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Introduction

“Plasma” is called the fourth state of matter. In fact, plasma is 
a neutral ionized gas composed of excited and non-excited atoms, 
free radicals, ions and molecules with almost zero net electric 
charge. Crookes first discovered plasma in 1879, but almost 50 
years later, in 1929, Tonks and Langmuir developed plasma 
generators.

Plasma is classified based on thermodynamic equilibrium, 
degree of ionization and density. In thermodynamic equilibrium 
in thermal plasma, electrons, ions and neutral species can be 
found. In a non-thermal equilibrium plasma, the temperatures 
of the plasma species are not in the same range. Unlike thermal 
plasma, the electron temperature in non-thermal equilibrium 
plasma is higher than the temperature of the gas composed 
of heavy particles such as molecules, atoms and ions [1]. The 
temperature of positive and neutral electrons and ions in the local 
regions in the local equilibrium plasma are in the same range. In 
addition, the temperature of ions in local equilibrium plasma is 
much higher than the temperature of ions in non-thermal plasma. 
Usually, plasmas with low non-thermal equilibrium are known as 
cold plasmas [2].

Plasma can be classified into two categories, low pressure 
plasma and atmospheric plasma, depending on the pressure 
conditions in it. Atmospheric plasma is produced under standard 
environmental conditions without the need for a high-cost  

 
reaction chamber and without the need for a pump to maintain the 
required pressure [38]. In the food industry, plasma equipment 
under atmospheric pressure is used due to the lack of need to 
adjust pressure and high temperature [3].

Generally, different technologies are used to produce plasma 
with atmospheric pressure in the food industry. Among these 
technologies, we can mention Glow Discharge (GDP), Corona 
Discharge (CD), Direct Barrier Discharge (DBD), Resistive Barrier 
Discharge (RBD), Atmospheric Pressure Plasma Jet (APPJ) and 
Microwave (MW) technology [4]. In all types of plasma, electron 
collisions under certain conditions such as gas discharge, radio 
frequency and reverse ionization are used to generate plasma [1].

Among the different types of plasma sources, APPJ and DBD 
plasmas have the highest disinfection properties for food. In 
addition, these sources are easily available, and their construction 
is simple, and they are also commercially available. DBD plasma 
consists of two electrodes, at least one of which is covered with 
a dielectric barrier material. By avoiding any transfer of the arc 
from the processing environment, this barrier creates many 
small discharges, which causes uniformity and stability in 
the decontamination of samples [5]. The APPJ consists of two 
concentric electrodes inside a nozzle through which the carrier 
gas passes. The internal electrode applies a high voltage between 
100 and 250 V at a high frequency (13.56 MHz) to ionize carrier 
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gases such as oxygen, helium or a mixture of gases [6]. These 
gases detonate the active zone of the jet plasma and help expel the 
stream of active particles from the electrodes [7].

Application of Cold plasma in agriculture

The use of cold plasma has many advantages in agriculture 
due to its use at low temperatures and short processing times, 
as well as the lack of damage to food products, seeds, humans 
and the environment. Plasma discharges produce ultraviolet 
radiation, charged particles such as electrons and ions, active 
neutral particles, and electric fields. These factors cause changes 
in pH, redox potential, concentrations of reactive oxygen species 
(ROS), reactive nitrogen species (RNS), and electrical conductivity, 
and affect seed germination, plant growth, and crop quality. Today, 
however, the contribution of plasma technology in agricultural 
operations includes soil amendment, increased seed germination 
or growth, production of nitrogen-based fertilizers, disinfection 
of seeds or crops intended for planting or storage, removal of 
ethylene to slow aging, disinfection of surfaces or Processing tools 
and reducing pathogen invasion are limited [8].

Selcuk et al. [9] investigated the effectiveness of low-pressure 
cold plasma inactivation using air or SF6 for two pathogenic 
fungi Aspergillus and Penicillium on the seed surface. This study 
included the examination of a wide range of seeds, including 
tomato, wheat, bean, pea, soybean, barley, rye, lentil and corn 
seeds. The plasma decontamination process was carried out by a 
batch process in a vacuum chamber, using gas injection and then 
plasma discharge for 5 to 20 minutes. Finally, plasma treatment 
was found to reduce fungal counts in seeds to levels below 1% 
of initial counts, depending on initial contamination, without 
affecting seed germination quality. SF6 plasma treatment for 15 
minutes reduced the number of both species by 3 logarithms. 
Therefore, this study showed that plasma treatment is a quick and 
practical disinfection method that allows the removal of aflatoxin-
producing fungus from the surface of seeds and kernels.

Today, cold plasma technology has attracted the attention of 
scientists due to the increase of seed germination capabilities. 
In particular, it has been proven that using plasma treatments 
increases the germination speed and germination performance of 
seeds [10].

Park et al. [11], the effect of water treated with different 
atmospheric plasmas, i.e., thermal spark discharge, transfer arc 
discharge and sliding arc discharge on germination, growth rate 
and overall nutrition of several plants have been reported. They 
stated that non-thermal sliding arc discharge leads to acidic pH 
and production of significant amount of oxidizing species (e.g., 
H2O2), while sliding arc discharge due to the presence of RNS (No, 
No2 No3) causes significant acidification of water, due to RNS (No, 
No2, No3), thermal spark discharge treatment depends on the 
initial composition of water and the production of RNS, leads to a 
neutral pH or higher than the basic state.

