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ABSTRACT  

Ozone, a powerful oxidant, is effective against various kinds of microorganisms on fruits, 

vegetables, meat grains and their products. The best way to generate ozone was to use 

dielectric barrier discharge (DBD) at atmospheric pressure. This discharge is a little specific 

kind because one electrode is covered by a dielectric material, thereby preventing the 

discharge to move towards electrical breakdown. The aim of this paper has to study and 

identify the best concentration of ozone generated by DBD which give a better result on 

increasing on shelf life of food products. Obtained results pointed out that investigated 

parameters of DBD have significant effect in ozone production and also for preservation of 

shelf life of food product for around 20 PPM without using cold treatment chamber.  
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1. INTRODUCTION 

The growing concern for the protection of the environment from the effects of increasing 
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industrialization, intensive agriculture, and the exploitation of natural resources poses 

enormous challenges to contemporary science and to the sustainable development of mankind. 

Most environmental pollutants damage human health and the environment regardless of 

whether exposures occur in air, water, soil or the food chain [1-6]. Several methods have been 

developed and used to combat and treat exhaust gases energy efficiently and inexpensively. 

Indeed, its energy efficiency and its initial and running costs are still in negative situation for 

the backward nations [7-9]. 

Therefore, innovative technologies are needed to reduce, convert, decompose or manage 

environmental pollutants. Non-thermal plasmas (cold plasmas or non-thermodynamic 

equilibrium plasmas) generated by dielectric barrier discharge are an innovative tool for the 

reduction of environmental pollutants. This technology offers essential advantages such as 

high processing efficiency, and improved energy efficiency [10,11]. 

The device is based on the dielectric barrier discharge. It is capable of producing condition 

that will enable various chemical reactions to occur [12,13].  

The main component produced by the dielectric barrier discharge is ozone (O3 which is a 

powerful oxidizer and has much higher disinfection potential than chlorine and other 

disinfectants. Ozone finds its application mainly in water treatment and air purification 

[14,15]. Dielectric barrier discharge (DBD) method has proved to be the best method to 

produce ozone [16,17]. Dried air or oxygen is forced to pass through a 1-2 mm gap. 

Indeed, the production of ozone by a dielectric barrier discharge (DBD) depends on several 

factors. In such application, the list of factors influencing the process includes the level of the 

applied voltage, the signal frequency and the duration of the dielectric barrier discharge (DBD) 

application [18]. Thus, it’s necessary to show and study the effect of such as factors on ozone 

production.  

The ozone generated by this kind of discharge was mainly used for several applications in 

relation of air disinfection such as food preservation in agricultural domain. However, the 

concentration of ozone generated plays an essential role in the food preservation process. The 

aim of this paper is to determine experientially the adequate concentration of ozone for a 

conservation of tomatoes according to the parameters of the dielectric barrier discharge. The 
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results obtained show that a concentration of 20 ppm of ozone is sufficient to prolong and 

keep an Apple for two weeks without losing either weight or natural qualities and without 

using a cold room. 

2. Materials and Methods   

Surface DBD reactors of cylindrical shape were achieved. The dielectric barrier is constituted 

by a glass tube having a diameter of 50 mm, different length of 50, 100, 200, 300 mm and a 

thickness of 2 mm. The electrodes are a fine strip of adhesive aluminum such as an internal 

electrode bonded directly on the outer surface of the glass tube with 2 mm of thickness. The 

external metal electrode, a stainless-steel mesh was placed inside the glass tube in contact 

with it (Figure 1). When a high voltage is applied to these electrodes, bluish color plasma is 

formed on the surface of the tube in contact with the mesh electrode and is distributed 

homogeneously along the tube (Figure 2). 

 

Fig.1. Schematic representation of an ozone generator with surface DBD 

1) Internal electrode, 2) external electrode, 3) oxygen input, 4) ozone output 

 

The power supply used comprises two main elements, an AC power supply of 220 V which 

delivers alternating signals with an adjustable frequency range from 0 to 5.5 kHz, for supply 

the ozone generator and transformer using to amplify the signal. 

The voltage V delivered by the power amplifier applied to the ozone generator is measured 

using a digital SCOPE, while the current I was measured using a hall effect current sensor 
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(Pearson electronic). The signals (current and voltage) are stored and transferred to a 

computer (figure.3). 

The ozone concentration produced by the reactor is measured using the Ozone analyzer 

(Ozone-solution-106H). The ozone level is described in PPM [particles per million]. 

