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Abstract

The research aims to determine the quality of cooking oil based on the viscosity coefficient using
an Arduino UNO-based viscosity coefficient determining tool. By integrating the Arduino UNO
into the viscosity measurement process, this research shows innovation in adapting widely
available technology for scientific purposes. The series of tools for determining the value of the
viscosity coefficient work if an iron ball enters the fluid and will be detected by magnetic sensors
1 and 2 if it passes through the sensor, which is placed at a predetermined distance. Research
was conducted to test the quality of cooking oil by determining the viscosity coefficient. The
method research is analyzing recorded videos of the motion of objects falling in oil with Tracker
Software. By tracking the video recording of the motion of an object falling in a liquid, data, and
graphs of the speed of the falling motion can be obtained. Then from the data obtained, the
viscosity value is obtained using the equation. The results of the 5 cooking oils, using the tool,
were that oil 1 had a viscosity coefficient of 0.2732 Pa.s; oil 2 with 0.3077 Pa.s; oil 3 with 0.3127
Pa.s; oil 4 with 0.3186; and oil 5 with 0.3218 Pa.s. Meanwhile, the results of the oil viscosity
coefficient using manual calculations showed that oil 1 had 0.2733 Pa.s; oil 2 with 0.3089 Pa.s;
oil 3 with 0.3136 Pa.s; oil 4 with 0.3188; and oil 5 with 0.3219 Pa.s. The percentage of error that
occurs from the tool is 0.17%. The oil with a smaller viscosity coefficient is coconut oil (better
guality than palm oil), while the quality of bulk oil is indicated by a larger viscosity coefficient.
It could be asserted that the oil's quality improves as the viscosity coefficient decreases.

Keywords: viscosity, cooking oil, Arduino UNO

INTRODUCTION

Based on data from the Indonesian Palm Oil Entrepreneurs Association (Gapki), palm oil
consumption in Indonesia was 1.98 million tonnes in September 2023. Looking at the trend, domestic
palm oil consumption has tended to increase since January 2020. The figure also set a record high in
August 2023 which reached 2.04 million tons. Indonesia's palm oil production reached 4.54 million
tons in September 2023. The amount increased by 7.49% compared to August 2023 which was 4.22
million tons (Dimopoulos et al., 2023). Cooking oil or what is called RBD (Refined, Bleached,
Deodorized) Olein is one of the processed palm oil products which is a staple food ingredient that
receives special attention from the government. Palm cooking oil is divided into two types, hamely
bulk cooking oil and branded packaged cooking oil (Asmara, 2019). In Indonesia, the most popular
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cooking oil consumed for frying is palm oil. This is because Indonesia is the largest palm oil-producing
country. After palm oil, coconut oil is the most widely used in Indonesia (Laelia et al., 2019).

Low-quality cooking oil often contains high levels of trans fats, saturated fats, and free radicals,
which are detrimental to cardiovascular health. Prolonged consumption can increase the risk of heart
disease, stroke, and other cardiovascular conditions (Mozaffarian et al., 2006). Low-quality cooking
oil is deficient in essential nutrients and may contain harmful substances due to improper processing
or contamination. Consuming such oil can lead to nutritional deficiencies (Asraf et al., 2018) and
jeopardize overall health (Mays, 2021). Some low-quality cooking oils contain carcinogenic
compounds formed during processing or due to contamination. Regular consumption of such oils can
increase the risk of developing certain types of cancer (Rajendran et al., 2020). Contaminated or rancid
cooking oil may contain toxins or pathogens that can weaken the immune system, making consumers
more vulnerable to infections and diseases (Banerji et al., 2003).

Government bodies and regulatory agencies often establish quality standards and specifications for
cooking oil to ensure consumer safety and product integrity. These standards may include parameters
for purity, fatty acid composition, trans fat content, and levels of contaminants (Casanova et al., 2021).
Regulations generally require accurate labeling for cooking oil products, including information on
ingredients, nutritional content, manufacturing processes, and expiration dates. Clear and transparent
labeling helps consumers make informed choices and avoid purchasing low-quality cooking oil (Scott
& Sesmero, 2022).

