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Abstract: Use of cold atmospheric plasma (CAP) treatment is the one such emerging technology that has gained 

importance for the improvement of food safety. Cold plasma uses energetic, reactive gases and is employed in 

inactivation of contaminating micro- organisms on a variety of foods, such as meats, poultry, fruits and vegetables. This 

technology has recently shown promise as a sanitizing tool with potential applications for surface decontamination in 

dried nuts and sterilization in food industries. Key limitations for cold plasma are largely by unexplored impacts of cold 

plasma treatment on the sensory and nutritional qualities of treated foods. Nevertheless, cold plasma technology holds 

promise as a rapid, effective non-thermal food processing technology and is the subject of active research to enhance 

efficacy. An overview of the cold plasma technology is presented with its potential applications. 
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1. Introduction  

Plasmas are ionized gases. Hence, they consist of positive (and negative) ions and electrons, as well as 

neutral species which are in fundamental and excited states. The ionization degree can vary from 100% (fully 

ionized gases) to very low values (e.g. 10-4–10-6; partially ionized gases). The plasma state is often referred to 

as the fourth state of matter and constitutes more than 99% of the universe. Plasma can be thermal or non-

thermal, depending on its method of creation. Thermal plasmas is characterized by the existence of a 

thermodynamic equilibrium between the electrons, ions and neutral particles are obtained at high pressure and 

with a substantial power (up to 50 MW); Non-thermal plasmas has significantly different electron and gas 

temperatures are obtained at lower pressures and use less power. Recently, a new plasma technology can 

represent a third category: non-thermal atmospheric plasma, also called cold plasma. This plasma is intermediate 

between the two others and in general is included in the category of the non-thermal plasmas because they are 

formed near atmospheric pressure and ambient temperature (Kim et al., 2010). These low temperature and 

medium pressure plasmas are of particular interest technically and industrially because they do not require 

extreme conditions. 

Plasma is created by applying energy to a gas in order to reorganize the electronic structure of the species 

(atoms, molecules) and to produce excited species and ions (Tendero et al., 2006). Cold plasma discharges can 

be produced by a variety of means, some of which have been the subject of research since the earliest years of 

inquiry into electrical phenomena. The basic forms of three types of cold plasma discharge systems are given 

below. 

The glow discharge has electrodes at either end of a separating space, which may be partially evacuated or 

filled with a specific gas. The radio frequency discharge uses pulsed electricity to generate cold plasma within 

the center of the electrical coil. The barrier discharge uses an intervening material with high electrical resistance 

(the dielectric material) to distribute the flow of current and generate the plasma. A simple form of the barrier 
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discharge systems may use one or two layers of dielectric material, arranged in various configurations. These 

may also be arranged in an annular or tubular form, with one electrode entirely within the other. In those designs, 

the cold plasma is generated in the space between the electrodes. These designs allow for gas movement across 

the zone of plasma generation and delivery of the cold plasma to the target (Brendan, 2012). However, all cold 

plasma systems intended for use in food processing fall generally into one of three categories. These categories 

are defined by where the food to be treated is positioned with respect to the cold plasma being generated: at 

some significant distance from the point of generation, relatively close to the point of generation, or within the 

plasma generation field itself. The first category is remote treatment cold plasma systems. The plasma is 

generated using one of a variety of methods and moved onto the surface to be treated. The plasma may be driven 

by a flow of the feed gas or (less commonly) manipulated through the use of magnetic fields. This type of 

system has the advantage of placing the surface to be treated at a physically separate point of generation 

(Chirokov et al., 2005). The second category is known as direct treatment cold plasma systems. In these systems, 

plasma generation equipment supplies active plasma directly to the object to be treated. Because the target is 

relatively close to the site of cold plasma generation and is exposed to the plasma before active species 

recombine and are lost, these systems provide higher concentrations of active agents (Laroussi & Lu, 2005). In 

the final category, the electrode contact systems, the surface to be sterilized is between one electrode and the 

other electrode or the neutral ground connection. The surface to be sterilized is physically within the cold plasma 

generation field. In these systems, the product is exposed to the broadest combination of active antimicrobial 

agents, at the highest possible intensity of free electrons, radicals, ions, and UV radiation (Fridman et al., 2006). 

2. Results and Discussion 

Cold plasma has been applied in the food industry including decontamination of raw agricultural products 

(Golden Delicious apple, lettuce, almond, mangoes, and melon), egg surface and real food system (cooked meat 

and cheese). In one study on E. coli 12955 a non- pathogenic surrogate for Salmonella spp. inoculated onto 

almonds, Deng et al. (2007) reported a reduction of more than 4 log CFU/ml after 30 s treatment at 30 kV and 

2000 Hz. Similarly, Niemira and Site (2008) reported the reduction of Salmonella and E. coli 0157:H7 that 

inoculated onto apple surfaces for 2.9 – 3.7 and 3.4 – 3.6 log CFU/ml respectively. Salmonella spp. has been 

reported largely as a potential hazard for egg consumers. Decontamination of egg surface using barrier discharge 

plasma was studied by Ragni et al. (2010). The results showed that maximum reduction of 2.2–2.5 log 

CFU/eggshell in Salmonella enteritidis levels achieved after 60 – 90 min treatment at 35% RH. Further, higher 

RH lead to higher effectiveness of treatment, at 65% RH, reduction of 3.8 and 4.5 log CFU/eggshell were 

achieved after 90 min of exposure. Similar result was observed for Salmonella typhimurium, with an overall 

reduction of 3.5 log CFU/eggshell). 

There are three primary mechanisms by which cold plasma inactivates microbes. The first is the chemical 

interaction of radicals, reactive species, or charged particles due to its accumulation at the surface of the cell 

membrane. Oxidation of the lipids, amino acids and nucleic acids with reactive oxygen and nitrogen spices cause 

changes that lead to microbial death or injury. The second is by damage to membranes and internal cellular 

components by UV radiation. Finally, DNA strands may be broken by UV generated during recombination of 

the plasma species (Shakila Banu and Sasikala, 2012). While on a given commodity, one mode of action may be 

more significant than another, the greatest sanitizing efficacy results from plasma with multiple antimicrobial 

mechanisms. Pathogens such as Salmonella, Escherichia coli O157:H7, Listeria monocytogenes and 

Staphylococcus aureus can be reduced by greater than 5 logs. Depending on the food treated and the processing 

conditions, effective treatment times can range from 120 s to as little as 3 s. Cold plasma can be used for 

decontamination of products where micro-organisms are externally located. This could also be used to disinfect 

surfaces before packaging or included as a part of the packaging purposes. 
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3. Conclusion 

      Cold plasma is an emerging non-thermal technology for reducing microbial population on the surface of 

fresh and processed foods. Various reactive spices of plasma interact to biological cell to cause changes on cell 

wall and morphology of the microorganisms that lead to death. Key limitations for cold plasma are largely by 

unexplored impacts of cold plasma treatment on the sensory and nutritional qualities of treated foods specially, 

sensitive food which has high amount of lipid and vitamins additional issues concerning food quality and safety 

must be considered. Nevertheless, cold plasma technology holds promise as a rapid, effective non- thermal food 

processing technology and is the subject of active research to enhance efficacy and safety of foods. 
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