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Abstract | This study aimed to determine the concentration of silver nanoparticles that can inhibit gram-positive and
negative bacteria. It was done so that the silver nanoparticles could be evaluated as an antimicrobial agent, and there was
also the possibility that they could be used as a feed additive. This study assesses microbial inhibition and the minimum
inhibitory concentration (MIC) in a laboratory setting. The substances utilized included silver nanoparticles, nutrient
agar medium, Man’s Rogosa Sharpe Agar, Man’s Rogosa Sharpe Broth, bacterial cultures of Lactobacillus acidophilus
ATCC 4356, and Lactobacillus sp. FNCC 0020, Salmonella typhimurium ATCC 700720, Escherichia coli FNCC
0091, tetracycline, and 70% alcohol. Antibiotic sensitivity testing employed the Kirby-Bauer and optical density 600
techniques to assess microbial growth inhibition and the minimum inhibitory concentration (MIC). The research
data was examined for comparative statistics using a completely randomized design. Concentrations between 10 and
50 ppm in the inhibition zone test successfully inhibited the growth of Sa/monella typhimurium and Escherichia coli
while not affecting the viability of Lactobacillus acidophilus, Lactobacillus sp. The MIC for gram-negative bacteria such
as Salmonella typhimurium and Escherichia coli was 6.25 ppm, and the optical density at 600 was approximately 0.09.
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INTRODUCTION et al., 2022), Pseudomonas aeruginosa (Kunz et al., 2022),

Staphylococcus  aureus (Lee et al., 2018), Streptococcus
The emergence of antibiotic-resistant bacteria is an pyogenes (Cattoir, 2022) and other bacterial strains are
urgent global problem. Antibiotic resistance occurs when increasingly problematic globally. The bacteria cause
bacteria evolve and develop mechanisms to survive the serious inflammation of the gastrointestinal tract, the
drugs and kill the bacteria. This poses a major challenge ~dermis, and other cell tissues (Popova and Ignatov, 2023).
to public health as it limits the effectiveness of antibiotics, Nanotechnology has the potential to bring significant
making infections more difficult to treat and increasing advances in various fields of medicine as a replacement
mortality. Antibiotic-resistant bacteria such as Escherichia for synthetic antibiotics against pathogenic bacteria.
coli (Poirel et al., 2018), Salmonella sp. (Ptawiniska-Czarnak — Nanotechnology, or nanoparticles, is a new scientific
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discipline related to the ability to measure, manipulate,
and shape materials at the nano-size level (Calipinar and
Ulas, 2019). Srivastava and Bhargava (2022) explain that
nanotechnology is the conversion of larger molecules to
nanometer size and the changing the physico-chemical
properties of cell matrices in terms of human or animal
welfare on a size scale of 1-100 nanometers.

Silver nanoparticles are the most popular metal group
nanoparticles to be researched in the last decade
because they are effective as antimicrobial agents and
as substitutes for synthetic antibiotics. Silver is a safe
inorganic antibacterial agent that kills many pathogenic
microorganisms through its ability to ionize in solution
(Mohamed ez al., 2020). Positively charged silver ions
(Ag") interact with the structure of microorganisms,
both inside and outside the cell, causing their inhibition
or destruction (Yin ez al., 2020). In addition, silver ions
can disrupt cell membrane integrity, interfere with
cellular processes, and damage important biomolecules.
These mechanisms of action make silver nanoparticles
a powerful tool in the fight against microbial infections.
Siddiqi es al. (2018) explain that silver nanoparticles
have antimicrobial activity against various infectious and
pathogenic microorganisms, including bacteria resistant to
various drugs. The potential of silver nanoparticles is also
explained by Cheng e a/. (2016) that silver nanoparticles
can be used as antibiotics because they are associated with
various mechanisms of action against microorganisms in
various structures at one time and provide the ability to
kill various types of bacteria. Similarly, Natan and Banin
(2017) found that silver nanoparticles have antifungal
properties, which makes them effective in treating
fungal infections. Naumenko ez a/. (2023) conducted a
study demonstrating the antiviral properties of silver
nanoparticles, highlighting their potential in fighting viral
infections. Antimicrobial studies in the field of poultry
related to the administration of silver nanoparticles can
reduce Escherichia coli in the digestive tract of broiler
chickens (Kumar and Bhattacharya, 2019). In addition,
Sawosz et al. (2007) found that the administration of
silver nanoparticles at 25 mg/kg into drinking water was
able to increase the population of lactic acid bacteria in the
quail gut and improve gut health. These studies provide
strong evidence regarding the effectiveness of silver
nanoparticles in combating various types of pathogens.
These advantages make silver nanoparticles an attractive
option to address the challenge of antibiotic resistance. In
this study, we aimed to determine the effectiveness of liquid
silver nanoparticles against the growth of Escherichia coli,
Salmonella typhimurium, and lactic acid bacteria and test
the minimum concentration of inhibitors using optical

density 600 (OD600).

MATERIALS AND METHODS

PREPARATION OF SILVER NANOPARTICLES

Silver nanoparticles were prepared by combining 10 mL of
noni leaf extract as a bioreductor with 80 mL of a solution
containing one mM AgNO,. The samples were then
cooled for twenty-four hours after being incubated at 90°C
for 120 minutes (Sathishkumar ef a/., 2012). After that,
the particle size analyzer was used to perform the analysis.
The particle size distribution value was found to be 84.78
+ 1.54 nm, the diversity index value was found to be 0.23
+0.015, and the zeta potential was found to be -22.03 mV.

