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Abstract 

 
Cold plasma (CP) is an emerging non-thermal technology for food applications, which 

plays an important role in microbial decontamination of food, packaging materials processing, 
dissipation of agrochemical residues and modification of food materials. Cold plasma is an 
ideal antimicrobial agent for a wide range of chemically reactive species, which can be 
obtained through electrical discharges within the atmospheric gases. Reactive species are 
effective against a wide range of microorganisms, including bacteria, fungi, spores and 
viruses, as well as pesticides and mycotoxins. Over the past decade, its applications have been 
extended to the food industry as a powerful tool for non-thermal processing with various 
forms of use. This review presents an overview of the latest studies on cold plasma 
applications in the food industry, emerging issues, regulatory context and cold plasma 
opportunities in the broad stages of primary and secondary food production. In addition, key 
areas for future research are highlighted and the most important advantages and disadvantages 
of cold plasma are presented. 
 

Keywords: cold plasma, antimicrobial resistance, oxidative stress, food technology 

 
Introduction 

 
Cold plasma is a relatively new and emerging technology in the agri-food processing 

sector and attract widespread interest in the food industry due to its economic and 
environmental characteristics [1]. 

Plasma is an assembly of several exciting atomic, molecular, ionic and radiant species 
coexisting with many reactive species including electrons, positive and negative ions, free 
radicals, gaseous atoms, soil molecules and electromagnetic radiation quantum (UV photons 
and visible light). These active chemicals in cold plasma are able to quickly and efficiently 
inactivate microorganisms in their native environments or lead to functional changes in food 
[2]. 

Cold plasma can be produced at both low pressure and atmospheric pressure, 
communicating electromagnetic energy to a volume of gas [3]. 

Cold plasma can be obtained at atmospheric or sub-atmospheric pressures by means of an 
electrical discharge or strong ultraviolet radiation in a gas. Plasma sources commonly used in 
the direct or indirect treatment of foods include: corona discharge, dielectric barrier discharge 
(DBD), luminescent discharge, sliding electrical discharges (Glidarc or ramping spring) [4], 
[5]. 

Cold plasma sterilization is a new technology that has gained interest due to its unique 
features such as low or ambient temperature treatment for a short period of time, which helps 
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maintain the integrity and quality of food. Cold plasma has been shown to be effective for 
disinfecting, for inactivating pathogens in fresh food and packaging. It also helps to catalyse 
certain manufacturing processes, acts as active packaging and delays the oxidation reaction to 
fruit and vegetables. Being a cold treatment, it is effective in keeping the texture, sensory and 
functional properties of food. Thus, the use of cold plasma sterilization is a successful 
technique promoted for food processing in the near future [5]. 

Cold plasma is an ideal antimicrobial agent with a wide range of reactive chemical species 
that can be obtained by electrical discharge into atmospheric gases. Reactive species are 
effective against a wide range of microorganisms, including bacteria, fungi, spores and 
viruses, as well as pesticides and mycotoxins [6]. The antimicrobial effect of plasma is 
associated with the synergistic action of electrically charged or neutral particles, photons and 
discharge-derived radicals. The simultaneous action of these factors induces physical and 
chemical processes. The latter is predominant in the case of reactive plasma, produced in pure 
gases or mixtures containing oxygen, nitrogen, hydrogen or another reactive gas. In addition 
to the ability to destroy microorganisms, cold plasma is of great interest in applications aimed 
at inactivating and removing contaminants from surfaces at a molecular level, more precisely 
biomolecules. Such infectious agents are represented by toxic enzymes that can remain on a 
surface after the destruction of the bacterial charge, prions, responsible for transmissible 
spongiform encephalopathies or other protein molecules [7]. 
 

Cold plasma applications in various fields of science and technology 

In addition to the thermal techniques such as cooling, freezing and drying, which are 
commonly used in food processing, nonthermal processing techniques have gained popularity 
in recent years [8]. Cold plasma technology (CP) is an emerging technique of non-thermal 
food processing that has attracted the attention of many researchers across the globe. A new 
trend in research suggests that CP technology is a powerful and profitable technology for the 
food industry. Non-thermal technology is extremely advantageous for microbial 
decontamination of food, including sporadic pathogenic organisms and degradation; due to a 
large number of reactive oxygen species (ROS) contained in the quasi-neutral plasma gas. 

