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Abstract   

This study aimed to design, develop and investigate a pilot-scale 

pulsed electric field processing system for the inactivation of 

microorganisms in orange juice. The developed system consists of 

the DC pulsed high voltage power supply, the sterilization chamber 

and the fluid flow system. The system operated by using the pump 

to recirculate an orange juice from the product tank into the 

sterilization chamber whose inner electrode was supplied with the 

DC pulsed voltage while the outer electrode was grounded in order 

to create the high pulsed electric field strength, about 20 kV/cm, 

inside this sterilization chamber. This electric field brings about 

inactivation of microorganisms in the orange juice inside the 

sterilization chamber by electroporation process. After the 

sterilization chamber, the treated beverage is pumped into the 

storage tank. In this study, the MATLAB/Simulink was used to simulate 

the 3-phase pulse high-voltage source circuit. It could generate a 

high-voltage unipolar exponential decaying pulse of approximately 

22 kV with a pulse width of approximately 10 µs. The inactivation of 

microorganisms (E.-coli) in orange juice was experimentally 

investigated by the total plate count method for electric field 

strengths between 20 and 40 kV/cm and the pulse number between 

10 and 100 and compared with orange juice treated by thermal 

processing. It was shown that both PEF and thermal treatments 

reduced the population of E. coli inoculated in orange juice. No viable 

cells were observed after thermal processing of orange juice, 

whereas PEF treatment achieved 5 logarithmic cycle reductions of 

the microbial viability at an electric field strength of up to 30 kV/cm 

and pulse numbers of approximately 20 pulses. 
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1. Introduction  

In the beverage processing industry worldwide, orange juice is the 

most widely manufactured juice. Conventional preservation methods 

such as thermal pasteurization ensure safety and extend the shelf life 

of orange juice. However, they often lead to detrimental changes in 

the sensory qualities of the food product. High-quality and nutritious 

foods, with fresh flavor, texture, and color, having minimal or no 

chemical preservatives, and above all safe for consumption, are 

required by consumers Chan et al (1997); Michelle et al (2004); Cortes  

et al (2008).  Therefore, newly developed food technologies usually 

focus on preservation while maintaining food quality attributes. Non-

thermal pasteurization by pulsed electric field (PEF) processing has 

already been introduced. It can alternatively be applied to deliver 

safe and shelf-stable products such as juices, milk, yogurt, soups, and 

liquid eggs with fresh-like character, high nutritional value, and 

minimal or no chemical preservatives Sale et al (1968); Hulsheger et 

al (1981); Fleischman (2014); Jeyamkondan et al (1999). The PEF 

pasteurization process utilizes micro-second (µs) high-voltage pulses, 

producing high electric field strength (> 20 kV/cm) between the two 

electrodes. These electric pulses are applied to food products, at 

temperatures below thermal pasteurization, efficiently inactivating 

contaminating microorganisms without significantly affecting the 

quality of the food product by a phenomenon known as the 

electroporation phenomenon Sale et al (1968); Hulsheger et al (1981); 

Fleischman (2014); Jeyamkondan et al (1999). Generally, a PEF 

processing system consists of a high-voltage power source, an 

energy storage capacitor bank, a charging resistor, a discharge 

switch, a pulse controller, and a treatment chamber. Electrical energy 

from the power supply was stored in the capacitor and was then 

discharged through the treatment chamber to generate electric field 

strengths in the food product. The survival rate of the number of 

microorganisms in food products treated by PEF processing depends 

on process parameters, including electric field strength, total 

treatment time, pulse width, pulse waveform, and food conductivity 

Fleischman (2014). In the past several decades, there have been 

numerous research studies and developments on the PEF processing 

system for microorganism inactivation of food juice products Sale et 

al (1968); Hulsheger et al (1981); Fleischman (2014); Jeyamkondan et al 

(1999). (Ohshima et al, 1997, 2007); Sen-in et al (2012); Panyamuangjai 

et al (2012); Intra et al 2015; Mcdonald et al (2000); Gupta et al (2003); 

Qin et al 1998. Available commercial-scale PEF processing has been 

designed to inactivate microorganisms in tomato-orange juices Min 

et al (2003); Linton et al (2003). However, these commercial-scale PEF 

systems tend to be relatively large units, which are quite expensive 

with typical starting prices greater than ten thousand U.S. dollars. In 
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Thailand, commercial-scale PEF processing systems are not available 

for the micro, small, and medium-sized enterprises in the food and 

drink industries because of their high cost and enormous size. 