MICROBIAL INHIBITION ASSAY

The activity of silver nanoparticles was tested using the
Kirby-Bauer assay method. The study utilized Gram-
negative bacteria Salmonella typhimurium ATCC 700720
and Escherichia coli FNCC 0091, as well as Gram-positive
bacteria Lactobacillus acidophilus and Lactobacillus sp. A
series of dilutions of the test compound, a parent solution
of colloidal silver nanoparticles synthesized from the
most effective treatment, were required to perform the
antimicrobial activity tests. The samples tested included
a positive control consisting of 45 ppm tetracycline, noni
leaf extract, and silver nanoparticles. Each sample was
replicated a total of six times. The following treatments
were tested as follows: KN= negative control; KP= 45 ppm
tetracycline; P1= 10 ppm noni leaf extract; P2= 20 ppm
noni leaf extract; P3= 30 ppm noni leaf extract; P4= 40
ppm noni leaf extract; P5= 50 ppm noni leaf extract; P6= 10
ppm silver nanoparticles; P7= 20 ppm silver nanoparticles;
P8= 30 ppm silver nanoparticles; P9= 40 ppm silver

nanoparticles; P10 = 50 ppm silver nanoparticles.

REJUVENATION OF BACTERIAL
(WaHYUDI ET 4L, 2011)

The four solid pure culture colonies were Salmonella
typhimurium ATCC 700720, Escherichia coli, Lactobacillus
acidophilus ATCC 4356, and Lactobacillus sp. FNCC 0020
was taken as one sterile ose from the pure culture and
placed into a test tube that contained 7 mL of nutrient
agar solution. After that, the test tube was inoculated with
NA medium and MRSA slant, and the mixture was then
placed in an incubator at 37°C for twenty-four hours.

PURE CULTURE

INHIBITION TESTING OF SAMPLES AGAINST TEST
BACTERIA

Salmonella typhimurium ATCC 700720 and Escherichia coli
FNCC 0091 were tested on nutrient agar. Nutrient agar
was prepared by measuring 20 grams in 1000 milliliters
of sterile water. However, Lactobacillus acidophilus ATCC
4356 and Lactobacillus sp. FNCC 0020 was tested by
introducing 68.2 grams of MRSA dissolved in 1000
milliliters of Aqua fresh. After 15 minutes at 80°C, each
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medium was thoroughly mixed. It was then sterilized for
fifteen minutes at an autoclave pressure of 1.5 atm and
a temperature of 121°C. The medium was disinfected
at 35°C with 10 milliliters of test bacteria, aseptically
poured into a 12-milliliter petri dish, and allowed to
solidify (Mansur and Hidayat, 2019). An aseptic paper
disc was moistened with a solution of silver nanoparticles
and a concentration of noni leaf water extract and then
placed on a petri dish containing Sa/monella typhimurium
ATCC 700720, Escherichia coli FNCC 0091, Lactobacillus
acidophilus ATCC 4356, and Lactobacillus sp. FNCC 0020.
The medium was then evaluated for its ability to inhibit
bacterial growth. It was also cultured for twenty-four hours
at 37°C. An automated colony counter model Scan 500
(Scan 500, Interscience, Saint Nom, France) was used to
determine the size of the silver nanoparticles inhibition
zone.

MINIMUM  INHIBITORY CONCENTRATION (MIC)
EVALUATION

'The MIC test was conducted following the CLSI (2020)
method in a 96-well microtiter plate using a 200 ml
Eppendorf Reference 2 pipette from Camlab, Cambridge,
USA, and the nutrient broth (NB) microdilution
technique. The purpose of analyzing the mic is to obtain
the minimum AgNPS concentration in inhibiting bacteria.
Bacterial cultures of Salmonella typhimurium ATCC
700720 and Escherichia coli FNCC 0091 were standardized
to an optical density of 0.5 McFarland standard, equivalent
to a cell colony count of around 1.5 x 108 CFU/mL. Three
sample groups were assessed on a single microplate: the
positive control group (KP), the AgNPs group, and the
negative control group (KN). Each well of the microplate
was filled with NB media and 100 pL of the test solution.
AgNPs solution was added to wells in volumes up to
100 pL from column 2 to column 11. Column 2 of the
microtiter plate contains the highest concentration of silver
nanoparticles (AgNPs), while column 11 contains the
lowest concentration. Column 12 was used as the negative
control containing only the medium, while column 12
served as the positive control containing both the medium
and the bacterial inoculum. Each well was then cultured for
24 hours at 37°C with 50 pL of the bacterial suspension,
according to Sandasi ez 4/ (2010). The antimicrobial
efficacy of AgNPs was evaluated by quantifying the optical
density (OD) at a wavelength of 600 nm using a UV-
VIS spectrophotometer (Multiskan Sky Thermoscientific,
Bydgoszcz, Poland). An OD600 value of < 0.1 indicates
inhibition of bacterial growth, while an OD value of < 0.2
indicates turbid bacterial growth (Santos ¢z a/., 2010; Beal
et al., 2020).

STATISTIAL ANALYSIS
Data collected from the observations were analyzed using

a fully randomized design. If the test had a significant
effect at the 5% probability level (P < 0.05), the test was
turther conducted using Duncan’s New Multiple Range
Test (DMRT). Software used for data analysis included
SPSS version 21 and Graphpad™ Prism version 9 for
descriptive data (Hummel ez a/., 2021; Simon ez al., 2021).

