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ABSTRACT 

Background: Atmospheric pressure cold plasma is a type of non-thermal plasma used for antimicrobial activity in the health, 

food and agriculture sectors. This study was carried out to investigate the efficacy of atmospheric pressure cold plasma on 

different bacterial isolates. 

Materials and Methods: The study was conducted on standard reference bacterial strains; Escherichia coli (O157:H7), 

Bacillus subtilis (ATCC 6633), Enterobacter aerogenes (ATCC 13048), Rhodococcus equi (ATCC 6939), Salmonella 

typhimurium (ATCC 14028), Enterococcus feacalis (ATCC 2912) and field isolates; 12 Escherichia coli isolates, 22 

Staphylococcus spp, 18 Klebsiella spp., 2 Enterococcus spp., 3 Acinetobacter spp., 8 Candida spp., 1 Morgarella mongarii, 2 

Corynebacterium spp., 1 Streptococcus pyogenes. Atmospheric pressure cold plasma jet and plasma activated medium (PAM) 

were applied to the isolates and their efficacy was investigated. 

Results: As a result of the study, it was found that cold plasma was effective against Escherichia coli (O157:H7), Enterobacter 

aerogenes (ATCC 13048), Salmonella typhimurium, Rhodococcus equi (ATCC 6939) and Enterococcus feacalis (ATCC 2912) 

among standard bacterial strains, while it was effective against Streptococcus pyogenes (group A Bet) and Staphylococcus 

epidermidis among field isolates. 

Conclusions: As a result of our study, the antimicrobial activity of atmospheric pressure cold plasma and PAM was 

demonstrated, and we believe that it will contribute to the health, food and agriculture sectors. 
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ÖZET 

Amaç: Atmosferik basınç soğuk plazma sağlık, gıda ve tarım sektöründe antimikrobiyal etkinliği için kullanılan termal 

olmayan plazma türüdür. Bu çalışma farklı bakteri izolatları üzerine atmosferik basınç soğuk plazmanın etkinliğinin 

araştırılması amacıyla gerçekleştirildi. 

Materyal ve Metot: Çalışma standart referans bakteri suşu olan; Escherichia coli (O157:H7), Bacillus subtilis (ATCC 6633), 

Enterobacter aerogenes (ATCC 13048), Rhodococcus equi (ATCC 6939), Salmonella typhimurium (ATCC 14028), 

Enterococcus feacalis (ATCC 2912) ve saha izolatı olan 12 adet Escherichia coli izolatı, 22 adet Staphylococcus spp., 18 adet 

Klebsiella spp., 2 adet Enterococcus spp., 3 adet Acinetobacter spp., 8 adet Candida spp., 1 adet Morgarella mongarii, 2 adet 

Corynebacterium spp.,  1 adet Streptococcus pyogenes üzerine gerçekleştirildi. İzolatlara atmosferik basınç soğuk plazma jeti 

ve plazma ile aktive edilmiş ortam (PAM) uygulandı ve etkinliği araştırıldı. 

Bulgular: Çalışma sonucunda standart bakteri suşlarında Escherichia coli (O157:H7), Enterobacter aerogenes (ATCC 13048), 

Salmonella typhimurium, Rhodococcus equi (ATCC 6939) ve Enterococcus feacalis (ATCC 2912)’e soğuk plazmanın etki 

ettiği, saha izolatlarından ise Streptococcus pyogenes (A grubuBet) ile Staphylococcus epidermidis’e etki gösterdiği bulundu. 
Sonuç: Çalışmamız sonucunda atmosferik basınç soğuk plazmanın ve PAM’ın antimikrobiyal etkinliği ortaya konuldu ve bu 

yönüyle sağlık, gıda ve tarım sektörlerine katkı sağlayacağını düşünmekteyiz. 
Anahtar Kelimeler: Atmosferik basınç soğuk plazma, Plazma ile aktive edilmiş ortam, Bakteri izolatı, Mikrobiyal etkinlik 
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INTRODUCTION 

The fourth state of matter, the plasma state, results 

from the ionization of atoms and/or molecules. This 

state contains neutral particles, ultraviolet photons, 

electrons, and positive/negative ions. In addition, 

different free radicals and reactive species are 

formed depending on the type of ionized gas. In the 

laboratory environment, non-thermal plasmas 

produced by passing different gases through direct or 

alternating current at low temperature (<1000K) and 

1 atm pressure are called atmospheric pressure cold 

plasma. In the medical field, this plasma is used 

either as a jet or as a dielectric barrier discharge. 