Cold plasma technology has demonstrated potential multi-stage applications in primary 
and secondary food production, including treating raw materials, intermediate or finished 
products, and treating equipment, facilities, and processing environment due to their 
abundance of benefits. These advantages relate to the low-temperature operation, short 
processing time, energy efficiency and high antimicrobial efficacy with minimal impact on 
food quality and the environment [9]. 

It is also noted that cold plasma induces oxidative processes in some food systems, so this 
problem has to be addressed with great care [10]. 

It is obvious that the range of cold plasma applications covers many aspects of everyday 
life and almost all major industries. A critical analysis of plasma science and technology 
developments over the last decade clearly demonstrates plasma biology applications as one of 
the most exciting and multidisciplinary fields. This marks the transition from the treatment of 
inanimate objects to living or cellular objects. Such applications include the treatment of food, 
plant material and applications in human and animal medicine. With the emergence of plasma 
in medicine, a great emphasis has been put on research into the use of cold plasma for wound 
healing, skin treatment, cancer treatment and bone development [11]. 

Cold plasma in food technology is a novelty. To assess the potential opportunities that cold 
plasma presents to the food industry, it is possible to compare the limits of non-thermal 
technologies and the benefits of cold plasma. Based on scientific, non-scientific and patent 
literature, the described benefits of cold plasma treatment for food preservation can be 
summarized as follows: 
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- Cold plasma delivers high microbial inactivation efficiency at low temperatures 
(generally <50 °C), allowing for extended shelf life, thus improving the efficiency of 
the supply chain. 

- Almost all plasma sources available so far allow in-situ production of agents acting on 
demand only and in a certain range of gases. Therefore, cold plasma is compatible 
with most existing and modified atmosphere packaging. 

- The active chemical species of the plasma are characterized by high diffusion and 
therefore act quickly and access the entire surface of the food in most cases. 

- Cold plasma is apparently benign to many foods, if not all, and generally has a 
negligible impact on the product matrix. In addition, it could also reduce the use of 
preservatives. 

- Cold plasma technology does not use water or solvents, so it is considered 
environmentally friendly. 

- Generally, cold plasma does not leave any residue, with enough time for the 
recombination reactions to continue. However, this cannot be universally true and 
requires comprehensive validation studies. 

- Most cold plasma sources require only low energy input; therefore, cold plasma 
technology is energy efficient 

- Another important aspect to be mentioned here is that the technology is applicable to 
both solid foods and liquids [5]. 

 

Cold plasma as an alternative to commercial antibacterial 

Eradication of multi-resistant supermicroorganisms is one of the clinical challenges of the 
21st century [12]. In addition, the situation will be exacerbated even more, because the 
production of new antibiotics is not increasing. The Society of Infectious Diseases in America 
(IDSA) points out that in recent years, the number of new approved antibacterial drugs 
continues to decline [13, 14]. Only three of the eight approved antibiotics in the last decade 
act through a new mechanism of action, while all of them are just modified variants of already 
known antibiotics. 

In parallel, the resistance of S. aureus has increased substantially: a total of ~ 21% of S. 

aureus in Germany is resistant to methicillin/oxacillin [15]. The overall increase in methicillin 
resistance of S. aureus (MRSA) was 3.1% per year in the USA based on a linear model from 
1992-2003 [16]. Thus, there is a great interest in new antimicrobial strategies. Recently, 
research on the use of cold plasma has demonstrated both bactericidal, virucidal and 
fungicidal properties due to the generation of reactive species and charged particles [17, 18, 
19]. Numerous studies have demonstrated the efficacy of cold plasma for eradicating 
especially planktonic microorganisms [20, 21]. Furthermore, successful disinfection of 
biofilms generated by Staphylococcus aureus and Staphylococcus epidermidis resistant to 
methicillin was demonstrated using a non-thermal gaseous plasma [22]. 

In the context of the decrease in the number of new antibacterial drugs and the increased 
resistance of bacteria, effective disinfection of hospital surfaces is of major interest as a factor 
in the prevention of hospital-acquired infections. The first attempts were demonstrated by 
Burts et al., [23] that were able to demonstrate that disinfection of hospital pagers 
experimentally coated with MRSA could be accomplished within 30 seconds of plasma 
treatment. Generally, cold atmospheric plasma, which means less than 40 °C at the point of 
application, can be obtained in the air to produce reactive molecules such as atoms, ions and 
radicals. 

