococcus aureus 45 25

Candida albicans 380 350

+ MIC: Minimum Inhibitory Concentration, MBC: Minimum Bactericidal Concentration, MFC: Minimum Fungicide Concentration

Table 2. Results of the inhibition zone assay for silver nanoparticles and nanocomposites

The results of inhibition zone tests in silver nanoparticle

Bacteriafung nopatices  amopaicles _pamgin_ SMgmitAmikacn  FRET
Escherichia coli 2.5 mm 2.5 mm 4 mm 8 mm -
Staphylococcus aureus 2mm 3mm 4 mm 7mm -

Candida albicans - 0.5 mm - - 0.5 mm

The results of inhibition zone tests in the nanocomposite
Bacteria/fungi

12 pg.mlt Silver nanoparticles

24 pg.ml Silver nanoparticles

Escherichia coli 3mm 4 mm
Staphylococcus aureus 2.5-4 mm 3-5 mm
Candida albicans 1mm 1.5 mm

Results showed significant decreases in microbial
growth, particularly at higher nanoparticle concentrations,
highlighting the potential of this technology for extending
the shelf life of food products [10]. Antibacterial activity of
the AgNPs against hospital-acquired antibiotic-resistant
strains of P. aeruginosa was assessed by Salomoni et al.
[11]. Commercial nanoparticles effectively inhibited
bacterial growth at specific concentrations, suggesting their

potentials as tools to combat challenging infections. Further
studies such as that by Alsharqi et al. deeper investigated
mechanisms; by which, AgNPs exert their antimicrobial
effects. Their in-vitro experiments demonstrated that
nanoparticles interacted with bacterial cell membranes,
ultimately suppressing bacterial growth. Significantly, this
effect was observed against Gram-positive (S. aureus) and
Gram-negative (E. coli) bacteria, although various degrees
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of susceptibility were observed [12]. Similar to the current
findings, these studies collectively present encouraging
evidence for the use of AgNPs as a novel antimicrobial
strategy. Further studies are needed to assess their potential
uses and safety profiles.

The SEM images of the treated bacteria cells revealed
significant morphologic changes in the cell membranes after
processing with AgNPs. Results indicated strong
antibacterial reactivities in AgNPs that could inactivate
harmful and pathogenic microorganisms [12]; similar to
results of the present study. Previous findings showed that
AgNPs directly attacked the cell membrane of bacteria,
causing significant morphological changes [12]. This
verified strong antibacterial activities of these nanoparticles,
further supporting their potentials to combat harmful
microorganisms.

Yan etal. [13] investigated broadly mechanisms of action
using proteomics approaches, revealing 59 proteins affected
by silver interactions. Interestingly, silver interacted with
several membrane proteins and triggered production of ROS
within the bacteria. This ROS production ultimately
damaged the cell membrane, leading to bacterial death.
These findings were perfectly similar to findings from the
current study and other studies, highlighting the potential
antimicrobial roles of AgNPs. Additionally, Pooyamanesh
et al. [14] successfully incorporated AgNPs into food
packaging materials, demonstrating their effectiveness
against various foodborne bacteria such as E. coli and S.
aureus. This evidence strongly suggests that AgNPs include
tremendous potentials in combating harmful bacteria,
opening doors for novel uses in food preservation. However,
further studies are necessary to fully understand their safety
and optimize their effectiveness for various uses.

4. Conclusion

This study has validated potentials of AgNPs and their
nanocomposites for antimicrobial uses in food packaging.
Findings from MIC, MBC and inhibition zone assays
consistently have demonstrated their effectiveness against
various bacteria, especially Gram-positive strains. These
provide direct benefits for food preservation, extending
shelf life while eliminating needs of harmful chemical
additives. Integrating AgNPs into food packaging offers
more than a chemical-free alternative; it presents a
multifaceted solution with far-reaching benefits. First, it
develops organic food production by effectively combating
bacteria without conventional preservatives, fostering trust
and enhancing food quality. Second, their significant
antibacterial ability originates from their high surface areas
and positive charges, disrupting the bacterial membranes
and significantly extending food shelf lives. Third, the
chemical resuscitation method allows for precise control of
nanoparticle sizes, tailoring their interaction with specific

bacteria for optimized performance. Fourth, the suggested
solution blending method improves cost-effectiveness,
making this innovative technology readily accessible. While
further studies are critical to understand long-term effects
and ensure responsible implementation, these diverse
advantages offer AgNPs as a promising solution for the
challenges of food preservation. While Gram-positive
bacteria have demonstrated greater susceptibilities due to
their cell wall structures, effectiveness of AgNPs even at
authorized low concentrations and their minimal risks of
release into foods further highlight their potentials as safe
sustainable alternatives to the available antimicrobial
agents. This study pioneers further investigations and
optimization of silver nanoparticle-based food packaging
solutions, offering a promising path towards enhanced food
safety and decreased environmental adverse effects.
However, it is important to acknowledge needs of
continuous studies to comprehensively understand potential
long-term effects of the current technology.