Regulatory bodies conduct inspections and audits of food manufacturing facilities to ensure
compliance with industry regulations. Violations can result in fines, product recalls, or legal action to
protect consumer health and safety (Siahaan, 2023). Government agencies and health organizations
often conduct public awareness campaigns to educate consumers about the importance of using high-
guality cooking oil and how to identify signs of rancidity or contamination. These campaigns promote
healthy cooking practices and empower consumers to make choices based on information (Capitéo et
al., 2022). Thus, low-quality cooking oil can pose serious risks to consumer health, emphasizing the
need for stringent industry regulations to ensure product safety and integrity. By implementing quality
standards, labeling requirements, quality control measures, inspections, and public awareness
initiatives, regulatory bodies can mitigate these risks and protect public health.

Many methods can be used to test the quality of cooking oil, such as solubility test, melting point,
polymorphism, boiling point, softening point, slipping point, shot melting point, specific gravity,
viscosity, refractive index, turbidity point, smoke point, flash point. and hotspots and others (Rosalina
& Kadarisman, 2018). Viscosity is a determination of the flow rate of a liquid. The greater the density
of a liquid, the more friction an object will experience. From this situation, through the magnitude of
the speed of an object, the frictional force on an object moving in a liquid with a greater density can be
determined. The friction force experienced by a ball moving in a liquid whose density is greater
according to Stokes' law. The viscosity coefficient is defined as the resistance that arises in a flowing
liquid (Pratiwi & Luthfia, 2023).

The viscosity of a fluid is the resistance caused by friction between fluid molecules, which can resist
fluid flow so that it can be expressed as an indicator of the level of viscosity. According to Sir George
Stokes, the drag force experienced by a ball when it moves at a certain speed in a fluid. When it starts
to fall into the fluid, the ball accelerates so that its speed increases. This speed is called terminal speed
(Sidig & Samyono, 2016). Khairunnisa (2019) measured water viscosity using a tracker-based damped
oscillation method. The tracker is used to analyze videos by determining position over time, presents
graphs, and uses the fit builder feature to determine the attenuation coefficient. Viscosity is a
measurement that states the amount of friction in a fluid. Fast-flowing fluids have a small viscosity
while slow-flowing fluids have a large viscosity. One of the properties of liquids is that they have
different viscosity coefficients (Soper, 2019).

According to Stokes, the friction force is given by what is called Stokes' formula:

F = é6nrnv Q)

F is the gravity force which is precisely balanced with the friction force and the ball falls with a

constant speed of v so that the equation applies
F =mg = é6nrnv 2
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An upward force also acts on the ball, Archimedes' force is equal to the weight of the displaced
fluid, which is equal to
4
Farcn =Vppg = s1rprg ®3)
where V is the volume of the ball and ps is the density of the liquid. By writing down the mass
value of the ball, then

m=Vp, =F =Vp,g =3r°pyg (4)
With the value of py being the density of the ball, the magnitude of the ball's gravity is reduced by
the Archimedes force, so that the Stokes equation becomes:
F =mg = 6mrnu
F = Fpren = 37r3ppg —3mr3ppg = 6wy )
Then it produces a viscosity (1):
_ §”T3(Pb—Pf)g

61TV (6)
_2r*(pp-pr)g or = 27%g(pb—py) )
n= 9 T o9 v

F = Gravity Force (N)

Farcn= Archimedes Force (N)

m = mass (KQg)

g = Acceleration due to gravity = 9,8 (m/s?)
r = Radius of ball (m)

pp = density of the ball (Kg/m?®)

pr = fluid density (Kg/m?)

v = Speed of falling ball (m/s?)

So by knowing the value of the density of the ball, the density of the fluid, by measuring the radius
of the ball r, and also determining the value of the speed of the ball falling in the fluid, the value of the
viscosity coefficient of the fluid can be determined. The SI unit of viscosity is defined as mm2/s or
cm2/s, where 1 cm2/s is equivalent to 1 St (Stokes) (Young 2002). Another viscosity unit is Poise (P),
1P =1 Ns/m2 (Regina et al., 2018).

Traditional viscometers, such as capillary and rotational types, offer high accuracy, widespread use,
and durability, making them reliable and globally recognized for measuring fluid viscosity. However,
they are often expensive, require specialized training for accurate use, and need regular maintenance
and calibration. In contrast, Arduino-based instrumentation provides a cost-effective alternative, being
significantly cheaper and highly flexible due to programmable customization with various sensors.
This makes them ideal for educational purposes and budget-constrained research. Despite their
affordability and accessibility, Arduino-based tools generally have limited accuracy, require
knowledge of programming and electronics, and may lack the robustness and long-term reliability of
traditional viscometers.