This chemical “cocktail” of reactive species can be used for various biomedical 
applications. Plasma efficacy was in the same range as standard antimicrobial agents up to 3-5 
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log10. However, to our knowledge, there are only a few reports on the use of cold 
atmospheric plasma for decolonization of bacteria applied to vital skin surfaces [24, 25]. 

Lademann et al., [25], for example, used a plasma tissue tolerable plasma jet and achieved 
a 94% reduction in bacterial load using an ex vivo model for skin located on a pig's ear. 
However, this plasma jet is capable of disinfecting only small areas of skin (2 mm inhibition 
area) and was moved at an average speed of 10 mm/sec on the skin surface. 

Cold plasma is an ideal antimicrobial agent for a wide range of reactive chemical species 
that could be obtained from electrical discharge into atmospheric gases. Reactive species are 
effective against a range of microorganisms, including bacteria, fungi, spores and viruses, as 
well as pesticides and mycotoxins. Cold plasma generation inside sealed packets allows 
locating and extending reaction time for reactive species over microorganisms while 
preventing any postprocessing contamination. Here we present an examination of the design 
aspects of the plasma model used in packaging, packing requirements and discussion of their 
efficacy with respect to microbiological and chemical safety of food [6]. 

Cold plasma at atmospheric temperature (ACP) is a promising non-thermal technology 
effective against a wide range of pathogens. The reactive oxygen species (ROS) play a crucial 
role in inactivation when using air or other oxygen-containing gases. With strong oxidative 
stress, cells can be damaged by lipid peroxidation, enzyme inactivation and DNA cleavage. 

Identifying ROSs and understanding their role is important for advancing ACP 
applications for a number of complex microbiological problems. 

Food processing technologies have evolved greatly with the evolution of heat 
application/removal, the use of micro-organisms, natural and chemical preservatives and the 
application of electromagnetic fields for preservation. A notable recent development in the 
evolution of non-thermal food processing technologies is the application of cold plasma for 
agro-food decontamination and the improvement of food properties [5]. Cold plasma 
processing is not limited to food applications but also to agriculture [26] and the medical 
environment [27]. Numerous studies have been conducted to decontaminate bacteria, yeasts, 
fungi, spores and toxins grown on microbiological media using “in-package” plasma sources. 

In many cases, these systems allowed a reduction in the number of E. coli, L. 

monocytogenes and Staphylococcus aureus to an undetectable number, starting from an initial 
bacterial burden of 6=8 log10 [28]. 

Fresh products remain the main cause of outbreaks of food-borne diseases involving 
pathogens such as E. coli producing Shiga, Salmonella and L. monocytogenes, among others. 

Olaimat and Holley, 2012 [29] claim that fresh products contaminated with E. coli, 

Salmonella and L. monocytogenes such as spinach, lettuce, radishes, lucerne, red peppers, 
peppers, melons, strawberries and fruit and vegetable salad caused outbreaks of food-borne 
diseases in the first decades of the 21st century. 

Between 1982 and 2002, food outbreaks of E. coli have become more common, with more 
than 350 such outbreaks being reported in the United States [30]. In 2006, a multi-state 
outbreak of E. coli 0157: H7 transmitted through spinach with 276 cases of illness and three 
deaths [31] occurred in the United States. In 2011, a major outbreak associated with E. coli 
occurred in Germany, involving 3911 cases of illness followed by 47 deaths [29]. 

As with fresh herbal products, the richness of nutrients in the meat makes it an ideal 
environment for the growth and proliferation of microorganisms of degradation, especially 
human food-borne pathogens. Of particular importance in this context are E. coli and L. 

monocytogenes, which, although inactivated by traditional processing, are often transmitted 
through ready-to-eat foods such as soft cheese, poultry meat products, RTE meat products, 
smoked fish and seafood [32]. 
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Decontamination of fruits and vegetables with cold plasma 

In recent years, cold plasma treatment applied to fresh fruit and vegetables has been the 
subject of many researches, which has shown that this technology offers a good alternative to 
conventional methods used in food production [5]. 

