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Abstract: Ohmic heating is an emerging technology currently in high demand for application in various processes. 
In  this research, a prototype of   a multipurpose ohmic heating apparatus was successfully designed, fabricated, and 
tested. This apparatus was designed based on low-cost and versatile sensors and components available worldwide. Three 
independent chambers could be operated parallelly and individually with different treatments. Parameter data, i.e., volt-
age, electrical current, the temperature of heated material and environmental humidity-temperature, could be recorded 
by  an embedded data logging system. The sensor had been tested and validated by comparing all the sensors used with 
commercial standard instruments. The result showed that all sensors had high measurement accuracy, indicated by very 
low mean absolute error (MAE) and mean absolute percentage error (MAPE), with R2 > 0.999. The performance test 
revealed that product temperature could be accurately maintained according to the set point temperature with a de-
viation value lower than 0.1 °C. The data logging system was able to record and store the parameter data in SD card 
memory for up  to several days without interruption. The prototype of the ohmic heating apparatus could be  an ef-
fective alternative to process many purposes such as pasteurisation, cooking, warming, and fermentation based on the 
ohmic heating principle.
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Researchers increasingly develop innovative 
equipment for processing agricultural and food 
products based on emerging technologies. The con-
cepts reflected in  the definition of  emerging tech-
nology have criteria including rapid recent growth, 
in  the process of  transition and/or change, market 
or  economic potential that has not been fully ex-
ploited, and increasingly science-based (Cozzens 

et al. 2010). Emerging technologies have made signi-
ficant strides in recent years, with pulse electric field 
(PEF), moderate electric field (MEF), ohmic heating, 
ultrasound, cold plasma, and other methods demon-
strating potential for a  wide range of  applications 
(Chizoba Ekezie et  al.  2017; Gavahian and Tiwari 
2020; Bhargava et  al.  2021; El Kantar and Koubaa 
2022; Parniakov et al. 2022; Vorobiev and Lebovka 
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2022). Ohmic heating or Joule heating is one of the 
emerging technologies currently being explored 
and applied for many purposes. It has the function 
of heating products by transmitting electric current 
directly to  the material (Sakr and Liu 2014). Heat 
is  generated internally due to  an  electric current 
flowing in  material via electrodes placed on  both 
sides of  materials/products (Marra et  al.  2009). 
It  is  based on  Ohm's Law, where the product acts 
as  a  load that resists the flow of  electricity (Sagita 
et al. 2021). As  a result of the electrical resistance, 
the temperature of  the material increases as  long 
as the voltage is applied. Research related to ohmic 
heating is  increasingly in  demand and is  increas-
ingly being applied, especially in  the fields of  food 
and agriculture. This is  due to  several advantages 
of ohmic heating, i.e. uniform heating (low-temper-
ature gradient), instant on-off control without large 
temperature overshoots, and high energy efficiency 
(Sagita et al. 2022). It was reported that the tempera-
ture distribution of agricultural and food ingredients 
such as  juice, potatoes, tubers and even wet coffee 
beans heated by  ohmic heating showed a  uniform 
temperature distribution (Faruk et al. 2017; Sabanci 
and Icier 2017; Gratz et al. 2021; Sagita et al. 2022). 
In addition, the energy efficiency of ohmic heating 
could reach more than 90% (Sagita et al. 2022). 

Ohmic heating has several drawbacks due to de-
pends on  the type of  electrode material, the type 
of  material heated, and the electrical conductiv-
ity (EC) of the heated material (Sakr and Liu 2014). 
According to  the literature, the electrode should 
be made of a non-corrosive material resistant to elec-
trolysis reactions (Athmaselvi et al. 2017). The best 
material for electrodes was platinised titanium and 
graphite, followed by titanium nitride (TiN coated) 
and stainless steel (Samaranayake and Sastry 2005; 
Stancl and Zitny 2010; Suebsiri et al. 2019). Regard-
ing the heated product/material, solid and dry ag-
ricultural materials cannot be  heated using ohmic 
heating. Meanwhile, for wet materials (high mois-
ture content), particulates or  liquids, the heating 
rate is affected by the EC of the material. The greater 
the EC of the material, the faster the heating process; 
otherwise, if the EC of the material is small or does 
not have EC, electricity cannot flow, and heating 
does not occur (Sakr and Liu 2014). Thus, before 
applying ohmic heating to  a process, it is necessary 
to observe the EC value of  the processed material. 
Several studies have revealed variations in  the EC 
value of an ingredient ranging from pure water with 