RESULT'S AND DISCUSSIONS

The statistical analysis in this study shows significant
differences (P <0.01) in the diameter of the inhibition
zone among various treatments, as presented in Table
1. The use of 10 ppm silver nanoparticles (P6), 20 ppm
silver nanoparticles (P7), 30 ppm silver nanoparticles
(P8), 40 ppm silver nanoparticles (P9), and 50 ppm
silver nanoparticles (P10) results in a larger inhibition
zone diameter (P < 0.01) compared to the use of noni
leaf extract concentrations ranging from 10 to 50 ppm
and lower (P < 0.01) compared to tetracycline 45 ppm
(KP) against Escherichia coli and Salmonella typhimurium.
The effect of this inhibition is due to the interaction of
silver nanoparticles with the bacterial cell membrane,
which disrupts cell function. Silver nanoparticles display
bacteriostatic characteristics by interacting with the cell
membrane of bacteria, hindering their normal function.
This interaction causes the nanoparticles to act. The
accumulation of silver nanoparticles on the bacterial cell
membrane and their binding to the membrane disrupts its
function (Figure 1).The electrostatic attraction between the
positively charged silver ions and the negatively charged
cell membrane is responsible for this phenomenon. The
electrostatic attraction between the positively charged
silver ions and the negatively charged cell membrane is
responsible for this phenomenon. It is possible to find
carboxyl groups, phosphate groups, and amino groups in
lipopolysaccharides, which are the components responsible
for forming the cell membrane. It is responsible for the
modification of the structure of the cell membrane. The
presence of porins in gram-negative bacteria makes it
possible for silver nanoparticles to pass through the outer
membrane of these bacteria. It may cause damage to the
membrane, rendering it less effective. Because of this action,
the membrane may be damaged, which will reduce its
permeability (Zheng ez a/.,2018). The interchange between
nanoparticle silver and the cell membrane, which occurs
after the nanoparticle silver has entered the cell membrane,
damages the nanoparticle silver. Nanoparticle silver
penetrates the cell membrane upon entry, causing damage
to the internal components of the cell (Figure 1). It inhibits
membrane-bound enzymes and proteins by binding to
disulfide bonds and obstructing active sites. Furthermore,
nanoparticle silver can harm DNA components (Singh ez

al.,2021).
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In a recent study by Menichetti e a/. (2023), they were
proposed that Gram-negative bacteria might be more
vulnerable than Gram-positive bacteria because of their
thin cell membrane, which is about 8-12 nm thick, and the
existence of negatively charged lipopolysaccharides that aid
in the attachment of nanoparticle silver (Figure 1). Gram-
positive bacteria possess a denser membrane, ranging from
20-80 nm, with negatively assessed peptidoglycans that can
impede the penetration of silver nanoparticles (Frohlich
and Frohlich, 2016; Slavin ez a/.,2017). Silver nanoparticles
can damage cell membranes by generating reactive oxygen
species (ROS) internally and externally in bacteria and
by interacting with cell wall components. The results of
this investigation are consistent with previous research
conducted by Hwang ¢ a/. (2008), which indicated that
nanoparticle silver had a more significant effect impact on
Gram-negative bacteria than compared to Gram-positive
bacteria. The negative charge of bacterial cell membranes in
Gram-negative bacteria is due to carboxyl, phosphate, and
amino groups in lipopolysaccharides. The negative charge
leads to membrane damage and stimulates the generation
of reactive oxygen species (ROS). Higher levels of ROS
impact the deactivation of respiratory enzymes, hinder the
production of adenosine triphosphate, and interfere with
DNA and protein synthesis (Qing ez a/., 2018; Tyagi ez al.,
2023).
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Figure 1: Antimicrobial mechanism of silver nanoparticle.

The results of statistical analysis (Table 1), the treatment
of 10 ppm silver nanoparticles (P6), 20 ppm silver
nanoparticles (P7), 30 ppm silver nanoparticles (P8),
40 ppm silver nanoparticles (P9) and 50 ppm silver
nanoparticles (P10) had no inhibition zone diameter
(P>0.05) compared to tetracycline 45 ppm (KP) against
Gram-positive bacteria,namely Lactobacillus acidophilus and
Lactobacillus sp. Several factors influence the susceptibility
of Gram-positive bacteria, such as Lactobacillus, to silver
nanoparticles. One factor is the production of bacteriocins,

Table 1: Inhibition of silver
nanoparticles  against  gram-negative  (Escherichia
coli,  Salmonella  typhimurium) and  gram-positive
(Lactobacillus  acidophilus, ~Lactobacillus ~sp.) bacteria.

Treat- Gram-positive

zone diameter

Gram-negative

ments  Echerichia Salmonella Lactobacillus Lactoba-
coli typhimurium  acidphopilus cillus sp.
KN 0,00¢ 0,00¢ 0,00° 0,000
KP 27,93% 22,53* 30,13¢ 28,57*
P1 0,00¢ 0,00¢ 0,00° 0,00P
P2 0,00¢ 0,00¢ 0,00° 0,00°
P3 0,00¢ 0,00¢ 0,00° 0,00°
P4 0,00¢ 0,00¢ 0,00° 0,00°
P5 0,00¢ 0,00¢ 0,00° 0,00°
P6 18,334 7,334 0,00° 0,00°
P7 18,574 7,67¢ 0,00° 0,00P
P8 18,934 8,57¢ 0,00° 0,00P
P9 19,73¢ 8,63¢ 0,00° 0,00P
P10 20,60° 9,37° 0,00° 0,00°
SEM 1,79 1,11 1,45 1,34
P-value 0,001 0,001 0,001 0,001

Note: *<d¢ Different superscripts in the same column indicate
significant differences (P<0,05). KN = negative control; KP=
positive control (tetracycline 45 ppm); P1 = 10 ppm noni leaf
extract; P2 = 20 ppm noni leaf extract; P3 = 30 ppm noni leaf
extract; P4 = 40 ppm noni leaf extract; P5 = 50 ppm noni leaf
extract; P6 = 10 ppm silver nanoparticles; P7 = 20 ppm silver
nanoparticles; P8 = 30 ppm silver nanoparticles; P9 = 40 ppm
silver nanoparticles; P10 = 50 ppm silver nanoparticles.