Application of Cold Plasma for Food Quality

In most cases, plant foods are subjected to a minimal or 
thermal processing before consumption. The ultimate goal 
of any processing is to increase the useful life of the food, to 
create edibility, to create a suitable taste, while maintaining the 
nutritional quality and organoleptic characteristics of the food 
[12].

Apart from food quality, some physicochemical parameters 
such as pH, acidity, texture, color, respiration rate and weight 
loss rate are among the things that are taken into consideration 
to judge the quality of fresh fruits and vegetables and their 
products. Regarding the application of cold plasma in food, it is 
stated that the chemical species of plasma that are responsible for 
microbiological inactivation are mainly active radicals that tend to 
react with food components. For this reason, optimizing plasma 
processes for food decontamination without losing quality can be 
challenging. During the treatment of plant foods, properties such 
as porosity, sensitivity to oxidation, surface-to-volume ratio, and 
permeability of cuticle to gas are among the things that should 
be given special attention. Also, during the treatment of food with 
cold plasma, parameters such as treatment time, frequency, type 
of gas and voltage can be adjusted to optimize the efficiency of the 
process with the aim of achieving the desired levels of microbial 
inactivation and at the same time maintaining the quality of the 
food.

Physical Quality

Color

The conditions of plasma treatment, the conditions and 
duration of storage and the characteristics of the product itself are 
among the things that affect the change in the color of foods treated 
with plasma. The color of fresh products treated with plasma often 
changes during storage as a result of the inactivation of some 
enzymes and microorganisms, which can initiate undesirable 
chemical reactions. Bermu’dez-Aguirre et al. [13] small changes 
in tomato and carrot color after cold argon plasma treatment 
using a plasma needle array (3.95-12.83 kV, 60 Hz, exposure time 
0.5 to 10 minutes) reported [13]. In relation to dielectric barrier 
depletion (DBD) plasma treatments in air, cut kiwi fruits showed 
a lower degree of darkening during storage time compared to 
untreated samples [14]. An increase in darkness and a decrease in 
lightness were also reported in blueberries after treatment with 
dry air plasma [15].

Firmness

Major changes in the texture of fruits and vegetables are 
usually due to changes in their cell wall polymers [16]. In most 
studies, acceptable firmness retention has been reported in 
plasma-treated fruits and vegetables. For example, acceptable 
firmness retention has also been reported for strawberries 
treated with indoor air plasma (voltage 60 kV, 50 Hz) after 24 
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h of storage at 10 °C [17]. In a study investigating cold plasma 
treatments on strawberries in modified atmosphere packaging 
(MAP), it was stated that firmness retention was better in a 
high oxygen environment (65% O2, 16% N2, 19% CO2) than in a 
It is high in nitrogen (90% N2, 10% O2). Plasma rich in nitrogen 
components leads to a significant loss of strength in the product. 
Also, insignificant changes in the elastic modulus of cucumber, 
apple, tomato and carrot were reported after cold microwave 
plasma treatment for 10 minutes with conditions of 2.45 GHz, 1.2 
kW power, 20 L/min flow rate [18].

Chemical Quality

Change in pH: Acidification of liquids exposed to air plasma 
is one of the things that has been widely reported in different 
studies. The change in pH and acidity of plasma treated products 
is closely related to the dynamics of plasma chemistry used. Chen 
et al., [19] confirmed that the concentration of NO3- originating 
from acid HNO3 in the discharge increased with exposure to 
plasma, which resulted in fluid acidification. When fresh fruits 
and vegetables are treated with plasma, the chemical components 
in the gas phase react with the liquid water on the surface of the 
food to form acids. However, Ma et al. [20] stated that contrary 
to most theories and reports, no significant changes in the pH of 
strawberries treated with plasma-activated water (PAW, 98% Ar+ 
2% O2) were observed. This is most likely due to the absence of 
nitrogen, which is primarily responsible for the drop in pH [20].

Proteins and Enzyme Activity: Pankaj et al., [21] showed that 
cold plasma treatment caused rapid inactivation of peroxidase 
(POD) in crude tomato extract. They stated that the treatment 
time and its voltage had significant effects on this deactivation. 
Surowsky et al. [22] also reported the inactivation of POD as 
well as polyphenol oxidase (PPO) in model solutions using a cold 
plasma jet with different gases. Misra et al. [23] stated that the 
secondary structure of gluten became more stable in weak wheat 
flour that was exposed to cold plasma treatment in air under 
atmospheric pressure. Using infrared spectroscopy, they showed 
that an increase in DBD plasma treatment of more than 60 kV for 
5 min increased both parallel and antiparallel β-sheets, indicating 
a loss of regular protein structure. Finally, these things led to 
improvement in dough strength in mixography studies.