a very low EC value of 0.0055 mS·m–1 (Sakr and Liu 
2014), seawater in the range of 5.5 to 39.9 S·m–1 (As-
siry et al. 2010), apples concentrates in the range of 
0.4 to 1.0 S·m–1 (Icier and Ilicali 2004), milk in the 
range of 0.59 to 1.32 (Suebsiri et al. 2019), coffee bean 
with mucilage around 0.05 S·m–1 (Sagita et al. 2022). 
According to  Kutz (2019), food materials with EC 
in the range of 0.01–10 S·m–1 are suitable for ohmic 
heating applications.

Several recent studies related to  ohmic heating 
in  recent years include pasteurisation and sterili-
sation (Achir et  al.  2016; Cho et  al.  2017), drying 
and pre-drying (Hosainpour et  al.  2014; Torshizi 
et  al.  2020), cooking of  several products (Ding 
et  al.  2021; Gratz et  al.  2021), evaporation of  fruit 
concentrate (Sabanci et  al.  2019; Sabanci 2021), 
thawing (Çokgezme et al. 2021), bread baking (Gal-
ly et  al.  2016; Khodeir et  al.  2021), extraction pro-
cesses (Al-Hilphy et  al.  2020), fermentation (Reta 
et  al.  2017; Salengke et  al.  2021) and even water 
distillation (Abdulstar et  al.  2022). Ohmic heating 
is  conducive to  improving functional properties, 
digestion, and absorption of  soybean milk protein, 
fruit, and vegetable products (Li et al. 2018). Cook-
ing rice with ohmic heating does not cause dirt 
to  stick to  the container (Kanjanapongkul 2017). 
In fermentation, ohmic heating can reduce the mi-
crobial lag phase, speeding up the fermentation time 
(Gavahian and Tiwari 2020).

With the increasing demand for the application 
of ohmic heating for various purposes, it is very im-
portant to develop an ohmic heating apparatus that 
can be used to support various applications in food 
and agricultural research. Previous studies have de-
veloped several types of  ohmic heating equipment, 
but their application is  specific to a particular pro-
cess. Some of the ohmic heating designs that had been 
developed were the ohmic heating apparatus for the 
cocoa fermentation process (Supratomo et al. 2019) 
and the ohmic heating device for pasteurisation (Cho 
et al. 2017). Furthermore, there is no commercialised 
ohmic heating apparatus, especially at   an  afford-
able price. Based on this description, this study aims 
to develop a multipurpose ohmic heating apparatus 
equipped with various complementary features such 
as a temperature control system, a chamber that can 
be adjusted for the distance between the electrodes, 
and a data logging system as an essential thing, where 
the product temperature, ambient temperature, elec-
trical current and voltage can be recorded at certain 
time intervals.
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MATERIAL AND METHODS

The method used in developing the ohmic heat-
ing apparatus was the prototyping method, which 
consists of  three stages, i.e., design criteria collec-
tion, functional-structural analysis, 3D designs 
and system architecture, prototype manufacturing, 
and performance testing. The materials used for 
constructing the equipment were selected based 
on  material properties, availability, machinability, 
and economic considerations. Material properties 
were considered based on  the strength of  the ma-
terials, toughness, stiffness, heat resistance and cor-
rosion resistance.

Design consideration. The main purpose of  the 
ohmic heating apparatus is  to perform several pro-
cesses based on the ohmic principle, which is a uni-
form heating method and high energy efficiency 
(Sakr and Liu 2014). Some feature considerations 
should be made regarding the ohmic heating equip-
ment to obtain the appropriate apparatus design. The 
design criteria consist of:  (i) the ohmic heating ap-
paratus should be able to perform several processes 
(pasteurisation, cooking, warming and fermentation) 
(ii) the apparatus should be able to perform three in-
dividual operations (treatments) in one running, (iii) 
the distance between the electrodes in  the cham-
ber should be  adjustable, (iv) the apparatus should 
be equipped with a temperature and voltage setpoint 
control system, (v) the data from each sensor, i.e. 
temperature sensors, humidity-temperature sensor, 

electrical current sensors, and voltage sensors should 
be monitored via a liquid-crystal display (LCD), (vi) 
the parameter data of  temperature, electrical cur-
rent, and voltage should be stored on a memory card, 
(vii) the apparatus should be mobilised easily. Based 
on the design consideration, functional analysis was 
performed to  describe the main function and sub-
function then was derived to  the required compo-
nents that were chosen for fabricating the prototype. 
The result of  the functional analysis of  the ohmic 
heating apparatus is shown in Table 1.

