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ABSTRACT 

 

 

 

 

Total Polar Compound (TPC) is a chemical parameter which reflects the 

deterioration of the high temperature of cooking oil. The repeated use of cooking oil 

at high temperatures result in undesirable substances are generated, which may cause 

health problems. This project is to design a sensor based on capacitive (dielectric 

sensing) using interdigitated electrode structure in order to detect the TPC level of 

cooking oil obtained from the experiment using a probe to measure the electrical 

properties and related it to the TPC level of the oil samples. A total of 15 samples of 

150 ml palm oil was heated at 150 up to 15 hours. For each one hour interval, one 

sample was moved out from the laboratory oven. The expected result determined the 

levels of TPC in cooking oils that are obtained from the experiments and relate it 

capacitance of the samples. The dielectric properties of oil samples were investigated 

in the frequency range of 0.1-10 kHz. The best frequency chosen gave the 

capacitance was increasing linearly with heated time. The results analysis of 

significant correlation between the electrical capacitance of the oil sample with TPC 

against heated time with R2 ranged from 0.805 to 0.852. 
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ABSTRAK 

 

 

 

 

Jumah kompaun polar adalah parameter kimia yang mencerminkan kemerosotan 

minyak masak pada suhu yang tinggi. Penggunaan berulang minyak masak pada 

suhu yang tinggi menyebabkan bahan-bahan yang tidak diingini dihasilkan, yang 

boleh menyebabkan masalah kesihatan. Projek ini adalah untuk mereka bentuk 

sensor berdasarkan kapasitif (sensing dielektrik) menggunakan struktur elektrod 

interdigitated untuk mengesan tahap TPC minyak masak yang diperolehi daripada 

eksperimen menggunakan probe untuk mengukur sifat-sifat elektrik dan yang 

berkaitan ke tahap TPC sampel minyak. Sebanyak 15 sampel 150 minyak ml sawit 

dipanaskan pada 150 sehingga 15 jam. Bagi setiap selang satu jam, satu sampel telah 

dipindahkan ke luar dari ketuhar makmal. hasil yang diharapkan telah dipilih tahap 

TPC dalam minyak masak yang diperolehi dari eksperimen dan mengaitkannya 

dengan kapasitan sampel. Sifat-sifat dielektrik sampel minyak telah disiasat dalam 

julat frekuensi 0.1-10 kHz. Kekerapan terbaik yang dipilih memberikan kemuatan 

semakin meningkat secara linear dengan masa dipanaskan. Analisis keputusan 

hubungan yang signifikan antara kemuatan elektrik sampel minyak dengan TPC 

terhadap masa dipanaskan dengan R2 antara 0.805 hingga 0.852. 
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CHAPTER I 

 

 

 

 

INTRODUCTION 

 

 

 

 

1.0 Project Background 

 

Total polar compound is a chemical parameter which describes the deterioration of 

the high temperature of cooking oil and is regarded to be one of the most important 

tests for evaluating degrading oils. This project is to design a sensor based on 

capacitive (dielectric sensing) in order to detect the TPC level of cooking oil.This 

study will determine the levels of TPC in cooking oils obtained from the experiment 

using a probe designed based on capacitive sensing to measure the electrical 

properties of the oil samples using the dielectric sensing method. The sensor is used 

to measure the electrical properties of the oil and related it to TPC level. The 

discrimination between different heated hours of oil samples were examined and the 

results were compared to their physico-chemical properties such as TPC’s level and 

the capacitances for each of the heated samples. The expected result is succeeding in 
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designing a prototype of sensing probe to measure the electrical capacitance of the 

oil samples. Besides, can determine the levels of TPC in cooking oils that are 

obtained from the experiments and relate it capacitance of the samples. 

 

In the next section, we will have a view of the problem statement, objective of study, 

scope of work, significant of study and thesis organization. 

