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and MBC values compared to sodium hypochlorite. These findings confirmed their potent
antimicrobial properties against the tested pathogens.

Conclusions: The study concludes that silver and copper nanoparticles are effective
antimicrobial agents with considerable potential for practical application in food safety.
Their successful synthesis and proven efficacy offer a strong foundation for future use in
mitigating foodborne disease risks.
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Introduction

Foodborne diseases are a significant and widespread public health issue. This is especially true
in developing countries where a lack of resources and limited food safety infrastructure make
people more vulnerable to contaminated food. To help solve this problem, scientists are
exploring new ways to fight the microbes that cause these diseases. Nanotechnology, the
science of manipulating matter on an atomic and molecular scale, offers a promising new
approach for creating powerful antimicrobial agents This study explores the effectiveness of
tiny silver and copper nanoparticles as new tools for food protection. Researchers compared
these nanoparticles to sodium hypochlorite, a common household disinfectant. The goal was to
see how well they could Kill three different kinds of microbes that often contaminate food:
Salmonella typhimurium, a bacteria that causes food poisoning; Listeria monocytogenes, a
bacteria that can cause severe illness and is a major concern in the food industry; and
Kluyveromyces marxianus, a yeast that can cause food to spoi.

Method

In this study, researchers chemically synthesized both silver and copper nanoparticles. To
understand their properties, they first thoroughly characterized them. Scanning Electron
Microscopy (SEM) was used to confirm their morphology and size, while X-ray diffraction
analysis was performed to evaluate their crystalline structure. To determine the antimicrobial
activity, a series of tests were conducted. The Minimum Inhibitory Concentration (MIC) and
Minimum Bactericidal Concentration (MBC) were determined for the copper nanoparticles,
silver nanoparticles, and a conventional disinfectant, sodium hypochlorite. Finally, a well
diffusion test was performed to visually assess the antibacterial activity of the synthesized
nanoparticles by measuring the zones of inhibition. These methods provided a comprehensive
evaluation of the agents' effectiveness against the target pathogens.

Results

The characterization of the synthesized nanoparticles confirmed their successful formation and
key physical properties. Scanning electron microscopy (SEM) micrographs revealed that both
the copper and silver nanoparticles had a consistent spherical morphology, providing visual
confirmation of their shape and size. Further analysis using X-ray diffraction determined the
crystalline structure of the nanoparticles, confirming their identity and purity. The FTIR
spectrum also provided valuable data by identifying the stretching vibrations of various
functional groups on the nanoparticle surfaces, which is important for understanding their
chemical composition and stability. The antimicrobial efficacy of the synthesized nanoparticles
was comprehensively evaluated and the results were significant for all tested pathogens. The
well diffusion test provided visual evidence of antimicrobial activity, as demonstrated by clear
inhibition zones around the wells containing the nanoparticles. The diameter of the inhibition
zone (DIZ) indicated the microorganism's sensitivity to the agents. Positively charged silver
nanoparticles (AgNPs) consistently produced the largest inhibition zones across all
concentrations (250-1000 ppm) when compared to the negatively charged copper nanoparticles
(CuNPs). Specifically, Salmonella typhimurium showed the highest sensitivity to AgNPs with
a DIZ of 40 mm at 1000 ppm. For the other pathogens, Listeria monocytogenes showed a 30
mm DI1Z with AgNPs at 1000 ppm, and Kluyveromyces marxianus showed a 35 mm DIZ at the
same concentration. However, it's worth noting that CuNPs showed an impressive 41 mm DIZ
against Salmonella typhimurium at 1000 ppm. The broth microdilution method precisely
quantified the antimicrobial potency of the agents. The MIC values confirmed that both
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nanoparticles were more effective at inhibiting microbial growth than the conventional
disinfectant, sodium hypochlorite, at a 1000 ppm concentration. For both Listeria
monocytogenes and Salmonella typhimurium, the MIC was 125 ppm for AgNPs and 250 ppm
for CuNPs, while sodium hypochlorite's MIC was 500 ppm. The yeast, Kluyveromyces
marxianus, was particularly sensitive to the nanoparticles, with a MIC of just 62.5 ppm for
AgNPs and 125 ppm for CuNPs, which were significantly lower than the 250 ppm required for
sodium hypochlorite. The MBC values further confirmed these findings, with AgNPs and
CuNPs requiring lower concentrations to Kill the pathogens compared to sodium hypochlorite.
For example, the MBC for AgNPs against Listeria monocytogenes was 250 ppm, whereas
CuNPs required 500 ppm. These results collectively demonstrate the superior antimicrobial
efficacy of the synthesized silver and copper nanoparticles against key foodborne pathogens.

Table 1. X-ray diffraction (XRD) pattern of copper nanoparticles (A) and silver nanoparticles (B).

Sample Miller Indices (hkl) 26 (°) Relative Intensity
Cu Nanoparticle (111) 38.5  High
(200) 55.3  Medium
(220) 68.9 Low
Ag Nanoparticle (111) 38.2  High
(200) 47.1 Low
(220) 632 Low
(311) 75.1  Low

Table 2. Results from Fourier transform infrared (FTIR) spectra for copper nanoparticles and silver
nanoparticles.