Antioxidant Activity: Some reports stated that treatment 
with cold plasma does not have a significant effect on antioxidant 
activity in food. In a study on cold plasma treatment on red chicory 
(Cichorium intybus L.) and freshly cut kiwifruit using a DBD 
operating in air, there was no significant effect on the antioxidant 
activity of the extracts for treatments for 30 and 20 minutes did 
not show [24]. Song et al., [25] using a microwave plasma source 
with N2, He, (N2+O2) and (He+O2) reported negligible changes in 
the antioxidant activity of plasma-treated lettuce. The fact that 
the antioxidant activity of foods remains affected by plasma 
treatments is actually illogical. This is because antioxidants in 
food can be expected to react with free radicals. However, the rate 

of such reactions is determined by the diffusion of plasma radicals 
in the food matrix, the concentration of plasma species and the 
rate of antioxidant reaction against radicals [26].

Starch: Starch granule consists of crystalline and amorphous 
structure. The crystal structure of starch is divided into three 
groups A, B or C depending on the placement of the amylopectin 
side chain in the double helices [27]. Using X-ray diffraction, 
Zhang et al. [28] observed that oxygen plasma treatment resulted 
in greater degradation of amorphous materials and relatively 
minor changes in crystalline structure in corn and potato starch. 
Investigations showed that oxygen plasma changes the hydroxyl 
group to the carbonyl group on the C6 position of wheat starch 
[29].

Lipids: The effect of free radicals on lipids causes oxidation 
and the formation of primary and secondary oxidation products 
that are responsible for causing bad odors in foods. However, 
not much research has been done in the field of plasma in this 
connection [30]. Recently, a report has been published regarding 
the rapid oxidation of lipids during plasma treatment for fish oil 
[31], and cold plasma has been used for the rapid esterification 
of frying oils to produce biodiesel [32]. However, fruits and 
vegetables are poor sources of fats and oils, and plasma oxidation 
does not appear to be a significant issue in plant foods. However, it 
is said that the oxidation of lipids during grain and flour treatment 
may cause some problems [30].

Ascorbic Acid: Shi et al., [33] reported that following 
treatment with DBD plasma, vitamin C content decreased in the 
tested sample. However, the authors noted that this reduction was 
negligible compared to the control sample. Song et al. [25] using 
a microwave plasma source in N2, He, N2+O2, and He+O2, observed 
insignificant changes in the ascorbic acid content of lettuce treated 
with plasma, regardless of the applied power and also the storage 
temperature. In a study that included the plasma treatment of 
cut cucumber, pear, and carrot, a 4% decrease in vitamin C was 
reported [34]. Also, in another study, it was stated that DBD plasma 
treatments at voltages of 60 and 80 kV significantly reduced the 
content of ascorbic acid in whole strawberries [35].

Pigments and phenolic constituents: Chlorophyll is the 
green pigment found in the leafy parts of plants. When treating 
leafy vegetables and green fruits, a certain degree of oxidation of 
pigments due to the presence of free radicals has been reported. 
In the case of freshly cut kiwifruit, a significant decrease in 
chlorophyll content during storage has been reported. However, 
the amount of pigment degradation was observed in cut fruits 
treated with DBD plasma compared to untreated samples. It 
is said that this is due to the inactivation of the chlorophyllase 
enzyme present in the fruit structure [14].

Carotenoids are responsible for the orange-yellow and red 
color of fruits and vegetables. There is not much information 
about the effect of plasma treatment on carotenoids. In 2015, 
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it was reported that the carotenoid content of cut kiwifruit was 
reduced by treatment with DBD plasma in the air [14].

Anthocyanins are polyphenolic flavonoids that are often 
responsible for the red to blue color of many fruits and vegetables. 
In research on pure flavonoid compounds and compounds 
present in lamb’s lettuce, it was observed that the degradation 
of flavonoids was highly time-dependent after treatment with 
oxygen plasma [36]. In another study, it was reported that cold 
plasma treatments at 60 and 80 kV for 5 minutes had no significant 
effect on the anthocyanin content of whole strawberries. It was 
also reported that the content of phenolic acids remained almost 
unchanged after plasma treatment [35]. Bursac´ Kovacˇevic et 
al. [37] stated that anthocyanin content in pomegranate juice 
increased by 21-35% after treatment with Ar plasma jet [37].

Application of Cold Plasma for Food Safety

Food products with minimal processing, despite their 
advantages, unfortunately can be a means of transmitting bacterial, 
parasitic, and viral pathogens that lead to disease in humans [38]. 
Although conventional anti-pollution methods such as the use of 
disinfectant compounds such as chlorine and hydrogen peroxide, 
addition of bio-preservative compounds, vacuum packaging, 
high-intensity electric pulse, pulsed light irradiation, ionizing 
radiation, mild heat treatment, microwave processing, ozone 
technology, technology High hydrolytic pressure, reduction of 
water activity, chemical protection by ascorbic acid and calcium 
salts and hurdle technologies have effective results in some cases 
such as biofilm formation, firm adhesion of pathogens to surfaces 
and internalization of pathogens But on the other hand, it limits 
the usefulness and effectiveness of most chemical processing 
and disinfection methods. Other disadvantages of this method 
include the high initial costs of the equipment, the creation of 
some undesirable changes in the properties of food such as color, 
taste and smell or damage to their structure and the formation 
of toxic by-products [7]. The lack of success in eradicating food 
pathogens and bacterial biofilms, as well as the increase in the 
number of food-related human diseases, have led to searches for 
new methods that can prevent contamination during processing 
and at the same time maintain quality characteristics. Preserve 
the product and increase its useful life.