Therefore, a PEF processing system for micro, small, and medium-

sized enterprises in the food and drink industries must have a low 

cost, a small and simple system, easy to use and clean, and its 

maintenance must be possible by low-skilled laborers. 

This study aimed to develop and investigate a low-cost, simple PEF 

processing system for the inactivation of microorganisms in orange 

juice. In this paper, A detailed description of the pulsed electric field 

system design is also presented. The MATLAB/Simulink was used to 

simulate the 3 - phase pulse high-voltage source circuit. The 

inactivation of endogenous microorganisms (E - coli) in orange juice 

and the quality of orange juice were experimentally investigated, and 

the quality of pulsed electric field processed orange juice was 

compared with that of thermally processed orange juice.  

 

2. Materials and methods  

2.1 Description of a low-cost PEF processing system  

 

 
 

Figure 1. The developed PEF processing system. 
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Figure 2. Schematic diagram of the developed PEF processing system. 

 

Figure 1, shows a picture of the PEF processing system developed in 

this study for microorganism inactivation of orange juice. It consists 

of an AC power input, a rectifier circuit, a DC high-voltage power, an 

energy storage capacitor, a pulse controller to control the number 

and frequency of the pulse, a discharge switch to discharge energy 

from the energy storage capacitor across the food juice, and a 

sterilization chamber. A schematic diagram of the developed PEF 

processing system is shown in Figure 2 , The DC high voltage power 

used in this study and step-up AC voltage from AC source form a 3-

phase system high voltage power transformer connected to a Star-

Star (Y-Y) connected  380 V / 22 kV, 33 kW rated 20 kVA. Six high 

voltage power diodes ( 1 6d d− ) (40  kV / 1  A) were used. A high-

voltage resistor (charging resistor), capable of withstanding several 

kiloamps of sparking current, was connected to a switching regulator 

(spark gap) for controlling the charging and discharging of the 

capacitor. The capacitor used in the experiment was a high-voltage 

pulse paper-in-oil (PIO) capacitor with a capacity of 1 µF/40 kV, which 

was charged via the charging resistor and discharged through the 

treatment chamber by a discharge switch, producing an electric field 

strength of about 20  to 40  kV/cm across the food product. The 

generated electric field strength triggered monopolar exponential 

decaying pulses causing microbial inactivation. Electroporation, or 

electropermeabilization, is the process in which the permeability of 

the cell membrane to ions and macromolecules is increased by 

exposing it to high-voltage electric field pulses, allowing chemicals, 

drugs, or DNA to be introduced into the cell. Under the 

electroporation phenomenon, a transmembrane potential (𝑈(𝑡)) is 

developed across the cell membrane in the direction of applied 

electric field strength (E), expressed as follows Sale and Hamilton  

(1968): 

 

𝑈(𝑡) = 1.5𝑟𝐸  (1) 
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where 𝑟  is the radius of the cell and 𝐸 is the applied electric field 

strength. When the transmembrane potential reached around 1 V, 

lysis of the cell resulting from loss of membrane integrity occurred. 

This value was termed the breakdown transmembrane potential. A 

mathematical model for the survival rate ( s ), the ratio of the number 

of microorganisms present in the food after the treatment, and the 

initial number of microorganisms present before the treatment, as a 

function of 𝐸, and treatment time (t ), is given by Hulsheger et al 

(1981): 

 

𝑠 = (
𝑡

𝑡𝑐

)
(−(

𝐸−𝐸𝑐)
𝑘

)

 

 

(2) 

 

where t  is the product of the pulse number and pulse width, ct is the 

critical treatment time, which is a threshold value above which 

inactivation occurs,  Ec is the critical electric field strength, which is a 

threshold value above which inactivation occurs (kV/cm), and k is the 

specific constant for a microorganism. Taking the logarithms to base 

10 on both sides of Equ. 2 gives us the following: 

 

− 𝑙𝑜𝑔( 𝑠) =
(𝐸 − 𝐸𝑐)

𝑘
𝑙𝑜𝑔 (

𝑡

𝑡𝑐

) 
 

(3) 

 

The left-hand side of the above equation is commonly referred to as 

inactivation ratio or log reduction. As shown in Figure 2, the 3-phase 

transformer Star-Star (Y-Y) connected, rated 20 kVA, 380/22 kV 

voltage output from the secondary winding of the transformer by the 

Star-Star (Y-Y) connected  winding. The line voltage (EAB, EBC, ECA) is 

higher than the voltage at the phase of the voltage across the 

secondary winding (eA, eB, eC) of the 3-phase transformer is 3 time 

or line to line voltage L-L phase3V V=  enters the 3-phase full-bridge 

rectifier, provided that the reference voltage across the secondary 

winding is expressed by the equation. 

