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Abstract Food products that are extensively
distributed in the community, notably in traditional
markets, and often consumed by the public, such as tofu,
are frequently discovered to contain formaldehyde,
according to BPOM laboratory tests in 2020. In reality, the
usage of these materials is quite hazardous. As a result, a
more accurate and cost-effective detector for detecting
formaldehyde is required. Therefore, the authors of this
study intended to create a formaldehyde detector based on
a gas sensor. The purpose of this research was to design a
formaldehyde detector utilizing a gas sensor and to identify
a gas sensor that can detect formaldehyde. The gas sensors
that were utilized in this research were MQ-2, MQ-4,
MQ-5, MQ-6, and MQ-9 gas sensors. The test was carried
out on a specific sort of pure formaldehyde solution with a
determined concentration. There were five replications of
each treatment: O ppm, 100 ppm, and 200 ppm
formaldehyde solutions. Based on the results of the study,
the gas sensor with an adequate response to detect
formaldehyde is MQ-2 at concentrations of 0 ppm, 100
ppm, and 200 ppm. Conversely, MQ-4, MQ-5, MQ-6, and
MQ-9 gas sensors were less accurate to formaldehyde
compounds.
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1. Introduction

Food sources are critical for humans because they have
an impact on human survival to complement human
growth and development from childhood to adolescence.

Adequate nutrition is required during the growing process,
and the food consumed must be safe. According to BPOM
2014, 43 percent of food distributed in the communitydoes
not meet the eligibility standards for consumption because
it has been contaminated by microbes. Moreover,
potentially harmful substances and food safety are issues
that must be taken into account since these factors affect
public health (Prastiwi et al, 2019). Many incidents of
poisoning have been reported as a result of consuming
contaminated food, which contains high levels of borax,
textile colors, and formaldehyde. In 2017, BPOM has
conducted laboratory tests on several types of food
distributed in schools in 30 cities located in Indonesia.
From the sample, 40,6 percent of the items tested failed to
fulfill food safety and quality standards (Yunuari, 2017).

Based on the research of (Damayanti et al. 2014), the
discovery of high levels of formaldehyde in various foods
and the results of investigations of print and electronic
media reports on the consequences of using hazardous
food ingredients should be a shared issue. The public
should be more aware of consuming food ingredients that
are widely distributed. In addition, socializations on the
dangers of formaldehyde-containing foods should be
carried out routinely. People should be able to recognize
natural food ingredients that may be developed using the
colorful plants that surround us. These colorful plants may
be recognized and used to detect the presence of
formaldehyde in food. The presence of chemical
compound such as formaldehyde can be detected using
acids and bases (Hastuti et al. 2020).

According to (Maifita et al. 2020), formaldehyde is an
aldehyde compound that is extremely harmful to the
human body and has the same formula as H,CO in the form
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of liquid and gas. Formaldehyde, commonly known as
methanol, is produced when methanol undergoes a
catalytic oxidation process. As a result, formaldehyde can
be created by the combustion of carbon-containing
compounds such as those found in forest fires, exhaust
fumes, and tobacco smoke. In humans, a metabolite is
formed when minimal levels of formaldehyde are present
in the body (Junaidi, 2018).

According to (Faradila et al. 2014), long-term or
above-threshold consumption of formaldehyde-containing
foods and drinks can cause cancer, eye and respiratory
irritation, central nervous system damage, and blindness.
As a result, the government, as well as the general public,
require a formaldehyde detector to precisely assess the
formaldehyde content (Walefield, 2014).

In the general public, detecting hazardous formaldehyde
in food products is still challenging due to the fact that it is
usually done manually. As a result, the presence of
formaldehyde is frequently undetected. Detection with
laboratory analytical chemicals is still slow and
inconvenient. Consequently, efforts must be made to detect
formaldehyde in a more practical, quick, and effective
manner. So in this case, an electronic-based digital detector
and gas sensor was designed in order to detect
formaldehyde more rapidly and accurately (Jamali, 2011).

