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Abstract 

Utilization of plasma technology, a useful non-thermal technique, is encouraged in the food industry because of its 

effectiveness in preserving the natural aroma and flavor and antimicrobial activity. The cold plasma (CP) technique is used for 

food processing for enhancing antimicrobial activity, structural modification, decontamination of surfaces, and disinfection of 

food-processing instruments. Currently, a combination of CP with other promising approaches, such as nanotechnology 

applications, including nanofiber, nanoemulsion, nanoparticles, and nanoencapsulation, and emerging nonthermal 

technologies, including pulsed electric field (PEF), pulsed light (PL), and ultrasound, is gaining increased attention. In addition 

to its many advantages, CP is a low-cost method that can be an alternative to heat-based techniques used for the processing of 

food products. Therefore, application of CP technology in the seafood sector has been described in this review. 
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Introduction 

The fishing industry is one of the established food sectors 

which supplies an ample amount of food to the growing 

population [7]. Fish continues to be one of the most traded 

food commodities worldwide [2]. In the food production 

sector, ‘shelf life’ is one of the most essential quality 

parameters. The high perishability of fish products is mainly 

due to their peculiar composition and structure, even if 

storage time and temperature are crucial factors for the final 

quality of the product. The major cause of fish perishability 

is attributable to the high content in non-protein nitrogen 

compounds and to the low acidity of the flesh, which are 

conditions favourable to the growth of microorganism-

producing metabolites that affect the organoleptic properties 

of the products. Nevertheless, the rate of spoilage is also due 

to the kind of fish species, the sanitary conditions on board 

and the amount of food in the guts [9]. Seafood is high in 

nutritional value, containing high-quality proteins, omega-3 

fatty acids, essential micronutrients, minerals and vitamins 
[24]. Pathogens such as Listeria monocytogenes, Escherichia 

coli O157: H7, Campylobacter jejuni and Salmonella spp. 