 

𝑒𝐴 = 𝑉 𝑠𝑖𝑛 𝜔 𝑡 (4) 

𝑒𝐵 = 𝑉 𝑠𝑖𝑛( 𝜔𝑡 − 120∘) (5) 

𝑒𝐶 = 𝑉 𝑠𝑖𝑛( 𝜔𝑡 + 120∘) (6) 

 

The value of the RMS current in each phase voltage output from the 

secondary winding can be calculated from Equation. 

 

(𝐼𝐴 , 𝐼𝐵 , 𝐼𝐶)rms ≅ √[
8

2𝜋
] ∫ 𝐼𝑚

2 ⋅ 𝐶𝑜𝑠2( 𝜔𝑡) ⋅ 𝑑(𝜔𝑡)
𝜋/6

0

 

 

(7) 
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where Im is the peak value of the current flowing through the 

secondary winding. The average current flowing through each diode 

(d1-d6) can be calculated as follows:  

 

𝐼Dav =
4

2𝜋
∫ 𝐼𝑚

𝜋/6

0

⋅ 𝑐𝑜𝑠( 𝜔𝑡) ⋅ 𝑑(𝜔𝑡) 

 

(8) 

 

Calculation of the average output voltage. Can be obtained from the 

equation below: 

 

𝑉𝐷 =
6

𝜋
∫ √3

𝜋/6

0

𝑉𝑚 𝐶𝑜𝑠( 𝜔𝑡) ⋅ 𝑑(𝜔𝑡) 

 

(9) 

 

where 𝑉𝑚 is the peak value of the phase voltage. The RMS voltage on 

the phase can be calculated from the following equation: 

 

𝑉rms ≅ √[
6

𝜋
∫ √3𝑉𝑚

2 ⋅ 𝐶𝑜𝑠2( 𝜔𝑡) ⋅ 𝑑(𝜔𝑡)
𝜋/6

0

] 

 

(10) 

Table 1. Diode working state 𝑑1 − 𝑑6 of the high-voltage pulse rectifier. 

 

Segment 𝒅𝟏(𝝎𝟎𝒕) 𝒅𝟐(𝝎𝟎𝒕) 𝒅𝟑(𝝎𝟎𝒕) 𝒅𝟒(𝝎𝟎𝒕) 𝒅𝟓(𝝎𝟎𝒕) 𝒅𝟔(𝝎𝟎𝒕) 

00 60t   1 0 0 0 0 1 

060 120t   0 0 1 0 0 1 

0120 180t   0 1 1 0 0 0 

0180 240t   0 1 0 0 1 0 

0240 300t   
0 0 0 1 1 0 

0300 360t   1 0 0 1 0 0 

 

Table 1 shows the diode (d1-d6) operating status. While bias directly 

or conducting a current in pairs by working in the initial state at the 

diode phase angle 0 < 𝜔𝑡 < 60∘and diode, d1 and d6 will be started 

first. In this study, a rotating spark-gap was used as the discharge 

switch. The spark gap provided a low-inductance path for charging 

and discharging the pulse-forming capacitor. The pulse repetition 

rate depended on the speed of the rotating switch. The low 

inductance in the spark gap aids in producing pulses of very narrow 

duration, typically less than 10 µs. In a monopolar exponential 

decaying pulse, the voltage across the treatment chamber rises 
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rapidly to a set point and then decays slowly with time, according to 

the following equation:  

 

𝑉(𝑡) = 𝑉0 𝑒𝑥𝑝( − 𝑡/𝜏) (11) 

 

where 𝑉0 is the initial charging voltage of the pulse capacitor, and 𝜏 

is the time constant defined as: 

 

𝜏 = 𝑅𝑓𝐶0 (12) 