5. Acknowledgements

Special thanks to the Nano Research Laboratory
(Ultrasonic Section), Science and Research Branch of
Islamic Azad University.

6. Conflict of Interest

The authors declare no conflict of interest.

References

1. Bruna T, Maldonado-Bravo F, Jara P, Caro N. Silver
nanoparticles and their antibacterial applications. Int J Mol Sci.
2021; 22(13): 7202

2. Rashidi L, Khosravi-Darani K. the applications of
nanotechnology in food industry. Critic Rev Food Sci Nutr.
2011; 51(8); 723-730.

3. Khosravi-Darani K, Bucci DZ. Application of poly
(hydroxyalkanoate) in food packaging: Improvements by
nanotechnology. Chem Biochem Eng Quart. 2015; 29 (2): 275-
285

4. Khoshbouy Lahidjani L, Ahari H, Sharifan A. Influence of
curcumin-loaded nanoemulsion fabricated through emulsion
phase inversion on the shelf life of Oncorhynchus mykiss stored
at 4 C. J Food Process Preserv. 2020; 44(8): p: €14592.

5. Deus D, Kehrenberg C, Schaudien D, Klein G, Krischek C.
Effect of a nano-silver coating on the quality of fresh turkey
meat during storage after modified atmosphere or vacuum
packaging. Poult Sci. 2017; 96(2): 449-457.

6. Liao S, Zhang Y, Pan X, Zhu F, Jiang C, Liu Q, Cheng Z, Dai
G, Wu G, Wang L, Chen L. Antibacterial activity and
mechanism of silver nanoparticles against multidrug-resistant
Pseudomonas aeruginosa. Int J Nanomedicine. 2019; 14: 1469-
1487.

This open-access article distributed under the terms of the Creative Commons Attribution NonCommercial 4.0 License (CC BY-NC 4.0).
To view a copy of this license, visit http://creativecommons.org/licenses/by/4.0/. 184



http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
https://doi.org/10.3390/ijms22137202
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=WLGJPS8AAAAJ&citation_for_view=WLGJPS8AAAAJ:WF5omc3nYNoC
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=WLGJPS8AAAAJ&citation_for_view=WLGJPS8AAAAJ:WF5omc3nYNoC
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=WLGJPS8AAAAJ&citation_for_view=WLGJPS8AAAAJ:WF5omc3nYNoC
https://doi.org/10.1080/10408391003785417
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=WLGJPS8AAAAJ&citation_for_view=WLGJPS8AAAAJ:ye4kPcJQO24C
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=WLGJPS8AAAAJ&citation_for_view=WLGJPS8AAAAJ:ye4kPcJQO24C
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=WLGJPS8AAAAJ&citation_for_view=WLGJPS8AAAAJ:ye4kPcJQO24C
https://doi.org/10.1111/jfpp.14592
https://doi.org/10.3382/ps/pew308

Antibacterial Cover by Nano-composite Silver Pack

Appl Food Biotechnol, Vol. 11, No. 1 (2024)

7.JoY, Garcia CV, Ko S, Lee W, Shin GH, Choi JC, Park SJ, Kim
JT. Characterization and antibacterial properties of nanosilver-
applied polyethylene and polypropylene composite films for
food packaging applications. Food Biosci. 2018; 23: 83-90.

8. Mathew S, Snigdha S, Mathew J, Radhakrishnan E.
Biodegradable and active nanocomposite pouches reinforced
with silver nanoparticles for improved packaging of chicken
sausages. Food Packag Shelf Life. 2019; 19: 155-166.

9. Verma P, Maheshwari SK. Preparation of sliver and selenium
nanoparticles and its characterization by dynamic light
scattering and scanning electron microscopy. J Microsc
Ultrastruct. 2018. 6(4): 182.

10. Eslami M, Bayat M, Nejad ASM, Sabokbar A, Anvar AA.
Effect of polymer/nanosilver composite packaging on long-
term microbiological status of Iranian saffron (Crocus sativus
L.). Saudi J Biol Sci. 2016; 23(3): 341-347.

11. Salomoni R, Leo P, Montemor A, Rinaldi B, Rodrigues M.
Antibacterial effect of silver nanoparticles in Pseudomonas
aeruginosa. Nanotechnol Sci Appl. 2017: 115-121.

12. Al-Sharqi A, Apun K, Vincent M, Kanakaraju K, Bilung LM.
Enhancement of the antibacterial efficiency of silver
nanoparticles against gram-positive and gram-negative bacteria
using blue laser light. Int J Photoenergy. 2019; 2019; 2528490.

13.Yan X, He B, Liu L, Qu G, Shi J, Hu L, Jiang G. Antibacterial
mechanism of silver nanoparticles in Pseudomonas aeruginosa:
Proteomics approach. Metallomics. 2018; 10(4): 557-564.

