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DESCRIPTION
Cold plasma technology has emerged as a promising non-
thermal food preservation method that ensures microbial safety
while preserving the nutritional and sensory properties of food.
As consumer demand rises for minimally processed, fresh-like
and additive-free foods, the food industry is increasingly turning
to innovative solutions like cold plasma to meet safety and
quality standards without compromising product integrity. Cold
plasma, often referred to as the fourth state of matter, is an
ionized gas comprising a complex mixture of ions, electrons,
neutral atoms, Reactive Oxygen Species (ROS), Reactive
Nitrogen Species (RNS) and ultraviolet photons [1]. It is
generated under atmospheric or low-pressure conditions using
energy sources such as microwave, radiofrequency, or Dielectric
Barrier Discharge (DBD). The reactive species produced in cold
plasma possess strong antimicrobial properties, which make
them effective against a wide spectrum of foodborne pathogens
and spoilage organisms, including bacteria, yeasts, molds and
viruses. One of the major advantages of cold plasma technology
lies in its non-thermal nature, making it ideal for preserving
heat-sensitive food products such as fresh fruits, vegetables, dairy,
seafood and meat. Unlike traditional heat treatments, cold
plasma does not significantly affect the color, flavor, texture, or
nutritional profile of food products. This makes it a highly
attractive technique for clean-label food processing, where
minimal use of synthetic preservatives is desired [2]. Recent
studies have demonstrated the effectiveness of cold plasma in
reducing microbial load on the surface of various foods. For
example, plasma treatment has shown substantial reductions in
E. coli, Listeria monocytogenes and Salmonella on fresh
produce, poultry and ready-to-eat products. The efficacy of cold
plasma depends on several factors including treatment duration,
gas composition (e.g., air, oxygen, argon), power input and the
type of food matrix. Optimization of these parameters is crucial
to achieve microbial inactivation without adversely impacting
product quality [3].

In addition to microbial decontamination, cold plasma has also
been explored for other food-related applications such as

pesticide degradation on fruits and vegetables, toxin
neutralization, seed decontamination and enhancement of seed
germination. Furthermore, the technology has potential in
packaging cold plasma can modify the surface of packaging
materials to improve their barrier properties or to sterilize
packaging before filling [4]. Despite these promising
applications, there are challenges and limitations associated with
the commercial adoption of cold plasma. One major challenge is
the lack of standardized protocols and regulatory frameworks for
its implementation in food industries. Food processors need
clear guidelines regarding acceptable treatment levels, safety
assessments and labeling requirements. Another concern is the
scale-up of cold plasma systems from laboratory settings to
industrial operations, which requires significant technological
and infrastructural adaptation. There is also ongoing research
into the long-term effects of cold plasma treatment on food
quality, shelf life and nutritional content [5]. While short-term
studies are encouraging, more comprehensive evaluations are
necessary to understand the impact of reactive species over
extended storage periods. Additionally, consumer perception of
plasma-treated foods must be considered, especially regarding
food safety, naturalness and product labeling. Future
advancements in cold plasma technology will likely focus on
hybrid systems that combine cold plasma with other preservation
methods (e.g., refrigeration, vacuum packaging, or UV-C
treatment) to enhance microbial safety and extend shelf life even
further. The integration of cold plasma with smart sensors and
real-time monitoring tools may also help in creating adaptive
processing systems tailored to specific food categories [6].

Moreover, cold plasma technology is expected to evolve with the
integration of Artificial Intelligence (AI) and Machine Learning
(ML) for real-time process optimization. These tools can analyze
treatment parameters, predict microbial inactivation rates and
adapt the plasma exposure dynamically based on the specific
characteristics of the food being treated. This approach would
not only increase the efficiency of the preservation process but
also minimize the risk of overexposure or under-treatment [7].
Another promising avenue is the development of portable and
cost-effective cold plasma devices for small-scale or on-site
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applications. This would be particularly beneficial for small and 
medium-sized food enterprises, local farms and retail outlets. 
Mobile plasma systems could be used for on-the-spot 
decontamination of fresh produce at local markets, enhancing 
food safety right at the point of sale [8]. In terms of research and 
innovation, interdisciplinary collaboration among food 
technologists, microbiologists, physicists and engineers will be 
essential to further explore and refine the applications of cold 
plasma. Collaborative efforts will help establish standardized 
testing protocols, improve scalability and address concerns 
related to regulatory approvals and consumer acceptance. On 
the consumer front, educational initiatives and transparent 
labeling will play a crucial role in improving public perception. 
Since cold plasma-treated foods are often misunderstood as 
being exposed to “radiation” or “chemical agents,” clear 
communication about the process, its safety and its benefits is 
vital. Informative labeling and outreach through awareness 
campaigns can help alleviate skepticism and promote informed 
choices among consumers [9,10].
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