 

 

1.1  Problem Statement 

 

Nowadays, many people do not concerned about health. Usually, they just think 

about saving their money and not the future. In this case, the repeated usage of the 

common frying oil at high temperature can cause the health problems. The unwanted 

substances are generated when the oil is used repeatedly at high temperature. It has 

been proven hazardous due to the degradation process by chemical reactions that 

lead to changes in the quality of the oil. Many projects were conducted to check the 

total polar compound in the oil and most of them were successful. However, many of 

the criteria should be emphasized especially on the cost of the product. The projects 

those were conducted before, mostly high cost such as for the TPC meter to check 

the total polar compound in the oil. 
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1.2  Objective of Study 

 

The objectives of this project are : 

a) To design a sensing probe, which can measure the electrical capacitances of the oil 

samples. 

b) Analyzed the electrical properties by correlated it with the sample TPC’s level. 

 

 

1.3  Scope of Work 

 

The scope of this project: 

a) Used of dielectric sensing (capacitive) to detect the TPC level of cooking oils.  

b) Only cooking oils will be used in this project.  

c) Capacitance sensor is used to detect the TPC level of cooking oils.  

d) Three brands of oil, and each of the oils was separate into five samples of 150ml 

each; 3 hours heated, 6 hours heated, 9 hours heated, 12 hours heated, and 15 hours 

heated.  

e) All measurements were taken at a constant temperature 40-45.  

f) The TPC level received from the TPC meter and compare with the reading from 

the sensing probe for each heated samples.   

 

 

1.4  Significant of Study 

 

This project is to develop a sensor that is good potential for a simple and inexpensive 

way of determining the quality of the cooking oil. Besides, the sensor also is easy to 

fabricate and do not take much time on doing that. The purpose of using the 

dielectric sensing method is because the data analysis is simple and the sensor also 
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highly resistant to contaminants. Besides, the sensor can be brought all along as it is 

portable and small in size. Thus, this project will help the people to be aware of the 

quality of the frying oil whether the oil still can be used or should change with new 

oil. 

 

 

1.5  Thesis of Organization 

 

This report contain of five chapters. The summary of each chapter will be explained 

as follows: 

 

 Chapter 1 will described about the introduction of the effect of the repeated 

usage of frying oil at high temperature. It also discusses the problem statement of the 

project to be carried out, the objectives of the project, scope of work, significant of 

study and thesis organization. 

 Chapter 2 of the dissertation as includes a literature review which related to 

the project as per referred to previous studies and result obtained by researchers 

before. Various methods and approaches that related to this project have been 

discussed and reviewed. 

 Chapter 3 explains about a methodology in how the project is carried out in 

sequence. Details of the whole project flow are described and explanations are 

provided in this chapter. 

 Chapter 4 explains about the results and findings of the project. The 

simulation result is analyzed and studied.  

 Finally, chapter 5 present overall conclusions of the project. Some 

recommendations for future work are also presented in this chapter. 
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CHAPTER II 

 

 

 

 

LITERATURE REVIEW 

 

 

 

 

2.0 Overview 

 

 This chapter will discuss in details on the background research which is 

related to this project. A brief explanation about the perspective and methods used in 

the previous research is presented in this chapter. At the end of the chapter, there will 

be shown how this project is related to the available research and how it is different 

from the others. 
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2.1 Previous Research on Development and Evaluation of Sensors Based on 

Dielectric Sensing Method and Other Technique 

 

 Many methods Have been introduce in making a sensor to sense a sensitivity 

or changing in a certain criteria that need to be analyzed. From previous research, 

there are some methods and technique that can be related to this project, which is 

about dielectric sensing (capacitive) on cooking oil's total polar compound (TPC) 

level. Although from the previous research do not relate to the sensing of frying oil, 

but there are other criteria that can be accepted on doing this project. 

   

 Takeoka et al proposed the effect of heating on the frying oils based on 

characteristics and chemical composition. Repeatedly using of cooking will generate 

several unwanted substances which can cause health problems. Various chemical 

process occurred during frying such as hydrolysis, polymerization and thermal 

oxidation. The reason is because of the presence of water produced during frying the 

food, high temperature and oxygen lead to the breakdown of the food which badly 

effect the flavor and color. The observed effects range from weight loss, growth 

suppression, increased liver and kidney weights to cellular damage to the liver, 

thymus, epidydimides, and testes are happening when the highly oxidized and heated 

oils are fed to laboratory animals [15]. 