Atmospheric pressure cold plasma jets are plasmas 

that have the ability to leave the environment in 

which they are produced (Brun et al., 2012; Cha et 

al., 2014; Heinlin et al., 2011; Hoffmann et al., 2013; 

Hosseini et al., 2020; Laroussi, 2002; Vecchio et al., 

2013). Atmospheric pressure cold plasma jet can be 

applied directly to the application area or indirectly 

by penetrating distilled water, 0.9% NaCl solution, 

organic substances and phosphate buffered saline 

solutions. This newly formed medium is called 

plasma-activated medium (PAM) (Cheng et al., 

2020; Oztan et al., 2022).  

The antimicrobial activity of atmospheric pressure 

cold plasma has been investigated in the literature 

and reported to be effective against a variety of 

bacteria, spores, biofilms, fungi, viruses through 

reactive oxygen species (ROS), lipid peroxidation, 

DNA / cell membrane damage (Bernhardt et al., 

2019; Brun et al., 2012; Ermolaeva et al., 2011; 

Hosseini et al., 2020; Isbary et al., 2013). The 

antimicrobial activity of plasma was first 

demonstrated by Laroussi et al. in 1996 (Hoffmann 

et al., 2013). In the following years, attempts have 

been made to explain the antimicrobial mechanism 

of plasma, and many authors have reported that the 

main factor of this mechanism is due to ROS 

products such as oxygen, nitrogen dioxide and 

hydroxyl radicals formed as a result of plasma 

(Hoffmann et al., 2013).   

Escherichia coli O157 is a common strain of 

Escherichia coli that causes severe gastroenteritis in 

human. It was first identified in 1982 and was found 

in the feces of healthy cattle. Food contaminated 

with feces, dairy products, animal contact, water and 

environmental factors have all been implicated as 

sources of transmission. It causes symptoms such as 

severe abdominal pain and bloody diarrhea in human 

(Mead et al., 1998; Pennington, 2010). Bacillus 

subtilis is a gram-positive, aerobic soil bacterium 

found in the natural environment  (Oggioni et al., 

1998). Enterobacter aerogenes is a gram-negative, 

antibiotic-resistant bacterium that affects the 

respiratory tract (Malléa et al., 2002). Rhodococcus 

equi is a bacterium that causes pneumonia in horses 

and immunocompromised humans (Hondalus et al.,  

 

1994). Salmonella is a bacterium that causes enteric 

infections in humans and animals (Branchu et al., 

2018). Enterococcus feacalis is among the main 

components of the gastrointestinal flora and is 

resistant to antibiotics. It is considered a major 

source of nosocomial infections (McBride et al., 

2007). Staphylococcus species can cause many 

different infections such as skin infections, 

endocarditis, nasal infections and urinary tract 

infections (Foster, 1996).  Klebsiella is the second 

species found in the human gastrointestinal tract 

(Ristuccia et al., 1984). Acinetobacter is a gram-

negative and antibiotic-resistant coccobacillus that is 

more common in temperate climates (Munoz-Price 

et al., 2008).  

The aim of this study was to investigate the efficacy 

of atmospheric pressure cold plasma jet and PAM on 

bacterial isolates. 