In one of his works, Critzer et al., [33] investigated the efficacy of plasma discharge in a 
uniform atmosphere at 9 kV resulting in a reduction in E. coli O157: H7 inoculated on apples 
after 2 minutes of treatment. Similar results were recorded by Niemira and Sites (2008) [34] 
after 3 minutes of treatment on apples with cold atmospheric plasma generated in gliding arc 
discharge. Also, Klockow and Keener [35] applied cold plasma treatment on spinach leaves 
pre-packaged and inoculated with E. coli O157:H7, which were exposed for 5 minutes to cold 
plasma subsequently stored for 0.5-24 hours. In this case, the largest CFU/leaf (3-5 log) 
reductions were obtained after 24 hours of storage. In this study, prolongation of the post-
treatment storage maturity appeared as a critical treatment parameter for the maximum 
efficiency of bacterial inactivation with this type of system. 

Generally, researchers studying the effects of cold plasma decontamination have 
demonstrated that plasma antimicrobial efficacy is influenced by the amount and type of 
reactive species generated during plasma processing that are influenced by experimental 
parameters such as working gas, frequency, plasma emitter, electrodes geometry and 
treatment time [5]. 

Fernandez et al., [36] reported that intrinsic parameters, such as the bacterial growth phase 
and growth temperature, play a minor role in the antimicrobial efficacy of cold plasma. 

In contrast, Yu et al., [37] found that the inactivation efficiency of plasma treatment was a 
function of the concentration of E. coli cells and the cell growth phase. After 2.5 minutes of 
treatment, there was a 7-log decrease in the number of cells deposited on the surface of the 
membrane filters at a cell concentration lower than 107 CFU/cm2 compared to a 1 log 
reduction value obtained at cell density greater than 1011 CFU/cm2. 

However, unexpected results have been reported regarding the effect of the bacterial 
growth phase on the antimicrobial efficacy of the treatment; the exponential phase cells are 
not more sensitive than those in the stationary phase. Similarly, trends in decreasing plasma 
inactivation efficiency at higher baseline cell concentrations were reported by Baier et al., 
[38]. Direct treatment for 2 minutes and at a shorter distance (5 mm) between plasma 
discharging discs and E. coli inoculated gel disks resulted in the most effective and complete 
inactivation at initial concentrations less than 105 CFU/cm2 compared to concentrations of 
107 CFU/cm2 in combination with a 4-minute treatment. 

An improved plasma processing time was recorded by Wang et al., [39] with 90-100% 
inactivation of Salmonella inoculated on carrots, cucumbers and sliced pears obtained after 
application of 4 s of treatment. The population of E. coli O157:H7 inoculated on radicchio 
leaves was significantly reduced after 15 minutes of 15 kV (1.35 log MPN/cm2) aerogenic 
plasma treatment [40]. However, despite the range of intrinsic target parameters, high-
dielectric high-voltage plasma treatment (DBD) used for the decontamination of cherry 
tomatoes and strawberries demonstrates high efficiency against key pathogens. In this study, 
short treatments for 10, 60 and 120 s together with 24 hours of posttreatment storage reduced 
the population of Salmonella, E. coli and L. monocytogenes on cherry tomatoes to 
undetectable levels (6.3, 6.7 and 3.1 log10 CFU/sample), while the background microflora of 
cherry tomatoes was not detected after 120-300 s. The effect of the complexity of the 
substrate on cold plasma treatment was evident in the treatment of inoculated strawberries 
where extended treatment was required for 5 minutes to obtain considerable reductions in E. 

coli, Salmonella and L. monocytogenes by 3.5, 3, 8 and 4.2 log10 CFU/sample [41]. The study 
by Misra et al., [42] showed that the 5-minute high-dose plasma DBD treatment in a pack was 
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highly effective against natural microflora of strawberries, resulting in a 2-log reduction in 24 
hours after post-plasma treatment without affecting the quality of the product. 

Bacterial pathogens can develop rapidly and irreversibly in fruits and vegetables and 
persist for long periods of time. For example, in 30 seconds of exposure, 30% of the 
Salmonella inoculum can attach firmly to the slices of fat peppers, and cannot be easily 
removed by washing [43]. Warning and Datta [44] have described that cuts in plants, 
lenticules, trichomes, venous stomata and stomata are preferential places for bacterial cell 
development. In one of the first studies, Perni et al., [45] evaluated the efficacy of treatments 
using a cold plasma pen for decontamination of various microorganisms on the melon peel 
and mango skin. 