 

 

2.1.1 Sensor Based On Dielectric Sensing to Assess Cooking Oil's TPC 

 Level 

 

 Mostly in homes, restaurants, cafeterias and food service, they consider when 

to change the frying oil is when there is too much of smoke, greased texture, the oil 

becoming dark and strong of odor. Nevertheless, all of these changes may only 

obviously when the oil totally unusable. They do not consider about total polar 
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compound (TPC) of the frying oil is one of the proper indicator for evaluating the oil 

quality during frying. Khaled et al developed a sensor probe using impedance 

spectroscopy technique. The development of sensor is to assess the cooking oil 

quality. The research is totally with the measurement of impedance of the heated 

cooking oil with the TPC value of various frequencies. Planar-interdigitated 

electrodes are used for the sensor [1] 

 

 

Figure 2.1.1 : Schematic of the impedance sensor 

 

 Khaled et al state that there are a lot of instruments and kits that can be used 

to determine oil degradation such as Vibro Viscometer, Testo 270 and Ebro FOM 

310 but have some limitations with the current devices such the suitability for 

different type of oil and complex calibration. The capacitive sensor is designed based 

on interdigitated electrode (IDE). The variables of the sensor are including the 

electrodes number N, electrode width w, electrode spaces, and the electrode length L, 

with dimension of 41, 100 lm, 60 lm, and 8 mm, respectively. Every other electrode 

finger iselectrically connected together through a common electrode arm [3]. 
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Figure 2.1.2 : (a) Illustration of capacitance sensor probe  

(b) Prototype of the device 

 

 Hampikyan et al indicates that frying of foods nowadays is one of the famous 

ways that have been used either at home or restaurants. TPC determination is one of 

the best methods of monitoring the changes in quality of oils and fats during the 

process of frying. The amount of the TPC is determined by Testo 265,Testo Inc., 

USA on 200 frying oil samples that obtain from various cafeterias, restaurants, and 

canteens. The recurred use of cooking oils can cause high of TPC values. Various 

chemical reactions, such as hydrolysis or polymerization occur in the continuously 

and repeatedly used cooking oil at high temperatures from 150 up to 200°C. The 

hazardous compounds can give a harmful to consumer's health that occurred from the 

undesirable reactions [5]. 

 

 

2.1.2 Sensor Based On Dielectric Sensing to Assess Other Than Frying 

 Oils 

 

 Marx et al state that any mechanical system that contain of rotating hardware, 

where there are contact between the moving parts, lubricant must be used to retain 

the integrity of the system. Micro-sensor is being developed  to detect the oil 

degradation or contamination in the presence of additives such as water or other fluid 

in the system. Micro-sensor is based on Electrochemical Impedance Spectroscopy 

(EIS). Impedance measurements are made with a Gamry EIS 300 system and system 
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impedance of an EG&G/Perkin Elmer by using Power Suite software. All 

experiments were performed using two electrodes set-up in a Faraday cage at room 

temperature. This sensor was put in the various oils, with and without additives, and 

the open circuit potential (OCP) was measured. It provides a non-destructive method 

for probing the nature and interactions of the oils and their additives [7]. 

 

 

 

 

 

 

Figure 2.1.3 : The constructed sensor with leads connected 

 

 

 Markus et al presents dielectric sensors for determining soil and snow 

moisture. Dielectric methods are good for a precise measurement. For soil sensor 

(Electromagnetic Moisture), all of the developments are based on the determination 

of the dielectric properties of the material, which are largely affected by the moisture 

due to the high dielectric permittivity of water. The TAUPE sensor uses the Time 

Domain Reflectometry (TDR) Technique to drive the moisture of a material and the 

Free-Line-Sensing (FLS) technique measures the amplitude and phase changes of 

Electromagnetic Moisture (EM) waves on electrical transmission lines by the 

surrounding material. Sensors and techniques presented has been thoroughly tested in 

the field. The measurements were evaluated and the results were presented such as 

the soil moisture (SM) profiling method via access tubes with LUMBRICUS which 

uses Frequency Domain (FD) Technique that use capacitance to measure the 

dielectric permittivity of a surrounding medium and operate at a single measurement 

frequency. Besides, use of TAUPE sensors to determine the snow parameters such as 

density or liquid water content, and the characterization of the soil surface with the 
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State of Ground (SOG) sensor or large-scale SM interpretation with the FLS 

technique [8]. 