Sample Peak (cm™) Functional Group / Stretching Vibration
Cu Nanoparticle 2931 C—H stretching
3432 N—H stretching
1842 C—N stretching
1383 C—N stretching
1072 C-O stretching
Ag Nanoparticle 3398 N—-H stretching
2931 C—H stretching
1711 C—O—C stretching
1340 C—N stretching

Table 3. Results of determining the MIC and MBC of AgNPs, CuNPs, and sodium hypochlorite at different
concentrations against L. monocytogenes, S. typhimurium, and K. marxianus after 24 hours.

Pathogen Nanoparticle / Disinfectant MIC (ppm) MBC (ppm)

Listeria monocytogenes Silver nanoparticle (AgNPs) 125 250

Copper nanoparticle (CuNPs) 250 500

Sodium hypochlorite 500 1000
Salmonella typhimurium  Silver nanoparticle (AgNPs) 125 250

Copper nanoparticle (CuNPs) 250 500

Sodium hypochlorite 500 1000
Kluyveromyces marxianus  Silver nanoparticle (AgNPs)  62.5 125

Copper nanoparticle (CuNPs) 125 250

Sodium hypochlorite 250 500
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Conclusions

The findings of this study offer compelling evidence for the potential of silver and copper
nanoparticles as powerful new tools in the fight against foodborne pathogens. The research
successfully synthesized stable, spherical nanoparticles, a crucial first step for any practical
application. This success was confirmed through detailed characterization techniques like SEM,
FTIR, and XRD, which not only verified their structural integrity but also provided key insights
into the surface properties that drive their potent antimicrobial activity. The results from the well
diffusion and broth dilution tests clearly show that both silver and copper nanoparticles are highly
effective at inhibiting and killing common food contaminants like Listeria monocytogenes,
Salmonella typhimurium, and Kluyveromyces marxianus. In fact, they proved to be more potent
than a conventional disinfectant like sodium hypochlorite at the same concentrations. This superior
efficacy, demonstrated by smaller MIC and MBC values, highlights their promise for practical use
in food safety applications, especially in areas with limited resources where foodborne diseases are
a significant public health challenge.
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Table 1. X-ray diffraction (XRD) pattern of copper nanoparticles (A) and silver nanoparticles (B).

20 il agl; Sy ol Aigei

YAI°D 1Y

BO°Y Yoo Cu 6,34
#AI°A YY.

YAICY A

\a7A Y- Ag o34l
£YI°Y YY

Yo/©y 1)

Sy90 ubéyl) (':’)9) 9 Jiw ao)‘\.\.s‘ R (_g‘)a 0 o..\.J}s u‘)byl.t SEM ‘_gl.md‘)fj)im M&GA ul—hﬁh—' ‘) 63; u‘)éyl.'
UK L Zagl B¢ ¢ Liguo o5l s o 3t 0,8 § Lo Slydsil 45 amd o i sl ol Akid ) 15 ealiul
Sy 53 5l i bl 2 gl ol SIS 5 iy o oS s o 41 o5 L8y e 55,5


http://dx.doi.org/10.22034/NBR.12.1.3
https://nbr.khu.ac.ir/article-1-3681-en.html

[ Downloaded from nbr.khu.ac.ir on 2025-08-25 ]

[ DOI: 10.22034/NBR.12.1.3]

VPP O o Lol Y 0,90 ¢ iwnr j pade yo (o sloaisl Ve

515 e 5 Carie )l 395 s (69, 1 00 Adgs B39l amo e ks &S Wb 5 el g s — VYV £ -0

SEMMAG: 50.0kx | Det: InBeam MIRA3 TESCAN SEMMAG: 100kx | Det: InBeam MIRA3 TESCAN

WD: 4,78 mm Bl: 7.00 500 nm WD: 4,78 mm BI: 7.00

View field: 4.15 pm ‘Date(mldly): 12129124 View field: 2.08 pm | Date(m/dly): 12/29/24

(B) 0,5 S35 5 (A) o 21,3536 SEM) (s (53975 o5Sns Se 31,575,500 ) JSC

Figure 1. Scanning electron microscope (SEM) micrographs of copper nanoparticles (A) and silver nanoparticles

(B).
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Table 2. Results from Fourier transform infrared (FTIR) spectra for copper nanoparticles and silver nanoparticles.
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Figure 2. Evaluation of the antibacterial activity of Ag and Cu nanoparticles synthesized in this study compared
to sodium hypochlorite. (A) Treatment of Kluyveromyces marxianus (K. marxianus) with AgNPs and 1000 ppm
concentration of sodium hypochlorite, (B) Treatment of K. marxianus with CuNPs and 1000 ppm concentration
of sodium hypochlorite, (C) Treatment of Listeria monocytogenes (L. monocytogenes) with AgNPs and 1000 ppm

sodium hypochlorite, (D) Treatment of L. monocytogenes with CuNPs and 1000 ppm sodium hypochlorite, (E)
Treatment of Salmonella typhimurium (S. typhimurium) with AgNPs and 1000 ppm sodium hypochlorite, and (F)
Treatment of S. typhimurium with CuNPs and 1000 ppm sodium hypochlorite. (a) 1000 ppm concentration, (b)
500 ppm concentration, (c) 250 ppm concentration, (d) 1000 ppm concentration of sodium hypochlorite, and (e)
negative control.
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Table 3. Results of determining the MIC and MBC of AgNPs, CuNPs, and sodium hypochlorite at different
concentrations against L. monocytogenes, S. typhimurium, and K. marxianus after 24 hours.
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