Tissos et al. (2014) have researched measuring fluid viscosity but using the Hall Effect sensor
UGN3503 and Arduino Uno 328. Arduino performs calculations automatically to obtain fluid viscosity
values. The value of the fluid viscosity is then displayed on the LCD. Arduino is a simple hardware
development platform that is flexible and easy to use (Corno & Mannella, 2023). Testing the accuracy
of the tool is realized, after obtaining the data from the test, the next step is to analyze the data and
carry out an analysis of the value of the percentage of success and percentage of error on the fluid
viscosity tool. The formulas for finding the error percentage are based on the following equation.

Calculated value — Measured value
%Error = x 100%
Calculate value

This research aims to determine oil quality based on the viscosity coefficient value using an Arduino
UNO-based viscosity coefficient determining tool. New technologies such as the Arduino UNO offer
great potential for adaptation in a variety of scientific and industrial applications. However, research
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on the use of Arduino UNO for viscosity measurements is still limited. By bridging this gap, this
research can combine innovative technology with viscosity measurement practice, opening new
opportunities for the development of better and more affordable tools. This research is one of the
learning processes that can facilitate students to investigate real phenomena from the real world by
utilizing technology to overcome the limitations of human observational abilities. Teachers need to
consider utilizing technology that can help students retrieve data, present data and interpret data
resulting from investigations into science phenomena from the real world more accurately.

METHODS

This research was carried out by designing an Arduino UNO installation program with tools and
materials assembled as in FIGURE 1. Arduino is an open source device and is often used to design and
manufacture electronic devices. Plus the software is easy to use and helps users with their work. It has
several uses, one of which is to develop devices that can work automatically.

FIGURE 1. Arduino UNO circuit used in this research.

The devices used in this series of tools for determining the viscosity coefficient value are: (1)
Arduino Uno, (2) 12v 2a power supply, (3) Step down, (4) 16x2 LCD, (5) 2 magnetic sensors, (6) Push
button, and (7) Acrylic material with 10x3 mm raft cable. For how this tool works, you can see the
flowchart in FIGURE 2.

Arduino Uno328 is a microcontroller chip that has been integrated with the ATmega328
microcontroller which is equipped with various features that provide convenience for users. The
ATmega328 microcontroller consists of 14 digital input and output pins which can be used as PWM
output with 6 pins and an analog input pin as many as 6 pieces and several other devices. This
microcontroller can be connected directly to a computer using a USB cable without any other additional
devices. The Arduino Uno contains a microprocessor and is equipped with a 16 MHz oscillator (which
allows time-based operations to be carried out precisely), and a regulator (generator). voltage) 5 volts.
Several pins are available on the board. Pins 0 to 13 are used for digital signals, which only have a
value of 0 or 1. Pins AQ-A5 are used for analog signals to hold data, 32KB flash memory, and Erasable
Programmable Read-Only Memory (EEPROM) to store programs (Tissos et al., 2014).

The Hall Effect sensor is made of a layer of silicon and two electrodes. When there is no magnetic
field affecting the sensor, a current flows through the electrode which results in the electrode being
balanced and causing the output voltage to be 0 volts, and vice versa. The main working principle of
this sensor is the Lorentz Force, which is a force that works due to the presence of electric charges
moving in the sensor a magnetic field. The Lorentz force acting on a conducting plate given a magnetic
field applies the equation: F = qV x B, where: F= Lorentz force (N); g= Electric charge (Coulomb); v=
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Charge speed (m/s); B= Magnetic field (Tesla) (Tissos et al., 2014). DS18B20 has 3 leg pins consisting
of Vs, ground, and input/output data. Vs itself functions as a voltage source. The voltage of the
DS18B20 sensor is 3V-5.5V but Vs provides a voltage of 5V to the microcontroller because the
microcontroller has a voltage of 5V. The ground leg is connected to the ground in the circuit. As a
reference, the DS18B20 sensor has the following main specifications or features: 1) The interface
communication used is only one cable (using a unique 1-wire protocol), 2) The onboard ROM is a
storage place for sensor devices that have a 64-bit serial code, 3) Does not require additional
components, and 4) Can also be used in the power range of 3 to 5.5v (Huda & Kurniawan, 2022).

START

Initiation of DS18B20 sensor,
Initiation of magnetic hall sensor,
Initiation of Kaypad

l

Arduino UNO Ready

Setting value of
Oil Volume

l

Drop a magnetic ball

Is the object dropped through
two sensors?