 

 

Figure 2.1.4 : Sensor mat for SOG detection 

 

 

Figure 2.1.5 : ‘LUMBRICUS’ FD sensor  

 

Fizura et al study about the effect of the contamination on capacitance values of 

crude palm oil (CPO). In order to monitor diesel contamination in crude palm oil, 

dielectric technique (capacitive sensing technique) is used. AD7746 capacitance to 

digital converter is the main idea which is the low cost of capacitive sensing. The 

two capacitive input channels of AD7746 are used for capacitive measurement. In 

this study, higher diesel contamination level in the CPO produced lower density 
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mixture. It shows that the diesel pollution in CPO gives a significant effect on the 

capacitance values of the mixture [2]. 

 

 

Figure 2.1.6 :Head of sensor for AD7746 (Capacitance to Digital Converter) 

 

 

Figure 2.1.7 : AD7746 Capacitance to Digital Converter 

 

Minasamudram et al proposed a simulation of a capacitive sensor which is used for 

wear metal analysis of industrial oils by using COMSOL Multiphysics. Oil analysis 

is used to detect and quantify the presence of wear metals and other contaminants in 

industrial oils which has focused on lubricant oil. It is a test that helps to determine  

the condition of a mechanical system's wear mode. The method is by detecting the 

change in capacitance between two plates of a capacitor because of wear metal 
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contaminants in oil is present. Polarity of oil changes due to presence of conducting 

metal debris inside it, which in turn leads to change in dielectric constant of oil and 

can be detected using the capacitive sensors [8]. 

 

 

Figure 2.1.8 : Model of parallel plat capacitor 
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Figure 2.1.9 : Model of interdigitated capacitor 

 

 

 

Figure 2.1.10 : Model of Meandering capacitor 
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Shah et al proposed a study of dielectric properties of vegetable oils such as corn oil 

and cotton seed oil. The study is about to use the vegetable oil as a new transformer 

oil based on the comparison results. The dielectric spectra exhibited a general 

plateau. As dielectric dispersion occurred, the dielectric spectra diminished and there 

is a slight monotonous decrease of έ values of vegetable oils with the increase in 

frequency [10]. 

 

Perez et al proposed a real time oil quality monitoring techniques in order to 

minimize the downtime, reduce maintenance costs and protect important industry 

assets. Lubricants impedance monitoring is an important tool to detect the state of the 

oils. The sensor is dedicated to monitors changes on the impedance of the sensing 

electrodes at high frequencies. The circuit provides an output voltage related to the 

dissipation factor. Therefore, it provides an indication of the oil condition as the 

dissipation factor tends to increase with the increasing presence of contaminants in 

lubrication oil. The proposed sensor shows three important characteristics: it is a very 

low cost design, it can be custom calibrated for a specific lubricant and it provides 

effective detection oil quality[4]. 

 

 

2.1.3 Dielectric Spectroscopy 

 

Spectroscopy is the study of the interaction of electromagnetic radiation (EMR) with 

atoms and molecules to provide physical (structural) information, qualitative and 

quantitative chemical which is contained within the wavelength or frequency 

spectrum of the energy absorbed or emitted [13]. Dielectric spectroscopy is the study 

of the frequency dependence of dielectric parameters [13]. The key to the dielectric 

parameters are the dielectric constant and the dielectric loss factor. It is known as a 

fast, non-destructive and simple measuring technique where it provides the 

information about the dielectric response of materials to electromagnetic fields [13]. 

The following table showed the dielectric spectroscopy technology that has been 
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used in previous studies for determining dielectric characteristics of respective 

samples: 

 

 

Table 2.1.3 : Past study on frequency range of variance sample 
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CHAPTER III 

 

 

 

 

METHODOLOGY 

 

 

 

 

3.0 Introduction 

  

 Figure 3.1 shows the flowchart of methodology and approach of the project. 