MATERIALS AND METHODS 

Bacteria sampling 

The study was carried out using standard bacterial 

strains from the culture collection of Karabük 

University Medical Faculty Medical Microbiology 

Laboratory and other field bacterial isolates 

available in the collection.  Standard reference 

bacterial strains were Escherichia coli (O157:H7), 

Bacillus subtilis (ATCC 6633), Enterobacter 

aerogenes (ATCC 13048), Rhodococcus equi 

(ATCC 6939), Salmonella typhimurium (ATCC 

14028), Enterococcus feacalis (ATCC 2912), and 

field isolates were 12 Escherichia coli isolates, 22 

Staphylococcus spp, 18 Klebsiella spp., 2 

Enterococcus spp., 3 Acinetobacter spp., 8 Candida 

spp., 1 Morgarella mongarii, 2 Corynebacterium 

spp., 1 Streptococcus pyogenes. Bacteria were 

inoculated onto blood agar and Mueller Hinton agar 

(MHA) to grow single colonies, and these single 

colonies were inoculated into Mueller Hinton broth 

(MHB) and kept in an oven at 37ºC overnight. The 

cultures were adjusted to McFarland 0.5 density and 

1 ml dilution of the cultures adjusted to McFarland 

0.5 density was obtained. 

Atmospheric cold pressure plasma jet and plasma 

activated medium (PAM) generation 

The atmospheric cold plasma jet was obtained by a 

setup with a manually adjustable flow meter (0-5 

L/min, 5 L), 99% Ar cylinder, voltmeter, ammeter, 

plasma pen (heat resistant made of Boron glass), 

high voltage power supply, high voltage electrode, 

ground electrode, optical emission spectroscopy and 

gas armature. Ar (99%) was used as the discharge 

gas to obtain atmospheric pressure cold plasma. A 

flow meter with 0-5 L/min, 5 L interval settings was 

used to adjust the flow rate of Ar gas delivered to the 
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plasma pen. A capacitive electrode design was used 

to initiate the discharge in the plasma pen. 

Borosilicate glass with a diameter of 4 mm was used 

as the discharge tube. Voltage and frequency values 

were measured using a high voltage probe. The 

radicals formed in the plasma were detected by 

optical emission spectrometry with a range of 360-

920 nm (Figure 1). To generate the plasma, a sine 

wave signal with a frequency of 10kHz at a potential 

of 6kV was applied to the high voltage electrode of 

the plasma pen with capacitive electrode design. The 

total power of the system was measured as 10W. 

 

Figure 1. Atmospheric cold pressure plasma jet setup. 

PAM was obtained by applying an atmospheric cold 

plasma jet to 5 ml of distilled water in a petri dish for 

10 min and 30 min. 

 

 

Figure 2. Optical emission spectrum of argon plasma. 

Figure 2 shows the generation of spectral lines of 

argon plasma using an optical emission 

spectrometer. As a result of the plasma reaction, 

when ambient air was added to the discharge, Argon 

spectral lines were revealed due to O2 radicals and 

Ar gas. 

Determination of antibacterial activity  

Standard bacterial cultures inoculated in MHB and 

incubated overnight at 37ºC in an oven were adjusted 

by diluting the cultures to McFarland 0.5 density, 

and 1 ml dilution of the cultures adjusted to 

McFarland 0.5 was obtained. Atmospheric pressure 

cold plasma jet (10 min) was then applied directly to 

standard bacterial strains and field isolates. In 

addition, 200 μl of PAM was added to the standard 

strains for 10 min and 30 min separately for each 

reconstitution and incubated. After 3 hours, each 

tube was inoculated onto MHA plates and the plates 

were incubated in an oven. After overnight 

incubation, the plates were evaluated for the 

presence of growth. 

RESULTS 

The study was approved by the decision of the non-

interventional local ethics committee of Karabük 

University, number 2022/1068, dated 29.09.2022. 

Atmospheric pressure cold plasma jet was applied to 

standard bacterial strains (Escherichia coli, Bacillus 

subtilis, Enterobacter aerogenes, Rhodococcus equi, 

Salmonella typhimurium, Enterococcus feacalis) for 

10 min and the effect was obtained in Escherichia 

coli (O157:H7), Enterobacter aerogenes (ATCC 

13048), Salmonella typhimurium (ATCC 14028) 

strains. The effect was obtained in Rhodococcus equi 

(ATCC 6939) as a result of 10 min PAM application 

to standard bacterial strains. The effect was obtained 

in Rhodococcus equi (ATCC 6939) and 

Enterococcus feacalis (ATCC 2912) as a result of 30 

min PAM application to standard reference bacterial 

strains. 