antimicrobial ~ peptides  produced by  bacteria
group lactobacillus (Sharma ez al., 2023). Bacteriocin
synthesis could enhance bacterial resistance to nanoparticle
silver by offering an extra protective mechanism
against the antimicrobial properties of nanoparticle
silver. Furthermore, the sturdy cell wall composition
of Lactobacillus, measuring approximately 20-80 nm in
thickness, provides defense against external substances,
such as nanoparticle silver (Godoy-Gallardo ez a/., 2021).
'The robust cell wall structure limits the connection between
silver nanoparticles and the bacterial membrane, reducing
the afhinity of nanoparticle silver to the bacterial surface
and thus lowering susceptibility to the antimicrobial
properties of nanoparticle silver. The enzymatic functions
or metabolic processes of lactic acid bacteria, including
the production of lactic acid and other compounds,
can influence the sensitivity to nanoparticle silver. The
metabolic processes may create an environment that is
less conducive to the antimicrobial eftects of nanoparticle
silver, thus contributing to the reduced inhibitory effect
of nanoparticle silver on the bacteria group Lactobacillus
(Vaviinik ef al.,2021). Other researchers (Lara ez a/.,2010)
reported that the cell wall composition of Lactobacillus
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serves as a defense mechanism by limiting the interaction
between nanoparticles and the membrane of the bacteria.
It reduces adhesion. It reduces the binding of nanoparticle
silver to the bacterial surface and lowers the vulnerability
to decrease susceptibility to the antimicrobial properties’
effects of nanoparticle silver. Likewise, Matei ez a/. (2020)
discovered that the enzymatic functions and metabolic
mechanisms of lactic acid bacteria, such as the generation
of lactic acid and other substances, could impact the
resistance to nanoparticle silver. Sidhu and Nehra (2020)
noted that lactic acid bacteria’s capacity to generate
bacteriocins, antimicrobial peptides, could aid in their
resistance to nanoparticle silver. This investigation showed
a remarkable effect of tetracycline at this concentration,
which is highly efficient at a concentration of 45 ppm
in inhibiting the proliferation of both bacterial strains.
Another investigation (Landoni and Albarellos, 2015)
discovered that tetracycline concentrations between
45 and 100 ppm can inhibit protein synthesis, resulting
in bactericidal and bacteriostatic effects on pathogenic
and non-pathogenic bacteria. Oliva ez a/. (1992) stated
that tetracycline is a broad-spectrum antibiotic that hinders
cell protein production by attaching aminoacyl tRNA (aa-
tRNA) to the A site of the 30S subunit, thus focusing on
ribosomes. Pioletti ez a/. (2001) found that tetracycline
disrupts protein synthesis in Gram-negative and Gram-
positive bacteria by interfering with binding aminoacylated
tRNA to ribosomes. Inhibiting the synthesis of proteins
is accomplished by tetracycline by interfering with the
binding of aminoacylated tRNA to ribosomes in bacteria.
The elongation phase of protein synthesis is the phase
that is most significantly impacted by this interference. It
does this by preventing aminoacyl tRNA from binding to

ribosomal subunits.

Incapability to inhibit bacteria is because the levels of
metabolites presentin the noni leaf extract at concentrations
of 10, 20, 30, 40, and 50 ppm (P1, P2, P3, P4, P5) are
insufficient to produce the desired antimicrobial effect.
Therefore, a higher extract concentration is required
to achieve antimicrobial effects. Zhang ez al. (2016)
studied the antimicrobial effects of noni leaf extract.
Concentrations ranging from 50% to 100% did not impact
gram-negative bacteria (Escherichia coli). The suppressive
effect was observed at a concentration of 200% of the noni
leaf extract. A study by Halimah ¢z a/. (2019) demonstrated
that noni leaf extract concentrations ranging from 2.55%
to 10% did not exhibit antimicrobial activity against
Salmonella typhimurium bacteria, as indicated by the lack
of inhibition zone formation. This finding supports the
results of the study, which also demonstrated no inhibitory
effect at the concentrations examined.

The MIC values of silver nanoparticles, Escherichia coli,
and Salmonella typhimurium ranged from 6.25 to 50

ppm. Bacterial growth was detected when the treatment
turbidity and OD600 values ranged from 1.24 to 0.15 at
concentrations lower than 3.125 ppm. With a concentration
of 6.25 parts per million (ppm) of silver nanoparticles,
the OD600 measurement was approximately 0.09,
suggesting bacterial growth was inhibited (Figures 2, 3).
At a concentration of 6.25 ppm silver nanoparticles, the
MIC against both bacteria resulted in an OD600 value
of around 0.09, demonstrating inhibition of bacterial
growth. The findings align with the study, showing that
bacterial growth is suppressed when the OD600 value
is below 0.1 and stimulated when it surpasses 0.1. Zarei
et al. (2014) found that the MIC ranged from 3.125 to
6.25 ppm for silver nanoparticles against Salmonella
typhimurium and Escherichia coli. Begum ez al. (2022) and
Erjaee ez al. (2017) found that at 7.8 ppm, the minimum
inhibitory concentration (MIC) of silver nanoparticles
effectively inhibited the growth of Escherichia coli and
Salmonella typhimurium bacteria. The results indicate that
silver nanoparticles can efficiently suppress the growth of
gram-negative bacteria. An elevated concentration of silver
nanoparticles at around 50 ppm led to a notable reduction
in the growth of gram-negative bacteria (Sa/monella

typhimurium, Escherichia coli) with OD600 values dropping
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Figure 2: MIC analysis results using OD600 on Escherichia

coli.

