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Abstract: Recently, modern non-heating-based food processing alternatives have emerged. The pulsed electric field 
(PEF) technology is an example, which does not require high temperatures and, in principle, preserves both the nutri-
tional and functional characteristics of the food while possibly improving the taste. Nevertheless, using this technology 
in kitchen conditions is still a challenge. Thus, the main aim of this work was the development of a kitchen cooking 
device that uses pure pulse electroporation (without thermal effects). A device powered by a common electrical network 
was designed. The voltage applied to the electrodes is approximately 150 V. At a food thickness of 3 mm, an intensity 
of 500 V·cm–1 was achieved, which was sufficient for the electroporation of typical vegetables. Depending on the specific 
food being treated, the device repeats the pulses until the required degree of the PEF treatment is reached. Preparing 
a larger amount of food at one time would require great instant power from the device. In order to load the device with 
less current, the large working area of the electrodes was divided into nine segments. The food is gradually prepared 
segment by segment. The function of the device is controlled via an electronic programmable control unit. The elec-
troporation of the processed material was achieved with a functional prototype of the designed device, but with some 
limitations that have to be respected in further development.
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Electric or  gas stoves that combine cookers and 
ovens are currently used in  kitchens. Electric ov-
ens began to be widely used when the practical ap-
plication of  electricity improved in  the late 1920s 
(Universal Appliance and Kitchen Center 2018). 
From the late 1970s, microwave ovens increasingly 
became a  standard feature of  residential kitchens 
(Liegey 2002). All of these solutions use heat treat-
ments to process the food.

Nevertheless, as  a  result of  higher consumer de-
mands for foods with a  higher health content and 
a  "fresh-like" taste, modern alternatives to  con-
ventional cooking methods are emerging (Toepfl 
et  al.  2014). Improving the taste of  the food is  the 
main purpose of cooking, which is usually achieved 
by adapting its texture, e.g. softer or juicier, to such 
a  state that is  savoury for a  customer (Blahovec 
et  al.  2015). A  pulsed electric field (PEF) is  a  rela-

tively new technique, which does not require high 
temperatures and, in principle, preserves the nutri-
tional, sensory, and functional characteristics of the 
food (Cortese et al. 2011) while possibly improving 
the taste of the food. Dunn pointed out this in 1996, 
stating that the advantage of PEF processing is that 
it can be applied at moderate temperatures at which 
no  appreciable thermal damage occurs, and the 
original food taste, colour, texture, and functionality 
can be retained (Dunn 1996). New functionality pos-
sibilities in research and industrial applications are 
provided by  PEF technologies. The principle of  the 
PEF technology is that a high-voltage, short-duration 
electric pulse is  applied to  the material placed be-
tween two electrodes. This creates a strong electric 
field. The resulting electroporation of the cell mem-
branes is either reversible or irreversible (depending 
on the pulse protocol). This allows the development 
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and application of  innovative treatments (Vitave 
GmbH 2021). The electroporation of  plant prod-
ucts has found applications in  industrial process-
ing. According to  Vorobiev and Lebovka (2020), 
small-scale electroporation devices and large-scale 
PEF devices exist. While small-scale devices have 
been designed to produce the precise PEF protocols 
to study the electroporation of cells, bacteria, fungi 
or  yeasts, large-scale PEF generators have a  wide 
range of  uses. The first commercial PEF devices 
were used to  pasteurise liquids such as  milk, fruit 
juices, etc. (Dunn  1996). Furthermore, these large 
devices are used in the production of olive oil (Op-
tiCept 2021), to accelerate the drying process (Elea 
2021), in food extraction, inactivation, and sterilisa-
tion applications (Energy Pulse Systems 2021; Wek-
Tec 2021), in  the microbial inactivation of  liquids 
(Pulsemaster 2021), or in the production of biogases 
(OptiCept  2021). In  most cases, these are large in-
dustrial devices with a capacity of tens to thousands 
of  litres per hour or tens of  tonnes per hour. How-
ever, Vorobiev and Lebovka (2020) also pointed out 
the possibility of using this technology in the home 
environment, where time also plays a  significant 
role. The key issue here is to develop a table device 
where electroporation is performed in real time and 
the products are consumed immediately. The Nu-
tripulse® E-cooker (Patent EU WO 2016008868 A1; 
Van Oord and Roelofs 2016) probably comes closest 
to these requirements, manufactured by the IXL BV 
company (Netherland), which can be  used for the 
fast preparation of food products (fish, meat, or veg-
etables). The E-cooker partly operate as a PEF stimu-
lated cooker at  low temperatures and as  PEF-ther-

mally simulated electroporation upon heating above 
40–50 °C and opens new opportunities for fresh food 
preparation (Goettsch and Roelofs 2014). Thus, this 
technology is still not a direct application of the PEF, 
but it  is  an  improvement on  the existing heating-
based technologies. The full application of PEF tech-
nologies in  kitchen conditions was first proposed 
by Blahovec et al. (2017). In this paper, the motiva-
tions and limits of such a solution were also defined.

