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Abstract: Ozonated Virgin Coconut Oil (OVCO) has emerged as a promising alternative therapy due to its stable bioactive 

compounds, such as ozonides and peroxides. However, the lack of standardized production parameters remains a major 

obstacle to its clinical application. This study aimed to obtain medical-grade ozone as a standard dose for OVCO 

production by mapping the quantitative relationship between ozone generator parameters, using the highest ozone 

capacity as a dosage reference, and by validating its antifungal efficacy in vivo. Ozone was generated using a Double 

Dielectric Barrier Discharge (DDBD) reactor in the form of a dual-cylinder made of borosilicate glass with a thickness of 

0.2 cm, equipped with aluminum mesh electrodes measuring 6.2 cm in length, 2 cm in inner diameter, and 4.2 cm in outer 

diameter. Oxygen gas (O₂) was used as the feed gas with variations in applied voltage (2.7, 2.9, and 3.1 kV) and oxygen 

flow rates (0.4, 0.6, and 0.8 L/min). The results indicated that increasing the applied voltage significantly enhanced ozone 

production, with the highest capacity achieved at 3.1 kV and an oxygen flow rate of 0.6 L/min, yielding an ozone capacity 

of 0.408 g/min for dissolution into Virgin Coconut Oil (VCO). This maximum capacity was associated with an increase in 

the peroxide value (PV) and was used as the basis for OVCO dosage mapping. This standardization ensures consistent 

quality and effectiveness of OVCO as an antifungal therapy. 
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I. INTRODUCTION 

 

Ozon (O₃) is a naturally occurring component of fresh 

air, formed through reactions between ultraviolet radiation 

from the sun and the upper layers of the Earth’s atmosphere, 

resulting in the formation of a protective layer that envelops 

the planet [1]. On a technical scale, ozone is produced 

through the ionization of oxygen molecules (O₂) into 

reactive oxygen atoms (O), which subsequently recombine 

with other oxygen molecules with the assistance of a third 

body (M) that acts as a stabilizing agent [2]. The Double 

Dielectric Barrier Discharge (DDBD) technology has 

emerged as an effective solution for generating high-purity 

ozone. The main advantage of the DDBD reactor lies in the 

use of two dielectric barrier layers that prevent direct contact 

between the gas and aluminum electrodes (mesh–mesh 

configuration), thereby producing stable non-thermal plasma 

under atmospheric pressure conditions [3]. 
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Ozone is considered a green chemical compound 

because it is environmentally friendly and does not produce 
harmful by-products [4]. Ozone gas consists of three oxygen 

atoms and functions as a disinfectant agent. In this process, 

olive oil is treated through ozone bubbling or ozonation 

using ozone gas generated by a Double Dielectric Barrier 

Discharge (DDBD) plasma reactor [5]. An increase in the 

applied electrical voltage has been shown to enhance the 

electric field intensity, thereby increasing the energy of free 

electrons and accelerating the ionization rate of oxygen gas, 

which directly leads to an increase in ozone production. 

 

II. RESEARCH METHODS 
 

This study employed a DDBD reactor with a 

cylindrical geometry. Double Dielectric Barrier Discharge 

(DDBD) is a non-thermal plasma generation method that 

utilizes two dielectric layers to produce ozone in a stable 

manner [6]. The reactor was constructed from borosilicate 

(Pyrex) glass with a length of 19 cm and a thickness of 0.2 

cm. Inside the reactor, two tubular dielectric barriers were 

arranged concentrically. The outer tube had an outer 

diameter of 4 cm, while the inner tube had an inner diameter 

of 2 cm. The electrodes used were aluminum mesh sheets. 

The outer electrode was cylindrical in shape, with a length 

of 15 cm and a width of 15.5 cm, covering the outer surface 

of the Pyrex tube. The inner electrode, also made of 

aluminum mesh, had a length of 15 cm and a width of 9 cm; 

it was cylindrical and placed inside the inner Pyrex tube [7]. 

 

The process began with the injection of pure oxygen 

gas (O₂) into the reactor, which was equipped with two 

concentrically arranged electrodes. The inner electrode was 

connected to a high-voltage alternating current (AC) power 

supply to generate an intensive electric field within the 

discharge gap. Meanwhile, the outer electrode functioned as 

a ground reference electrode, serving to establish an optimal 

electric field distribution for plasma discharge initiation. 

The reactor incorporated glass layers as dielectric barriers to 

ensure stable plasma formation and prevent direct electrical 

contact between the electrodes [8]. 

 

 

Fig 1 Schematic Diagram of the Double Dielectric Barrier 

Discharge (DDBD) Reactor 

Ozone can be generated through electrical discharge, 

wherein the discharge (spark discharge) dissociates oxygen 
molecules into individual oxygen atoms, which 

subsequently react with other oxygen molecules to form 

ozone [9]. Within the range of flow rates applied in this 

study, it was found that ozone concentration increased with 

increasing flow rate and operating voltage [10]. These 

findings are consistent with the study conducted by Nur et 

al. (2019), which reported that higher applied voltages result 

in higher ozone concentrations [11]. In general, ozone 

concentration increases with increasing applied voltage; 

however, conversely, ozone concentration may decrease 

with increasing flow rate [12]. Ozone capacity is influenced 
by both ozone concentration and flow rate and can be used 

to determine the appropriate ozone dosage. Previous studies 

have demonstrated ozone dosing using a double dielectric 

barrier discharge (DDBD) system with copper plate 

electrode configurations [13]. Medical-grade ozone can be 

obtained from a DDBD reactor, as this type of reactor is 

considered more suitable for medical applications due to the 

presence of a discharge space between the two dielectric 

barriers, which enables the generation of high-purity ozone 

under an applied electric field [14]. 

