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Pulsed electric field (PEF) is a well-known non-thermal technology used to
inactivate bacteria and improve the physico-chemical properties of food
products, including food products from the sea. However, the application of
this technology in the seafood industry has a major challenge in terms of
safety risk, namely electrical backlash. Therefore, several researchers have
begun to study the reduction of PEF current intensity (ampere) to obtain the
benefits of food treatment without the risk of electric backlash. A
comparison of the performance of both medium and low-intensity PEF
devices can be seen from conductivity, reliability, and back electricity. In
addition to the device's performance, the effects obtained on seafood from
medium and low-intensity PEF treatment on bacterial inactivation and
chemical properties of protein and fat need attention. The results showed
that low- and high-intensity PEF showed good electrical conductivity in
media with various salt concentrations, namely 5%, 15%, and 20% (w/v).
The reliability of the components tested were transistors, transformers, and
ignition coils. In the return electricity test, PEF with low intensity has low
return electricity compared to PEF with medium intensity. The testing
process was carried out with the test pen spaced at a certain point from the
power source. The effect of medium-intensity PEF on protein and fat was
insignificant between the control and treatment samples. Comparison of the
effect of medium and low-intensity PEF was highly significant at P<0.05.
The effect of low-intensity PEF on protein and fat is much better because it
does not reduce the value of protein and fat in fish and shrimp too much.
Medium-intensity PEF can be effectively treated quickly, but it takes work
to apply in the home industry. Low-intensity PEF needs to be treated longer
than medium-intensity PEF but tends to be safer from the risk of electrical
backlash.
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1. INTRODUCTION

Pulsed electric field (PEF) is emerging as a non-thermal technique that is recognized for its efficacy in
bacterial inactivation [1] and enhancement of food's physical properties [2]. In its application, PEF has two
categories at high voltage: medium (10 ampere) and low (2 Amphere) intensity. PEF treatment has been
shown to improve meat tenderness in several ways. This includes reducing muscle dimensions and increasing
the distance between muscle cells [3]. In addition, PEF increases muscle fiber fragments [4]. The process
also involves the formation of pores in the myofibrils, which leads to the release of calcium ions from the
sarcoplasm and the enzyme p-calpain, as well as an increase in the proteolysis process [5]. PEF treatment
also affects the temperature at which collagen, a major component of connective tissue, denatures, resulting
in increased solubility of connective tissue during the ripening process [6].

Email: ppithailand.aasic@gmail.com


mailto:profarry@apps.ipb.ac.id

ISSN: 2829-0747 AASIC X 2024 GMPI Conference Series 81
Vol. 3, May 2024, pp. 80-90

PEF treatment of fishery products has little effect on the content of lipid oxidation, free amino acids
(FAA), and saturated fatty acids (SFA) in abalone shell samples compared to samples without PEF treatment
[2]. The effect of PEF and OMF-based supercooling technology on salmon preservation can extend the
storage time of salmon while maintaining its freshness [7]. In addition to fish, PEF research has also been
conducted on PEF-treated Pacific white shrimp soaked in Chamuang leaf extract (CLE), showing lower
melanosis scores compared to control samples [8].

PEF is the most commonly used technology in microbial inactivation and has been shown to have
little impact on physico-chemical and nutritional properties [9]. The advantages of PEF also have drawbacks,
namely that it is difficult to industrialize and risky to operate because the electric field voltage reaches
several kV [10]. Therefore, it is necessary to have a study that examines PEF with low intensity (2 Amphere)
as a comparison of PEF, which is usually used with medium intensity. This study discusses the manufacture
of medium-intensity and low-intensity PEF, the effects on bacterial inactivation, and the characteristics of
protein and fat as an indicator of the quality of fishery products with samples of tuna and shrimp. Both tools
were measured for electrical conductivity, reliability, and electrical return, as well as the effect on protein and
fat and inactivation of pathogenic bacteria from fishery products.

2. Related Works

Several researchers have researched PEF, which has the advantage of this technique to maintain the
final product's physical, organoleptic, and functional characteristics and minimize changes in flavor,
vitamins, and other nutrients [11]. PEF research has also been applied to fishery products, such as research
[3] that evaluated the effect of PEF on the microstructure of salmon and lumpfish eggs. The research by
modifying the current intensity in PEF has been conducted in the following studies.

Tabel 1. Penelitian PEF yang terkait

Sample Treatment Reference

Sea Bass PEF with 5 and 10% w/w NaCl applied current intensities were set at 10 and 20 A [12]
treated with 300 and 600 V cm?, respectively.

Fish Various waveforms with a capacity of 80 uF, an electric field of 15 kV, and a [13]

sashimi brine conductivity of 5 mS/cm. The peak values of voltage, current, and power
reached 15 kV, six kA, and 100 MW, respectively, and the time duration (10% of
the peak) was about 380 ps.