All parts of the ohmic heating apparatus were con-
structed and placed on the main frame. There were 
three independent ohmic units (three chambers) 
that can be operated parallelly and individually, thus 
three different treatments can be performed togeth-
er in a single running process. It was crucial to pro-
vide three individual units, especially for research 
purposes that required a long duration of a process 
such as  fermentation based on  the ohmic heating 
principle. This can save time and ensure the material 
is processed in the same state (homogeneous).

Based on the analysis of sub-functions and mate-
rial requirements, the design stage was carried out 
to compile the structure and visualise it in the form 
of a 3D design using CAD software (Solidworks ver-
sion 2021). The design of the ohmic heating appara-
tus in isometric form and exploded view is present-
ed in Figure 1. 

Based on Figure 1, there were 3 series of chambers 
in  one process room. Each chamber was designed 

Main function Sub function Component

Performed ohmic heating-
based processing and 
recorded some parameter 
data (voltage, current, prod-
uct temperature and ambient 
humidity temperature) with 
real time

propping up the parts of the ohmic 
heating components cubic steel bar with material of SS314

placing the products or materials that will 
be processed by ohmic heating

chamber with heat and  
corrosion-resistant material

transmitting the electrical power  
into the product Stainless steel electrode (SS314)

setting up the operational voltage variable voltage transformer

setting up and controlling the  
temperature

microcontroller (Arduino Mega)  
and relay module

measuring the voltage, electrical  
current, product temperature, and ambi-

ent humidity-temperature

ZMPT101B sensor for voltage; ACS712 sensor 
for electrical current; DS18b20 sensor for 

product temperature; DHT22 sensor for ambient 
humidity-temperature

recording the measurement data  
with real time

memory cards shield module with real-time 
clock module build for Arduino

displaying the measurement data LCD (4×20 characters)

Table 1. Functional analysis of a multipurpose ohmic heating apparatus with a real-time data logging system
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so  that the distance between the electrodes could 
be  adjusted. Thus, the design was made as  shown 
in Figure 2. This apparatus was made for laborato-
ry-scale experimental testing, and the maximum 
processing capacity in each chamber was 1 000 mL 
of material.

Based on  Figure 2, the chamber was cylindrical 
with an inner diameter of 90 mm. The temperature 
sensor was placed in the middle of the chamber and 
a pair of electrodes were placed on both sides. The 
electrode material was food-grade stainless steel 
(SS 316) with a diameter of 0.5 mm smaller than the 
inner diameter of  the chamber. At  the electrodes, 
there was a  70 mm long shaft with a  diameter 
of 6 mm for connecting to a power source. The elec-
trodes were protected with Teflon material as an in-
sulator and were equipped with 2 heat-resistant rub-
ber rings on each Teflon to avoid leakage. 

System architecture. In this ohmic heating appa-
ratus, a data logging system was embedded to meas-

ure and record several parameter data. A block dia-
gram of this apparatus is shown in Figure 3. It can 
be  seen that several sensors were used to measure 
several variables, i.e., product temperature, ambi-
ent humidity temperature, voltage, and electrical 
current. Product temperature sensors were placed 
at the center of the chamber and could be attached 
and detach easily. Ambient humidity-temperature 
sensors were placed outside of the chamber and in-
side the room process. Voltage sensors and electrical 
current sensors were placed in  the panel box near 
the microcontroller. A  schematic diagram of  the 
components used for the data logging system is pre-
sented in Figure 4.

Figure 1. Isometric and exploded view of the developed 
ohmic heating apparatus

Figure 3. block diagram of ohmic heating apparatus with 
a data logging system

Figure 2. Chamber design with adjustable electrode spacing
Figure 4. Schematic of electrical components used for a data 
logging system

1 – processing room; 2 – ohmic heating chamber; 3 – elec-
trode; 4 – chamber cover; 5 – door; 6– control panel; 7 – 
voltage regulator; 8 – mobilisation wheel 
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Sensor reading performance. Performance tests 
of  sensor measuring system were performed be-
tween sensor and commercial standard instrument. 
The temperature was compared with DaqPRO 5300 
instrument equipped with PT100 sensor (Fourtec, 
USA). Voltage and electrical current were compared 
with a kWh meter type P06S-100 (Yueqing NQQk 
Electric Factory, China). The accuracy of the sensor 
was evaluated by calculating the mean absolute er-
ror (MAE), mean absolute percentage error (MAPE), 
and coefficient of determination (R2). MAE, MAPE, 
and R2 were calculated using Equations 1–3. 