During its development, the use of the simple detection
concept has been widely applied to existing technologies,
such as formaldehyde detection devices using color gas
sensors to 10T-based, and so on. Detection of foodstuffs
using a color gas sensor generally applies the principle of a
color change from the pH of the material. A color change
from the response will be detected by the sensor (Herianto,
2017). While, the results from the loT-based detection will
be accessible on smartphones and the internet (Syukri et al,
2021).

Formaldehyde detectors are currently the subject of
intense investigation. Existing formaldehyde detectors, on
the other hand, are mostly formaldehyde detectors with gas
sensors specifications for formaldehyde. This type of gas
sensor is difficult to obtain or is rarely sold in Indonesia,
and the price of a gas sensor significantly costly. Likewise,
a prior study conducted by (Sa’diyah, Halimatus, et al.
2013) was about the detection of formaldehyde using a
formaldehyde digital technique, which was regarded
insufficiently  accurate and  required  additional
development. The research of (Saptarini, et al. 2011)
mentioned  other  instruments, such as the
Spectrophotometer, which detects the presence of
formaldehyde in food but is extremely costly. As a result, it
is necessary to design a formaldehyde detector utilizing an
alternate sort of gas sensor that is easier to attain and
relatively cheaper, but still accurate. Moreover, the
research of (Safrul, et al. 2017) about the formaldehyde
content detector in ATMEGA 2560-based meatball used
backpropagation neural network, also gave further
recommendations that the next instrument should be
compact and in the shape of a box. Therefore, it can be
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carried and is highly practical for direct use in field testing.
In addition, to facilitate field use, the tool should also have
an internal power supply so that it does not require
electricity from the State Electricity Company and
therefore saves money on electricity.

Based on the description of the problem, the authors of
this research intended to design a formaldehyde digital
detector based on an Arduino microcontroller UNO and
gas sensor. It is expected that the sensor will be able to
identify formaldehyde content with high accuracy and at a
low cost. So, it is anticipated that this detector will be able
to assist the public better in sorting out food that is safe to
consume and food that is not (Syukri et al, 2021).

The objective of this study was to plan, design and
determine the best gas sensor to detect the presence of
formaldehyde.

2. Materials and Methods

Research for the manufacture of tools and the testing or
observations was held in the Mechatronics Laboratory of
Agro-industrial Machine Tools, and the Laboratory of
Food and Agricultural Product Processing Engineering,
and the General Chemistry Laboratory at the Faculty of
Agricultural Technology, Universitas Brawijaya. The
study was scheduled to take place between April and June
2021. The chemical used was formaldehyde 37% which
was diluted to 100 ppm and 200 ppm. The observations
were then made at formaldehyde concentrations of 0 ppm,
100 ppm, and 200 ppm. The MQ-2, MQ-4, MQ-5, MQ-6,
and MQ-9 gas sensors were used in the formaldehyde
detectors. This formaldehyde detector is built of acrylic
glass for the frame or body, completed with an electric
heater made of aluminum with the Maspion SH 31 type
with a capacity of 300 watts (Kurniawan, B. 2016).

Based on (Arduino, 2018), the tools are including
Arduino UNO that linking gas sensor for detection process,
the jumper cable that connects the gas sensor to the arduino
UNO. Besides, there is data cable to connect arduino UNO
to the computer, the thermocouple to figure out the
temperature, the LCD to display the results of the
observations, the control button to control the arduino
UNO, PCB to connect to other components, blower to
release steam, power supply to supply electric voltage,
liquid bucket as a solution container. All of these materials
and tools are electronic materials and devices
manufactured by the company (Sokop. et al. 2016).

3. Results and Discussion

Planning Design

On the basis of the analysis and working drawings, the
formaldehyde detector design was completed. Prototypes
of each part of the tool were created based on the working
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drawings. Formaldehyde detectors were designed with the
smallest possible capacity or size so that they are easily
carried. This is inspired by previous research that still
needed improvements and the suggestions from (Safrul, et
al. 2017). Thus, this detector was designed with a length of
224 mm, a width of 159 mm, a height of 124 mm and a
weight of 1 kg. The tool's body frame is made of acrylic
glass, which is lighter than glass or iron and also heat
resistant and transparent. The electric heaters have a
capacity of 300 watts (Suprayogi, 2018).