It is clear from a previous literature review that 
technology based on the direct application of PEF 
in kitchen conditions ("on the table") is still lacking. 
The aim of this study is the development of a small 
kitchen cooking device that uses a  pure electro-
poration process. Electroporation must, therefore, 
be achieved in compliance with strict safety rules 
using the electric network's relatively low voltage 
of 230 V.

MATERIAL AND METHODS

The function of the whole device was tested during 
the treatment of carrots. For this purpose, the car-
rots were cut into 9 rings approximately 3 mm thick. 
These rings were then inserted on  the individual 
pulse electrode segments. The mechanical part 
of the device was then closed. The device was then 
switched on with a button and the pulsing took place 
for about 30 seconds.

The electroporation of vegetables needs an electric 
field density of several hundred volts per 1 cm (see 
Figure 1 in Blahovec et al. 2017). At the same time, 
processed cellular products have to be particularly 
sliced to form the necessary electric field.
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Figure 1. Schematic drawing of a functional 
sample of a kitchen PEF cooker

1 – transformer; 2 – rectifier module; 3 – capac-
itor bank; 4 – current measurement; 5 – AC gen-
erator; 6 – control unit; 7 – relay field; 8 and 
9 – contact (pulsing) electrodes; 10 –  pro-
cessed food; 11 – pulse electrode segments; 
AC – alternating current
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The block diagram of the proposed technical solu-
tion is shown in Figure 1.

For this purpose, a  device was developed in  two 
parts. The first part (Figure 1, positions 1–7) is sup-
plied by the standard 230 V electrical network that 
is available in every kitchen. The second part is a spe-
cial applicator (Figure 1, positions 8–11). The initial 
voltage in the first part is firstly reduced and isolated 
from the grid by the transformer. The voltage com-
ing from the transformer is then rectified by the rec-
tifier module so  that it  can be  used to  charge the 
capacitor bank. An  H-bridge was used to  convert 
the direct current (DC) voltage from the capacitor 
bank to an alternating current (AC) 18 kHz modified 
square wave (Vorobiev and Lebovka 2020), which 
was then used to  treat the food. Each AC pulse 
length was 11  ms and the average specific energy 
input of one pulse was 1.7 kJ·kg–1. The control unit 
controls the operation of the AC voltage generator. 
Based on the programmed algorithm and the recep-
tion of the signal from the current probe, the control 
unit enables the pulsing and determines the number 
of pulse repetitions to  the individual segment, and 
further controls the ± switching and switches the 
current via the relay field to the individual segments 
of  the contact working electrode in  the applicator. 
The entire pulsing process is controlled by a system 
of buttons. The pulsing voltage is fed to the applica-
tor by a cable. The operator can monitor the entire 
pulsing process on  the information display, which 

also gives the operating instructions. A practical de-
sign of the functional PEF kitchen device is shown 
in  Figure 2. During pulsing, the impedance of  the 
pulsed material decreases due to  the disruption 
of the cell membranes (Blahovec 2015; Vorobiev and 
Lebovka 2020). As  a  result of  the reduction in  the 
impedance of the material to be processed, a larger 
current begins to  flow through the pulsing circuit, 
which is  measured by  the current probe inserted 
in the circuit. This information allows one to control 
the pulsing process on each individual segment, for 
example, to  set the pulsing end time. The applica-
tor represents an  important changeable part that 
can be modified under the natural product that will 
be electrically processed.

RESULTS AND DISCUSSION

Applicator. The above-mentioned aim is achieved 
by providing a PEF device comprised of an AC volt-
age source (in the basic electronic part) and two con-
tact electrodes in  the changeable applicator. Each 
contact electrode is divided into nine segments (Fig-
ure 2). The whole food preparation process is con-
trolled by a control unit controlling the AC modified 
square wave voltage source and the switching of the 
individual electrode segments.

The most important technical feature of  this de-
vice is  the division of  each contact electrode into 
several segments. This allows one to distribute the 
required power input more evenly over time and 
to  automatically control the efficiency of  the pul-
sation process on  the smaller volumes of  material 
to be processed. Thanks to the segmentation of the 
electrodes, the food to be treated can be gradually 
subjected to  a  pulsed electric field, thus sufficient 
food processing can be achieved with a substantially 
lower magnitude of the electric current.

Due to the better contact with the processed food 
and the effort to achieve the largest possible contact 
area for a successful pulsation, the segments of the 
common electrical electrodes are flexibly placed. 
The electrode containing the flexible segments 
adapts to the inserted material (food), and thus the 
contact surface is increased.