below 0.1 after 25 hours of incubation (Saxena ez al.,
2010). The results of this study have potential implications
for further research that silver nanoparticles can be used
as antimicrobial antibiotics and feed additives to improve
digestive efliciency, immunity, and performance in livestock
and poultry because they have antimicrobial effects on
pathogenic bacteria and do not interfere with the growth
of lactic acid bacteria. Michalak ez a/. (2022) reported
that nanoparticles positively affect animal performance,
productivity, and carcass quality by preserving blood
homeostasis and intestinal microflora, controlling oxidative
damage, and improving immune reaction. Furthermore,
Dosoky ez al. (2021) explained that silver nanoparticles
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could be used as a relatively safe feed supplement for
broilers at a concentration of 4 ppm due to their anti-
inflammatory, antimicrobial, and immunostimulatory
properties, while a concentration of 8 ppm causes mild
inflammatory reactions and immunosuppression in the
bursa, thymus, and spleen.
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Figure 3: MIC analysis results using OD600 on Salmonella
typhimurium.

CONCLUSION

Silver nanoparticles effectively inhibited Sa/monella
typhimurium ATCC 700720 and Escherichia coli FNCC
0091 without affecting Lactobacillus acidophilus ATCC
4356, and Lactobacillus sp. FNCC 0020, which can act
as antibiotics, with the lowest concentration of silver
nanoparticles being 6.25 ppm.

ACKNOWLEDGEMENT

We would like to thank Indonesia Endowment Funds
for Education (LPDP) and Center for Higher Education
Funding (BPPT) for supporting this research.

NOVELTY STATEMENT

We explored silver nanoparticles as a substitute for syn-
thetic antibiotics in poultry farming because of concerns
about resistance. Our study compared their antibacterial
efficacy and mechanism to that of conventional antibiotics.
This approach targets bacterial infections without caus-
ing resistance or harm to lactic acid bacteria. Improving
poultry health and productivity supports global efforts to
reduce the use of synthetic antibiotics, enhance food safety,
and promote public health.

AUTHOR’S CONTRIBUTION

MH conducted experiments, performed laboratory
analysis,analyzed the data,and wrote the manuscript. NDD
supervised the experiment and revised the manuscript. BA
experimented and authored the manuscript. Z crafted and
revised the manuscript. All authors were responsible for
reviewing and approving the final manuscript.

CONFLICT OF INTERESTS
The authors have declared no conflict interest.

REFERENCES

Beal J, Farny NG, Haddock-Angelli T, Selvarajah V, Baldwin
GS, Buckley-Taylor R, Gershater M, Kiga D, Marken J,
Sanchania V, Sison A (2020). Robust estimation of bacterial
cell count from optical density. Commun. Biol., 3(1): 512.
https://doi.org/10.1101/803239

Begum T, Follett PA, Mahmud ], Moskovchenko L, Salmieri S,
Allahdad,Z, Lacroix M (2022). Silver nanoparticles-essential
oils combined treatments to enhance the antibacterial and
antifungal properties against foodborne pathogens and
spoilage microorganisms. Microb. Pathog., 164: 105411.
https://doi.org/10.1016/j.micpath.2022.105411

Calipinar H, Ulas D (2019). Development of nanotechnology in
the world and nanotechnology standards in Turkey. Procedia
Comput. Sci., 158: 1011-1018. https://doi.org/10.1016/j.
procs.2019.09.142

Cattoir V (2022). Mechanisms of streptococcus pyogenes antibiotic
resistance. Streptococcus pyogenes: Basic Biology to clinical
manifestations [Internet]. 2" edition.

Cheng G, Dai M, Ahmed S, Hao H, Wang X, Yuan Z (2016).
Antimicrobial drugs in fighting against antimicrobial
resistance. Front Microbiol., 7: 470. https://doi.org/10.3389/
fmicb.2016.00470

CLSI (2020). Performance standards for
susceptibility  testing;  twenty-second
supplement. Clinical laboratory standards institute, Wayne,
PA, USA., 32: M100.

Dosoky WM, Fouda MMG, Alwan AB, Abdelsalam NR, Taha
AE, Ghareeb RY, El-Aassar MR, Khafaga AF (2021).
Dietary supplementation of silver-silica nanoparticles
promotes histological, immunological, ultrastructural, and
performance parameters of broiler chickens. Sci. Rep., 11(1):
4166. https://doi.org/10.1038/s41598-021-83753-5

Erjace H, Rajaian H, Nazifi S (2017). Synthesis and
characterization of novel nanoparticles using
chamaemelum nobile extract for antibacterial application.
Adv. Nat. Sci. Nanosci, Nanotechnol., 8(2): 025004. https://
doi.org/10.1088/2043-6254/2a690b

Frohlich EE, Frohlich E (2016). Cytotoxicity of nanoparticles
contained in food on intestinal cells and the gut microbiota.
Int. J. Mol. Sci., 17(4): 509. https://doi.org/10.3390/
1ijms17040509

Godoy-Gallardo M, Eckhard U, Delgado LM, de Roo Puente
YJD, Hoyos-Nogués M, Gil FJ, Perez RA (2021).
Antibacterial approaches in tissue engineering using
metal ions and nanoparticles: From mechanisms to
applications. Bioactive Mater., 6(12): 4470-4490. https://

antimicrobial
informational

silver

November 2024 | Volume 12 | Issue 11 | Page 2141

9.0 :
Qoals Links
OResearchers


https://doi.org/10.1101/803239
https://doi.org/10.1016/j.micpath.2022.105411
https://doi.org/10.1016/j.procs.2019.09.142
https://doi.org/10.1016/j.procs.2019.09.142
https://doi.org/10.3389/fmicb.2016.00470
https://doi.org/10.3389/fmicb.2016.00470
https://doi.org/10.1038/s41598-021-83753-5
https://doi.org/10.1088/2043-6254/aa690b
https://doi.org/10.1088/2043-6254/aa690b
https://doi.org/10.3390/ijms17040509
https://doi.org/10.3390/ijms17040509
https://doi.org/10.1016/j.bioactmat.2021.04.033

