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Introduction: More than half of foodborne illnesses are attributed to pathogenic bacteria, posing considerable
health and economic dangers. Salmonella enterica serovar Enteritidis (SESE) is a prevalent bacterial pathogen
responsible for a higher number of hospitalizations and fatalities compared to other bacteria. Non-thermal plasma,
an innovative decontamination technique, exhibits the potential to serve as an intervention strategy for food safety.
The dielectric barrier discharge atmospheric pressure cold plasma (DBD ACP) is characterized by its surface
disinfection capabilities and holds significant potential for the treatment of various food items. Contained within
the DBD ACP source is a dielectric material (insulation) situated in the discharge path between the electrodes.
Although DBDs have traditionally been employed in the examination of food disinfection, a thorough analysis of
the factors impacting their disinfection efficacy is still required. This study specifically delves into the process
and microbiological factors that influence the antimicrobial properties of DBD ACP. Under optimal conditions,
DBD ACP plasma emerges as a promising technology capable of enhancing food safety with minimal
repercussions on food quality. Upon effectively addressing the challenges associated with scaling up plasma
sources, the widespread adoption of DBD ACP technology within the food industry can be anticipated. The study
aimed to explore the possibility of deactivating SESE through a brief industrial treatment utilizing non-thermal
DBD ACP device.

Materials and method: SESE was acquired from the poultry science department at Tarbiat Modares University.
The DBD ACP device is furnished with a set of upper electrodes carrying high voltages of 6 kHz and 10 kV,
while the lower electrodes are provided with adjustable voltages of around 25 kV and 50 Hz. Within a plasma
chamber, a 25 kV voltage is administered to the samples at various time intervals. Subsequently, the samples are
exposed to treatment for 0 to 60 s in an air environment at standard atmospheric pressure. In order to conduct
microbiological analysis, suitable controls were incorporated into the experimental setup. These controls
encompassed inoculated samples and untreated samples, which were utilized to determine the initial bacterial
population and assess alterations in microbial growth following a 24 h storage period. To assess the reduction of
SESE , air was used as the process gas under different experimental circumstances, with Petri dishes containing
an initial concentration of 107 CFU/mI. Optical emission spectroscopy (OES), featuring a 0.5 nm resolution, was
employed to pinpoint the excited states within the plasma and ascertain the species associated with the ACP flame.
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The statistical analysis of the current research was carried out using SAS software (version 0.9). A scanning
electron microscope method (SEM) was adopted to observe and analyze the physical damage of microorganisms.
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Results and discussion: The application of the DBD ACP device resulted in a decrease in SESE concentration
by over 7 log CFU/mI following a 60 s treatment. The DBD ACP device produces electrically charged particles
that gather on the exterior membrane of cells. The electrical forces from these charges can compromise and break
the cell membranes. This phenomenon occurs when DBD ACP directly interacts with bacteria. In cases where the
plasma indirectly contacts bacteria (post-light plasma), the number of charged particles reduces as electrons and
ions quickly recondense. Thus, the role of charged particles in deactivating bacteria is considered secondary.
Chemical compounds generated in ACP systems were detected through OES. Moreover, SEM revealed that the
DBD ACP treatment caused significant physical damage to the cells.

Conclusion: This study showcases how industrial DBD ACP device can effectively prevent SESE. The plasma
device demonstrated high efficiency, with DBD ACP leading to the quickest reduction in bacteria. The adoption
of air plasma at atmospheric pressure is anticipated to supplant conventional sterilization methods because of its
safe attributes and uncomplicated design. Despite the anticipated limited impact of UV radiation, the industry still
requires it for reliable sterilization at a reasonable cost.
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