can easily thrive on seafood, causing severe foodborne 

illness in consumers. Due to increase in health disorders 

across globe there is demand for safe and nutritious food 

ensuring higher food safety [41]. Traditionally, the methods 

used to extend the shelf-life of fish products include 

fermentation, smoking, salting and marinating, or other 

treatments such as chilling, refrigeration, freezing, drying, 

boiling, steaming, etc. However, all these techniques are 

associated with undesirable changes, from a reduced 

nutritional value to worsened sensory attributes, which fight 

against the increasing demand of consumers for minimally 

processed foods with high quality. Thus, in recent years 

some alternative methods have been proposed as innovative 

processing technologies able to guarantee an extension of 

shelf-life while minimally affecting their organoleptic 

properties. The use of high heat treatment can result in 

undesirable effects such as change in color, texture, loss of 

nutrients etc., motivating researchers to explore more non-

thermal alternatives for food processing. Conventional 

techniques like drying, cooling, pasteurization, are used to 

enhance shelf-life of foods but employing non-thermal 

techniques has gained much importance in recent times and 

Plasma technique is one such nonthermal techniques used 

for food processing [19]. Cold plasma treatment is a versatile 

and nascent technology that has found many applications in 

the food processing sector. This non-thermal processing and 

preservation technique came into the limelight due to its 

protean nature [26]. The term ’plasma’, originally coined by 

Nobel prize winner Irving Langmuir, designates in physical 

sciences a gas where a fraction of the particles is ionised 

that is, stripped of one electron and converted into an 

electron–ion couple. The plasma state, which is considered 

as the fourth state of matter, is thus a mixture of electrons, 

ions and neutral particles [34]. The term plasma is the Greek 

word (meaning “moldable substances) was first described 

by the chemist Irving Langmuir in 1920’s [35]. Plasma is a 

very hot ionised gas which is made up of equal numbers of 

positively charged particles (protons) and negatively 

charged particles (electrons). When some external energy is 

applied to the atoms the high energy causes the electrons to 

strip away from the atomic nuclei and produces various 

reactive plasma products such as electrons, ions, neutrons, 

protons and reactive oxygen, atomic oxygen (O), ozone 

(O3), hydroxyl radicals (OH+) and nitrogen species (N2, NO, 

NO2, nitric oxide radical NO+). The external energy sources 

can be electrical energy, magnetic current, radiofrequency 

waves, intense ultraviolet or laser light [20]. Cold plasma 

technology is emerging, green processes have evolved in 

recent times in food industries, and its application on 

seafood industries has been encouraging. The conversion of 

solid to liquid and liquid to gas occurs with an increase in 

the energy of molecules in a system. This causes a change in 

intermolecular arrangement. The further increment in the 

energy of gases results in the disappearance of all the 

interactions, which releases positive and negative ions, 
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causing some of the molecules and atoms in gases to 

become ionized, which gives rise to plasma [38]. Cold plasma 

technology is extensively used to preserve food by arresting 

the activity of microorganisms and increasing the shelf life 

of food [23] and also for safeguarding of naturally occurring 

health beneficial bioactive components in food [1]. This non-

thermal technology has shown potential application in 

preserving packaged food product against pathogenic 

microbes like Escherichia coli, Salmonella [36, 43]. Fish 

processing industries are attracted to this technology 

because it is environmentally friendly, economical, and has 

broader food safety and processing applications. Cold 

plasma (CP) is a recent technical intervention for 

maintaining food quality and safety. Plasma has a neutral 

ionised gaseous form consisting of ions, free electrons, gas 

atoms and molecules, as well as UV photons depending on 

the process parameters and the gas used [8]. Oxygen seems 

to be more effective than the other gases due to its ability to 

cause greater oxidation of nucleic acids and amino acids [29]. 

Based on this, the review focuses on the effects of cold 

plasma technology on fish and fishery products as well as 

microbiological decontamination. The present review aims 

to describe the primary mechanisms of cold plasma methods 

applied to preserve quality and safety of fish products. In 

this paper, we have reviewed the important aspects of cold 

plasma technology for seafood or fish and fishery products. 

 

Principle, Mechanism and Classification of cold plasma 

Plasma sterilisation effect was first documented and 

patented in the year 1968 by Menashi. When the food 

surface contaminants are exposed to reactive species 

produced by plasma there will be an accumulation of 

electrostatic forces at place where the high energy flows. 

The energy flow further induces radical bombardment 

action and hence cell lysis occurs. The impact of radical 

bombardment causes the lesions on the surface makes the 

microbial cell impotent to repair quickly which results in 

cell destruction. This phenomenon is termed as “plasma 

etching”. Plasma etching causes DNA and chemical bonds 

denaturation, thus produces an antimicrobial effect on the 

cell [18]. The efficiency of plasma treatment against 

contamination is based on the several factors such as Power 

level to generate the plasma, Gaseous mixture and Intensity 

of gases species, Length of exposure, Flow rate, Pressure 

and design of the system, Milleu factors - Relative humidity, 

pH and nature of sample [5, 6]. Plasma consists of activated 

molecules, free radicals, positive ions, negative ions, and 

neutral atoms. Cold plasma utilizes atmospheric temperature 

to generate plasma. Many gases (H2, O2, He, N2, Ar, Ne, 

CF4, CH4, NH3) can be converted into plasma by subjecting 

them to electric fields such as alternating current (higher 

frequency), direct current, thermal, microwave, and radio 

frequency, magnetic field. It produces plasma particles such 

as ions, free radicals, and electrons that collide with greater 

kinetic energies [38]. Plasma changes are influenced by 

factors such as supply gas proportion, surrounding phase, 

power, humidity as well as voltage levels [19]. In the context 

of microbial inactivation, when contamination of the food 

surface is subjected to plasma-created reactive species, 

electrostatic forces accumulate at the point where the energy 

is at its highest. The flow of energy results in far more 

radical bombardment activity, which results in cell lysis. 