Critzer et al., [39] investigated the efficacy of uniform 
atmospheric discharge plasma generated at 9 kV and reported 
that a 2-log reduction in E. coli O157:H7 inoculated on apples was 
observed after 2 min of treatment, this in However, only 1 minute 
treatment resulted in a similar level of inactivation for Salmonella 
bacteria inoculated on cantaloupe. Also, treatment for 3 and 5 
minutes reduced the population of L. monocytogenes in lettuce 
by 3 and 5 log. In this regard, Niemira and Sites [40] reported a 
significant reduction of 3.7 log of the population of E. coli and 
Salmonella inoculated on apples after 3 minutes of treatment with 
cold atmospheric plasma produced in the gliding arc discharge.

The characteristics of the bacterial cell wall may also play an 
important role in the overall resistance of the bacteria to various 
disinfectants and thus may interfere with the optimal use of cold 
plasma. In one study, the population of E. coli O157:H7 inoculated 
on radicchio leaves was reduced to 1.35 log MPN/cm2 after 15 
min of treatment with 15 kV air-generated plasma. However, to 
achieve a significant reduction in the number of L. monocytogenes 
up to 2.2 log CFU/cm2, about 30 minutes of treatment is needed 
[24].

Surowsky et al. [41] investigated the inactivation of C. freundii 
in apple juice using an atmospheric plasma jet operating at a 
gas flow rate of 5 L/min, with a distance of 10 mm between the 
nozzle outlet and the juice sample. The obtained results showed 
a reduction of about 5 logarithms in association with C. freundii 
in apple juice using longer plasma exposure time (8 minutes) and 
higher oxygen concentration (0.1% oxygen) in argon gas mixture. 
It was also stated that the increase in oxygen concentration in the 
gas during the process led to the formation of hydrogen peroxide 
in fruit juice, which has antimicrobial properties.

Butscher et al. [42] tested a low-pressure fluidized bed 
plasma reactor for the treatment of wheat grains to inactivate B. 
amyloliquefaciens endospores on the product surface. They stated 
that at a temperature of 90 degrees Celsius and at 900 watts, the 
concentration of B. amyloliquefaciens endospores was effectively 
reduced by 2.15 log units in 30 seconds of treatment time.

Jayasena et al. [22] treated fresh pork and beef meat using 
flexible DBD thin film plasma with an average power of 2 W of 
bipolar square wave voltage at 15 kHz inside sealed plastic 
packages. They noted that a 10-minute treatment resulted in the 
reduction of L. monocytogenes, E. coli O157:H7, and Salmonella 
Typhimurium by 2.04, 2.54, and 2.68 log CFU/g in pork samples, 
respectively, and 1.90, 2.57 and 2.58 log CFU/g respectively in 
beef samples.

Kim et al. [43] used an RF-based atmospheric pressure plasma 
system in Ar (flow rate: 20,000 sccm; power 200 W) to treat beef 
infected with S. aureus ATCC 12600. The results stated that a 3-4 
log reduction in beef was reported after 10 minutes of treatment. 
However, when the cells were seeded on the polystyrene surface, 
the inactivation rate was much faster, indicating that the product 
surface morphology is a determining factor for the efficiency of 
the process.

It has also been shown that the use of radio frequency (RF) 
plasma jet has a synergistic effect on the inhibitory effects of clove 
oil and sweet basil oil against Escherichia coli, Staphylococcus 
typhimurium, and Staphylococcus aureus on eggs [44]. This 
study showed that the growth of these three bacteria on eggshells 
supplemented with clove oil at 10 μL/mL or its key chemical 
compound (eugenol at 5 μL/mL) after plasma exposure at 40 W 
to It is completely restrained. Also, plasma treatments have had an 
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important effect in reducing pathogenic microorganisms in eggs 
and egg products.

Yong et al. [5] stated that cold plasma treatment could 
potentially be part of food packaging. They stated that the 
populations of E. coli O157:H7, L. monocytogenes and Salmonella 
Typhimurium on sliced cheddar cheese after 10 minutes of plasma 
treatment were decreased 2.3, 2.1 and 8 log CFU/g, respectively. 

Application of Cold Plasma in Food Packaging

Food packaging plays an important role in the food industry. 
Food packaging fulfills several functions such as protecting 
food, preserving the properties of ingredients, traceability, and 
character traits. Food packaging materials mainly include paper, 
glass, metals such as aluminum, tin foil and tin-free steels, and 
plastics such as various polyamides, polyolefins, polyesters, and 
polystyrene. In the meantime, all kinds of plastics have the major 
share of the market due to their low price, light weight, flexibility 
in construction, appearance and resistance to breakage, tearing 
and perforation. Most plastic materials are coated with non-
polar chemically inert surfaces that make them unacceptable for 
joints, printing inks, coatings and adhesives. This requires the 
use of various surface treatments to improve these properties. 
The physicochemical methods used to modify polymer surfaces 
include the use of ultraviolet light, gamma rays, ion beam 
techniques, laser treatments, and the use of cold plasma.

Cold plasma is the most suitable method to modify polymers. 
Cold plasma production can vary depending on purification 
parameters, gas compositions and complex plasma chemistry, 
pressure changes of energy sources, and electrode type and 
shape. To modify the polymer surface, it is very common to use 
corona cold plasma and dielectric barrier discharge (DBD).