 

 

Fig.2. Discharge inside the DBD reactor 

a) Day photo b) Night photo 

 

Fig.3. The experimental set-up. 

1. AC power supply, 2. Transformer, 3. Ozone generator, 4. Scope, 5. Peak Voltmeter, 6. Hall 

effect current sensor 

 

3. RESULTS AND DISCUSSION  

For all the experiments carried out in this section one factor was varied while the two other 

factors were kept at constant values.  

Thus, figure 4 represent the variation of the DBD reactor efficiency, in terms of ozone 
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generation (ppm), according to the applied voltage (V). This latter was varied from 1 to 12 kV 

at constant values of f = 300 Hz, L = 150 mm and T = 20 seconds. 

 

Fig.4. Ozone generation rate according the applied voltage                                                                             

(f = 300 Hz, L = 150 mm, T = 20 s) 

 

The obtained results show that the surface DBD starts quickly with low tension and the ozone 

generation rate increases with the applied voltage. Moreover, at a given applied voltage (V= 

10 kV), the ozone generation rate reaches a higher value and then decreases (figure.4). 

The high voltage applied breaks the oxygen molecule which passes through the DBD 

discharge zone into two oxygen atoms. These two atoms will subsequently be attached by two 

new oxygen molecules to form an ozone molecule. This ozone formation process increases 

with the increase in the applied voltage resulting in the increase of ozone rate generated. The 

increase in the voltage also generates breakdowns in the DBD reactor which cancels the 

voltage thus causing the ozone formation process to stop. Then, the optimal value of ozone 

concentration rate was given by application of 10 kV of applied voltage. 

In the same way, in Figure.5, is represented the variation of the ozone generation by DBD 

reactor (ppm) as function of power supply frequency (f). The power supply frequency was 

varied from 50 Hz to 1100 Hz for the sinusoidal signal using the function generator for an 

applied voltage of 5 kV, DBD length of 150 mm and total duration of DBD application of 20 

seconds. 
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Fig.5. Ozone generation rate according the power frequency signal                                                            

(V= 5 kV, L = 150 mm, T = 20 s) 

 

The increase in power supply frequency causes a rapid application of the voltage, which 

translates into a high speed of the ozone formation process. This effect stops from a certain 

limit value of the frequency, equal to 800 Hz in our case. Beyond this value, the signal is no 

longer effective (pulse regime) and the rate of ozone generation decreases (figure.5). Then, 

the optimal value of ozone concentration rate was given by application of 800 Hz of power 

frequency signal. 

 

Fig.6. Ozone generation rate according the reactor DBD length                                                                                                                                                

(V= 5 kV, f = 500 Hz, T = 20 s) 

Figure .6 is shown the ozone generation rate according the length of reactor DBD reactor (L). 

In this case, the DBD length was varied from 50 mm to 300 mm at constant values of an 
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applied voltage of 5 kV, power supply frequency of 500 Hz and total duration of DBD 

application of 20 seconds. 

When the DBD length is small the generation of ozone is low, the oxygen that passes through 

the discharge zone does not have enough time to completely transform into ozone. In addition, 

the length increases the generation of ozone increases and beyond a certain value of the length 

of the DBD the rate of ozone generated decreases because the ozone generated is still in the 

space of the discharge which then facilitates by the effect of the high voltage of its 

re-transformation into oxygen (figure.6). Then, the optimal value of ozone concentration rate 

was given by application of 200 mm of DBD lenght. 

Figure .7 is shown the ozone generation rate according the total duration of DBD reactor 

application (T). Indeed, the duration total of DBD application was varied from 10 to 120 

seconds at constant values of an applied voltage of 5 kV, power supply frequency of 500 Hz 

and reactor DBD length of 150 mm. 

 

Fig.7. Ozone generation rate according the total duration of DBD reactor application                                                                                                          

(V= 5 kV, f = 500 Hz, L = 150 mm) 

 

According the figure, the optimal value of ozone concentration rate was given by application 

of 60 seconds of duration of DBD applications. 

 

4. OZONE APPLICATION ON AGRICULTURAL DOMAIN 

Ozone is primarily used for treating air and water, removing bacteria, viruses and unpleasant 
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odors. But it should not exceed a certain amount so as not to lose its effectiveness in 

eliminating bacteria and viruses. The DBD reactor powered by factors which gives different 

concentrations of ozone was then used as an ozone generator for disinfection of air in order to 

compare the effect of ozone on extend the shelf life of food products. 

The optimal values of the factors obtained in the previous section are then used for the 

conservation of food products and compared with the other values of the factors as shown in 

the table.1. 