Cow milk Bacterial reduction of >5 log CFU/mL can be achieved at 50-55°C, 0.3 A-0.6 A, [14]

(liquid) and with an initial 5 min intensity of 5 V/cm - 9 V/cm.

Squid PEF (6 kV cm™, 300 pulses, 5 Ampere) for 5 minutes with ethanolic custard apple [15]
leaf extract

Sea Bass PEF 24 kV/cm 100 A for 72 ms, with a frequency of 1 Hz, followed by [16]
hydrolysis with porcine pancreatic lipase (PPL) at 42.36 U/g..

3. METHODS

The design of this research method is first to make a medium-intensity and low-intensity pulsed
electric field tool by trial and error method, then test the performance of the voltage released and the resulting
electric waveform. After the input and output of the tool are appropriate, the electric field conductivity test is
carried out using distilled water, 5%, 15% and 20% salt solution to see the difference in conductivity values
that will be submitted in the calculation of the electric field value. The next step is to test the reliability with
the life test experiment method, which will take 120 minutes to test the transistor components, ignition coil,
and electrodes. Electricity back is tested by setting the highest volt of 50 kV and tested affixed to the high
voltage casing.

3.1. Conductivity Testing PEF

The conductivity test was carried out by testing the electrical voltage on the anode in distilled water
and salt solution with a concentration of 5%, 15% and 20%; data collection was carried out for 30 seconds
using a multimeter with 100 volts-1000 volts. Statistical analysis in this conductivity test uses 2-way
ANOVA by looking at the difference between each concentration of salt content with aquadest.
3.2. Reverse electrical testing PEF

The reverse electricity test was carried out by applying a full voltage of 50 kV to the high voltages;
then, a pen test was carried out on the electrode and ignition coil at a distance of 30 cm. All static and
reverse electricity test data were analyzed with a T-test comparison between PEF medium intensity and low
intensity.
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3.3 Reliability testing PEF

Reliability testing using an assessment life test experiment with the stress level used is a voltage of 25
kV for 120 minutes continuously with the parameter of temperature increase. Components of concern are
transistors, ignition coils and electrodes. The data obtained from this reliability test will be a T-test
comparison between PEF medium and low intensity.
3.4 Pathogenic Bacteria Testing

Identification and enumeration of Vibrio parahaemolyticus in tuna and shrimp were based on SNI
standards [17]. The test procedure weighed 50 g of samples that had been mashed and then diluted 1:10 by
homogenizing 50 g of samples using 2% Phosphate Buffer Saline (Himedia) solution for 2 minutes. Then,
dissolve 1: 5 by weighing 20 g of homogenate 1: 2 into 80 ml of diluent to obtain the sample homogenate
with a dilution of 1: 10 or solution 101. Dilution series 102 by dissolving 1 ml of solution 101 into 9 ml of
3% PBS diluent. Each dilution was shaken at least 25 times. Transfer 1 ml of each dilution into three dilution
tubes containing 10 ml of Alkaline Peptone Water (APW) (Himedia) using a sterile pipette. Incubate the
tubes at 36°C + 1°C for 16 - 18 hours. Take one full ose from each positive (cloudy) tube at each dilution to a
depth of 1 cm from the liquid surface and scratch it into TCBS. Incubate at 36°C + 1°C for 24 hours.
3.5 Protein and fat testing of PEF effects

Protein and fat testing was carried out with the proximate test of Kjeldahl and soxlet methods; the
effect of protein testing was carried out using tuna and shrimp samples treated with 7.14 kV / cm between
electrodes for 30 seconds and then testing the content. The test results were then subjected to a T-test
comparison between PEF medium and low intensity.

4. RESULTS AND DISCUSSION

The design begins with making high voltages of high voltage pulsed electric fields, in the first stage of
compiling and designing how the components used can work properly, such as transformers, frequency
generators and converting from DC electricity into pulses.
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Figure 1. Series of highvoltages PEF

After the high-voltage circuit is designed, the next step is to implement the design drawing into a real
form. The design is done by selecting the appropriate components and meeting the criteria for a good
electronic circuit. The high voltages designed in Figure 2 are high voltages with a current of 2 amperes
(right) and 10 amperes (left).
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(b)

Figure 2. High voltage pulsed electric field design implementation High voltage pulsed electric field
design implementation (a) 10 amperes (b) 2 amperes. Notes: 1. Transformator step down, 3. Potensiometer 5.
Dioda Bridge convert AC to DC, 4. Modul LM 2596 DC (DC step down), 6. IC NE555 (raised frequency), 2.
Ignition coil.

After implementing the image on the PEF high voltages tool circuit in real life, test the resulting
output voltage with an oscilloscope. The resulting output voltage form is pulsed, as shown in Figure 3.

Figure 3. The output voltage is pulsed.