Cold plasma has been used in the polymer industry for decades 
and has been used to modify the surface properties of polymers. 
Also, this technique has great potential in creating new functional 
polymers, coatings and antimicrobial systems specifically for the 
food packaging industry. Cold plasma has great potential to be 
used as a simple, safe and environmentally friendly alternative in 
the food packaging industry [45].

Future of Cold Plasma in Food Processing

The future of using cold plasma technology in the food 
industry looks very promising. Cold plasma can be used to remove 
biological agents, toxins, surface contamination from food, modify 
packaging materials, improve food performance, and reduce 
pollutants in water and wastewater. Cold plasma treatment can 
be defined as a “dry process”, where there is no water or wet 
environment of concern.

It is clear that in order to meet the growing demand for food 
in the world, the food industry needs to improve and update 
the methods of production technology, food safety methods and 

environmental sustainability. This requires dedicated research 
and development in new technology. Cold plasma technology 
takes many forms and provides countless opportunities to 
improve production performance, food safety, and environmental 
sustainability. It has been observed that research on cold plasma 
in food is growing exponentially with more than 100 papers 
published annually [46-56].

Conclusion

Today in the world, the need for high quality food products 
is an ever-increasing need, and in the meantime, the world is 
moving towards the consumption of minimally processed foods. 
However, food safety is still the biggest challenge facing the food 
industry. For this reason, the use of new technologies in the 
food industry is welcomed. The use of cold plasma technology 
is a relatively new approach whose main goal is to improve food 
safety by maintaining the sensory characteristics of treated foods. 
However, some problems such as the lack of standard methods 
in this connection and the difference in initial microbial load and 
different types of food make it difficult to compare the reduction 
of microbial load resulting from different cold plasma systems. 
Nevertheless, it can be said that cold plasma has a very high 
potential for increasing use in the food industry.

References
1. Kogelschatz U, Akishev YS, Becker KH, Kunhardt EE, Kogoma M, et al. 

(2005) DC and low frequency air plasma sources. In Non-Equilibrium 
Air Plasmas at Atmospheric Pressure, pp. 276-361.

2. Misra NN, Pankaj SK, Segat A, Ishikawa K (2016) Cold plasma 
interactions with enzymes in foods and model systems. Trends in Food 
Science and Technology 55: 39-47.

3. Ekezie FGC, Sun DW, Cheng JH (2017) A review on recent advances in 
cold plasma technology for the food industry: Current applications and 
future trends. Trends in Food Science & Technology 69: 46-58. 

4. Ehlbeck J, Schnabel U, Polak M, Winter J, Von Woedtke T, et al. (2011) 
Low temperature atmospheric pressure plasma sources for microbial 
decontamination. Journal of Physics D: Applied Physics 44(1): 18.

5. Yong HI, Kim HJ, Park S, Kim K, Choe W, et al. (2015b) Pathogen 
inactivation and quality changes in sliced cheddar cheese treated using 
flexible thin-layer dielectric barrier discharge plasma. Food Res Int 69: 
57-63.

6. Jeong JY, Babayan SE, Park J, Selwyn GS, Hicks RF, et al.  (1998) The 
atmospheric-pressure plasma jet: a review and comparison to other 
plasma sources. IEEE Transactions on Plasma Science 26(6): 1685-
1694. 

7. Scholtz V, Pazlarova J, Souskova H, Khun J, Julak J (2015) Nonthermal 
plasma - A tool for decontamination and disinfection. Biotechnology 
Advances 33(6): 1108-1119. 

8. Ito T, Kawamura T, Nakagawa A, Yamazaki S, Syuto B, et al. (2014) 
Preservation of fresh food using AC electric field. J Adv Oxid Technol 
17: 249-253.

9. Selcuk M, Oksuz L, Basaran P (2008) Decontamination of grains and 
legumes infected with Aspergillus spp. and Penicillum spp. by cold 
plasma treatment. Bioresour Technol 99(11): 5104-5109.

http://dx.doi.org/10.19080/NFSIJ.2022.11.555818
https://www.sciencedirect.com/science/article/abs/pii/S092422441630231X?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S092422441630231X?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S092422441630231X?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0924224417304582?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0924224417304582?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0924224417304582?via%3Dihub
https://inis.iaea.org/search/search.aspx?orig_q=RN:43031893
https://inis.iaea.org/search/search.aspx?orig_q=RN:43031893
https://inis.iaea.org/search/search.aspx?orig_q=RN:43031893
https://www.sciencedirect.com/science/article/abs/pii/S0963996914007789
https://www.sciencedirect.com/science/article/abs/pii/S0963996914007789
https://www.sciencedirect.com/science/article/abs/pii/S0963996914007789
https://www.sciencedirect.com/science/article/abs/pii/S0963996914007789
https://www.sciencedirect.com/science/article/abs/pii/S0734975015000038?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0734975015000038?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0734975015000038?via%3Dihub
https://www.degruyter.com/document/doi/10.1515/jaots-2014-0210/html
https://www.degruyter.com/document/doi/10.1515/jaots-2014-0210/html
https://www.degruyter.com/document/doi/10.1515/jaots-2014-0210/html
https://pubmed.ncbi.nlm.nih.gov/17993274/
https://pubmed.ncbi.nlm.nih.gov/17993274/
https://pubmed.ncbi.nlm.nih.gov/17993274/


Nutrition & Food Science International Journal

How to cite this article:  Zahra Zadbakhshi s, Alireza Shahab L. Application of Cold Plasma in Foods. Nutri Food Sci Int J. 2022. 11(4): 555818.  
DOI: 10.19080/NFSIJ.2022.11.555818006

10. Sera B, Spatenka P, Sery M, Vrchotova N, Hruskova I (2010) Influence 
of plasma treatment on wheat and oat germination and early growth. 
IEEE Trans Plasma Sci 38: 2963-2968.