The speed value of the object
appears on the LCD.

l

Pressing "#" on
the keypad.

Viscosity value shown on the
LCD.

END

FIGURE 2. Flowchart of Arduino-based viscosity coefficient value determination program.
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The way this tool works is, (1) Turn on the tool by plugging the adapter/power supply into 220vac
electricity; (2) When the tool is on, set the oil volume according to the oil in the container that has been
filled; (3) then set the oil volume value by pressing the "A" button on the keyboard; (4) After setting
the oil volume, you can test the viscosity by dropping a load whose value has been input (in this case
a magnetic ball), (5) After the object is dropped, the speed results will appear from the magnetic sensor
readings obtained. from the travel time and distance between the two sensors on the LCD, and (6) After
the speed value appears on the LCD, then press "#" on the keyboard to find out the viscosity value.
Finished. If there is an error on the tool, please press the green button on the tool.

RESULTS AND DISCUSSION
The Arduino UNO device that has been designed is then assembled with a tube made of acrylic with

a length of + 150 cm, with sides of 3 x 3 cm. The results of the series of viscosity determination tools
can be seen in FIGURE 3.

FIGURE 3. Arduino UNO-based viscosity determination tool circuit

One application that can be used to help study two-dimensional motion phenomena is Tracker Video
Analysis. Developed by Java Open Source Physics (OSP), this application can track object motion to
obtain the information needed in two-dimensional motion analysis. By recording motion phenomena
using a video camera, the recording is then processed using Tracker Video Analysis, allowing students
to obtain information such as the position of the object (X, y) at any time (t), which makes it easier to
analyze the movement. In simple terms, Tracker can track object movement so that the information
needed for motion analysis can be obtained. By recording real motion phenomena using a video camera
and processing them with Tracker, the various data displayed can be interpreted, making it easier to
analyze these motion phenomena.

The motion analysis procedure with a video tracker includes: importing the video to the tracker,
then setting the frame, calibrating the stick, setting the x-axis and y-axis, determining the mass point
of the object to be analyzed, and analyzing the object's motion with the autotrack command. The
working principle of this program is that an iron ball that enters the fluid will be detected by magnetic
sensors 1 and 2 if it passes through the sensor, which is placed at a predetermined distance. The distance
between the magnetic ball detection sensors is determined by analyzing the video tracker produced at
the beginning, as seen in FIGURE 4.
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FIGURE 4. Determination of sensor distance at constant terminal speed.

FIGURE 4 is produced from video tracker analysis, constant speed values are produced at a
minimum distance of 20 cm and a maximum of 110 cm. So magnetic sensors 1 and 2 are given a
distance of approximately the distance range obtained. The balls used in the research were made of
magnetic material, due to suggestions from research by Rahmani et al (2022), to choose a more
effective type of sensor for magnetic balls and iron balls. If you still use a magnetic ball, choose a
magnetic ball with strong magnetism and a larger diameter so that it will be detected more easily by
the sensor.

Research was carried out to test oil quality by determining the viscosity coefficient value. The oils
used in this research were: (1) oil 1 with the coconut oil category (B); (2) oil 2 in the palm oil category
(Sc); (3) il 3 in the palm oil (Sn) category; (4) oil 4 in the government oil (MK) category; (5) oil 5
with bulk oil category (C).

The main difficulty in the fluid viscosity test experiment using this tool for determining the value
of the oil viscosity coefficient is when changing one oil to another oil, which requires accurate
determination of the oil mass and oil height to obtain the oil volume value, by writing it on the LCD
using the keypad so that the oil volume is recorded. that is measured. Then to find out the viscosity
value, press the "#" button. The results displayed on the LCD will enter the serial monitor program if
connected to a device such as a laptop. Arduino is a development of science and technology in the field
of electronics. Arduino can be used to develop independent interactive objects or can be connected to
software on a computer (Tupac-Yupanqui et al., 2022). The display of data results on a laptop device
is shown in FIGURE 5.
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FIGURE 5. Data results obtained from the Arduino UNO serial monitor program.

The results of the 5 oils, after experiments were carried out using the Arduino UNO-based viscosity
value determination tool, can be seen in TABLE 1. Oil 1 obtained a viscosity coefficient value of
0.2732 Pa.s; oil 2 with 0.3077 Pa.s; oil 3 with 0.3127 Pa.s; oil 4 with 0.3186; and oil 5 with 0.3218
Pa.s.