OPEN aACCESS

Advances in Animal and Veterinary Sciences

doi.org/10.1016/j.bioactmat.2021.04.033

Halimah H, Suci DM, Wijayanti I (2019). Studi potensi
penggunaan daun mengkudu (Morinda citrifolia  L.)
sebagai bahan antibakteri Escherichia coli dan Salmonella
typhimurium. ]. Ilmu Pertan. Indonesia, 24(1): 58-64.
https://doi.org/10.18343/jipi.24.1.58

Hummel R, Claassen EA, Wolfinger RD (2021). JMP for Mixed
Models. SAS Institute.

Hwang ET, Lee JH, Chae YJ, Kim YS, Kim BC, Sang BI,

Gu MB (2008). Analysis of the toxic mode of action of

silver nanoparticles using stress-specific bioluminescent
bacteria. Small, 4(6): 746-750. https://doi.org/10.1002/
smll.200700954

Kumar I, Bhattacharya J (2019). Assessment of the role of

silver nanoparticles in reducing poultry mortality, risk and
economic benefits. Appl. Nanosci., 9(6): 1293-1307. https://
doi.org/10.1007/513204-018-00942-x

Kunz CAJ, EI-Ghali A, Holger D, Rebold N, Rybak MJ (2022).
Therapeutic strategies for emerging multidrug-resistant
pseudomonas aeruginosa. Infect. Dis. Ther., 11(2): 661-682.
https://doi.org/10.1007/s40121-022-00591-2

Landoni, MF Albarellos G (2015). The use of antimicrobial
agents in broiler chickens. Vet. J.,205(1): 21-27. https://doi.
org/10.1016/j.ijjantimicag.2015.01.001

Lara HH, Ayala-Nufiez NV, Ixtepan Turrent LDC,
Rodriguez Padilla C (2010). Bactericidal effect of silver
nanoparticles against multidrug-resistant bacteria. World
J. Microbiol. Biotechnol., 26(4): 615-621. https://doi.
0rg/10.1007/s11274-009-0211-3

Lee AS, De Lencastre H, Garau ], Kluytmans J, Malhotra-
Kumar S, Peschel A, Harbarth S (2018). Methicillin-
resistant Staphylococcus aureus. Nat. Rev. Dis. Primers, 4(1):
1-23. https://doi.org/10.1038/nrdp.2018.33

Lee, NY, Ko WC, Hsueh, PR (2019). Nanoparticles in the
treatment of infections caused by multidrug-resistant
organisms. Front Pharmacol, 10: 1153. https://doi.
org/10.3389/fphar.2019.01153

Mallmann, EJ, Cunha, FA, Castro BN, Maciel AM, Menezes
EA, Fechine PB (2015). Antifungal activity of silver
nanoparticles obtained by green synthesis. Rev. Inst. Med.
Trop. Sao Paulo., 57(2): 165-167. https://doi.org/10.1590/
S0036-46652015000200011

Mansur DS, Hidayat MN (2019). Ketahanan bakteri asam laktat
asal saluran pencernaan broiler terhadap ph dan garam
empedu. Jurnal Ilmu-Ilmu Peternakan., 5(1): 27-37. https://
doi.org/10.24252/4iip.v511.11101

Matei A, Matei SA., Matei GM, Cogalniceanu G, Cornea CP
(2020). Biosynthesis of silver nanoparticles mediated by
culture filtrate of lactic acid bacteria, characterization and
antifungal activity. Eurobiotech J., 4(2): 97-103. https://doi.
o0rg/10.2478/ebtj-2020-0011

Menichetti A, Mavridi-Printezi A, Mordini D, Montalti M
(2023). Effect of size, shape and surface functionalization
on the antibacterial activity of silver nanoparticles. J. Fuct.
Biomater., 14(5): 244. https://doi.org/10.3390/jfb14050244

Michalak I, Dziergowska K, Alagawany M, Farag MR, El-Shall

NA, Tuli HS, Emran TB, Dhama K (2022). The effect of

metal-containing nanoparticles on the health, performance
and production of livestock animals and poultry. Vet. Q,,
42(1): 68-94. https://doi.org/10.1080/01652176.2022.207
3399

Mohamed DS, Abd El-Baky RM, Sandl T, Mandour SA,
Ahmed, EF (2020). Antimicrobial activity of silver-treated

bacteria against other multi-drug resistant pathogens in
their environment. Antibiotics (Basel), 9(4): 181. https://
doi.org/10.3390/antibiotics9040181

Natan M, Banin E (2017). From Nano to Micro: Using
nanotechnology to combat microorganisms and their
multidrug resistance. FEMS Microbiol. Rev., 41(3): 302-
322. https://doi.org/10.1093/femsre/fux003

Naumenko K, Zahorodnia S, Pop CV, Rizun N (2023). Antiviral
activity of silver nanoparticles against the influenza a virus.
J. Virus Erad., 9(2): 100330. https://doi.org/10.1016/j.
jve.2023.100330

Oliva B, Gordon G, McNicholas P, Ellestad G, Chopra I (1992).
Evidence that tetracycline analogs whose primary target
is not the bacterial ribosome cause lysis of Escherichia coli.
J. Antimicrob. Chemother., 36(5): 913-919. https://doi.
org/10.1128/AAC.36.5.913

Ozdal M, Gurkok, S (2022). Recent advances in nanoparticles as
antibacterial agent. Admet Dmpk., 10(2): 115-129. https://
doi.org/10.5599/admet.1172