1
ˆn

i li yy
MAE

n
=

−
= ∑ 	 (1)

1

ˆ1 100%ln i
i

i

M E
y

yy
AP

n =
= ×

−
∑ 	 (2)

( )
( )

2

2 1
2

1

ˆn
ik

n
i

l

lk

y
R

y y

y
=

=

−

−
= ∑
∑

	 (3)

where: yi – data obtained from sensor reading; ŷl – data 
obtained from the commercial standard instrument 
reading; ye – the mean of all ŷ data.

Performance of  control system and data log-
ging system. Performance tests were performed 
on  the ohmic heating apparatus to  evaluate the 
control and data logging systems. The material 
used as  a  heating product was mineral water. The 
deviation between actual temperature and setpoint 
temperature was calculated to evaluate the control 
system. To evaluate the data logging system, the re-
corded data from the SD card in the form of  a CSV 
file was presented. The performance tests were car-
ried out in three replications.

Data analysis. Evaluation for comparing sensor 
measurement with the standard instrument was per-
formed from 5 to 30 repetitions depending on the type 
of sensor. DHT sensor testing (temperature-humidi-
ty) was performed in 5 repetitions with a temperature 
range of 26–39 and humidity between 75–97%. The 
DS18b20 temperature sensor was tested in  10 rep-
etitions with a  temperature range of 11–66. Testing 
of the ACS712 current sensor was carried out in 30 
repetitions with a  current range from 0.05 to  0.88 
A. Testing of the ZMPt101b voltage sensor was car-
ried out in 16 repetitions with an electric range from 
0 to 220 V. Data were analysed statistically to obtain 
MAE, MAPE and R2 values from each result sensor 
testing. The smaller the MAE and MAPE values indi-

cate the more accurate the sensor is, and the greater 
the R2 value (close to 1) indicates the greater the sen-
sor correlation with standard instruments. 

RESULT AND DISCUSSION

Prototype of  a  multipurpose ohmic heating 
apparatus with data logging system. A prototype 
of  a  multipurpose ohmic heating apparatus with 
a data logging system has been successfully designed 
and fabricated based on design criteria. This device 
processed three samples with different treatments 
in one run. The prototype consisted of the main fra-
me, process room, chamber, panel box, variable vol-
tage transformer, and driving motor. The prototype 
is visually described in Figure 5. The overall dimen-
sion is 1 000 × 1 000 × 1 500 mm.

Figure 5. Prototype of a multipurpose ohmic heating appa-
ratus with data logging system
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Figure 6 presents the panel box for monitoring and 
setting up  the ohmic heating apparatus. Inside the 
panel box was a  series of  temperature control sys-
tems and data recorders consisting of  a microcon-
troller, automatic relay/switch, electric current sen-
sor, voltage sensor, LCD monitor, and memory card 
to  store data every 21 seconds. The LCD monitor 
showed several data, i.e., the chamber temperature, 
setpoint temperature, voltage, electric current, and 
room temperature-humidity.

Performance of sensor measurement. The sen-
sors used in the apparatus were tested by comparing 
the sensor readings with the standard instrument 
readings (commercial instrument). The accuracy 

sensor was evaluated using MAE and MAPE. Table 2 
presents each sensor's calculation results of  MAE, 
MAPE and R2. The smaller the MAE and MAPE va-
lues (close to zero), the higher the sensor accuracy. 