Basic electronic part. An  important technical 
feature of the device is the AC power source. Previ-
ously proposed devices for the treatment of  foods 
by  pulsed electric field use direct current sources 
(Blahovec et al. 2017; Vorobiev and Lebovka 2020). 
The use of  alternating current reduces the effect 

Figure 2. View of the practical PEF cooking device

The left side of picture shows the changeable applicator, 
while the basic electronic part can be seen on the right. 
The applicator, in this case, is represented by a pair of con-
tacting planes, each of which is formed by nine individual 
metallic segments (3 × 3 cm) gradually coming into active 
contact over time
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of  the electrochemical processes on  the electrode 
surface, and, thus, leads to the lower contamination 
of the electrodes, when compared to the use of di-
rect current (Tatum 2021). As was described in the 
Material and Methods section, the device further 
is  comprised of  a  current probe which allows  the 
control unit to  automatically regulate the pulsa-
tion efficiency (to disrupt the cell membranes) and 
to  terminate the pulsation when a  predetermined 
current flow rate limit is  exceeded (indicating the 
complete or  desired disruption of  the cell mem-
branes in  the food) or  when the current flow rate 
does not increase any more (indicating the maximal 
cell membrane disruption). Based on the knowledge 
of the behaviour of a particular food during the PEF 
treatment, it  is possible to simplify the device. For 
example, during the preparation of carrots, it turned 
out that five pulses are enough to completely disin-
tegrate the carrot tissue. It  is, therefore, sufficient 
to set a fixed number of pulse repetitions.

The device is supplied from the mains by an iso-
lating transformer, which reduces the supply volt-
age. In  the rectifier module, the supply voltage 

is then rectified to charge the capacitor bank. The 
capacitor bank consists of ten capacitors connected 
in parallel. The voltage on the capacitors is 163 V. 
This represents a final electric field strength of more 
than 500  V·cm–1 at  a  sample thickness  of  approx. 
3  mm to  be processed between the electrodes. 
Discharging the capacitor is  the oldest concept 
of  electroporation pulse generation (Reberšek and 
Miklavčič  2011). The AC voltage generator uses 
an  H-bridge, which switches the plus and minus 
with a  frequency of  18 kHz. The H-bridge is  fully 
controlled by the control unit.

The control unit uses a  programmable Arduino 
microcontroller (Arduino 2018). The Arduino mi-
crocontroller controls the AC voltage generator. 
Furthermore, the control unit controls the elec-
trode segment switching. For this purpose, the de-
vice is comprised of a relay field in which the control 
unit switches the relays and, thus, determines the 
segment of the contact electrode to which the pulse 
is sent. The control unit was also configured to au-
tomatically control the end of  the pulsation in  the 
individual segments. It  receives an  analogue signal 
from the current probe. Before the first pulse in each 
of  the segments, the value of  the initial impedance 
can be  measured using an  auxiliary source of  low 
no electroporating AC voltage and the current value 
reading. Then this impedance can be recorded in the 
memory of  the control unit. In  the following puls-
es, the increase in  the value of  the impedance can 
be monitored. When the impedance value falls under 
a pre-defined limit in one of the segments, the pulsa-
tion in that segment is  terminated because the cell 
membranes in  the food processed in  that segment 
are already disrupted to  a  pre-defined extent. The 
pulsation is  also terminated when the impedance 
of the segment no longer decreases for a pre-defined 
time period. However, it  is also possible to  fix the 
number of pulsing cycles, e.g. based on previous ex-
periments. This setting was used for particular case 
described in this article. The described device is the 
subject of Czech national patent No. 308 548 and has 
currently been submitted for a European patent (Bla-
hovec et al. 2020). The practical design of the basic 
electronic part is evident from Figure 3.

Based on  our experience with this device, it  can 
be  stated that the pulse processing of  nine carrot 
pieces took up to 30 seconds. After this time, the de-
vice turned itself off and announced the end of the 
electroporation. The mechanical part of  the device 
was then opened. Only a  negligible temperature 
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Figure 3. Basic electronic part of the functional device for 
food electroporation

1 – toroidal isolating transformer; 2 – rectifier module; 
3 – capacitor bank; 4 – control unit (Arduino microcon-
troller); 5 – relay field; 6 – switch control button; 7 – mains 
230 V supply cable; 8 – cable to applicator; 9 – information 
display
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increase was detected in  the tested carrot samples 
(up to 2 °C) after the PEF application. Traces of loose 
carrot juice were visible on the individual segments 
of the device. All the carrot pieces were demonstra-
bly processed by the PEF technology.

Shortcomings and further development. How-
ever, in  terms of  practical use in  the kitchen, the 
function of  the PEF cooking device is still limited. 
Problems with the resilient mounting of  the indi-
vidual segments were noted during the practical 
testing. The surface of the individual stainless-steel 
segments gradually became dirty (Figure 4) during 
use. It is also necessary to better seal the individual 
segments against the juice being released from the 
processed food. All of these issues need to be con-
sidered in  the further development with respect 
to different processing products also.

CONCLUSION

A functional sample of kitchen equipment for PEF 
vegetable treatment was developed and manufac-
tured. The division of the electrodes into nine self-op-
erating segments enabled the preparation of a  large 
amount of food at once without the need for extreme 
instantaneous power. The entire electroporation pro-
cess can be automatically controlled based on the data 
from the current probe, which can ensure the perfect 
electroporation of all processed food.
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