They reported a 3-log reduction of E. coli. at the exposure of mangled and melon cuts to 
the same plasma source, also observing a 2.5 log reduction in the population of E. coli and L. 

monocytogenes on mango and 1.5 and 2 logs on the melon [46]. Reduced inactivation of cut 
fruits as compared to whole fruit was attributed to the migration of bacteria inside the tissues 
(ie internalization). Jahid et al., [47] reported increased resistance to plasma treatment of 
Salmonella typhimurium biofilms on salad leaves due to internalization and extensive 
colonization in stomal wells production. 

In a recent study, Cui, H. et al., [48] studied the sequential treatment of CNP and phage 
techniques on the biofilm in vegetables. Compared to the treatment performed separately, 
sequential treatment was not only performed under lighter conditions compared to treatment 
with 400 W CNP for 2 minutes and 5% treatment for 30 minutes but showed a marked effect 
on biofilm eradication E. coli O157: H7 in vitro and on vegetables. The population of E. coli 
O157: H7 was reduced by approximately 2 log CFU/cm2 after individual treatment of 5% 
phages for 30 minutes or 500W CNP for 3 minutes. Following the sequential treatment of 
CNP (400 W, 2 min) and phage (5%, 30 min) (sequential treatment of CNP (400 W, 2 min) 
and phages (5%, 30 min) E. coli O157: H7 biofilm via 5.71 log CFU/cm2. Therefore, the 
sequencing treatment has a great promise to improve the current steams for treating bacterial 
contamination on different vegetable surfaces. 

Kim, et al., [49] investigated the effects of high microwave (CP) (CP) treatment (HMCPT) 
on E. coli O157: H7 onion powder. An increase in the number of E. coli O157: H7 in the 
onion powder treated during storage at 4 and 25 °C, as well as the physicochemical and 
sensory properties of the powder, was evaluated. HMCPT at 400 W for 40 minutes, 
representing optimal conditions for inhibition of B. cereus spore, initially reduced the number 
of E. coli O157: H7 by 1.9 CFU/cm2. The number of E. coli in the treated powder fell below 
the detection level after day 21 at both temperatures. 

HMCPT did not affect the colour, antioxidant activity or quercetin concentration of the 
powder during storage at both temperatures. 

Bacterial inactivation was evaluated on cherry tomatoes that were inoculated with multiple 
strains of Salmonella enterica (Se), E. coli producing Shiga toxins (STEC) or Listeria 

monocytogenes (Lm). Inactivation of the pathogen has been observed at all distances and at 
all treatment times but with decreased efficiency at increased distances and shorter treatment 
times. A reduction of approximately 1 and 2 log CFU/ml in cherry tomatoes after 4 and 10 
min respectively was observed [50]. 

While regular consumption of fresh fruits and fruit juices helps prevent many degenerative 
diseases such as cardiovascular problems, diabetes and cancer, they could pose a danger to 
consumers by the possible presence of pathogenic microorganisms or microbial toxins [51]. 

The presence of E. coli, Salmonella and S. aureus in fruit juices is of prime interest 
because these pathogens have been associated with a series of outbreaks associated with fruit 
juices [52]. In a recent study, 25 microbial species, including 9 bacteria, were detected 
including E. coli, 5 yeasts and 11 moulds from a total of 30 juice samples [52]. Montenegro et 
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al., [53] in its study, used steady-state corona discharge obtained from a 0-15 kV DC pulsed 
power supply which allowed the reduction of the number of E. coli O157: H7 in apple juice 
with more of 5 log CFU/ml in 40 seconds. 

An effective means to control the contamination of fresh products is post-harvest 
decontamination interventions that can replace or complement the washing operation. The 
package decontamination process is particularly important for ready-to-eat fruits, vegetables 
and foods [54, 55]; these categories of food require the use of ambient temperature processes 
to ensure safety with minimal impact on product quality. The latest study of plasma-based 
treatment in DBD-based packaging involved the treatment of inoculated spinach with E. coli 
O157: H7 in a flexible package [35]. 

The results were quite promising with a reduction of 1.5 log10-2 log10 after 0.5 hours of 
treatment and down to 3-5 log10 reduction over 24 hours of treatment at 12 kV for 5 minutes. 