 

where 𝑅𝑓 is the food resistance and 𝐶0 is the capacitance of the pulse 

capacitor. It should be noted that the resistance of the electrodes is 

negligible compared to that of the food sample. Therefore, food 

resistance can be calculated using the following equation: 

 

𝑅𝑓 =
𝑑

𝜎𝐴
 

(13) 

 

where 𝑑 is the electrode distance, 𝜎 is the food conductivity, and 𝐴 

is the surface area of the treatment chamber. The maximum voltage 

across the energy storage capacitor is equal to the voltage across 

the DC power, typically approximately 22 kV. The energy stored in 

the pulse capacitor (𝑊𝑐), depending on 𝐶0 and 𝑉 is given by: 

 

𝑊𝑐 =
1

2
𝐶0𝑉2 

(14) 

 

 
Figure 3. Schematic diagram of the treatment chamber. 
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As shown in Figure 3, a parallel plate sterilization chamber was used 

in this study because the parallel plate electrodes provide a uniform 

electrical field distribution along the gap axes and electrode surfaces. 

The sterilization chamber consisted of two parallel stainless-steel 

electrodes with a gap of 5 mm and a Teflon spacer. The chamber had 

an effective electrode area of 20 cm2 with a height of 2 cm, an inner 

diameter of 10 cm, a chamber volume of about 75 cm3, and a 

maximum voltage ranging from 5 to 20 kV. For the parallel plate 

treatment chamber, the average electric field strength E  inside the 

chamber is as follows: 

 

𝐸 =
𝑉

𝑑
 

(15) 

 

where 𝑉 is the voltage across the food sample, and 𝑑 is the distance 

between the electrodes. Therefore, the maximum electric field 

strength could reach 40 kV/cm without cooling the electrodes. 

 

2.2 Experimental setup 

The purpose of the studies was to examine how many of the 

microorganisms in orange juice could be inactivated by PEF and 

thermal treatments. For the microorganism inactivation study, a high 

microorganism load in orange juice was required. Escherichia coli (E. 

coli, TISTR 117) was purchased from the Thailand Institute of Scientific 

and Technological Research (TISTR). Further, fresh oranges were 

purchased from a local supermarket. The oranges were juiced with a 

screw-type juice extractor. Next, the juice was filtered with 

cheesecloth and stored at 4°C before treatment. Before PEF 

treatment, 18 mL of incubated culture was inoculated into 1000 mL 

of oranges juice to attain a final concentration of approximately 105 

colony-forming units (CFU)/mL of microorganisms at 4 °C and held at 

37 °C for 12 h to acclimate cells. The total plate count method using 

nonselective growth medium (nutrient agar) was performed at 37 °C 

for 24 h to count the initial and surviving number of viable cells 

before PEF and thermal treatment. For PEF treatment, electric field 

strengths of approximately 20, 30, and 40 kV/cm were provided to 

generate the pulse voltages of approximately 10, 15, and 20 kV, 

respectively, and pulse numbers of 10, 20, 30, 40, and 50 pulses 

were used. The pulse duration time and frequency (pulse number per 

second) were set at 10 µs and 1 Hz, respectively. For thermal 

treatment, orange juice was held at 70 °C for 30 s and then cooled 

with chilly water from a cooler to 25 °C. Table 2 shows the ranges 

and values of variables investigated. 
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Table 2. Ranges and values of variables investigated. 

 

Variable Range 

Pulse width 

Pulse frequency 

Number of pulses 

Pulse voltage 

Electric field strength 

10 µs 

1 Hz 

10, 20, 30, 40 and 50 

10, 15 and 20 kV 

20, 30 and 40 kV/cm 

 

 

3. Results and Discussion 

 
Figure 4. Simulated circuit in MATLAB/Simulink. 

 

As shown in Figure 4, the 3-phase pulse high-voltage source circuit 

simulated in the MATLAB/Simulink. A 3-phase power supply was 

employed to supply power to the transformer by connecting its 

primary and secondary windings. The high-voltage output from the 

secondary winding was passed through a bridge-type full-wave, 3 -

phase rectifier, and through a high impedance to charge the 

capacitors. Charge: To generate a high pulse voltage to supply the 

electrodes in the sterilization chamber.  Figures 5(a) and 5(b) shows 

the command signal used by mechanical switching at a time of 0.42 

and 0.84 s to supply high-voltage pulses to the sterilization chamber.  
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The power measurement block is detailed in the sterilization chamber 

while the electrolytic capacitor is discharged to generate a high pulse 

voltage. To supply the electrodes to the sterilization chamber.  