11. Park DP, Davis K, Gilani S, Alonzo CA, Dobrynin D, et al. (2013) Reactive 
nitrogen species produced in water by non-equilibrium plasma 
increase plant growth rate and nutritional yield. Curr Appl Phys 13: 
S19-S29.

12. Oude Ophuis PAM, Van Trijp HCM (1995) Perceived quality: A market 
driven and consumer oriented approach. Food Qual Prefer 6(3): 177-
183.

13. Bermu´dez-Aguirre D, Wemlinger E, Pedrow P, Barbosa-Ca´novas G, 
Garcia-Perez M (2013) Effect of atmospheric pressure cold plasma 
(APCP) on the inactivation of Escherichia coli in fresh produce. Food 
Control 34(1): 149-157.

14. Ramazzina I, Berardinelli A, Rizzi F, Tappi S, Ragni L, et al. (2015) 
Effect of cold plasma treatment on physico-chemical parameters and 
antioxidant activity of minimally processed kiwifruit. Postharvest Biol. 
Technol. 107: 55-65.

15. Lacombe A, Niemira BA, Gurtler JB, Fan X, Sites J, et al. (2015) 
Atmospheric cold plasma inactivation of aerobic microorganisms on 
blueberries and effects on quality attributes. Food Microbiol 46: 479-
484.

16. Oey I, Lille M, Van Loey A, Hendrickx M (2008) Effect of high-pressure 
processing on colour, texture and flavour of fruit- and vegetable-based 
food products: a review. Trends Food Sci Technol.

17. Misra NN, Patil S, Moiseev T, Bourke P, Mosnier JP, at al. (2014) Inpackage 
atmospheric pressure cold plasma treatment of strawberries. J Food 
Eng 125: 131-138.

18. Baier M, Ehlbeck J, Knorr D, Herppich WB, Schl€uter, O (2015) Impact 
of plasma processed air (PPA) on quality parameters of fresh produce. 
Postharvest Biol Technol 100: 120-126.

19. Chen Q, Saito K, Shirai H (2008) Atmospheric pressure plasma using 
electrolyte solution as cathode. In: The International Interdisciplinary-
Symposium on Gaseous and Liquid Plasmas, Sendai, Japan.

20. Ma R, Wang G, Tian Y, Wang K, Zhang J, et al. (2015) non-thermal 
plasma-activated water inactivation of food-borne pathogen on fresh 
produce. J Hazard Mater 300: 643-651.

21. Pankaj SK, Misra NN, Cullen PJ (2013) Kinetics of tomato peroxidase 
inactivation by atmospheric pressure cold plasma based on dielectric 
barrier discharge. Innovative Food Sci Emerg Technol 19: 153-157.

22. Surowsky B, Fischer A, Schlueter O, Knorr D (2013) Cold plasma effects 
on enzyme activity in a model food system. Innovative Food Sci Emerg 
Technol 19: 146-152.

23. Misra NN, Kaur S, Tiwari BK, Kaur A, Singh N, et al.  (2015) Atmospheric 
pressure cold plasma (ACP) treatment of wheat flour. Food Hydrocoll 
44: 115-121. 

24. Pasquali F, Stratakos AC, Koidis A, Berardinelli A, Cevoli C, et al. (2016) 
Atmospheric cold plasma process for vegetable leaf decontamination: 
a feasibility study on radicchio (red chicory, Cichorium intybus L.). 
Food Control 60: 552-559.

25. Song AY, Oh YJ, Kim JE, Song KB, Oh DH, et al. (2015) Cold plasma 
treatment for microbial safety and preservation of fresh lettuce. Food 
Sci Biotechnol 24: 1717-1724.

26. Misra NN (2016) Quality of Cold Plasma treated planet food, Cold 
plasma in food and agriculture: Fundamentals and Applications. 
Academic Press, pp. 343-360.

27. Zhang B, Chen L, Li X, Li L, Zhang H (2015) Understanding the multi-

scale structure and functional properties of starch modulated by glow-
plasma: a structure-functionality relationship. Food Hydrocoll 50: 
228-236.

28. Zhang B, Xiong S, Li X, Li L, Xie F, et al. (2013) Effect of oxygen glow 
plasma on supramolecular and molecular structures of starch and 
related mechanism. Food Hydrocoll 37: 69-76.

29. Khorram S, Zakerhamidi MS, Karimzadeh Z (2015) Polarity functions’ 
characterization and the mechanism of starch modification by DC glow 
discharge plasma. Carbohydr Polym 127: 72-78.

30. Misra NN, Tiwari BK, Raghavarao KSMS, Cullen PJ (2011) Nonthermal 
plasma inactivation of food-borne pathogens. Food Eng. Rev 3: 159-
170.