Later, it has been demonstrated that cold plasma treatment of fresh products reduces the 
total number of aerobic microbes by up to 5 log10 in products such as tomatoes and 
strawberries when using a DBD volumetric feed at the frequency of 60 kV and 50 Hz [42]. 

The microbial inoculated Salmonella and native load in cherry or salad tomatoes were 
reduced by 0.75 log10 and 0.34 log10 CFU/g, indicating the poor effects of this configuration 
in Salmonella decontamination in mixed lettuce. In another study by Min et al., [56] salad 
treatment with a 42.6 kV volumetric DBD system for 10 minutes resulted in a reduction of 1.1 
log10 CFU/g of E. coli O157: H7 [56]. Overall, the increase in treatment time (plasma 
generation time) and tension have been reported to have a positive impact on the reduction of 
the bacterial population. 

Two inactivation mechanisms have been observed in which it was found that the reactive 
species either react first with the cell membrane or destroy the intracellular components. E. 

coli was primarily inactivated by cell damage and DNA damage. On the contrary, 
Staphylococcus aureus was mainly inactivated by intracellular lesions, with significantly 
higher intracellular levels of ROS observed and small membrane damage. However, for both 
bacteria studied, the increase in treatment time had a positive effect on the levels of generated 
intracellular ROS [5]. 
 

Decontamination of animal products with cold plasma 

A particularly important problem is that in frozen meat products, pathogens such as 
enterohemorrhagic E. coli (EHEC) can survive even 180 days [57]. In order to meet consumer 
requirements for high-quality meat products without the use of artificial preservatives and 
without compromising safety, it is necessary to develop and apply new intervention 
technologies in the meat industry. In expanding the success of cold plasma treatment to 
decontaminate fresh products, researchers have found good results for meat products as well. 

The potential of cold plasma as a new decontamination technology in the meat processing 
sector can be justified by the wide range of microorganisms that it can inactivate [5]. 

Indirect use of plasma in combination with the use of closed rooms for the 
decontamination of meat products has been highlighted in recent studies by [58]. 

Jayasena et al., [59] treated fresh pork and beef packaged in plastic and sealed plastic using 
flexible thin film DBD at an average power of 2 W of a bipolar square-square voltage at 15 
kHz. They noted that a 10-minute treatment led to the reduction of L. monocytogenes, E. coli 
O157: H7 and Salmonella typhimurium by 2.04, 2.54 and 2.68 log CFU/g in pig samples and 
1, 90, 2.57 and 2.58 log CFU/g in beef. The key advantage of cold plasma treatment is that 
bactericidal molecules are generated and contained in the package, allowing for prolonged 
exposure to pathogenic microbes, returning to initial gas within a few hours of storage [54]. 

Unlike most conventional food technologies, antimicrobial treatment inside a sealed 
packaging ensures the prevention of further contamination. 
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It is known that N2 inactivation efficacy is greater than He because He compared with N2 
produces more active species, especially N2 + and N + groups [60]. Moreover, when He or N2 
is mixed with O2, the total bacterial inactivation of plasma increases. Thus a 2-3-fold decrease 
in the population of L. monocytogenes (KCTC 3596), E. coli (KCTC 1682) and Salmonella 

typhimurium (KCTC 1925) using the He + O2 mixture, compared to a reduction of the 1-2 log 
when only He [24] was used. Increasing antimicrobial action in the presence of oxygen results 
from the action of singlet oxygen and ozone. Using a corona discharge plasma stream (20 kV, 
58 kHz) for 2 min. reductions of 1.5 log and >1.0 logarithmic units were observed in E. coli 
O157:H7 and L. monocytogenes, respectively, in pork loins [61]. When investigating plasma-
based inactivation of inoculated microorganisms on pork, Kim et al., [62] found that the 
populations of E. coli and L. monocytogenes decreased significantly in the pig loins from 0.5 
to 0.55 log CFU/g and from 0.43 to 0.59 log CFU/g, to prolong the treatment time from 5 to 
10 minutes. Kim et al., [63] used an array of atmospheric RF pressure systems operating in Ar 
(flow: 20,000 sc cm, 200 watts power) to treat the beef carcase contaminated with S. aureus 
ATCC 12600. They noticed a reduction by approx. 3-4 log in beef after 10 minutes of 
treatment. However, the rate of inactivation was much faster when the cells were inoculated 
onto a polystyrene surface, indicating that the surface morphology of the product was a 
decisive factor for the effectiveness of the process. 