The 3-phase high-voltage source circuit was simulated, and the 

magnitude of the phase voltage (Vpeak) across the primary winding 

side was obtained.  

 

  
Figure 5(a). Switching control 

signal block in MATLAB/Simulink. 

Figure 5(b). Power measuring 

block in MATLAB/Simulink. 

 

Figures 6(a) shows the details of parameter configuration of a 20 

kVA, 380/22 kV, 3-phase high voltage transformer operating at 50 

Hz in MATLAB/Simulink program and the parameters of the high 

voltage capacitor1 F are shown in Figure 6(b). 

 

  
(a) (b) 

Figure 6. Transformer parameters in MATLAB/Simulink block 

(a) Three-phase transformer, 20 kVA, 380/22 kV, (b) High voltage 

capacitor 1 F  

 

The transformer landscape of 5 3 8  V is shown in Figures 7( a) and 7 

( b) as amplification forms, and on the secondary side of the 

transformer is 2 1 . 5 6  kV, as shown in Figures 8( a) and 8(b). The 

response of the output voltage from the full-wave filter circuit (𝑉𝐷) 

while the mechanical switch is not operating. Figures 8 ( a) and 8 (b) 

shows the response of the output voltage from a full-wave filter 

circuit. The response of the output voltage from the full-wave filter 

circuit was 24 . 6  kV when the mechanical switch was triggered at a 



Papol Sardyoung ,Chatchawan Kantala and Panich Intra*,  

Design and development of a pilot-scale pulsed electric field processing system for 

microorganism inactivation in orange juice, Page 19-42 

วารสารวิจัยเทคโนโลยีนวัตกรรม ป ี9 เล่ม 1 (มกราคม - มิถนุายน 2568)   29 

 

time of 0.42 and at 0.84 s to generate a high-voltage pulse pressure 

for the sterilization chamber. 

 

 
        (a) 

 
    (b) 

Figure 7. Three-phase input voltage: (a) voltage on the primary side 

and (b) voltage amplification on the primary side. 
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              (a) 

      
           (b) 

Figure 8. Three-phase output voltage: (a) voltage on the secondary 

side and (b) voltage amplification Figure on the secondary side. 

 

The simulated and the experimental results of the charging voltage 

are shown in Figures. 9(a) and (b). It was found that for the repetitive 

pulse frequency of 2 Hz, in the experiment, at the time voltage of 

0.42 s (point (𝑎1)), the maximum voltage was 19.1 kV, and the output 

voltage was 18.5 kV. Similarly, in the MATLAB/Simulink simulations, at 

the charging time of 0.84 s (point (𝑎2)), the maximum voltage 
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obtained was 19.1 kV, and the output voltage was 18.5 kV. Figure 10, 

shows control switching time.   

 

 
(a) 

 
(b) 

Figure 9. Voltage drop across a bridge 3-phase full-wave rectifier: 

(a) in the normal state (b) with switching at a time of 0.42 s (𝑎1), 

and 0.84 s (𝑎2). 

 
Figure 10. Control switching time at 0.01 s. 
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(a) 

 
(b) 

Figure 11. Capacitor charging: (a) MATLAB/Simulink simulation, 

(b) experiment. 
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(a) 

 
(b) 

Figure 12. Voltage drop across the sterilization chamber: 

 (a) MATLAB/Simulink simulation, (b) experiment. 

 

As shown in Figures. 1 1  ( a) and 11 (b) present the graphs of the 

capacitor charging cycle for the MATLAB/Simulink simulation and the 

experiment, respectively. It was observed that at the pulse frequency 

of 1 Hz, the magnitude of the discharge voltage (Vpeak), which is the 

voltage across the sterile chamber, was 21.5 kV for a pulse width of 

80 µs. However, for the experiment, it was observed that the voltage 

across the sterilization chamber was 20 kV for a 90 µs pulse width. 