Pioletti M, Schlinzen F, Harms J, Zarivach R, Glihmann
M, Avila M, Bashan A, Bartels H, Auerbach T, Jacobi C,
Hartsch T (2001). Crystal structures of complexes of the
small ribosomal subunit with tetracycline, edeine and
IF3. Embo J., 20(8): 1829-1839. https://doi.org/10.1093/
emboj/20.8.1829

Plawinska-Czarnak J, Wédz K, Kizerwetter-Swida M, Bogdan
J, Kwiecinski P, Nowak T, Strzatkowska Z, Anusz K (2022).
Multi-drug resistance to salmonella spp. When isolated from
raw meat products. Antibiotics (Basel), 11(7): 876. https://
doi.org/10.3390/antibiotics11070876

Poirel L, Madec J Y, Lupo A, Schink AK, Kieffer N, Nordmann
P, Schwarz S (2018). Antimicrobial resistance in Escherichia
coli. Microbiol. Spectr., 6(4): 6-4. https://doi.org/10.1128/
microbiolspec. ARBA-0026-2017

Popova TP, Ignatov I (2023). In vifro antimicrobial activity of
colloidal nano silver. Bulg. J. Vet. Med., 26(2): 168-181.
https://doi.org/10.15547/bjvm.2411

QingY,Cheng L, Li R, Liu G , Zhang Y, Tang X, Wang J, Liu H,
Qin, Y (2018). Potential antibacterial mechanism of silver
nanoparticles and the optimization of orthopedic implants
by advanced modification technologies. Int. J. Nanomed.,
13:3311-3327. https://doi.org/10.2147/IJN.5165125

Sandasi M, Leonard C, Viljoen A (2010). The in vitro antibiofilm
activity of selected culinary herbs and medicinal plants against
Listeria monocytogenes. Lett. Appl. Microbiol. 50 (1): 30-
35. https://doi.org/10.1111/j.1472-765X.2009.02747 x

Santos TMA, Gilbert RO, Caixeta, LS, Machado VS, Teixeira
LM, Bicalho RC (2010). Susceptibility of Escherichia coli
isolated from uteri of postpartum dairy cows to antibiotic
and environmental bacteriophages. Part II: In witro
antimicrobial activity evaluation of a bacteriophage cocktail
and several antibiotics. J. Dairy Sci., 93(1): 105-114. https://
doi.org/10.3168/jds.2009-2299

Sathishkumar G, Gobinath C, Karpagam K, Hemamalini V,
Premkumar K, Sivaramakrishnan S (2012). Phyto-synthesis
of silver nanoscale particles using Morinda citrifolia L.
and its inhibitory activity against human pathogens.
Colloids Surf. B., 95: 235-240. https://doi.org/10.1016/j.
colsurfb.2012.03.001

Sawosz E, Binek M, Grodzik M, Zieliriska M, Sysa P, Szmidt M,
Niemiec'T, Chwalibog A (2007). Influence of hydrocolloidal
silver nanoparticles on gastrointestinal microflora and

morphologyofenterocytes of quails. Arch. Anim. Nutr.,61(6):

November 2024 | Volume 12 | Issue 11 | Page 2142

9.0 :
Qoals Links
OResearchers


https://doi.org/10.1016/j.bioactmat.2021.04.033
https://doi.org/10.18343/jipi.24.1.58
https://doi.org/10.1002/smll.200700954
https://doi.org/10.1002/smll.200700954
https://doi.org/10.1007/s13204-018-00942-x
https://doi.org/10.1007/s13204-018-00942-x
https://doi.org/10.1007/s40121-022-00591-2
https://doi.org/10.1016/j.ijantimicag.2015.01.001
https://doi.org/10.1016/j.ijantimicag.2015.01.001
https://doi.org/10.1007/s11274-009-0211-3
https://doi.org/10.1007/s11274-009-0211-3
https://doi.org/10.1038/nrdp.2018.33
https://doi.org/10.3389/fphar.2019.01153
https://doi.org/10.3389/fphar.2019.01153
https://doi.org/10.1590/S0036-46652015000200011
https://doi.org/10.1590/S0036-46652015000200011
https://doi.org/10.24252/jiip.v5i1.11101
https://doi.org/10.24252/jiip.v5i1.11101
https://doi.org/10.2478/ebtj-2020-0011
https://doi.org/10.2478/ebtj-2020-0011
https://doi.org/10.3390/jfb14050244
https://doi.org/10.1080/01652176.2022.2073399
https://doi.org/10.1080/01652176.2022.2073399
https://doi.org/10.3390/antibiotics9040181
https://doi.org/10.3390/antibiotics9040181
https://doi.org/10.1093/femsre/fux003
https://doi.org/10.1016/j.jve.2023.100330
https://doi.org/10.1016/j.jve.2023.100330
https://doi.org/10.1128/AAC.36.5.913
https://doi.org/10.1128/AAC.36.5.913
https://doi.org/10.5599/admet.1172
https://doi.org/10.5599/admet.1172
https://doi.org/10.1093/emboj/20.8.1829
https://doi.org/10.1093/emboj/20.8.1829
https://doi.org/10.3390/antibiotics11070876
https://doi.org/10.3390/antibiotics11070876
https://doi.org/10.1128/microbiolspec.ARBA-0026-2017
https://doi.org/10.1128/microbiolspec.ARBA-0026-2017
https://doi.org/10.15547/bjvm.2411
https://doi.org/10.2147/IJN.S165125
https://doi.org/10.1111/j.1472-765X.2009.02747.x
https://doi.org/10.3168/jds.2009-2299
https://doi.org/10.3168/jds.2009-2299
https://doi.org/10.1016/j.colsurfb.2012.03.001
https://doi.org/10.1016/j.colsurfb.2012.03.001

OPEN aACCESS

Advances in Animal and Veterinary Sciences

444-451. https://doi.org/10.1080/17450390701664314

Saxena A, Tripathi RM, Singh RP (2010). Biological synthesis of

silver nanoparticles by using onion (A/ium cepa) extract and
their antibacterial activity. Dig. J. Nanomater. Bios., 5(2):
427-432.