31. Vandamme J, Nikiforov A, Dujardin K, Leys C, De Cooman L, et al. (2015) 
Critical evaluation of non-thermal plasma as an innovative accelerated 
lipid oxidation technique in fish oil. Food Res. Int. 72: 115-125.

32. Cubas AL, Machado MM, Pinto CR, Moecke EH, Dutra AR (2016) 
Biodiesel production using fatty acids from food industry waste using 
corona discharge plasma technology. Waste Manag. 47 (Pt A): 149-154.

33. Shi XM, Zhang GJ, Wu XL, Li YX, Ma Y, et al. (2011) Effect of low-
temperature plasma on microorganism inactivation and quality of 
freshly squeezed orange juice. IEEE Trans. Plasma Sci 39: 1591-1597.

34. Wang RX, Nian WF, Wu HY, Feng HQ, Zhang K, et al. (2012) 
Atmospheric-pressure cold plasma treatment of contaminated fresh 
fruit and vegetable slices: inactivation and physiochemical properties 
evaluation. Eur Phys J 66: 1-7.

35. Misra NN, Pankaj SK, Frias JM, Keener KM, Cullen PJ (2015b) The effects 
of nonthermal plasma on chemical quality of strawberries. Postharvest 
Biol Technol 110: 197-202.

36. Grzegorzewski F, Ehlbeck J, Schl€uter O, Kroh LW, Rohn S (2011) 
Treating lamb’s lettuce with a cold plasma-influence of atmospheric 
pressure Ar plasma immanent species on the phenolic profile of 
Valerianella locusta. LWT Food Sci Technol 44: 2285-2289.

37. BursacKovacevic D, Putnik P, DragovicUzelac V, Pedisic S, Rezek 
Jambrak A, et al. (2016) Effects of cold atmospheric gas phase plasma 
on anthocyanins and color in pomegranate juice. Food Chem 190: 317-
323.

38. Abadias M, Usall J, Anguera M, Solsona C, Vinas I (2008) Microbiological 
quality of fresh, minimally processed fruit and vegetables, and sprouts 
from retail establishments. Int. J. Food Microbiol. 123: 121-129.

39. Critzer F, Kelly-Wintenberg K, South S, Golden D (2007) Atmospheric 
plasma inactivation of foodborne pathogens on fresh produce surfaces. 
J Food Prot 70: 2290.

40. Niemira BA, Sites J (2008) Cold plasma inactivates Salmonella Stanley 
and Escherichia coli O157: H7 inoculated on golden delicious apples. J 
Food Prot 71: 1357-1365.

41. Surowsky B, Frohling A, Gottschalk N, Schluter O, Knorr D (2014) 
Impact of cold plasma on Citrobacter freundii in apple juice: 
inactivation kinetics and mechanisms. Int J Food Microbiol 174: 63-71.

42. Butscher D, Schlup T, Roth C, M€uller-Fischer N, Gantenbein-Demarchi 
C, et al. (2015) Inactivation of microorganisms on granular materials: 
reduction of Bacillus amyloliquefaciens endospores on wheat grains 
in a low-pressure plasma circulating fluidized bed reactor. J Food Eng 
159: 48-56.

43. Kim JS, Lee EJ, Choi EH, Kim YJ (2014) Inactivation of Staphylococcus 
aureus on the beef jerky by radio-frequency atmospheric pressure 
plasma discharge treatment. Innovative Food Sci Emerg Technol 22: 
124-130.

http://dx.doi.org/10.19080/NFSIJ.2022.11.555818
https://www.sciencedirect.com/science/article/abs/pii/S1567173913000084
https://www.sciencedirect.com/science/article/abs/pii/S1567173913000084
https://www.sciencedirect.com/science/article/abs/pii/S1567173913000084
https://www.sciencedirect.com/science/article/abs/pii/S1567173913000084
https://www.sciencedirect.com/science/article/abs/pii/095032939400028T
https://www.sciencedirect.com/science/article/abs/pii/095032939400028T
https://www.sciencedirect.com/science/article/abs/pii/095032939400028T
https://www.sciencedirect.com/science/article/abs/pii/S0956713513002065
https://www.sciencedirect.com/science/article/abs/pii/S0956713513002065
https://www.sciencedirect.com/science/article/abs/pii/S0956713513002065
https://www.sciencedirect.com/science/article/abs/pii/S0956713513002065
https://www.sciencedirect.com/science/article/abs/pii/S0925521415300089
https://www.sciencedirect.com/science/article/abs/pii/S0925521415300089
https://www.sciencedirect.com/science/article/abs/pii/S0925521415300089
https://www.sciencedirect.com/science/article/abs/pii/S0925521415300089
https://www.sciencedirect.com/science/article/abs/pii/S0740002014002408
https://www.sciencedirect.com/science/article/abs/pii/S0740002014002408
https://www.sciencedirect.com/science/article/abs/pii/S0740002014002408
https://www.sciencedirect.com/science/article/abs/pii/S0740002014002408
https://pubmed.ncbi.nlm.nih.gov/26159043/
https://pubmed.ncbi.nlm.nih.gov/26159043/
https://pubmed.ncbi.nlm.nih.gov/26159043/


Nutrition & Food Science International Journal

How to cite this article:   Zahra Zadbakhshi s, Alireza Shahab L. Application of Cold Plasma in Foods. Nutri Food Sci Int J. 2022. 11(4): 555818.  
DOI: 10.19080/NFSIJ.2022.11.555818007

44. Matan N, Nisoa M, Matan N (2013) Antibacterial activity of essential 
oils and their main components enhanced by atmospheric RF plasma. 
Food Control 39: 97-99.