The project is divided into two parts which are hardware and software. For the 

software execution, it is more to the designing of the hardware by using Minitab for 

optimization (Taguchi Method) and COMSOL software to design the hardware 

(photomask of the probe). Meanwhile, hardware implementation involves the etching 

process of interdigitated electrode of PCB board and encapsulation of the copper 

etching. After these parts were complete, the next part was the testing of the 

hardware by doing some experiments. Each part of the project will be discussed in 

details in this chapter. 
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Figure 3 : Flow Chart of the Project 
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3.1 Optimization by Taguchi Method 

 

 Taguchi method is used to optimize the data of the interdigitated electrode 

(IDE). From the optimization, the best data to produce a better design is obtained. 

The capacitive sensor is designed based on the IDE. The sensor plan is designed by 

using the COMSOL software before photomask of the probe was formed. This step 

is to make sure the materials used to create the IDE are suitable in making the 

photomask of the probe. The data that obtained from the optimization by Taguchi 

Method are being used in the making of the design in COMSOL software. Data that 

is used in the Taguchi Method are obtained from previous studies and previous 

journal on the online website. From all the journal, the data for each measurement 

are recorded and doing some analysis before optimize by this method. The equation 

that is used to optimize each of the data is as follows:  

The equation of the electrical capacitance [3]: 

 

� = �૙�࢘�࢙. � − ૚ 

 

�࢘: Relative dielectric constant of oil 3.5 �૙: Permittivity of free space 8.854 pF/m 

S : Electrode space ( �� ) 

N  : Number of electrodes 

A  : Area of the sensor 
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 � = � ∙ ሺ� ∙ �ሻ 

 

L : Length of electrode measured by (mm) � : Electrode width ( �� ) 

 

 

Figure 3.1.1 : Table of optimization of Taguchi Method From Minitab Software 

 

 

Figure 3.1.2 : Graph of main effect plot for SN ratios from Taguchi Method 
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Larger is better is using for the signal-to-noise ratio (SNR) because the result that 

should have obtained is to maximize the sensitivity of the sensor. The equation for 

the SNR larger is better is as follows: 

 

�/� = −ͳͲ × log ሺ∑ሺ ͳ�2ሻ/�ሻ 

 

The S/N ratio that obtained from the Taguchi Method is equal to -188.949 dB. 

From the optimization, the value get from each measurement are as follow :  

Electrode Length 

(L) 

Electrode Width 

(W) 

Electrode Space 

(s) 

Number of teeth 

electrode (N) 

13mm 0.5mm 0.5mm 30 

 

Table 3.2 : Value of each measurement after optimization by Taguchi Method 

 

 

3.2 Designation of Interdigitated Electrode (IDE)  

 

 The data obtained from the optimization of Taguchi method is then used to 

create a design by using COMSOL software. COMSOL is a simulation environment 

which designed with real-world applications in mind and as closely as possible, 

effects that are observed in reality. There are basely on an engineering or scientific 

context and need of Multiphysics. COMSOL is one of the software used for 

designation in two dimensions (2D) and also in three dimensions (3D). The result of 

Taguchi method is used in the designation of the IDE by using this software. For the 

first step, the design of the IDE on COMSOL is in 2D because it is much simpler 

than in 3D. Every measurement that has been optimized by Taguchi Method is used 

such as for the length and width of the electrode. All about the shape of the design is 
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used of the rectangle. For the interdigitated electrodes, all of them are the same size 

in length and width. The distance between each of the electrodes are the same to 

another. The connection between the electrode to electrode is the electrode arm for 

positive and negative connection. After a complete design in 2D, the design is then 

converted to 3D by extrude. The thickness of the electrodes has to be specific and 

based on the previous journal, the thickness of 0.03mm is given. The thickness of the 

IDE is based on copper etching and also include of encapsulation of the copper to 

prevent from being rusted. The thickness of the Printed Circuit Board (PCB) is 

designed based on the size in the market, but specifically thinner than usual lab used 

to make sure the sensitivity of the sensor does not effect at all. 