Atmospheric pressure cold plasma jet, which is most 

effective on standard bacterial strains, was also 

tested on field isolates for 10 min and was effective 

on Streptococcus pyogenes (group ABet) and 

Staphylococcus epidermidis. No effect was observed 

on other field isolates. 

DISCUSSION 

In this study investigating the efficacy of 

atmospheric pressure cold plasma jet and PAM on 

bacterial isolates, it was found that 10 min jet was 

effective against Escherichia coli (O157:H7), 

Enterobacter aerogenes (ATCC 13048) and 

Salmonella typhimurium in standard bacterial 

strains, while 10 min PAM was effective against 

Rhodococcus equi (ATCC 6939) and Enterococcus 

feacalis (ATCC 2912). In field isolates, 10 min jet 

was found to be effective against Streptococcus 

pyogenes (group ABet) and Staphylococcus 

epidermidis. We believe that the difference in 

efficacy between plasma jet and PAM is due to 

differences in bacterial resistance. 

The antimicrobial efficacy of atmospheric pressure 

cold plasma has been the subject of research in 

dentistry, food industry, agriculture and medicine 

and positive effects have been observed (Balcı et al., 

2021; Kandemir et al., 2021; Usta et al., 2017; 

Yüksel et al., 2017).  
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In dentistry, Li et al. used cold plasma against 

Enterococcus faecalis biofilms during root canal 

treatment and found that biofilms in the environment 

disappeared after 12 min (Li et al., 2015). Yang et al. 

reported that argon cold plasma inactivated 

Streptococcus mutans in the mouth in 15 s and 

Lactobacillus acidophilus in 5 min and can be used 

to deactivate oral bacteria (Yang et al., 2011).   

Yong et al. examined the effectiveness of cold 

plasma against Escherichia coli, Salmonella 

Typhimurium and Listeria monocytogenes in the 

food industry and reported that the bacterial load 

decreased as a result of plasma application, and 

reported that this feature could be used to extend the 

shelf life of sliced cheese (Yong et al., 2015). Gurol 

et al. used cold plasma against Escherichia coli in 

raw milk and reported a 54% reduction in bacterial 

load after 3 min of application (Gurol et al., 2012).  

It has been reported that cold plasma can be used in 

the agricultural sector for decontamination against 

Escherichia coli, Staphylococcus aureus, Candida 

albicans and Bacillus subtilis in seeds, fruits and 

vegetables (Kandemir et al., 2021).  

Cold plasma has been reported to contribute to the 

reduction of the load of Escherichia coli and 

Staphylococcus aureus in the environment at 

different flow rates and durations in medical wound 

treatment (Usta et al.). 

CONCLUSION 

Our study shows that atmospheric pressure cold 

plasma jet and PAM affect different bacterial 

species. As such, it can be used effectively against 

common bacteria in the food, health, and agriculture 

sectors. 

Acknowledgement 

Thanks to: This study was supported by Karabuk 

University Scientific Research Projects 

coordinatorship with the project number KBÜBAP-

22-DS-125. We would like to thank Karabuk 

University Scientific Research Projects 

coordinatorship. 

Ethics Committee Approval: The study was 

approved by the decision of the non-interventional 

local ethics committee of Karabük University, number 

2022/1068, dated 29.09.2022. 

Financial Resource/ Sponsor's Role: This study was 

supported by Karabuk University Scientific Research 

Projects coordinatorship with the project number 

KBÜBAP-22-DS-125. We would like to thank 

Karabuk University Scientific Research Projects 

coordinatorship. 

Conflict of Interest: There is no conflict of interest. 

Author Contributions: Idea/Concept: Yusuf 

SECGIN; Design: Yusuf SECGIN, Zulal ONER; 

Supervision/Consulting: Zulal ONER, Hasan 

SOLMAZ, Ferhat BOZDUMAN; Data Collection 

and/or Processing: Yusuf SECGIN, Hasan 

SOLMAZ, Ferhat BOZDUMAN, Serife YILMAZ, 

Interpretation: Yusuf SECGIN; Literature Review: 

Yusuf SECGIN; Writing of the Article: Yusuf 

SECGIN, Zulal ONER; Critical Review: Zulal 

ONER, Hasan SOLMAZ, Ferhat BOZDUMAN; 

Resources and Funding: Ferhat BOZDUMAN. 