For the main electronic components, namely Arduino
UNO, that will be used for regulating or activating all other
electronic components, the gas sensor uses a specific tool
to capture and receive steam from an electric heater so that
the presence of formaldehyde is detected. The

thermocouple measures the temperature of the heater in a
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20 mm container. The power supply delivers voltage
directly to components. While the PCB (printed circuit
board), a board full of metallic circuits, connects dissimilar
or equal electronic components without wires. The power
button activates arduino UNO and the control button
controls the tool or formaldehyde detector. Meanwhile, a
liqguid container will accommodate formaldehyde
compound liquid. In addition, a blower is used to sterilize
the air flow in and out of a formaldehyde detector. Another
part is a door for the entry and exit of the liquid container
designed with a hinge as a door lock with a formaldehyde
detector body. Lastly, a 20x4 LCD display the result data
observation (Hastuti et al, 2020). The results of the
formaldehyde detector image design can be seen in (Figure
1);

1. Input cover; 2. Hinge; 3. Pemanas listrik; 4. LCD; 5. Body; 6. Nose sensor; 7. Thermocouple; 8. Exhaust fan; 9. Closing body; 10. Power supply;
11. Arduino Uno; 12. PCBs; 13. Power button; 14. Control button; 15. Liquid container

Figure 1. Parts of a formaldehyde detector
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Working Mechanism of the Detector

Sample preparation was conducted by diluting pure
formaldehyde compound solutions with concentrations of
0 ppm, 100 ppm and 200 ppm and then storing it in their
respective glass beakers which have been labeled based on
their respective concentrations, so that they are not mixed
with one of the concentrations that have been diluted. The
second step was installing the electronic equipment and
other components, such as Arduino UNO with a jumper
cable. After the gas sensor was attached with a jumper
cablethat connected to the Arduino UNO, PCB of Arduino
UNO and LCD were installed and connected to the
electronic device correctly, in accordance with Arduino
UNO (Andrianto et al. 2017).

The detector was then turned on. After that, we turned on
the electric heater with a capacity of 300 watts and
prepared a container as a place to enter the glass beaker and
pure formaldehyde compound solution. We heated it for 10
minutes until the temperature reached 80 Celsius and
turnedoff the electric stove so that the temperature does not
rise above 80 Celsius. Then, the gas sensor was inserted
into the container so that the gas sensor caught the
formaldehyde vapor compound and responded to the
formaldehyde vapor compound for 4 minutes and produced
an output voltage. The output voltage entered to the
Arduino UNO and converted from analog data in the IDE
Arduino UNO program into a percentage and then the
results of the observations were displayed on the LCD
(Fadlilah et al., 2018).

Afterwards, the gas sensor was removed from the
solution container and left for 3 minutes. The solution was
furtherly heated again using an electric stove with the
Maspion SH-31 type, which uses 300 watts of power to a
temperature of 80 Celsius by using a thermocouple. The
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observations were repeated for several times, then the
detector and other components were turned off after the
observations were completed (Andrianto et al. 2017).

Gas Sensor Selection

The goal of gas sensor observation or selection was to
find gas sensors that respond or deliver reliable signals.
Aside from that, the research was done to see which gas
sensors are less accurate or susceptible to formaldehyde
compounds. The graph depicts the tool's test results. To
determine the reaction of the gas sensor to formaldehyde
compounds, five formaldehyde detection processes were
carried out (Arduino, 2018).

The formaldehyde detector test was repeated five times,
using five different types of gas sensors containing pure
formaldehyde compounds at a concentration of 37%. This
test was done by diluting formaldehyde solution at three
different concentrations: 0 ppm, 100 ppm, and 200 ppm.
The temperature applied in this process started at 80
degrees Celsius until the time was complete, with a defined
observation time of 4 minutes or 240 seconds the results
were displayed starting from 4 seconds to 240 seconds.
Each replication had 5 treatments with a gas sensor that
differed in each predefined formaldehyde concentration,
namely 0 ppm,100 ppm, and 200 ppm (Sandi, Z. 2018).