 

 

Figure 3.2 : IDE design sensor using COMSOL software 
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3.3 Designation of Capacitive Sensor (Hardware) and Methods 

 

 The materials used to develop the sensor were the standard copper used in 

fabrication student's lab. The mechanism of this sensor is that when the oil 

oxidatively and thermally breaks down during frying, there will be an increase in the 

number of polar molecules, which directly increases the dielectric constant. While an 

electric field is enforced across the IDEs interface, the dipole and molecular charges 

in the testing of the frying oil are forced out from their equilibrium locations, and 

those dipole charges laid up through the electrodes of the detector. Thus, as long as 

the frying oil yield polar molecules through different chemical reactions during 

frying the more charges will be laid up in the electrodes. The sensor based on 

dielectric sensing (capacitive) was designed in order to determine the electrical 

capacitance of the frying oil and compare to its TPC. The sensor, designed in 

COMSOL software then transferred to Coreldraw to be printed and fabricate it on 

printed circuit board (PCB). 

 

 

Figure 3.3 : Sample of IDE sensor on PCB 
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3.3.1 Sample Experiment 

 

 The frying oil was bought from a Mydin Mall in Ayer Keroh, Melaka, 

Malaysia. Three different brands of oil were divided into5 samples each, into the 

beaker contained of 150 ml. All samples were heated in an oven at the temperature of 

150℃.The samples were heated from 1 up to 15 hours, where one sample was taken 

out from the oven at each hour. After done heating, all of the samples were kept until 

reach approximately 40- 45 ℃ for further analyses. 

 

 

3.3.2 Electrical Capacitance and Total Polar Compound (TPC) 

 

 The difference between each heated oil sample was analyzed by measuring its 

electrical capacitance and TPC. The electrical capacitance was measured using the 

custom built IDE sensor immersed into the oil samples. The sensor was connected to 

an LCR meter with Kelvin clip leads. The LCR meter has a frequency range from 10 

Hz and to100 kHz. Before starting the measurements using the LCR meter, 

calibration was performed following the standard procedure of the instrument 

operation manual. Then, each of the samples was measured using a tester (Testo 270, 

InstruMart lnc, Germany) to get the value of TPC. Before TPC measurement, the oil 

tester was calibrated using the reference oil supplied with the device which has a 

TPC value of 6.5± 0.5%. The reference oil was heated to approximately 50for 10 

min. Then, the oil tester was immersed in the reference oil and adjusted to get the 

reference value. 
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3.3.3 Sensor Calibration 

 

The sensor was calibrated by using distilled water to get the dielectric constant of the 

distilled water in room temperature ranges from 70-80 using the equation of 

impedance (1): 

 

         (1) 

 ��: Relative dielectric constant of distilled water in room temperature, 70-80 ��: Permittivity of free space, 8.854 pF/m � ∶ Electrode space �: Number of electrodes �: Area of the sensor �: Frequency 

 

The value of calibration of this sensor was approximately 70. If the sensor does not 

achieve the value of 70, a modification will take part in adjusting the parameter 

measurement of the sensor. Basically, the main parameter that considered the most 

was the space gap between the electrode. After that, the process of fabrication will 

take part again and calibration will do the same until get the calibration value of the 

sensor. 

 

 

 

 

         (1) 
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3.4 Experimental Procedure 

 

Firstly, three (3) brand of oil samples were divided into 5 beakers each and each of it 

contain 150 ml. Each brand was heated directly in the microwave in the lab by 

150℃for 15 hours. Each three hours, the oil sample will be removed from the 

microwave. 

 

 

Figure 3.4.1 : Microwave used to heat the oil samples 

 

After that, the oils were left to cool down until reached the temperature ranged from 

40-45. Then, the value of TPC of the oils was measured by using Testo 270. After 

that, the electrical capacitance of the oil samples was measured using the IDE sensor 

designed by connecting directly to the LCR meter by Kelvin clip leads as shown in 

Fig. (3.5.2) . The IDE sensor was immersed in the oil samples and the measured 

value of capacitance were recorded for varying frequency adjusted at LCR meter 

ranged from 100-10kHz. 
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Figure 3.4.2 : The setup for measuring capacitance of oil samples 

 

 

Figure 3.4.3 : Measured value from LCR meter 
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Figure 3.4.4 : Oil samples kept in the box after doing measurement 
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CHAPTER IV 

 

 

 

 

RESULT AND DISCUSSION 

 

 

 

 

4.0 Introduction 

 

This chapter explains about the results achieved in the project and a few discussions 

on problem solving during the process and experiment of completing this project. All 

the data and analysis are based on a reading of TPC meter and the sensor of 

interdigitated electrode (IDE). The data collection of the IDE  sensor was based on a 

reading of LCR meter which focussed on capacitance. 
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4.1 Results and Discussion 

 

The value of capacitance measured each of three (3) hours heated were recorded and 

tabulated in the tables for variable frequency. 