REFERENCES 

Balcı, S. K., Kutlu, S.N., Temel, U. B. & Güleç, A. 

(2021). Atmosferik basınç soğuk plazmanın diş 

hekimliğindeki uygulamaları. Research Journal of 

Biomedical and Biotechnology, 2(1), 1-9.  

Bernhardt, T., Semmler, M.L., Schäfer, M., 

Bekeschus, S., Emmert, S. & Boeckmann, L. (2019). 

Plasma medicine: applications of cold atmospheric 

pressure plasma in dermatology. Oxidative medicine 

and cellular longevity, 2019.  

Branchu, P., Bawn, M. & Kingsley, R.A. (2018). 

Genome variation and molecular epidemiology of 

Salmonella enterica serovar typhimurium 

pathovariants. Infection and immunity, 86(8), 

10.1128/iai. 00079-00018.  

Brun, P., Brun, P., Vono, M., Venier, P., Tarricone, 

E., Deligianni, V., . . . Cavazzana, R. (2012). 

Disinfection of ocular cells and tissues by 

atmospheric-pressure cold plasma. Plos one, 7(3), 

e33245.  

Cha, S. & Park, Y.-S. (2014). Plasma in dentistry. 

Clinical plasma medicine, 2(1), 4-10.  

Cheng, Y.-J., Lin, C.-K., Chen, C.-Y., Chien, P.-C., 

Chuan, H.-H., Ho, C.-C. & Cheng, Y.-C. (2020). 

Plasma-activated medium as adjuvant therapy for 

lung cancer with malignant pleural effusion. 

Scientific Reports, 10(1), 18154.  

Ermolaeva, S.A., Varfolomeev, A.F., Chernukha, M. 

Y., Yurov, D.S., Vasiliev, M.M., Kaminskaya, A. 

A., . . . & Selezneva, I.I. (2011). Bactericidal effects 

of non-thermal argon plasma in vitro, in biofilms and 

in the animal model of infected wounds. Journal of 

medical microbiology, 60(1), 75-83.  

Foster, T. (1996). Staphylococcus. Medical 

Microbiology. 4th edition.  

Gurol, C., Ekinci, F., Aslan, N. & Korachi, M. 

(2012). Low temperature plasma for 

decontamination of E. coli in milk. International 

journal of food microbiology, 157(1), 1-5.  

Heinlin, J., Isbary, G., Stolz, W., Morfill, G., 

Landthaler, M., Shimizu, T., . . . & Karrer, S. (2011). 

Plasma applications in medicine with a special focus 



Journal of MTU 2023;2(3):65-69 

ISSN: 2822-4094 

69 
 

on dermatology. Journal of the European Academy 

of Dermatology and Venereology, 25(1), 1-11.  

Hoffmann, C., Berganza, C. & Zhang, J. (2013). 

Cold atmospheric plasma: methods of production 

and application in dentistry and oncology. Medical 

gas research, 3(1), 1-15.  

Hondalus, M. K. & Mosser, D.M. (1994). Survival 

and replication of rhodococcus equi in macrophages. 

Infection and immunity, 62(10), 4167-4175.  

Hosseini, S.M., Rostami, S., Hosseinzadeh Samani, 

B. & Lorigooini, Z. (2020). The effect of 

atmospheric pressure cold plasma on the inactivation 

of Escherichia coli in sour cherry juice and its 

qualitative properties. Food Science & Nutrition, 

8(2), 870-883.  

Isbary, G., Shimizu, T., Li, Y.-F., Stolz, W., Thomas, 

H. M., Morfill, G. E. & Zimmermann, J.L. (2013). 

Cold atmospheric plasma devices for medical issues. 

Expert review of medical devices, 10(3), 367-377.  

Kandemir, H., AYDIN, F., Güler, B. & Gürel, A. 