The effects of heavy bombardment produce surface injuries, 

leaving the pathogenic bacteria cell incapable of swiftly 

repairing itself, culminating in cell death. Plasma etching 

denatures DNA as well as chemical bonds, providing the 

cell with an antimicrobial effect.  

Based on the method of generation, pressure and the relative 

temperature, plasma can be classified in to two different 

groups they are 1) Non-thermal plasma 2) Thermal plasma.  

Thermal plasma - Thermal plasma contains contain gas 

species and electrons having same temperature of around 

10000°K under high pressure are thermodynamically 

equilibrium in nature. Hence, Thermal plasma has found its 

use in effectively treating the hazardous metal wastes [18, 22].  

 

Non-thermal plasma - Non-thermal plasma is also called 

as cold plasma or nonequilibrium plasma is partially ionised 

gas which are produced under atmospheric/vacuum 

temperature of about 30- 60°C. Cold plasma contains 

various gaseous species possess same energy of above 

moderate room temperature but the electron poses higher 

temperature of 20,000K with higher energy [20]. Non-

thermal plasma can be subdivided into two categories viz 

Quasi-equilibrium plasma (50–100 ◦C), where the reactive 

species are in local thermodynamic equilibrium and Non- 

equilibrium plasma (60 *C) or CP where the heavier species 

present have a lower temperature than the electrons. Cold 

plasma could be possible method for food applications to 

inactivate microorganisms to keep the food safe throughout 

its shelf life. Fast growing demand for fresh produce poses 

the food industries to supply minimally processed food in a 

safe manner to the consumer. Cold plasma technique can be 

a promising technique for preserving food by destroying 

microorganisms without affecting its quality [20]. 

 

Methods of generation of cold plasma  

The energy distribution among the component particles in 

the cold plasma treatment is distinctively non-uniform (a 

non-equilibrium), where the electrons are more susceptible 

to transferring heat through a collision with heavier 

particles, and so determines the particular matrix’s electron 

component. Furthermore, the medium’s temperature (35 ºC) 

does not change, which is a distinctive aspect appropriate 

for thermal-sensitive products. Several non-thermal plasma 

discharge techniques are used depending on the mechanism 

and desired target response.  

 

A. Dielectric barrier discharge  

This approach employs a dielectric substance wrapped 

around two flat metal electrodes which block electric 

currents and keeps sparks from forming. In a closed target 

chamber, any inert gas combination or neutral gas travels 

involving two electrodes and is ionized to produce plasma 

products. A high-voltage circuit is connected to one 

electrode, while the ground is connected to the other. It is a 

non-equilibrium alternating or direct current discharge that 

typically works across a wide variety of gas pressures (often 

around 104 to 106 Pa), about 0.05–500 kHz, and its 

operational energy requirements range from 10 to 100 W. 

Various parameters impact dielectric barrier discharge’s 

efficiency, including the operating voltage, the gas used, and 

the spacing between the electrodes. For large surfaces, 

dielectric barrier discharge is the best plasma source. 

 

B. Corona discharge plasma  

A changing electric field strength at atmospheric pressure 

creates plasma in this process. Corona discharge can be seen 
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on sharp edges and along thin wires. When gases surpass 

their breakdown strength in a very non-uniform electric 

field, they generate weakly ionized plasma with some 

luminance. The corona system may be created in a simple 

device and does not need a complicated apparatus, saving 

money on setup and maintenance costs. Its primary 

drawback is that it only affects a small region and does so 

unevenly. However, corona discharges are still regarded as 

the best choice for food sterilization applications. 

 

C. Plasma jet discharge  

There are two parallel electrodes in plasma jet systems 

through which the carrier gas flows at various speeds. Radio 

frequencies are commonly used to produce plasma jets or 

flames at atmospheric pressures. The excited species exit by 

a tiny valve or a hole approaching the electrode’s terminal 

with the assistance of a carrier gas. Noble gases like helium 

or argon at an increased flow rate (>10 s/m) are frequently 

employed in the process. Plasma jets have the benefit of 

being directly applicable and may be employed between 

small areas. Although it is suitable for some biological 

applications, food processing cannot utilize this due to the 

high expense associated with the gas flow. 