Table 1. Ozone concentration rate according of the DBD factors 

 

Factors 
U 

(kV) 

f 

(Hz) 

L 

(mm) 

T 

 (s) 

O3 

concentration 

rate (ppm) 

Random values 6 400 100 20 12.4 

Optimal values 10 800 200 60 20.8 

 

The laboratory setup used is described in figure 8. The foods to be stocked are put inside a 

glass enclosure; oxygen concentrator allows the injection of ozone inside the enclosure every 

day. In the first enclosure, the ozone generator was powered by the optimal values given in 

the previous section and in the second enclosure the ozone generator was powered by the 

random values given also in the previous section (figure 8). 

 

Fig.8. Schematic description of the disinfection process 

1. Oxygen concentrator, 2. Ozone generator, 3. Glass enclosure, 4. Food to be processed, 5. 

Ozone analyzer, 6. Glass enclosure, 7. Auto-transformer 
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In the third enclosure, the same products and under the same storage conditions as the first are 

placed this time in an enclosure in the open air and without treatment (figure. 9). 

 

Fig.9. Enclosure without ozone contain the food produts 

 

The results are expressed in terms of visual aspect for the three enclosures (figure.10 and 11). 

 

  

Fig .10. Evolution of visual aspect of the apple                                                                                                                                                                                                        

1) DBD powered by random values of factors, 2) Without treatment, 3) DBD powered by 

optimal values of factors 
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Fig.11. Evolution of visual aspect of the Tomato                                                                                                          

a) Control sample random values of factors, b) Without treatment, c) Treated sample optimal 

values of factors 

 

From the photos, we notice that the products located in the ozone-disinfected enclosure using 

the ozone reactor DBD powered without optimal values had lost their qualities and their 

weights after a few days compared to the products located in the ozone-disinfected enclosure 

using the ozone reactor DBD powered with optimal values. It can be said that the application 

of ozone as a disinfectant presents an advantageous solution for the preservation of food 

products in the food industry. This is clearly proven for foods laid without treatment in the 

open air which quickly lose its qualities because this medium promotes the appearance of 

microorganisms and bacteria. 

The appropriate choice of quantity of ozone also plays its role in food conservation process. 

From these results; it is clearly seen that for better preservation of food products a 

concentration of about 20 ppm is sufficient without the use of a cold treatment chamber. 
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5. CONCLUSION  

Ozone can be used safely in the processing, storage and processing of food. This component 

is used as an antimicrobial agent in gas or water phase. This molecule is the most powerful 

oxidant and disinfectant to purify the air. It does not produce any undesirable derivative and 

transforms back into oxygen. However, it has a short life 

The dielectric barrier discharge is an easy process to generate the ozone. Indeed this process is 

multi factorial. So, the study of factors effect on ozone production was an important step 

before using in food industry. 

 The results of this work show that 20 ppm of ozone concentration was sufficient for 

increasing of the shelf life of foods. 

Finally, the application of ozone in the food industry seems to be very beneficial. In the future, 

a combination of ozone with cold storage will be an alternative solution for several sectors. 

 

6. ACKNOWLEDGEMENTS  

The authors gratefully acknowledge the financial support by Algerian Ministry of Higher 

Education and Djillali Liabes University of Sidi Bel abbes. 

 

6. REFERENCES 

[1] N.A. Babak. Transport Construction Negative Impact on the Environment. Procedia 

Engineering, 2017, 189(2), 867–873, doi: 10.1016/j.proeng.2017.05.135 

[2] Jan Fuglestvedt, Terje Berntsen, Gunnar Myhre, Kristin Rypdal and Ragnhild Bieltvedt 

Skeie. Climate forcing from the transport sectors, Proceedings of the National Academy of 

Sciences, 2008, 105 (1), 450-458, doi: 10.1787/888933931639 

[3] Simon-Oke, O. Olayemi. Challenges of climate change and industrial sector experience: a 

review of evidence from Nigeria. Global Journal of Arts, Humanities and Social Sciences, 

2016, 4(2), 1-11, doi: 0.14322/publons.r2559134 

[4] Andrew Dlugolecki and Thomas Loster. Climate Change and the Financial Services Sector: 

An Appreciation of the UNEPFI Study. The Geneva Papers on Risk and Insurance, 2003, 

28(3), 382–393, doi: 10.1111/1468-0440.00232 

https://doi/


Y. Bellebna et al.            J Fundam Appl Sci. 2023, 15(1), 101-113             112 
 

 