The results are presented in Figures. 12 (a) and (b), Comparison of 

charge discharge between simulation results and program MATLAB / 

Simulink and Experimental results as shown in Figures. 12 (a) and 12 

( b). A digital oscilloscope, Tektronix model TDS 210, and a high 
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voltage probe, Fluke model 80K-40, were used to observe the pulse 

wave form. It was found that the repetitive pulse at a frequency of 1 

Hz was a simulation result of the magnitude of the discharge voltage 

(Vpeak) of the capacitor or the voltage at Across the sterile chamber 

is 2 1 . 5  kV, with the characteristic of the pulse voltage waveform is 

exponential decay pulses at a pulse width of 80µs by From the results 

of the experiment, the magnitude of the capacitor discharge voltage 

(Vpeak) or the voltage across the sterilization chamber was equal to 

20  kV, with the characteristic of the pulse voltage waveform being 

unique. Exponential Decay Pulses at 90 µs pulse width. 

 

 
Figure 13. Switch control signal. 

 
Figure 14. Voltage drop across the sterilization chamber for 

MATLAB\Simulink simulation. 

 

Figure 13 shows the graph of the switch control. The switch triggered 

at 0.42 and 0.84 s with a pulse width of 0.01 s. A time-switch control 

signal was used for the simulation instead of a mechanical switch to 

generate a pulse signal to the load. The equivalent resistance of the 

sterilization chamber was 12.04Ω. The results of the simulation are 
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shown in Figure. 14. It was observed that the magnitude of the 

capacitor discharge voltage (Vpeak) or the voltage across the 

sterilization chamber was 21.5 kV at a pulse width of 80 µs. Figure 15 

presents the instantaneous power output at the sterile chamber 

equivalent resistance of 12.04 Ω. The equivalent of liquid food is 5.88 

W with an average square pulse width of 60 ms. 

 

 
Figure 15. Instantaneous power at the sterilization chamber equivalent 

resistance of 12.04Ω. 

 

The electric field strength and the pulse number (treatment time) are 

the major factors determining microorganism inactivation in PEF 

processing [7]. The experimental study of microorganism inactivation 

by PEF treatment was carried out for electric field strengths between 

20 and 40 kV/cm and pulse numbers between 10 and 50. Figure 16 

shows E. coli on nutrient agar after PEF treatment compared to the 

control sample at electric field strengths of approximately 20, 30, 

and 40 kV/cm after subjecting it to 10, 20, 30, 40, and 50 pulses, 

respectively. It was observed that the increase in the electric field 

strength and pulse numbers increased the inactivation of 

microorganisms. No viable cells were observed after PEF treatment 

of orange juice at the electric field strength of 30 kV/cm and 20 

pulses.  
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Figure 16. Variations in log cycle reduction of E. coli with pulse 

number at different electric field strengths. 

 

Figure 17, shows the variations in log cycle reduction with the pulse 

number at different electric field strengths. Higher electric field 

strengths were found to have higher log cycle reductions of 

microorganisms. At the same electric field strength, the log cycle 

reductions increased with an increase in pulse number. At electric 

field strength of 20 kV/cm, the achieved log cycle reductions of the 

microorganisms were about 0.5, 0.8, 1.2, 2.0, and 2.3 CFU/mL for 10, 

20, 30, 40, and 50 pulses, respectively. At electric field strength of 

30 kV/cm, the achieved log cycle reductions of the microorganisms 

were about 1.25, 1.65, 2.8, 3.7, and 5.1 CFU/mL for 10, 20, 30, 40, and 

50 pulses, respectively. At electric field strength of 40 kV/cm, the 

achieved log cycle reductions of the microorganisms were about 4.9, 

5.0, 5.0, 5.0, and 5.0 CFU/mL for 10, 20, 30, 40, and 50 pulses, 

respectively. This study showed that the PEF treatment achieved 5 

log cycle reductions of microbial viability at an electric field strength 

larger than 30 kV/cm for pulse numbers higher than 20 pulses.  
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Figure 17. Variations in temperature drift and pulse number at 

different electric field strengths. 

 

Another key variable in PEF treatment is energy and pulse number. 

Figure 18, shows the variations in energy drift and pulse numbers at 

different electric field strengths. An increase in the pulse number and 

electric field strength produced an increase in energy drift. At electric 

field strength of 20 kV/cm, the energy drifts were about 40, 65, 100, 

146, and 155 kJ/L for 10, 20, 30, 40, and 50 pulses, respectively. At 

electric field strength of 30 kV/cm, the energy drifts were about 66, 

150, 225, 305, and 400 kJ/L for 10, 20, 30, 40, and 50 pulses, 

respectively. At electric field strength of 40 kV/cm, the energy drifts 

were 146, 265, 405, 546, and 670 kJ/L for 10, 20, 30, 40, and 50 

pulses, respectively.  
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Figure 18. Variations in energy and pulse number at different electric 

field strengths. 