 

D. Microwave plasma discharge  

Instead of employing electrodes with varying potentials, A 

high frequency electromagnetic field drives microwave 

plasma discharges generated by a magnetron (usually takes 

place at 2.45 GHz). Microwave radiation oscillates 

electrons, which form ions by interacting with gaseous 

atoms and molecules, resulting in an elevated ionization 

level in microwave plasma. The electrode-less setup of 

Microwave-driven discharges is their main benefit since it is 

user friendly. The drawback, though, is the space constraint. 

Large regions must be directly decontaminated using a 

variety of discharges. This approach is commonly used in 

high-temperature processing.  

 

Application of cold plasma in fisheries  

Fish are considered an excellent source of polyunsaturated 

fatty acid, namely omega -3 fatty acids such as 

eicosapentaenoic acid and docosahexaenoic acid, which has 

a beneficial effect on human health. An 80 kV DBD 

atmospheric plasma treatment to in package mackerel fish 

for 5 min does not affect the oxidation of lipids in fish 

measured by an increase in malondialdehyde content 

measured on the same day, but the TBARS value increased 

for both control and cold plasma-treated sample during 

storage. The generation of reactive species during cold 

plasma treatment and their interaction with food lipids 

causing oxidation of lipids in the food system is not an 

instant reaction. Hence, the low TBRAS value recorded 

after cold plasma treatment should not be used as an 

indication to conclude that cold plasma does not affect the 

oxidation of food lipids. 5 min of exposure of barramundi 

fish pieces to high intensity cold atmospheric plasma 

resulted in a decrease in a load of diseases causing and 

spoilage microbes without any bad effect on the lipids in 

fish pieces. Because of the addition of food additives like 

chitooligosaccharides [40] to fish pieces which are good 

antioxidants and anti-microbial agents. PV and TBARS 

value increase with storage time for cold plasma-treated 

samples, but the lowest PV and TBARS values were 

observed for samples with chitooligosaccharides subjected 

to cold plasma [37]. Chitooligosaccaride contains NH2 and 

OH groups that can arrest the reactive species / free radicals 

produced during cold plasma treatment, thereby preventing 

oxidative damage to lipids in fish. They serve as hydrogen 

donors and block the lipid oxidation process [16]. Hence the 

ill effect of cold plasma can be minimized or avoided by the 

addition of such food additives to food before exposure to 

cold plasma treatment. Olatunde et al. (2019) reported that 

the cold plasma treatment with a high voltage of 260 V and 

50 Hz of Asian sea bass reduced a load of pathogenic 

microorganisms, including E. Coli, Listeria monocytogenes, 

Staphylococcus aureusbut with an increase in the exposure 

time beyond 5 min resulted in oxidative damage to lipids. 

The carrier gas composition with a higher percentage of 

oxygen showed a negative effect on the quality of lipid 

compared with the carrier gas with a low percentage of 

oxygen. The gas composition of (90 Argon: 10 Oxygen) low 

oxygen formed 2900 ppm ozone with 5 min treatment time, 

and gas composition with more oxygen (80 Argon: 20 

Oxygen) resulted in the formation of 4300 ppm of ozone. 