Dirks et al., [64] reported that airborne DBD plasma resulted in 0.84 and 0.85 log 
reduction of microflora in a chicken breast sample after exposure for 15 and 30 seconds, 
respectively. 

Salmonella spp. poses a major risk to food safety, proving to be present in eggs and foods 
containing eggs [64]. To address the safety problems of Salmonella-related outbreaks, several 
non-thermal approaches to egg surface decontamination have been developed since the 1990s, 
including pulsed light, ozone, ultraviolet and electrolysis [66] but they have shown only a 
limited degree of success. 

Cold plasma technologies have also been explored for decontamination of eggs. Davies 
and Breslin [67] in their study reported that gaseous air plasma is ineffective against 
Salmonella enteritidis PT4 inoculated on eggs, not showing sufficient details of the plasma 
source and process parameters. Donner and Keener [67] in their study treated the eggs in 
closed plastic bags, followed by 24-hour storage. They observed a reduction of S. enteritidis 
by 3 log10. 

The use of a radiofrequency (RF) plasma jet has synergistically influenced the inhibitory 
effects of plant essential oils (garlic, sweet basil oil and lime oil) against E. coli, S. 

typhimurium, and S. aureus found on chicken eggs [69]. The study found that after exposure 
to plasma at 40 W, total inhibition of the three bacteria on the eggshell mixed with strawberry 
oil (10 μL/ml) or the key chemical constituent of the oil (eugenol at 5 μL/ml) is completely 
inhibited. Overall, cold plasma treatments have been shown to be effective in reducing 
pathogenic microorganisms in eggs and egg-containing products, as shown by recent 
literature. The efficacy of a corona discharge generated using a 9 kV AC (AC) in 
decontaminant milk inoculated with E. coli was evaluated by Gurol et al., [70]. 

In another study, the milk was subjected to plasma treatment at 0, 3, 6, 9, 12, 15 and 20 
min. A significant reduction in the E. coli cell population was observed by up to 54% after 
only 3 minutes regardless of the milk fat content. The baseline count of whole milk bacteria at 
7.78 log CFU/ml decreased to 3.63 log CFU/ml after 20 minutes of plasma treatment. In this 
case, LTP did not cause any significant change in the pH and colour values of the raw milk 
samples. Also, viable cells were not detected after one week of treatment in whole milk 
samples, thus remaining for the entire 6-week storage period [70]. 

Significant reductions in the E. coli and S. aureus population inoculated on cheese were 
recorded after treatment with a DBD plasma that functions in a mixture of He and O2 [71]. 
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However, after 10 minutes of plasma treatment, deterioration of cheese slices was 
observed. 

Following the air-encoded DBD plasma treatment, decimate reductions of 2.67, 3.10 and 
1.65 were observed in the E. coli, S. typhimurium and L. monocytogenes populations at 60 s, 
45 s and 7 min treatment [72]. This study also revealed further decreases in bacterial 
populations during post-treatment storage. After posttreatment storage for 5 minutes, the 
populations of E. coli, S. typhimurium and L. monocytogenes on cheese (5 log CFU/g) 
decreased by 1.75, 1.97 and 1.65 log CFU/g. In a similar work, Yong et al., [73] developed a 
flexible barrier discharge in the form of a thin barrier, with the idea that it could be part of the 
food package itself. Using this configuration, the researchers observed that the population of 
E. coli O157: H7, L. monocytogenes and S. typhimurium in sliced cheddar cheese decreased 
by 3.2, 2.1 and 5.8 log CFU/g respectively after 10 minutes of plasma treatment. 
 
Conclusions 
 

In conclusion, the literature has shown successful inactivation of bacteria, bacterial spores 
and biofilms using volumetric and surface DBD plasma in packs. For DBD plasma at 
atmospheric pressure, the ability to inactivate microorganisms for bacteria (gram positive and 
gram negative), as well as fungi, was demonstrated. Low-pressure cold plasma was found to 
be even more effective in obtaining sterilization of microorganisms but also in modifying 
biomolecules. Research on cold plasma applications in the food industry is far from complete, 
and the interest in this method is increasing every day. Although cold plasma techniques are 
still in the early stages of the marketing process, the literature shows the effectiveness of this 
process, and the variety of systems using cold plasma is considered for further research and 
eventual global developments. 
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