Rectangular pulses with fast-rising and falling edges were chosen because this pulse type is the most
efficient process and produces a low-temperature rise [18]. After ensuring that the voltage output is in the
form of a square pulse, the ampere was increased from 2 amps to 10 amps to compare the performance of
PEF. Both high voltages have tube-shaped electrode outputs with a distance of 3.5 cm.

(@) (b)

Figure 4. Form electrode PEF (a) distance electrode (b) testing anoda




84 AASIC X 2024 GMPI Conference Series ISSN: 2829-0747
Vol. 3, May 2024, pp. 80-90

The design and output of PEF testing results at two amps and ten amps obtained the difference data
detailed in Table 2..

Table 2. Comparison of HV PEF 2 ampere and 10 ampere

Specification Output Low intensity Output Medium intensity
Voltages 1kV up to 25kV 1kV up to 25kV
Electrode Parallel tube Parallel tube
Material electrode Stainless steel Stainless steel
Strong electric current/ Intensity 2 Amphere 10 Amphere
Handling Rectangular Rectangular
Form dc electrical square pulse square pulse
Wave 684 Hz 684 Hz
Wave frequency 400 ps 400 ps

The next stage, after obtaining all the data between low-intensity and medium-intensity PEF, is
conducting a reverse electricity test to ensure the safe use of PEF. Before testing, personal protective
equipment [19] is used, especially insulating gloves, to protect from electrical induction, according to [20],
and PEF-induced electricity testing is carried out by putting type [21] to detect areas that are induced by
electricity. After that, testing is carried out in certain areas with the potential to have back electricity. In
testing the back electricity of PEF low intensity, almost every part is safe from back electricity. However, at
PEF 10 ampere, there is back electricity in parts such as electrodes, ignition coil and high voltage casing. The
amount of back electricity and the distance used in the measurement is shown in Figure 5.
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Figure 5. Distance and magnitude of return electricity of each part of PEF medium intensity

Reverse current is when the load forces current back to the power supply source. Pulse reverse current
(PRC) is another type of pulse waveform in which the anodic pulse follows the cathodic pulse [22]. After
ensuring safety, PEF's durability will be tested using the life test experiment method on several components
such as transistors, ignition coils, and electrodes. The testing process lasted up to 120 minutes; the results are
shown in Figure 6.

In the low-intensity and high-intensity PEF generation trials, there were differences in the temperature
rise of some components, so reliability testing was carried out. Reliability testing aims to measure the life of
the experimental unit developed. One of the reliability assessment methods is Accelerated Life Testing
(ALT), which estimates time to failure by accelerating working conditions to predict changes in material
properties over time [23]. ALT identifies the level of stress on the system and increases the stress to observe
possible damage, predicting damage under normal use with a shorter test time [24][25].

Stress factors affecting the service life of electronic products include voltage, temperature, and
humidity. In this study, two interrelated factors, voltage and temperature, are explored where an increase in
voltage corresponds to an increase in temperature. Thermal management is very important in electronic
products because it directly affects the device's performance, especially the mobility of power carriers, which
decreases at high temperatures [26]. The time selection of 120 minutes is based on the component voltage
beyond the normal usage limit.
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Figure 6. Temperature increase of PEF 2 ampere (a) and PEF 10 ampere (b)

In the reliability testing process, it can be seen that PEF low intensity has less temperature increase
than PEF medium intensity with a significant value of P < 0.05 due to different electric currents. The largest
electrical load occurs on the ignition coil because this component receives pulsed electricity, which flows to
the electrodes. This load causes the ignition coil to be the hottest among other components. After knowing
the heat, the PEF medium intensity is used for additional fans and PEF in a cool room.

Electrical conductivity testing at various salt levels

After reliability and repair, conductivity tests of various salt concentrations were carried out. Both low
and medium-intensity PEFs have almost no difference in conductivity values. The results of the conductivity
measurement are shown in Figure 7.
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Figure 7. Electrical conductivity values of various salt levels

Electrical conductivity is an evaluation of the ability of a solution to conduct an electric current
through the ions contained in it. lons play a key role in the ability of a solution to conduct electric current,
and this conductivity measurement is often used routinely in various industrial and environmental
applications to assess the amount of ions in a solution [27]. Assessment of the electrical conductivity of an
electrolyte solution involves measuring the resistance of the solution between two electrodes, which can be
flat or cylindrical and separated by a fixed distance [28]. The difference in conductivity between distilled
water and various salt contents showed significant values at each difference in salt concentration (P<0.05).