 

The ozone dose produced falls within the dose range 
specified by the Madrid Declaration for small animals, 

particularly in the low- and medium-dose categories. In the 

medical field, ozone is utilized due to its antimicrobial and 

anti-inflammatory properties, as well as its ability to enhance 

tissue oxygenation through mechanisms involving Reactive 

Oxygen Species (ROS). Some of its main applications 

include: 

 

 Disinfection and Sterilization: Elimination of pathogenic 

microorganisms (bacteria, viruses, and fungi) on wounds 

as well as on medical equipment. 
 Autohemotherapy: Administration of specific ozone 

doses in accordance with the standards established in the 

Madrid Declaration for low- to medium-dose categories. 

 Food Safety: Degradation of pesticide residues on fruits 

and vegetables without generating harmful by-products. 

Ozone can be generated through several methods, 

including electrical discharge, ultraviolet (UV) radiation, 

corona discharge, and Dielectric Barrier Discharge 

(DBD) ozone formation reactions. 

 

The ozone formation process occurs when high voltage 
is applied to the reactor, causing oxygen molecules within 

the discharge gap to become ionized and form cold plasma. 

The resulting high-energy free electrons subsequently collide 

with O₂ molecules [15]. The formation of O₃ (ozone) is 

initiated through dissociation, dissociative attachment, and 

dissociative ionization processes, as described below. 

 

Dissociative 

 

                                      (1) 
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Reaction example: 

 

                                      (2) 

 

Dissociative Ionization 

 

                                     (3) 

 

Pure oxygen was supplied from a gas cylinder through 

a hose and regulated using a flow meter to measure the flow 
rate entering the reactor, where oxygen was subsequently 

converted into ozone, as illustrated in the figure below. The 

generated oxygen radicals then react with molecular oxygen 

to form ozone with the assistance of a neutral molecule 

acting as a stabilizing catalyst, as described below: 
 

                                     (4) 

 

                                     (5) 

 

The application of Double Dielectric Barrier Discharge 

(DDBD) technology enables precise control of ozone output 

through the adjustment of operational parameters, as 

illustrated in the following figure: 

 

 
Fig 2 Schematic Diagram of Ozone Dissolution into Virgin Coconut Oil Using a Double Dielectric Barrier Discharge (DDBD) 

System 

 

However, due to its unstable nature, the application of 

ozone in gaseous form has inherent limitations. Therefore, 

ozone production for medical applications requires efficient 

and reliable methods, one of which is plasma-based 

technology using Double Dielectric Barrier Discharge 

(DDBD) with a spiral–spiral electrode configuration. This 

configuration is considered more suitable as a medical 

ozone reactor because the space between the two dielectric 

barriers serves as a dedicated channel for the flow of pure 

oxygen. This medical ozone generator allows precise control 

of operational parameters, including applied voltage, 

exposure time, and the desired ozone dose administered to 

patients. 
 

III. RESULT AND DISCUSION 

 

The primary focus of this study is to identify the 

optimal operating parameters specifically variations in 

applied voltage and gas flow rate that yield the highest 

ozone capacity, in order to establish a production protocol 

that is safe, effective, and clinically reproducible. The 

parameters analyzed include applied voltage and gas flow 

rate. 
 

 Effects of Electrical Voltage and Oxygen Flow Rate on 

Ozone Concentration 

Ozone concentration was measured using an ozone 

monitor under variations of applied voltage and gas flow 

rate. As the applied voltage increases, the potential 

difference between the electrodes becomes larger, resulting 

in a stronger electric field. Consequently, ionization 

processes and ozone production also increase. A higher 

potential difference enables more charged particles to 

acquire sufficient energy to ionize or excite oxygen 

molecules upon collision. These collisions promote 

increased ozone formation [16]. Based on the experimental 

data, the applied voltages were 2.7 V, 2.9 V, and 3.1 V, with 

gas flow rate variations of 0.4 L/min, 0.6 L/min, and 0.8 

L/min. The highest ozone concentration was obtained at an 

applied voltage of 3.1 V and a flow rate of 0.4 L/min, 

reaching a concentration of 0.96 g/L. 
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Fig 3 Ozone Concentration as a Function of Applied 

Voltage Variations 

 

 

Fig 4 Ozone Concentration as a Function of Oxygen Flow 

Rate 

 

Ozone formation was observed to initiate at an applied 

voltage of 3.1 V. The resulting ozone concentration was 

measured using a titration method, as expressed by the 

following equation [17]. 