TABLE 1. Results of oil viscosity value data from an Arduino UNO-based viscosity determining tool.
Oil 1 Qil 2 Qil 3 Oil 4 Qil 5

v (m/s) n (Pa.s) v (m/s) n (Pa.s) v (m/s) n (Pa.s) v (m/s) n (Pa.s) v (m/s) n (Pa.s)
0.57  0.2702 0.52 0.2970 0.51 0.3088 0.51 0.3174 0.50 0.3288
0.54  0.2856 0.48 0.3211 0.51 0.3053 0.48 0.3377 0.52 0.3177
0.59  0.2646 0.52 0.3005 0.50 0.3135 0.53 0.3102 0.51 0.3223
0.58  0.2689 0.48 0.3215 0.51 0.3058 0.53 0.3100 0.51 0.3194

5 0.56  0.2768 0.52 0.2985 0.47 0.3299 0.51 0.3175 0.51 0.3208

Rate 057 0.2732 0.50 0.3077 0.50 0.3127 0.51 0.3186 0.51 0.3218

A W N P

Meanwhile, the results of the oil viscosity value using manual calculation using equation (7)
obtained the results shown in TABLE 2. Oil 1 obtained a viscosity coefficient value of 0.2733 Pa.s; oil
2 with 0.3089 Pa.s; oil 3 with 0.3136 Pa.s; oil 4 with 0.3188; and oil 5 with 0.3219 Pa.s.

TABLE 2. Data results for oil viscosity values from formula calculations.
Oil 1 Qil 2 Oil 3 Qil 4 Qil 5

v (m/s) n (Pa.s) v (m/s) n (Pa.s) v (m/s) n (Pa.s) v (m/s) n (Pa.s) v (m/s) n (Pa.s)
0.57 0.2721 0.52 0.2990 0.51 0.3071 0.51 0.3196 0.50 0.3283
0.54 0.2873 0.48 0.3239 0.51 0.3071 0.48 0.3396 0.52 0.3157
0.59 0.2629 0.52 0.2990 0.50 0.3132 0.53 0.3076 0.51 0.3219
0.58 0.2674 0.48 0.3239 0.51 0.3071 0.53 0.3076 0.51 0.3219
5 0.56 0.2770 0.52 0.2990 0.47 0.3332 0.51 0.3196 0.51 0.3219

Rate  0.57 0.2733 0.50 0.3089 0.50 0.3136 0.51 0.3188 0.51 0.3219

A~ W N e
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The two data results obtained, shows a small difference, the percentage error that occurs from the
oil viscosity-determining tool is 0.17%. The second result of the oil viscosity coefficient value data can
be seen in FIGURE 6.

Tools viscosity Formula's viscosity
0.35
0.3080.309 0.3130.314 0.3190.319 0.3220.322
0.3 0.2730.273
0.25
)
<
2 02
>
=
8 0.15
g o
2}
>
0.1
0.05
0
Oil1 Qil 2 0il 3 Oil4 Qil 5
OIL TYPES

FIGURE 6. Oil coefficient value with tools and formula calculations.

Based on FIGURE 6, it can be seen that the oil with a smaller viscosity coefficient value is coconut
oil (better quality than palm oil), while the bulk oil quality is indicated by a larger viscosity coefficient
value. So from the data obtained, it can be stated that the smaller the oil viscosity value, the better the
guality of the oil. So for the best quality, the oil studied was oil 1 in the coconut oil category (B) with
the result of obtaining a viscosity coefficient value of 0.273 Pa.s, and the next order was occupied by
oil 2, oil 3, oil 4, and finally oil 5 (oil category bulk) which gets a viscosity coefficient value of 0.322
Pa.s. This is following previous research conducted by Budianto, which found that the viscosity
coefficient value for cooking oil in SI units was (0.23 + 0.002) Pa.s. (Setyanamurwan et al., 2022).

The accuracy of the results obtained by this tool is the readability of the object that passes through
the sensor, if it is not readable then you have to repeat it. In using this research tool, there are certainly
obstacles to be faced, including sometimes the sensor does not read when an object passes through it,
S0 it has to be repeated several times to produce data. Apart from that, researchers often forget to restart
the tool before using it again during repetition to retrieve data. Traditional techniques for measuring
viscosity, such as viscometers, have been widely used due to their high accuracy and reliability. These
instruments are essential in various industries, particularly in assessing oil quality for applications in
food processing and industrial use, where precise measurements are critical. However, these traditional
tools are often expensive and require specialized training for proper operation and maintenance. As a
cost-effective alternative, Arduino-based instrumentation provides a more affordable and flexible
solution. These tools can be customized with various sensors and programmed for specific applications,
making them suitable for educational purposes and budget-constrained research. Although Arduino-
based instruments may not match the precision of traditional viscometers, their lower cost and
adaptability make them valuable for preliminary assessments and real-time monitoring in diverse
settings. This shift towards more accessible technology could significantly impact the field of oil
guality assessment, enabling broader adoption and facilitating advancements in academic research and
practical applications.