Evaluation of PEF on Inactivation of pathogenic bacteria

In the testing process, the sample bacteria is Vibrio parahaemolyticus bacteria. V. parahaemolyticus is
a Gram-negative halophilic bacterium commonly found in seafood [29]. Consumption of raw or undercooked
seafood contaminated with V. parahaemolyticus can cause severe gastroenteritis, septicemia, and even death
in humans [30]. The halophilic bacterium Vibrio parahaemolyticus is also a psychrophilic bacterium [31] that
can damage foodstuffs under low-temperature conditions and is a foodborne pathogen that causes 39-51% of
infections compared to other Vibrio types [29]. Raw or undercooked seafood is the main cause of vibrio
infections [32].
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The working principle of the pulsed electric field against bacteria is the electroporation phenomenon
that occurs when the device is turned on. Electroporation is a method that uses electric shock to enlarge the
cell membrane's pores to increase the membrane's permeability [33]. The efficiency of PEF in compressing
biological cells mainly depends on the part of the applied pulse (time) at which the electric field strength
exceeds a certain critical value [34].

Reversible electroporation is when the created pores will close again after the electric field is removed
[35]. At the same time, irreversible electroporation is when the pores formed by the electric field can not
return to the beginning [36]. The value of bacterial reduction from PEF low intensity and medium intensity
can be seen in Figure 8 and Figure 9.
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Figure 8. PEF 2 Amphere inactivation of tuna sample (a) and shrimp sample (b).

In Figure 8 a and b, the initial bacterial colonies of 20 cfu/g for tuna and 25 cfu/g for sea shrimp were
then treated with 3.57 kV/cm and 7.17 kV/cm with low intensity (2 ampere); the resulting reduction value is
not much different from the treatment of 10 seconds to 30 seconds, none of the reduction values exceed 1 log
of bacteria, but only able to reduce the number of colonies in each log. The same is true with Figure 9, where
using medium-intensity PEF can only reduce some colonies without reaching 1 log of bacteria even though it
uses 7.14kV/cm with a 30-second treatment. This is by some previous studies that used treatments generally
15kV/cm [9].
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Figure 9. PEF 10 Amphere inactivation of tuna sample (a) and shrimp sample (b)

Both treatments using shrimp and tuna samples had no significant difference in bacterial reduction.
The number of initial bacterial colonies obtained results from the growth of TCBS media with sample
preparation, which was first washed with clean water. The initial colony of shrimp is higher than that of tuna
because shrimp are animals that are susceptible to contamination with V. parahaemolyticus. After all, their
main food is zooplankton, which is likely to be contaminated with V. parahaemolyticus [37].
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Testing the effects of PEF on protein and fat

After looking at the process of bacterial reduction in low-intensity and medium-intensity PEF
treatments, look at the effects on protein and fat. To assess the quality of good fishery products, it is
necessary to see the quality of protein and fat content. The value of protein and fat is in Figure 10. PEF
treatment on control and low-intensity samples did not experience too many significant changes, in contrast
to medium-intensity control samples. This is because the current strength used in low intensity has not been
able to cause too much electroporation in muscle fibers and initial proteolysis like PEF medium intensity.

PEF differs from traditional tenderizing methods such as aging, electrical stimulation, and mechanical
intervention and can be applied to various muscles by adjusting its parameters [38]. The effect of PEF on
proteins causes the deflation that results from physical disruption of the muscle structure [39]. PEF induces
electroporation of cell membranes to promote the movement of intracellular components further, leading to
protein hydrolysis and damaging the ultrastructure of meat to increase meat tenderness [40]. The conductivity
of the sample plays an important role in the effectiveness of PEF treatment [41] since the degradation of
myofibrillar proteins largely determines meat tenderness. This biochemical process takes time to work [42].
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Figure 10. Decrease in protein and fat due to PEF treatment

The increased lipid reduction may be due to PEF-mediated electroporation and hydrodynamic and
deformation-relaxation phenomena. During the PEF process, electroporation can promote pore formation,
which causes the skin matrix to relax. When PEF is applied, the possible presence of trapped gas is expelled
from the porous skin capillaries [8]. PEF treatment can penetrate those pores more effectively and hydrolyze
the lipids localized in the skin [10].

PEF treatment may result in a decrease in protein and fat in tuna and prawns. However, the decrease
in both protein and fat is not very significant compared to the food safety benefits obtained as a result of
bacterial reduction. Medium-intensity PEF can be a fast bacterial inactivation technology but requires large-
scale industries. In contrast, low-intensity PEF can be used as bacterial inactivation in small industries,
although the treatment time must be increased for the desired effect to be achieved.

5. CONCLUSION

Both low-intensity and medium-intensity PEF can reduce bacteria and improve fisheries quality.
However, medium-intensity PEF still has the risk of electrical backlash compared to low-intensity PEF,
which is safer. The use of low-intensity PEF requires more time due to its effectiveness in inactivating
bacteria compared to medium-intensity PEF, which can reduce more bacteria simultaneously. The effects on
protein and fat between low-intensity and medium-intensity PEF are not too different, so low-intensity PEF is
more feasible to consider regarding the safety of use.
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