 

                                     (6) 

 

                                     (7) 

 

In this equation, O₃ represents the ozone concentration 

(mg/L), R denotes the molar ratio between the analytical 
species and the reactant under stoichiometric equilibrium, Vₜ 

is the volume of the thiosulfate solution used (L), Nₜ is the 

normality of the sodium thiosulfate solution (mol/L), Vₐ 

represents the volume of air or gas sample (L), and Q is the 

oxygen (O₂) flow rate (mL/min). The volume of air can be 

calculated as the product of the gas flow rate and the 

operating time of the system up to the potassium iodide (KI) 

reaction endpoint. The titrant volume corresponds to the 

amount of solution required to titrate the KI solution, which 

initially exhibits a yellowish-brown color, until it becomes 

colorless, indicating the completion of the titration. 
 

 Effect of Voltage and Gas Flow Rate on Ozone Capacity 

The determination of the medical ozone dose is 

influenced by the ozone capacity. Ozone capacity can be 

calculated using the following equation [18]. 

 

𝐶𝑝𝑜3 = 𝐶𝑜3 × 𝑓𝑙𝑜𝑤𝑟𝑎𝑡𝑒                                     (8) 

 

Where CₚO₃ denotes the ozone capacity, expressed in 

units of grams per hour (g/h) or micrograms per minute 

(µg/min), and flow rate represents the oxygen (O₂) flow rate 

in liters per hour (L/h) or liters per minute (L/min). 

Furthermore, the ozone dose can be calculated using 

Equation (3.4) as follows: 

 

Ozone Dose (O₃)= 𝐶𝑝𝑜3 × texpose                      (9) 

 

Where texpose represents the ozone exposure duration, 

expressed in minutes. Variations in the applied voltage (2.7 

V, 2.9 V, and 3.1 V) combined with oxygen flow rate 

variations of 0.4 L/min, 0.6 L/min, and 0.8 L/min resulted in 

differing ozone capacities. 

 

 
Fig 5 Effect of Applied Voltage Variations on Ozone 

Capacity 

 

The highest ozone capacity was achieved at an applied 

voltage of 3.1 V and an oxygen flow rate of 0.6 L/min, 

yielding a maximum ozone capacity of 0.408 g/min. This 

result is illustrated in the graph shown below. 

 

𝐶𝑝𝑜3 = 𝐶𝑜3 × 𝑓𝑙𝑜𝑤𝑟𝑎𝑡𝑒                                   (10) 

 

Where CₚO₃ represents the ozone capacity, expressed 

in units of grams per hour (g/h) or micrograms per minute 

(µg/min), and flow rate denotes the oxygen (O₂) flow rate in 

liters per hour (L/h) or liters per minute (L/min). 

Furthermore, the ozone dose can be calculated using 

Equation (2.6) as follows: 

 

Ozone Dose (O₃) = 𝐶𝑝𝑜3 × texpose                                  (11) 
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Where texpose denotes the ozone exposure duration, 

expressed in minutes. 

 

The results indicate that the ozone dose increases with 

increasing applied voltage and gas flow rate. The findings 

demonstrate that the DDBD reactor is capable of generating 

low and stable ozone concentrations. The ozone output can 

be effectively controlled through variations in applied 

voltage and frequency, allowing the system to maintain 

ozone concentrations within a safe range for medical 

therapy. Furthermore, plasma stability within the DDBD 

reactor provides significant advantages, including consistent 

ozone production, good energy efficiency, and operational 

safety. The use of low ozone doses is critically important to 

avoid toxic effects, maintain therapeutic effectiveness, and 

support compliance with established medical ozone 

standards. 

 

 
Fig 6 Effect of Gas Flow Rate Variations on Ozone Capacity 

 

The reactor performance was characterized by 

analyzing the relationships between electrical current and 

applied voltage, ozone production, gas flow rate effects, and 

power consumption. These experimental data were 

integrated to demonstrate the correlation between physical 

input parameters and chemical output characteristics. Ozone 

dissolution into virgin coconut oil (VCO) was performed 

using the maximum ozone capacity of 0.408 g/min, 

achieved at an applied voltage of 3.1 V and an oxygen flow 

rate of 0.6 L/min, as this condition provided optimal and 

stable ozone production. 
 

IV. CONCLUSIONS 

 

The results of this study are systematically organized as 

follows: data structure, parameter mapping, scientific 

interpretation, and application relevance. The data structure 

consists of input parameters, including applied voltage (kV), 

gas flow rate (L/min), and exposure duration (minutes), and 

output parameters, namely maximum ozone capacity and 
dose-mapping representation. The dose map was constructed 

based on multivariable relationships using the Response 

Surface Methodology (RSM), with primary emphasis on the 

maximum ozone capacity as the optimal reference point, 

accompanied by scientific interpretation. The maximum 

ozone capacity represents the highest efficiency of ozone 

generation, the saturation level of the ozonation reaction, and 
the optimal conditions for the formation of bioactive 

compounds. This value serves as a production standard, a 

reference for therapeutic ozone dosage, and a baseline for in 

vivo testing. The proposed framework is structured, 

reproducible, and aligned with international publication 

standards. 
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