The first type of  sensor was a  voltage sensor 
(ZMPT101B), which was compared with the meas-
urement from the kWh meter type P06S-100 (Yue-
qing NQQk Electric Factory, China). Table 2 shows 
that the voltage sensor's measurement results gave 
MAE values of  0.2–0.8 V, MAPE 0.1–0.6%, and 
R2 close to 1, which means that the sensor measure-
ment results have very good regression values with 
standard instruments. This value was satisfactory 
because the error that occurred was very small. Thus, 
implementing the ZMPT101B sensor as  a  voltage 
measurement module in  the ohmic heating appa-
ratus provided a very good measurement accuracy. 
Previous research found that voltage harmonics er-
ror percentage measured by  ZMPT101B was 3.7% 
in the case of the MECO meter and 1.52% in the case 
of the Fluke 434 m (Kumar et al. 2021). As per Insti-
tute of Electrical and Electronics Engineers (IEEE)  
Stdandard 3002.8-2018, the harmonic voltage dis-
tortion limit is 8% total harmonic distortion (THD) 
for less than 1kV (Kumar et al. 2021).

The second sensor is the electrical current sensor 
(ACS712). The current sensor also consisted of  3 
sensors that measure the electric current that en-
ters the ohmic heating chamber. The comparison 
instrument used was the same as  the comparison 
instrument for measuring voltage, i.e., the kWh me-
ter type P06S-100. Based on the measurement data 
from the current range of 0.03 A  to 0.8 A, the sensor 
has a  high linearity level with a  very high R2 value 
between 0.9991–0.9995. In addition, Table 2 shows 

Figure 6. Panel box for monitoring and setting up the ohmic 
heating system

Parameter Sensor's name Commercial measuring instrument MAE MAPE (%) R2

Voltage (V)
ZMPT101B (sensor 1)

kWh meter type P06S-100  
(Yueqing NQQk Electric Factory, China)

0.8 0.6 1
ZMPT101B (sensor 2) 0.2 0.1 1
ZMPT101B (sensor 3) 0.7 0.5 1

Electric current (A)
ACS712 (sensor 1)

kWh meter type P06S-100 
 (Yueqing NQQk Electric Factory, China)

0.01 3.1 0.999
ACS712 (sensor 2) 0.02 5.4 0.999
ACS712 (sensor 3) 0.01 2.7 0.999

Temperature (°C)
DS18b20 (sensor 1)

DaqPro 5300 equipped with PT100 probe 
(Omega Engineering, USA)

0.2 0.7 1
DS18b20 (sensor 2) 0.3 1.1 1
DS18b20 (sensor 3) 0.3 0.9 1

Room humidity (%)
DHT22 handheld temperature/humidity meter 

(Omega Engineering, USA)
0.3 0.8 0.999

DHT22 0.8 1.0 0.999

MAE – mean absolute error; MAPE – mean absolute percentage error; R2 – coefficient of determination

Table 2. Result of the sensor measurement performance
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that the MAE value ranges from 0.01 to 0.02 A and 
the MAPE value ranges from 2.7 to 5.4%. This value 
was also very small because it  was below 6%, thus 
the measurement value could be trusted. This result 
aligns with previous research that uses ACS712 sen-
sor, where the relative error for the current measure-
ment range was less than 5% (Dabou et al. 2021). This 
error was greater than indicated in the datasheet be-
cause the sensor was affected by  temperature (Da-
bou et  al.  2021). Another research also found that 
the MAE obtained from the validation of the ACS712 
sensor was lower than 0.05 A (Jabbar et al. 2022). 

The third sensor was the temperature sensor 
of the heated material, using DS18b20 type sensor. 
This sensor was suitable for the application of both 
liquid and particulate materials because it was cov-
ered with a stainless-steel material. Thus, it was cor-
rosion resistant. This sensor was suitable for ohmic 
heating due to the sensor chip was not directly at-
tached to stainless steel, but coated with a material 
did not transmit electricity, so it would not be dis-
turbed by the electricity flow in the ohmic heating 
chamber. The performance of sensor measurement 
was compared with the DaqPro 5300 instrument 
(Omega Engineering, USA). Based on  Table 2, the 
three temperature sensors provided a  very high 
R2 value close to 1. The data measurement range was 
10–70  °C. In addition, the MAE value of  the three 
sensors was 0.2–0. °C and the MAPE was 0.7–1.1%. 
The results of  this measurement were very satisfy-
ing because the error that occurred was very small. 
This was also in line with previous research that re-
ported that the accuracy of the DS18b20 was ± 0.5°C 
(Obando Vega et  al.  2020). Thus, this sensor was 
very good to   be applied to   an ohmic heating ap-
paratus as  a data acquisition system for measuring 
the temperature of the product during ohmic heat-
ing. According to (Obando Vega et al. 2020), the use 
of the DS18B20 sensor was recommended over the 
internal IR sensor due to  its lower acquisition and 
installation costs.