Research findings in the field of cooking oil quality assessment have significant implications in
various applications, such as food processing and industrial use. Careful quality assessments ensure
that the oils used in food production meet safety standards and do not contain contaminants that are
harmful to health. This is highlighted in research by Harwood & Aparicio, (2017) which shows that
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better knowledge of oil composition can help in choosing the right oil to use in frying food. In addition,
better quality assessment can also increase efficiency in the frying process, resulting in more consistent
and quality products (Ahmad et al., 2021). The implications of this research also include the impact on
sustainability, where selecting oil from sustainable sources can reduce the environmental impact of oil
production and minimize the waste of raw materials (Aires & Ferreira, 2022). In addition, research in
this area supports innovation in the food industry, enabling the development of more innovative and
high-quality products to meet increasingly diverse consumer needs. Thus, research in the assessment
of cooking oil quality not only has an impact on the quality of the products produced, but also on
process efficiency, sustainability, and innovation in the food industry (Harwood & Aparicio, 2017;
Ahmad et al., 2021).

Viscosity values of oil are believed to provide valuable insights into the composition and stability
of oil during the frying process. This study utilized reliable and accurate methods for viscosity
measurement to evaluate oil quality, and the research findings indicated a significant relationship
between viscosity values and the quality of oil used in food processing. These findings offer a deeper
understanding of the significance of viscosity measurement in assessing and ensuring the quality of oil
used in the food industry (Deng et al., 2018).

Implementing the viscosity measurement experiment using Arduino UNO in education offers a
practical and innovative approach to deepen students' understanding of viscosity concepts and
microcontroller technology. By designing and building their viscosity measurement tool, students not
only grasp the basic principles of viscosity but also learn about Arduino UNO programming and sensor
integration in a real-world context. This aligns with project-based learning approaches that encourage
active engagement and direct application of theoretical concepts. Introducing Arduino UNO
technology into the curriculum enables students to develop problem-solving skills, creativity, and
digital literacy required in today's digital age (Sari et al., 2022). This approach also supports STEM
learning goals by integrating various disciplines such as physics, engineering, and computer science
(Reynante et al., 2020). Thus, implementing this experiment can enhance the quality of student learning
and prepare them for real-world challenges in the fields of science and technology.

CONCLUSION

Oil quality based on the viscosity coefficient value with an Arduino UNO-based viscosity
coefficient determination tool was obtained from experiments carried out with an iron ball that entered
the oil and was detected by magnetic sensors 1 and 2 if it passed through the sensor. Constant speed
values are produced at a minimum distance of 20 cm and a maximum of 110 cm so that magnetic
sensors 1 and 2 are given a distance of approximately the distance range obtained. The oils used in this
research were: (1) oil 1 with the coconut oil category (B); (2) oil 2 in the palm oil category (Sc); (3) oil
3 in the palm oil (Sn) category; (4) oil 4 in the government oil (MK) category; (5) oil 5 with bulk oil
category (C). The percentage of error that occurs from the tool for determining oil viscosity is 0.17%.
So for the best quality, the oil studied was oil 1 in the coconut oil category (B) with the result of
obtaining a viscosity coefficient value of 0.273 Pa.s, and the next order was occupied by oil 2, oil 3,
oil 4, and finally oil 5 (oil category bulk) which gets a viscosity coefficient value of 0.322 Pa.s. This
research fosters innovation in the food industry, allowing for the creation of diverse, high-quality
products to meet evolving consumer demands. Overall, research in cooking oil quality assessment
affects product quality, process efficiency, sustainability, and innovation. Future investigations may
delve into complex fluid dynamics, comparative studies with traditional methods, and integration with
emerging technologies like 10T or machine learning. Collaboration across disciplines can further drive
innovation, leading to the development of new methodologies and technologies for viscosity
measurement, thus contributing to the advancement of knowledge in this area.
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