45. Pankaj SK, Thomas S (2016) Cold plasma applications in food 
packaging, cold plasma in food and agriculture: Fundamentals and 
Applications. Academic Press, pp. 293-307.

46. Adhikari B, Adhikari M, Ghimire B, Adhikari BC, Park G, et al. (2020) 
Cold plasma seed priming modulates growth, redox homeostasis 
and stress response by inducing reactive species in tomato (Solanum 
lycopersicum). Free Radic. Biol Med 156: 57-69.

47. Hayashi N, Ono R, Nakano R, Shiratani M, Tashiro, K, et al. (2016) DNA 
Microarray Analysis of Plant Seeds Irradiated by Active Oxygen Species 
in Oxygen Plasma. Plasma Med 6: 459-471.

48. Jayasena DD, Kim HJ, Yong HI, Park S, Kim K, et al. (2015) Flexible thin-
layer dielectric barrier discharge plasma treatment of pork butt and 
beef loin: effects on pathogen inactivation and meat-quality attributes. 
Food Microbiol 46: 51-57.

49. Keener KM, Misra NN (2016) Future of Cold Plasma in Food Processing, 
Cold plasma in food and agriculture: Fundamentals and Applications. 
Academic Press, pp. 343-360.

50. Kim JW, Puligundla P, Mok C (2015) Microbial decontamination of 

dried laver using corona discharge plasma jet (CDPJ). J Food Eng 161: 
24-32.

51. Marsh K, Bugusu B (2007) Food packaging roles, materials, and 
environmental issues. J Food Sci 72: 39-55.

52. Nakano R, Tashiro K, Aijima R, Hayashi N (2016) Effect of Oxygen 
Plasma Irradiation on Gene Expression in Plant Seeds Induced by 
Active Oxygen Species. Plasma Med 6: 303-313.

53. Pankaj SK, Wan Z, Keener KM (2018) Effects of cold plasma on food 
quality: A review. Foods 7(1): 4. 

54. Park SY, Ha SD (2015) Application of cold oxygen plasma for the 
reduction of Cladosporium cladosporioides and Penicillium citrinumon 
the surface of dried filefish (Stephanolepis cirrhifer) fillets. Int. J. Food 
Sci. Technol. 50(4): 966-973.

55. Staric P, Vogel-Mikus K, Mozetic M, Junker I (2020) Effects of 
nonthermal plasma on morphology, genetics and physiology of seeds: 
A review. Plants 9(12): 1736.

56. Yong HI, Kim HJ, Park S, Alahakoon AU, Kim K, et al. (2015) Evaluation 
of pathogen inactivation on sliced cheese induced by encapsulated 
atmospheric pressure dielectric barrier discharge plasma. Food 
Microbiol 46: 46-50.

Your next submission with Juniper Publishers    
      will reach you the below assets

• Quality Editorial service
• Swift Peer Review
• Reprints availability
• E-prints Service
• Manuscript Podcast for convenient understanding
• Global attainment for your research
• Manuscript accessibility in different formats 

         ( Pdf, E-pub, Full Text, Audio) 
• Unceasing customer service

                  Track the below URL for one-step submission 
 https://juniperpublishers.com/online-submission.php

This work is licensed under Creative 
Commons Attribution 4.0 License
DOI: 10.19080/NFSIJ.2022.11.555818

http://dx.doi.org/10.19080/NFSIJ.2022.11.555818
https://www.dl.begellhouse.com/journals/5a5b4a3d419387fb,389e931927aa49bf,1b430439326da232.html
https://www.dl.begellhouse.com/journals/5a5b4a3d419387fb,389e931927aa49bf,1b430439326da232.html
https://www.dl.begellhouse.com/journals/5a5b4a3d419387fb,389e931927aa49bf,1b430439326da232.html
https://www.mdpi.com/2304-8158/7/1/4
https://www.mdpi.com/2304-8158/7/1/4
https://ifst.onlinelibrary.wiley.com/doi/abs/10.1111/ijfs.12730
https://ifst.onlinelibrary.wiley.com/doi/abs/10.1111/ijfs.12730
https://ifst.onlinelibrary.wiley.com/doi/abs/10.1111/ijfs.12730
https://ifst.onlinelibrary.wiley.com/doi/abs/10.1111/ijfs.12730
https://www.mdpi.com/2223-7747/9/12/1736
https://www.mdpi.com/2223-7747/9/12/1736
https://www.mdpi.com/2223-7747/9/12/1736
https://pubmed.ncbi.nlm.nih.gov/25475265/
https://pubmed.ncbi.nlm.nih.gov/25475265/
https://pubmed.ncbi.nlm.nih.gov/25475265/
https://pubmed.ncbi.nlm.nih.gov/25475265/
https://juniperpublishers.com/online-submission.php
http://dx.doi.org/10.19080/NFSIJ.2022.11.555818

	Abstract
	Introduction
	References