 

As shown in Figure 19, the variations in electrical energy and pulse 

number at different electric field strengths. A digital multimeter, Fluke 

model 289 True-rms Industrial Logging, and a high voltage probe, 

Fluke model 80K-40, were used to measure the input and output 

high voltage power in this study. An increase in the pulse number 

and electric field strengths produced an increase in electrical energy. 

The electrical energy from each electric field strength increases the 

temperature of the product to which it is applied. As the pulse 

number increases, the temperature of the food product will also 

increase. At electric field strength of 20 kV/cm, the temperature 

drifts were about 33, 67, 100, 133, and 167 kJ/L for 10, 20, 30, 40, and 

50 pulses, respectively. At electric field strength of 30 kV/cm, the 

temperature drifts were 75, 150, 225, 300, and 375 kJ/L for 10, 20, 

30, 40, and 50 pulses, respectively. At electric field strength of 40 

kV/cm, the temperature drifts were 133, 267, 400, 533, and 667 kJ/L 

for 10, 20, 30, 40, and 50 pulses, respectively. 
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Table 3. Comparison between the present work and the existing 

research works in PEF treatment. 

 McDonald et al. [13] Gupta et al. [14] Qin et al. [15] This work 

Type of foods Orange Orange Apple Milk Orange 

Type of treatment 

chamber 
Co-axial Co-axial Parallel plate Co-axial Parallel plate 

Electric field (kV/cm) 30 50 40 60 30 

Pulse width (µs) 2 2 1 – 2 10 10 

Pulse number 10 4 100 50 30 

Log cycle reduction 

(CFU/mL) 
5 5 5 8 5 

Temperature (oC) 65 62 Drift of about 2 40 31 

 

Table 3 depicts the comparison between the present work and 

existing PEF research works. Notably, the present work agreed with 

the research works of McDonald et al. (2000), Gupta et al. (2003), 

and Qin et al. (1998). Further, a comparison between the present work 

and the existing non-thermal pasteurization processes, namely, high 

pressure Linton (1999), ultrasound Char (2010) and ultraviolet 

radiation process Char (2010), are shown in Table 4. Notably, the food 

and drug administration suggests a minimum 5-log reduction of 

microorganisms in juice processing FnBnews.com (2025). 
 

Table 4. Comparison between the present work and the existing non-

thermal pasteurization processes 
 

 
High Pressure 
[18] 

Ultrasound [19] 
Ultraviolet Radiation 
[19] 

This work 

Type of juices Orange Orange Apple Orange 

Operating conditions 

500 MPa 
5 min 
30 oC 

20 kHz 
95 µm 

Lamp 100 W 
90 cm. 

30 kV/cm 
10 µs 
20 pulses 

Treatment time 300 sec 20 min 15 min 300 µs. 

Log cycle reduction 5 CFU/mL 2.2 CFU/mL 4.9 CFU/mL 5 CFU/mL 

Temperature 30 oC 40 oC 30 oC 31 oC 

 

4. Conclusion 

In this study, a pilot-scale pulsed electric field processing system for 

the inactivation of microorganisms in orange juice was designed, 

developed and experimentally investigated. The developed system 

consisted of an AC power input, a rectifier circuit, a DC high-voltage 

power, an energy storage capacitor, a pulse controller to control the 

number and frequency of the pulse, a discharge switch to discharge 

energy from the capacitor across the food juice, and a sterilization 

chamber. The 3-phase pulse high-voltage source circuit was 
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simulated in the MATLAB/Simulink. It could generate a high-voltage 

unipolar exponential decaying pulse of approximately 22 kV with a 

pulse width of approximately 10 µs. In this study, the inactivation of 

microorganisms (E.coli) in orange juice was experimentally 

investigated by the total plate count method for electric field 

strengths between 20 and 40 kV/cm and pulse numbers between 10 

and 100, respectively. Both PEF and thermal treatments reduced the 

population of E. coli inoculated in orange juice. No viable cells were 

observed after thermal processing of orange juice. However, PEF 

treatment achieved 5 logarithmic reductions in microbial viability at 

an electric field strength of up to 30 kV/cm for approximately 20 

pulses.  
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