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Figure 1. Morphological characterization of the synthesized silver nanoparticles using transmission electron
microscopy
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Nonacosane YAD) 4/54
Beta-linalool Voo 3/AY
2,5-Octadecadiynoic acid YYF) 3/6A
Caryophyllene oYY Klird
Heptacosane YFOY 350
Dihydropseudoionone was 3/
Hexanal AN 2/aA
Benzopyran A /05
A/OA

Fo o o 11 B old (229550 2 Collad) Wy pas Wb ST Jgue
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SNP: Silver nano particles , NC: Nano chitosan , CMC: carboxymethyl cellulose, Eo : Essential oil
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Different lowercase letters indicate significant differences within each row (p <0.05).
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Abstract
This study aimed to investigate the antimicrobial effects of nano-chitosan/carboxymethyl cellulose

(CMC) films incorporated with silver nanoparticles (SNPs) and Echinophora sibthorpiana essential oil
against several foodborne pathogens. The essential oil was extracted from the aerial parts of the plant by
hydrodistillation using a Clevenger-type apparatus. Subsequently, silver nanoparticles were synthesized via
a green method, followed by the incorporation of the essential oil at specific concentrations. Nano-
chitosan/CMC films were prepared in four treatments: control (base film), film containing SNPs, film
containing SNPs + 0.3% essential oil, and film containing SNPs + 0.6% essential oil. The antimicrobial
activity of these films was evaluated against Salmonella typhimurium, Escherichia coli, Listeria
monocytogenes, and Staphylococcus aureus. Data were analyzed using SPSS software (version 26) through
one-way ANOVA and Tukey’s test. The results demonstrated that the incorporation of silver nanoparticles
and, subsequently, the essential oil into the base film significantly increased the inhibition zone diameters.
The highest antimicrobial activity was observed in the film containing 0.6% essential oil, and Gram-positive
bacteria were more sensitive than Gram-negative strains. The results demonstrated that the incorporation of
silver nanoparticles and Echinophora sibthorpiana essential oil enhances the antimicrobial activity of
chitosan-carboxymethyl cellulose nanofilm. The results indicated that the incorporation of silver
nanoparticles and Echinophora sibthorpiana essential oil enhanced the antimicrobial activity of chitosan-
carboxymethyl cellulose nanofilms under in vitro conditions. Furthermore, to introduce these films as
practical options for active food packaging, additional in situ testing within real food matrices is required.

Keywords: Antimicrobial activity, Carboxymethyl cellulose, Echinophora sibthorpiana, Nanochitosan,
Packaging, Silver nanoparticles
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