The fourth sensor used as  a  module for data ac-
quisition on  this ohmic heating apparatus was the 
humidity-temperature sensor (DHT22). This sensor 
was useful for measuring temperature and humidity 
in the room where the three ohmic heating chambers 
operate, so only one sensor unit is needed. The tem-
perature and humidity measurement results were 
compared with a  standard measuring instrument, 
namely a  handheld temperature/humidity meter 
(Omega Engineering, USA). Based on  Table 2, the 

temperature and humidity between the sensor and 
the standard instrument showed a  linear relation-
ship with R2 approaching 1. In  addition, the MAE 
of the temperature reading value was also very small, 
about 0.3°C (MAPE 0.8%), and the MAE of the hu-
midity reading was 0.8% (MAPE 1.0%). The DHT22 
sensor was widely applied because it was cheap and 
had better accuracy than DHT11. Some of its appli-
cations include monitoring temperature and humid-
ity in the incubator and the environmental condition 
(Kho et al. 2022; Peprah et al. 2022). 

Overall, the data measurement system in  the 
ohmic heating apparatus has a  high level of  accu-
racy. Thus, it  can be  used for various applications 
where the data during the process can be measured 
properly and accurately.

Performance of control system and data logging 
system. The performance of the control system was 
evaluated based on  the results of  the whole system 
in  controlling the temperature according to  the set 
points that have been chosen. This Ohmic heating ap-
paratus worked based on the temperature set at the 
beginning of  the process. Thus, various processes 
can be applied using this apparatus, from those re-
quiring low temperatures, such as  fermentation, 
warming and preheating, to  higher temperatures, 
such as cooking and pasteurisation. In this study, the 
control system was tested in a temperature range for 
warming/fermentation purposes. 40 °C.

The performance of the system in controlling the 
temperature is presented in Figure 7. Based on Fig-
ure 7, the temperature curve increased to  a set point 
of  40 °C, then held constant until the end of  the 
process. This can also be seen from the electric cur-
rent curve where since the target temperature was 
reached, the current was cut off, and the current val-
ue measured by the sensor was 0 A; while the tem-
perature dropped, the electric current flowed again 
so that the temperature rose again. In the graph, it can 
be  seen that the electric current changed between 
on and off. Descriptive analysis of temperature data 
is presented in Table 3, where the average tempera-
ture after the set point is reached for trials 1, 2 and 3 
are 39.98±0.03 °C, 39.99±0.02 °C and 39.99±0.02 °C 
respectively. This research was in line with previous 
research, which claimed that the standard deviation 
of the temperature control system in ohmic heating 
for coffee fermentation showed a  very small value 
ranging from 0.04 to  0.16 °C (Sagita et  al.  2022). 
It  was revealed that the developed apparatus had 
performed even better in maintaining the tempera-
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ture of the processed material because the deviation 
was below 0.03 °C. Furthermore, the voltage sensor 
also worked well in measuring data, where the curve 
was very stable according to the initial voltage given, 
which was 72 V.

The performance of  the data logging system can 
be  seen in  Figure 8. This picture was an  example 
of  data recorded by  the microcontroller and saved 
to the SD card memory in CSV format. Figure 8 was 
also displayed only when the temperature started 

reaching the set point of  40°C. It  can be  seen that 
the recorded parameters were essential, starting 
with the day, date, hour, material temperature, volt-
age, electric current, heating conditions, and envi-
ronmental temperature-humidity. Thus, the control 
system on  the ohmic heating apparatus has been 
well operated and satisfactorily. Thus, the data dur-
ing the apparatus work can be  recorded. The data 
can be useful for research and further analysis.

Performance of  measurement durability. The 
durability performance of the apparatus was evalua-
ted to assess its reliability during continuous usage 
for up  to 24 hours. Figure 9 illustrates the data the 
data logging system recorded over multiple hours, 
encompassing various parameters such as  voltage, 
electrical current, product temperature, and ambi-
ent temperature-humidity. The product tempera-
ture remained consistently stable throughout the 
process, maintaining a linear curve at 40 °C for over 
24 hours. The electric current operated intermi-
ttently, resulting in periodic rises and falls between 
0 and approximately 0.27 A. Although there was mi-
nimal noise, the data can still be processed for fur-
ther analysis, if necessary.