Based on previous research of (Maibriadi et al. 2019),
the results of observations of pure formaldehyde
compounds with concentrations of 0 ppm, 100 ppm and
200 ppm should be displayed more clearly using a PCA
(Participant Component Analysis) loading plot to analyze
and select a gas sensor that responds very well to
formaldehyde compounds. Figure 2 shows the PCA
(Participant Component Analysis) loading plot:
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Figure 2. PCA (Participant Component Analysis) Loading Plot
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Using a PCA (Participant Component Analysis) loading plot, the observations of formaldehyde with gas sensors type
MQ-2, MQ-4, MQ-5, MQ-6 and MQ-9 at concentrations of 0 ppm, 100 ppm and 200 ppm revealed that the most
accurately sensitive gas sensor towards formaldehyde was MQ-2 at concentrations of 0 ppm, 100 ppm, and 200 ppm.
While MQ-4, MQ-5, MQ-6 and MQ-9 gas sensors were lessaccurate towards formaldehyde compounds (Firmawati et al.

2016).

The results of formaldehyde observations using the MQ-2 gas sensor can be seen in (Figure 3):
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Figure 3. Results of Observations on Formaldehyde with MQ-2 Gas Sensor Chart
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Based on the observations of formaldehyde at a concentration of 0 ppm with the MQ-2 gas sensor, the results were
consistent with the variations in the chart of formaldehyde compounds with concentrations of 0 ppm, 100 ppm, and 200
ppm. Each concentration is separated by a significant distance. The higher the formaldehyde concentration, the greater
the changes of the chart.

The results of formaldehyde observations using the MQ-4 gas sensor can be seen in (Figure 4):
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Figure 4. Results of Observations on Formaldehyde with MQ-4 Gas Sensor Chart

The results of observations of formaldehyde with a concentration of 0 ppm with the MQ-4 gas sensor showed
inconsistent results, as seen in the chart changes. The result of formaldehyde compounds with concentrations of 0 ppm,
100 ppm and 200 ppm are very irregular (Andrianto et al. 2017).

The results of formaldehyde observations using the MQ-5 gas sensor can be seen in (Figure 5):
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Figure 5. Results of Observations on Formaldehyde with MQ-5 Gas Sensor Chart
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The results of observations of formaldehyde with the MQ-5 gas sensor were inconsistent. As seen in the chart changes,
the result of formaldehyde compounds with concentrations of 0 ppm, 100 ppm and 200 ppm are very irregular, more
specifically in the 100 ppm and 200 ppm.

The results of formaldehyde observations using theMQ-6 gas sensor can be seen in (Figure 6):
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Figure 6. Results of Observations on Formaldehyde with MQ-6 Gas Sensor Chart

Observations of formaldehyde with a concentration of 0 ppm using the MQ-6 gas sensor, which is very sensitive to
formaldehyde compounds, is the same as the MQ-2 gas sensor. The graph is only presented in reverse, with 0 ppm atthe
top, 100 ppm in the center, and 200 ppm at the bottom.

The results of formaldehyde observations using the MQ-9 gas sensor can be seen in (Figure 7):
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Figure 7. Results of Observations on Formaldehyde with MQ-9 Gas Sensor Chart
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Observations of formaldehyde with the MQ-9 gas sensor
showed consistent results with changes in the graph of
formaldehyde compounds that were very responsive or
gave signals, from 0 ppm, 100 ppm and 200 ppm. The
distance between each concentration was very different.
The more or the higher the formaldehyde content, the
higher the graph changes will be (Rendyansyah et al.
2019).

4. Conclusions

Based on the findings of the research and the discussion
that has been elaborated, it can be concluded that the
design of the formaldehyde compound detector is both
inexpensive and accurate. Only by using electronic tools
can we create and apply to the public in order to avoid food
poisoning. Because of its great sensitivity and ability to
respond efficiently to volatile gases in the formaldehyde
compound, MQ-2 is the most sensitive gas snsor for
detecting pure formaldehyde compounds. The results also
revealed that the MQ-4, MQ5, MQ-6, and MQ-9 gas
sensors did not respond to pure formaldehyde compounds
because they were insensitive to volatile chemicals in the
observation treatment.
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