(2021). Soğuk plazma teknolojisi ve tarımdaki çeşitli 

uygulama alanları. Bursa Uludağ Üniversitesi Ziraat 

Fakültesi Dergisi, 35(1), 217-245.  

Laroussi, M. (2002). Nonthermal decontamination 

of biological media by atmospheric-pressure 

plasmas: review, analysis, and prospects. IEEE 

Transactions on plasma science, 30(4), 1409-1415.  

Li, Y., Sun, K., Ye, G., Liang, Y., Pan, H., Wang, G., 

. . . Fang, J. (2015). Evaluation of cold plasma 

treatment and safety in disinfecting 3-week root 

canal Enterococcus faecalis biofilm in vitro. Journal 

of endodontics, 41(8), 1325-1330.  

Malléa, M., Chevalier, J., Eyraud, A. & Pagès, J.-M. 

(2002). Inhibitors of antibiotic efflux pump in 

resistant Enterobacter aerogenes strains. 

Biochemical and biophysical research 

communications, 293(5), 1370-1373.  

McBride, S.M., Fischetti, V.A., LeBlanc, D.J., 

Moellering Jr, R.C. & Gilmore, M.S. (2007). Genetic 

diversity among enterococcus faecalis. Plos one, 

2(7), e582.  

Mead, P.S. & Griffin, P.M. (1998). Escherichia coli 

O157: H7. The Lancet, 352(9135), 1207-1212.  

Munoz-Price, L.S. & Weinstein, R.A. (2008). 

Acinetobacter infection. New England Journal of 

Medicine, 358(12), 1271-1281.  

Oggioni, M.R., Pozzi, G., Valensin, P.E., Galieni, P. 

& Bigazzi, C. (1998). Recurrent septicemia in an 

immunocompromised patient due to probiotic strains 

of Bacillus subtilis. Journal of clinical microbiology, 

36(1), 325.  

Oztan, M. O., Ercan, U.K., Aksoy Gokmen, A., 

Simsek, F., Ozdemir, G.D. & Koyluoglu, G. (2022). 

Irrigation of peritoneal cavity with cold atmospheric 

plasma treated solution effectively reduces microbial 

load in rat acute peritonitis model. Scientific 

Reports, 12(1), 3646.  

Pennington, H. (2010). Escherichia coli O157. The 

Lancet, 376(9750), 1428-1435.  

Ristuccia, P.A. & Cunha, B.A. (1984). Klebsiella. 

Infection Control & Hospital Epidemiology, 5(7), 

343-347.  

Usta, Y.H. & Ercan, U.K. (2017) Enfekte Yara 

Yönetimi İçin Portatif Soğuk Atmosferik Plazma 

Cihazının Geliştirilmesi. Medical Technologies 

National Congress (TIPTEKNO), 174-177.  

Vecchio, D., Dai, T., Huang, L., Fantetti, L., 

Roncucci, G. & Hamblin, M.R. (2013). 

Antimicrobial photodynamic therapy with RLP068 

kills methicillin‐resistant Staphylococcus aureus and 

improves wound healing in a mouse model of 

infected skin abrasion PDT with RLP068/Cl in 

infected mouse skin abrasion. Journal of 

biophotonics, 6(9), 733-742.  

Yang, B., Chen, J., Yu, Q., Li, H., Lin, M., 

Mustapha, A., . . . Wang, Y. (2011). Oral bacterial 

deactivation using a low-temperature atmospheric 

argon plasma brush. Journal of dentistry, 39(1), 48-

56.  

Yong, H.I., Kim, H.-J., Park, S., Alahakoon, A.U., 

Kim, K., Choe, W. & Jo, C. (2015). Evaluation of 

pathogen inactivation on sliced cheese induced by 

encapsulated atmospheric pressure dielectric barrier 

discharge plasma. Food Microbiology, 46, 46-50.  

Yüksel, Ç.Y. & Karagözlü, N. (2017). Soğuk 

atmosferik plazma teknolojisi ve gıdalarda 

kullanımı. Adnan Menderes Üniversitesi Ziraat 

Fakültesi Dergisi, 14(2), 81-86.  

 

 