The TBARS value increased beyond 5 min treatment time 

because of the presence of a higher percentage of 

unsaturation in lipids of Asian sea bass. The study revealed 

that the higher percentage of oxygen in carrier gas 

accelerates the process of lipid oxidation in cold plasma 

treated samples. Nigiri and Hosomaki exposure to cold 

plasma for 300s resulted in the oxidation of lipids measured 

by elevation in TBARS value. The TBARS value of 

Hosomaki was much more than the TBARS value of Nigiri 

during storage [15]. The ratio of exposed surface to sample 

weight was higher in Hosomaki than Nigiri which resulted 

in higher oxidation in Hosomaki. Further, Hosomaki fatty 

acid composition showed the presence of higher unsaturated 

fatty acids, which are unstable and highly prone to 

oxidation, causing an increase in TBARS value of 

Hosomaki than Nigiri. Exposure of blackmouth angler fish 

to dielectric plasma resulted in a decrease in the 

Staphylococcus aureus and Bacillus cereus population with 

an increase in the exposure time. But increase in exposure 

time adversely affected the quality of lipids present in dried 

blackmouth angler fish [4]. The presence of unsaturated fatty 

acid in the dried blackmouth resulted in a higher degree of 

lipid oxidation which increased the TBARS value to 1.66 

mg MDA/kg sample for treated and which was 1.04 mg 

MDA/kg sample for untreated sample after 30 days of 

storage. The increase in the TBARS value was within the 

limit safe for human consumption. 6 mg MDA/kg is 

accepted as safe in fish samples for human consumption [11]. 

The drying process also results in the formation of free fatty 

acids by breaking of ester linkage in triglyceride structure, 

and these free fatty acids act as a primary oxidation product 

that reacts with the free radicals and reactive species 

produced during cold plasma leading to an increase in the 

lipid oxidation process in fish. Choi et al. (2017) reported a 

similar study for dried squid using corona discharge plasma 

treatment. The rapid increase in the TBARS value of fish 

samples after cold plasma exposure is attributed to a higher 

percentage of polyunsaturated fatty acids present in fish 

which are more rapidly oxidized, leading to the formation of 

secondary oxidation products. Proper packaging in airtight 

packages or vacuum packaging after cold plasma treatment 

may reduce oxidative damage to lipids in fish products. The 

studies reported in the literature revealed that the cold 

plasma treatment to fish results in an increase in secondary 
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oxidation products due to higher unsaturation present in 

fish. But by optimizing the process parameters like 

reduction in exposure time, low applied voltage, the gas 

composition of carrier gas, vacuum packaging immediately 

after treatment can greatly reduce the oxidative deterioration 

of lipids in fish. 

 

Conclusion  

Cold plasma is a unique technology which is responsible for 

microbial destruction and surface modification of substrate 

as conventional preservatives techniques as some 

detrimental effects on nutritional quality. Plasma 

sterilization provides high efficacy, preservation and does 

not introduce toxicity to the medium. The most important is 

to select (choosing) a particular gases which already possess 

germicidal properties so that the efficiency of plasma 

sterilization can be increased. The cold plasma techniques 

are preservation treatments that are effective at ambient 

temperatures, thereby minimum thermal effects on 

nutritional and sensory quality parameters of food with no 

chemical residues. Plasma can be used for starch 

modification as additive and as filler component in packing 

materials. Although cold plasma technology is not yet used 

commercially on a large scale, the equipment should be 

readily scalable. However, research efforts must be taken to 

evaluate the expenditure for the treatment for large 

quantities of food commodities at industry level and also the 

quality, safety, wholesomeness of food commodities. 

Conclusion can be drawn that in future we hope plasma 

processing becomes common processing at food industries. 

 

References  

1. Beyrer M, Pina-Perez MC, Martinet D, Andlauer W. 

Cold plasma processing of powdered Spirulina algae 

for spore inactivation and preservation of bioactive 

compounds. Food Control,2020:118:107378. 

2. Bhagwat PK, Dandge PB. Collagen and collagenolytic 

proteases: A review. Biocatalysis and Agricultural 

Biotechnology,2018:15:43–55. 

3. Sudheesh C, Sunooj KV, Sinha SK, George J, Kumar S, 

Murugesan P, et al. Impact of energetic neutral nitrogen 

atoms created by glow discharge air plasma on the 

physico-chemical and rheological properties of kithul 

starch. Food Chem,2019:294:194–202. 

4. Choi S, Puligundla P, Mok C. Effect of corona 

discharge plasma on microbial decontamination of 

dried squid shreds including physico-chemical and 

sensory evaluation. LWT - Food Sci 

Technol,2017:75:323–328. 