[5] Syed Ali Fazal, Sazali Abdul Wahab. Economic Impact of Climate Change on Agricultural 

Sector: A Review. Journal of Transformative Entrepreneurship, 2013, 20 (1), 39-49, doi: 

10.1596/27752 

[6] Lubna Abdulrahman Salem, Amer Hasan Taher, Ahmed Mancy Mosa, Qais Sahib 

Banyhussan. Chemical influence of nano-magnesium-oxide on properties of soft subgrade 

soiln. Periodicals of Engineering and Natural Sciences, 2020, 8(4), 533-541, doi: 

10.14419/ijet.v7i4.20.25947 

[7] Bruce Cook, Dimitri Mousko, Wolfgang Hoelderich, Roberto Zennaro. Conversion of 

methane to aromatics over Mo2C/ZSM-5 catalyst reactor types. Applied Catalysis, 2009, 365 

(5), 34-41, doi: 10.1016/j.apcata.2009.05.037 

[8] Sobalik. Z, Tvarůžková. Z, Wichterlová. B, Fı́labŠŠpatenka. Acidic and catalytic 

properties of Mo/MCM-22 in methane aromatization: an FTIR study. Applied Catalysis, 2003, 

253 (3), 271-282, doi: 10.1016/s0926-860x(03)00505-2 

[9] AlenaVimmrová, MartinKeppert, OndrejMichalko, RobertČerný. Calcined 

gypsum-lime-metakaolin binders: Design of optimal composition. Cement and Concrete 

Composites, 2014, 52(4), 91-96, doi: 10.1016/j.cemconcomp.2014.05.011 

[10] Elvia Alva R., Marquidia Pacheco P., Fernando Gómez B., Joel Pacheco P., Arturo Colín 

C., Víctor Sánchez-Mendieta, Ricardo Valdivia B., Alfredo Santana D., José Huertas C. & 

Hilda Frías P. Non-thermal plasma for exhaust gases treatment. Frontiers of Mechanical 

Engineering, 2015, 10 (3), 301–305, doi: 10.1109/plasma.1994.588712 

[11] R. H. Amirov, J. O. Chae, Y. N. Desserieterik, E. A. Filimanova, and M. B. Zhelezniak. 

Removal of NOx and SO2 from Air Excited by Streamer Corona: Experimental Results and 

Modeling. Japanese Journal of Applied Physics, 1998, 37 (6), 21-35, doi: 

10.1016/b978-008044584-7.50027-x 

[12] U. Kogelschatz. Dielectric-barrier Discharges: Their History, Discharge Physics, and 

Industrial Applications. Plasma Chemistry and Plasma Processing, 2003, 23 (2), 1-46, doi: 

10.1021/acs.analchem.7b02174.s003 

[13] Ronny Brandenburg. Dielectric barrier discharges: progress on plasma sources and on the 

understanding of regimes and single filaments. Plasma Sources Science and Technology, 2018, 



Y. Bellebna et al.            J Fundam Appl Sci. 2023, 15(1), 101-113             113 
 

 

27 (3), 1-29, doi: 10.1088/1361-6595/aa6426 

[14] Encarna Aguayo, Víctor Escalona, Ana Cecilia Silveira, Francisco Artés. Quality of 

tomato slices disinfected with ozonated water. Food Science and Technology International, 

2014, 20 (5), 227-235, doi: 10.1177/1082013213482846 

[15] Escriche, J. A. Serra, M. Gómez, M. J. Galotto. Effect of Ozone Treatment and Storage 

Temperature on Physicochemical Properties of Mushrooms (Agaris bisporus). Food Science 

and Technology International, 2001, 7 (3), 251-258, doi: 10.1177/108201301772660222 

[16] U. Kogelschatz, B. Eliasson, M. Hirth. Ozone generation from oxygen and air: discharge 

physics and reaction mechanisms. Ozone Science Engineering, 1987, (4), 367–377, doi: 

10.1080/01919518808552391 

[17] Y. Zhao Y, K. Shang, L. Duan L, Y. Li, J. An, C. Zhang, Y.Wu. Influence of power supply 

on the generation of ozone and degradation of phenol in a surface discharge reactor. Journal 

of Physics Conference Series, 2013, 418 (1), 12131-12136, doi: 

10.1088/1742-6596/418/1/012131 

[18] S. Pekárek. Experimental study of surface dielectric barrier discharge in air and its ozone 

production. Journal of Physics D: Applied Physics, 2012, 45 (11), 75201-75209, doi: 

10.1088/0022-3727/45/7/075201 

 