Sharma S, Sharma N, Kaushal N (2023). Utilization of novel
bacteriocin  synthesized silver nanoparticles
nanoparticles) for their application in antimicrobial packaging
for preservation of tomato fruit. Front. Sustain. Food Syst., 7:
1072738. https://doi.org/10.3389/fsufs.2023.1072738

Siddiqi KS, Husen A, Rao RA (2018). A review on biosynthesis
of silver nanoparticles and their biocidal properties.
J. Nanobiotechnol., 16(1): 14. https://doi.org/10.1186/
s12951-018-0334-5

Sidhu PK, Nehra K (2020). Bacteriocin-capped silver
nanoparticles for enhanced antimicrobial efficacy against
food pathogens. IET Nanobiotechnol., 14(3): 245-252.
https://doi.org/10.1049/iet-nbt.2019.0323

Simon S, Sibuyi NRS, Fadaka AO, Meyer M, Madiehe MA, du
Preez MG (2021). The antimicrobial activity of biogenic
silver nanoparticles synthesized from extracts of Red and
Green European pear cultivars. Artif. Cells. Nanomed.
Biotechnol., 49(1): 614-625. https://doi.org/10.1080/2169
1401.2021.1980884

Singh P, Pandit S, Jers C, Joshi AS, Garnes J, Mijakovic I (2021).
Silver nanoparticles produced from Cedecea sp. exhibit
antibiofilm activity and remarkable stability. Sci. Rep., 11(1):
12619. https://doi.org/10.1038/s41598-021-92006-4

Slavin YN, Asnis J, Hifeli UO, Bach H (2017). Metal
nanoparticles: understanding the mechanisms behind
antibacterial activity. J. Nanobiotechnol., 15(1): 65. https://

(Silver

doi.org/10.1186/512951-017-0308-z

Srivastava S, Bhargava A (2022). Green nanoparticles: The future
of nanobiotechnology. Springer Press, Singapore. https://
doi.org/10.1007/978-981-16-7106-7

Tyagi PK, Rizvi T, Kapse AV (2023). Evaluate the toxicity of silver
nanoparticles by chemical and green synthesis methods.
Mater. Today Proc., 78: 80-85. https://doi.org/10.1016/j.
matpr.2022.11.200

Vaviintk A, Stiskovd K, Alumbro A, Perrocha M, Sochorové
L, Baron M, Sochor ] (2021). The inhibition of wine
microorganisms by silver nanoparticles. Potr. S. J. F. Sci., 1:
995-1004. https://doi.org/10.5219/1604

Wahyudi T, Sugiyana D, Helmy Q_(2011). Sintesis nanopartikel
perak dan uji aktivitasnya terhadap bakteri E. co/i dan
S. aureus. Arena Tekstil. 26(1): 55-60. https://doi.
org/10.31266/at.v26i1.1442

Yin IX, Zhang ], Zhao IS, Mei ML, Li Q, Chu CH (2020).
The antibacterial mechanism of silver nanoparticles and
its application in dentistry. Int. J. Nanomedicine. 15: 2555-
2562. https://doi.org/10.2147/IJN.S246764

Zarei M, Jamnejad A, Khajehali E (2014). Antibacterial effect
of silver nanoparticles against four foodborne pathogens.
Jundishapur J. Microbiol., 7(1): €8720. https://doi.
org/10.5812/jjm.8720

Zhang Wm, Wang w, Zhang JJ, Wang ZR, Wang Y, Hao W],
Huang WY (2016). Antibacterial constituents of Hainan
morinda citrifolia (noni) leaves. ]. Food. Sci., 81(5): 1192-
1196. https://doi.org/10.1111/1750-3841.13302

Zheng K, Setyawati MI, Leong DT, Xie J (2018). Antimicrobial
silver nanomaterials. Coord. Chem. Rev., 357: 1-17. https://
doi.org/10.3390/nano8121040

November 2024 | Volume 12 | Issue 11 | Page 2143

9.0 :
Qoals Links
GResearchers


https://doi.org/10.1080/17450390701664314
https://doi.org/10.3389/fsufs.2023.1072738
https://doi.org/10.1186/s12951-018-0334-5
https://doi.org/10.1186/s12951-018-0334-5
https://doi.org/10.1049/iet-nbt.2019.0323
https://doi.org/10.1080/21691401.2021.1980884
https://doi.org/10.1080/21691401.2021.1980884
https://doi.org/10.1038/s41598-021-92006-4
https://doi.org/10.1186/s12951-017-0308-z
https://doi.org/10.1186/s12951-017-0308-z
https://doi.org/10.1007/978-981-16-7106-7
https://doi.org/10.1007/978-981-16-7106-7
https://doi.org/10.1016/j.matpr.2022.11.200
https://doi.org/10.1016/j.matpr.2022.11.200
https://doi.org/10.5219/1604
https://doi.org/10.31266/at.v26i1.1442
https://doi.org/10.31266/at.v26i1.1442
https://doi.org/10.2147/IJN.S246764
https://doi.org/10.5812/jjm.8720
https://doi.org/10.5812/jjm.8720
https://doi.org/10.1111/1750-3841.13302
https://doi.org/10.3390/nano8121040
https://doi.org/10.3390/nano8121040