Furthermore, the ambient temperature in the room 
displayed fluctuations corresponding to environmen-
tal conditions, with recorded values ranging between 
28 to 32°C. This observation indicates that the ohmic 
heating system functioned effectively, maintaining 
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Figure 7. data display since the set point temperature was reached: (A) trial 1, (B) trial 2, and (C) trial 3
RH – relative humidity

N – number of data; SD – standard deviation; SE – standard error 

Trial N Average temp Max temp Min temp. SD SE mean 
1 101 39.98 40.00 39.94 0.03 0.003
2 101 39.99 40.06 39.94 0.02 0.002
3 101 39.99 40.06 39.94 0.02 0.002

Table 3. Descriptive analysis of the temperature sensor after set point was reached (°C)

Figure 8. display of the recorded data by data logging system

(A) (B) (C)
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the desired temperature within the chamber regard-
less of  external factors. The measured voltage data 
was generally satisfactory, despite minor fluctua-
tions that can be attributed to the inherent variability 
of  electrical flow. Such fluctuations are normal and 
have been documented in the literature.

Based on durability tests mentioned in the litera-
ture, which involve cycling, or  turning equipment 
on  and off at  regular intervals and for specified 
lengths of time (Benson et al. 2013), the developed 
ohmic apparatus has demonstrated its capability 
to  operate continuously for 24 hours. The sensor 
successfully recorded data at a  rate of  (1/20 cycle/
sec) × 60 s/min × 60 min/h × 24 h, resulting in a to-
tal of 4 320 data points. This process was repeated 
three times, consistently yielding accurate meas-
urement and data recording results. According 
to a study conducted by Elyounsi and Kalashnikov 
(2021), experimental readings were performed 
for approximately three months. The readings 
of DS18b20 showed excellent agreement with an av-
erage bias of only 0.05 °C and most scattered with-
in ± 0.08 °C. The experiment gave them confidence 
in  the accuracy of  the DS18B20 sensors for meas-
uring in  the long-term condition. Then a Medina-

Garcia et al. (2017) study used the ACS712 sensor. 
The results show very low power consumption, low 
cost, highly reliable and compact design, achieving 
a  high level of  autonomy for over two years with 
only one 3.3 V/2600 mAh battery. Another study 
used ZMPT101b, AC712 and Arduino as  micro-
controllers to develop a grounding status detection 
tool (Corio et  al.  2022). The results showed that 
the tool's duration reaches 10 h non-stop per day, 
which is a long enough time to use for checking the 
grounding condition of  a building.

Based on the overall testing and supported by sev-
eral previous studies, the use of  low-cost sensors 
(ZMPT101b, ACS712 and DS18b20) was suitable 
for developing the ohmic heating apparatus with 
good quality measurement and durability. This de-
vice and its supporting systems operated effectively 
and can be utilised for various research and devel-
opment purposes related to  ohmic heating appli-
cations. The apparatus is  well-suited for processes 
requiring extended durations, such as fermentation, 
temperature conditioning, and storage, as  long 
as  the materials involved meet the necessary elec-
trical conductivity criteria to  leverage the benefits 
of ohmic heating principles.
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CONCLUSION 

An apparatus of  a  multipurpose ohmic heating 
system integrated with a  data logging system was 
designed, fabricated, and tested. The apparatus was 
constructed by combining several low-cost sensors 
consisting of  voltage sensors (ZMPT101B), elect-
rical current sensors (ACS712), temperature sen-
sors (DS18b20), and temperature-humidity sensors 
(DHT22). The fabricated apparatus was validated 
by  comparing the sensor reading with commercial 
instruments. The MAE and MAPE of  the voltage 
sensor were 0.2–0.8 V and 0.12–0.6%, respectively; 
the electrical current sensor was 0.01–0.02 A  and 
2.7–5.4%, respectively; the temperature sensor was 
0.2–0.3°C and 0.7–1.1%, respectively; and humidity 
sensor was 0.8% and 1%, respectively. The apparatus 
was also tested for the control and data logging sys-
tems. The product temperature could be accurately 
maintained according to  the set point temperature 
with a  deviation value lower than 0.1  °C. The data 
logging system was able to record and store the pa-
rameter data in SD card memory for up  to several 
days without interruption. The results demonstrated 
that the developed apparatus can be used for several 
heating processes of food and agricultural materials 
based on the ohmic heating principle.
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