5. Cullen PJ, Lalor J, Scally L, Boehm D, Milosavljević 

V, Bourke P, et al. Translation of plasma technology 

from the lab to the food industry. Plasma Processes and 

Polymers,2018:15(2):1700085. 

6. Ekezie FGC, Sun DW, Cheng JH. A review on recent 

advances in cold plasma technology for the food 

industry: Current applications and future trends. Trends 

in Food Science & Technology,2017:69:46–58. 

7. FAO. The State of World Fisheries and Aquaculture 

2020. Sustainability in action. Rome: Food and 

Agriculture Organization of the United Nations, 2020. 

8. Fukuda S, Kawasaki Y, Izawa S. Ferrous chloride and 

ferrous sulfate improve the fungicidal efficacy of cold 

atmospheric argon plasma on melanized 

Aureobasidium pullulans. J Biosci 

Bioeng,2019:128:28–32. 

9. Ghaly AE, Dave D, Budge S, Brooks MS. Fish spoilage 

mechanisms and preservation techniques: Review. Am 

J Appl Sci,2010:7:859–877. 

10. Zhang H, Ma D, Qiu R, Tang Y, Du C. Nonthermal 

plasma technology for organic contaminated soil 

remediation: A review. Chem Eng J,2017:313:157–170. 

11. Ibrahim Sallam K. Antimicrobial and antioxidant 

effects of sodium acetate, sodium lactate, and sodium 

citrate in refrigerated sliced salmon. Food 

Control,2007:18(5):566–575. 

12. Ehlbeck J, Schnabel U, Polak M, Winter J, Von 

Woedtke T, Brandenburg R, et al. Low temperature 

atmospheric pressure plasma sources for microbial 

decontamination. J Phys Appl Phys,2010:44(1):013002. 

13. Shimizu K, Kristof J, Blajan MG. Applications of 

dielectric barrier discharge microplasma. In: 

Atmospheric Pressure Plasma—from Diagnostics 

Applications, 2018, 71–93. 

14. Weltmann KD, Brandenburg R, Von Woedtke T, 

Ehlbeck J, Foest R, Stieber M, et al. Antimicrobial 

treatment of heat-sensitive products by miniaturized 

atmospheric pressure plasma jets (APPJs). J Phys Appl 

Phys,2008:41(19):194008. 

15. Kulawik P, Alvarez C, Cullen PJ, Aznar-Roca R, 

Mullen AM, Tiwari B. The effect of non-thermal 

plasma on the lipid oxidation and microbiological 

quality of sushi. Innov Food Sci Emerg 

Technol,2018:45:412–417. 

16. Liaqat F, Eltem R. Chitooligosaccharides and their 

biological activities: A comprehensive review. 

Carbohydr Polym,2018:184:243–259. 

17. Roy M. Protective hard coatings for tribological 

applications. In: Tyagi AK, Banerjee S, editors. 

Materials under Extreme Conditions. Elsevier, 2017, 

259–292. 

18. Menashi WP. Treatment of surfaces. US 

Patent,1968:3:383-163. 

19. Mishra R, Bhatia S, Pal R, Visen A, Trivedi H. Cold 

plasma: emerging as the new standard in food safety. 

Int J Eng Sci,2016:6:15–20. 

20. Misra NN, Schlüter O, Cullen PJ. Cold plasma in food 

and agriculture: Fundamentals and applications. 

Academic Press, 2016. 

21. Misra NN, Tiwari BK, Raghavarao KSMS, Cullen PJ. 

Nonthermal plasma inactivation of food-borne 

pathogens. Food Engineering Reviews,2011:3(3-

4):159–170. 

22. Mizuno A. Recent progress and applications of 

nonthermal plasma. Int J Plasma Environ Sci 

Technol,2009:3(1):1–7. 

23. Moutiq R, Misra NN, Mendonça A, Keener K. In-

package decontamination of chicken breast using cold 

plasma technology: Microbial, quality and storage 

studies. Meat Sci,2020:159:107942. 

24. Murray J, Burt JR. The composition of fish. Ministry of 

Technology Torry Advisory Note No. 38, 2001. 