14. Pooyamanesh M, Ahari H, Anvar AA, Karim G. Synthesis
and characterization of silver nanocompo-site as a food
packaging. J Food Biosci Technol. 2019; 9(2): 73-82

This open-access article distributed under the terms of the Creative Commons Attribution NonCommercial 4.0 License (CC BY-NC 4.0).
To view a copy of this license, visit http://creativecommons.org/licenses/by/4.0/. 185



http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
https://doi.org/10.2147/IJN.S191340
https://doi.org/10.1016/j.fbio.2018.03.008
https://doi.org/10.1016/j.fpsl.2018.12.009
https://doi.org/10.4103/jmau.jmau_3_18
https://doi.org/10.1016/j.sjbs.2015.07.004
https://doi.org/10.2147/NSA.S133415
https://doi.org/10.1155/2019/2528490
https://doi.org/10.1039/c7mt00328e
https://journals.srbiau.ac.ir/article_14382.html

<< 000
Food @@
Biotechnology

APPLIED FOOD BIOTECHNOLOGY, 2024, 11(1):e16

Research Article
pISSN: 2345-5357

elSSN: 2423-4214

Journal homepage: www.journals.sbmu.ac.ir/afb

Sinirgy JroS5 (512 Jolomo (30,5 bglia (5bg) & 0y el il (ki Ak g

2L SLas
TSl 50l S angd g ol st LSS 750l ko 390 el 1505

Ol ol e oodaol o131 o8l o)l o liizes g pgle oy =)
‘ul)ﬁﬁ ‘k;ay.u‘ Q‘j oKisls nuLL'.ﬂ;Lb 9 ‘ajlc »‘5 ‘L;ILA.C énL...o 9 l°5J'° 05; -y
Oyl el cesodlal o131 ol8iils «liiz g pale aly o S prals 0SS (5550555l 09,5 Y

Ao a6
YoVF ol VY cdl o
YoVY poles ¥ g ygle
TYE Gole) Gy

S O 51y

9SS digy "

IR

18 olgs gt

Sl clale las =

Sl Soxas cble Jlaen

0y gl cl,bm

Joloe LY 55,

IR

Jghuno ok 95

*LSJ‘M Jwol>

ol&Ksls oyl s wlidos g pole g

Sl el sodasl 8151

FAA-UITIAVYYYY (3l

1 Sg SISy
dr.h.ahari@gmail.com

ovS>

5 Cote 0,5 Slacs Sl (59, 2 0, SlSgl g ,Se 2 1 o BaioS (nl 5 S (SN g ARl
Jeloee (o) 4 pdyca B8l b ySh oo Co ol Loyl o el gl g sl ool adgs aie

G sl (sl (99,50 Sl o B Ceny 05 (Sl Lo el gl wdgs B b pl> aallae ool

O T N L TS Ui e SR N IR

bl o plowl alo o wiz 53 G o, Sl )39 S wd sla S 2l sl B gy g g
oo 5 aslinal b s 5 03 s NaBHA 5l ool b slans sl U3s, iy 51 3l
958 G5y s 5 755 Sy 2T S0 9 308 sdle s ek Sl 5 ST (s sl
S ySh plsreay (T Laipdl g uslysl oS3 pllio] 5| s 28,5 18 o 5 s 3y0e T g
s 57 sl Sl (SansS clile Jil & Swlsjl clile s b eslital Lite s Sote o5 el
5 s Jslme LS b, 5l eolitasl b o jpmelS 51l i (5,5 o5l (4, o alla) b, lgo dilaie

A ey 2 003135k 3g05e (3, b oo (b S bas sl S

Sl s oo par B0 9 Vo HEIT lacdale 1o 0,5 Sldgl a8 ols (ylis zuls 3.6 g dwid g ASL
cipa e B e pglt glacdale (opl ool Wiogy (U5 Ld Sl g sl sl usSaSellin] p 0ds o3k
ao Sl o i bt wlal p Nsgy (A5 LS5l g usdye) usSeSalslin] p (Saas Sl gl

DY ol S, ool o350ma (ni] 4o i cdalie Cutn 5 usdol s HLdli] 53, 5 ST
03935t Qy»ﬂ 59 odaliv bpugdS s S slociaS jo 0,8 Ol,35 slacSiugs Blbl jo (6500 Lo
SIS A bl g Ul LB bl solasul 8,50 slacdale 4y ax g5 b oo 0dei (slacy 9086l (5050
LT SRRV i O PPN W 39l jlade sl olid 0gy P< el e o) oS K il ls 36T 5 o anle
> 05)1.9 RESWIW- A.».O.A LSM 9 Cdo (b)f LSLQLS)"SL' k_M).‘?U 9 )LQ,Q stJ o).m u‘)é}ab S Cewl ooy 6;

Syl by 55l ol iSL ws slo She » ol SIS g, ol 5l eolaul a5 sl oas ol oyl

5 Wlie ) LAl b e wdlio 5yl £55 g 45 WS o pdlel Sy s 1 @80 (B ya

' X radiation diffraction (XRD)

" Ultraviolet and visible spectroscopic (UV-VIS spectroscopic)

" Dynamic light scattering (DLS)

¥ Scanning electron microscopy (SEM)
® Minimum inhibitory concentration (MIC)
* Minimum bactericidal concentration (MBC)
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