25. Misra NN, Pankaj SK, Segat A, Ishikawa K. Trends in 

food science & technology cold plasma interactions 

with enzymes in foods and model systems. Trends Food 

Sci Technol,2016:55:39–47. 

26. Ojha S, Fröhling A, Durek J, Ehlbeck J, Tiwari BK, 

Schlüter OK, et al. Principles and application of cold 



International Journal of Chemistry Studies www.chemistryjournal.in 

51 

plasma in food processing. Innov Food Process 

Technol,2021:1857:519–540. 

27. Olatunde OO, Benjakul S, Vongkamjan K. High 

voltage cold atmospheric plasma: Antibacterial 

properties and its effect on quality of Asian sea bass 

slices. Innov Food Sci Emerg Technol,2019:52:305–

312. 

28. Pankaj S, Wan Z, Keener K. Effects of cold plasma on 

food quality: A review. Foods,2018:7(1):4. 

29. Park SY, Ha SD. Application of cold oxygen plasma 

for the reduction of Cladosporium cladosporioides and 

Penicillium citrinum on the surface of dried filefish 

(Stephanolepiscirrhifer) fillets. Int J Food Sci 

Technol,2014:50:966–973. 

30. Thirumdas R, Trimukhe A, Deshmukh RR, Annapure 

US. Functional and rheological properties of cold 

plasma treated rice starch. Carbohydr 

Polym,2017:157:1723–1731. 

31. Thirumdas R, Sarangapani C, Annapure US. Cold 

plasma: A novel non-thermal technology for food 

processing. Food Biophys,2015:10(1):1–11. 

32. Nisha RB, Narayanan R. Review on cold plasma 

technology: The future of food preservation. Int J Chem 

Stud,2019:7:4427–4433. 

33. Nisha RB, Narayanan R. Review on cold plasma 

technology: The future of food preservation. Int J Chem 

Stud,2019:7:4427–33. 

34. Raizer YP. Gas Discharge Physics. Springer: 

Berlin/Heidelberg, Germany: New York, NY, USA, 

1997. 

35. Rajvanshi AK. Irving Langmuir. 

Resonance,2008:13(7):619–626. 

36. Roh SH, Oh YJ, Lee SY, Kang JH, Min SC. 

Inactivation of Escherichia coli O157, Salmonella, 

Listeria monocytogenes, and Tulane virus in processed 

chicken breast via atmospheric in-package cold plasma 

treatment. LWT,2020:127:109429. 

37. Singh A, Benjakul S. The combined effect of squid pen 

chitooligosaccharides and high voltage cold 

atmospheric plasma on the shelf-life extension of Asian 

sea bass slices stored at 4°C. Innov Food Sci Emerg 

Technol,2020:64:102339. 

38. Thirumdas R, Sarangapani C, Annapure US. Cold 

Plasma: A novel non-thermal technology for food 

processing. Food Biophys,2014:10(1):1–11. 

39. Scholtz V, Julák J, Kříha V. The microbicidal effect of 

low-temperature plasma generated by corona discharge: 

Comparison of various microorganisms on an agar 

surface or in aqueous suspension. Plasma Process 

Polym,2010:7(3-4):237–243. 

40. Vela Gurovic MS, Dello Staffolo M, Montero M, 

Debbaudt A, Albertengo L, Rodríguez MS. 

Chitooligosaccharides as novel ingredients of 

fermented foods. Food Funct,2015:6(11):3437–3443. 

41. Wisner B, Adams J. Food Safety. In: Environmental 

Health Emerg. Disasters, 2009, 148–57. 

42. Ucar Y, Ceylan Z, Durmus M, Tomar O, Cetinkaya T. 

Application of cold plasma technology in the food 

industry and its combination with other emerging 

technologies. Trends Food Sci Technol,2021:114:355–

71. 

43. Zhao L, Shubo L, Yuan H. Recent advances on research 

of electrolyzed water and its applications. Curr Opin 

Food Sci,2021:14:180–188. 