 

Table 4.1 : Value of capacitance of oil samples at 100Hz 

 

 

Figure 4.1 : Graph of capacitance value at 100 Hz 
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Table 4.2 : Value of capacitance for oil samples at frequency 1 kHz 

 

 

Figure 4.2 : Graph of capacitance value at frequency 1 kHz 

 

 

 

















     




























 

Table 4.3 : Value of capacitance for oil samples at frequency 10 kHz 

 

 

Figure 4.3 : Graph of capacitance value at frequency 10 kHz 

 

Then, the value for TPC of sample oils were measured and tabulated in the table by 

classifying each of the samples by different heated time. 
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Table 4.4 : Value of capacitance for oil samples at frequency 10 kHz 

 

 

Figure 4.4 : Graph of TPC value for oil sample 1 
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Figure 4.5 : Graph of TPC value for oil sample 2 

 

 

 

Figure 4.6 : Graph of TPC value for oil sample 3 
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4.1.1 Relationship between capacitance measurements and TPC measurements 

 

The capacitance measurement data were analyzed to evaluate the deterioration of the 

quality of frying oil. Overall, the capacitance of frying oil increased as the heating 

time increased. In this result, the trend of measured capacitance by the IDE sensor 

followed the same trend of TPC measured using Testo 270 but not slightly the same. 

The capacitance of the frying oil samples increased linearly with the heating hours. 

However, the fluctuation in the capacitance results might be caused by changes in 

temperature of the oven during the conducted experiments. 

 

 

4.2 Statistical Analyses 

 

Regression analysis was performed to assess the relationships between degradation 

indices of TPC with the capacitance of the heated oil samples. 

 

Table 4.2.1 : Regression analyses for sample oil 1 at frequency 100 Hz 
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The coefficient of determination  was found to be 0.805 when linear model was used 

for the frequency at 100 Hz. Meanwhile, the significance F was 0.0152 which was 

below than 0.05 and this proved that this result were reliable (statistically 

significant). 

 

 

 

Table 4.2.2: Regression analyses of oil sample 2 at frequency 1 kHz 

 

The coefficient of determination  was found to be 0.852 when linear model was used 

for the frequency at 1 kHz. Meanwhile, the significance F was 0.008 which was 

below than 0.05 and this also proved that this result were reliable (statistically 

significant). 
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CHAPTER V 

 

 

 

 

CONCLUSION AND RECOMMENDATION 

 

 

 

 

In this chapter, we will discuss the conclusion of all findings and results from 

dielectric sensing (capacitive) on cooking oil's TPC level. Finally, we will give 

suggestions and recommendations that can be applied in order to improve this project 

in future. 

 

 

5.1 Conclusion 

 

The objective of this project is to develop a sensor based on dielectric method 

(interdigitated electrode) using capacitive sensing to measure the electrical properties 

of the frying oil samples. The sensor design is to detect the capacitance value in the 
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frying oil that have been used and compare to the value of the total polar compound 

(TPC) in the oil.  

Secondly, the objective is to analyze the electrical properties by correlated it with the 

sample TPC’s level. The value of capacitances of the oil is measured using an LCR 

meter by connecting the sensor directly to the LCR meter using cable clip. Then, the 

TPC of the oil is measured using a total polar meter (TPM), Testo 270. Both of the 

measurement are recorded in the table and compare to each other. The value of the 

capacitance is increasing linearly proportional to the heated hours as of the TPC 

value of the oil. 

 

 

5.2 Recommendation 

 

In order to improve this project, there are some recommendation that can be 

implemented in the future work : 

 

1) To make the sensor is portable and easy to bring anywhere, the sensor should 

combine with the analog to digital (ADC) device such as an AD7747 

Evaluation Board.  

 

2) In order to get a more accurate value of capacitance read by the sensor, signal 

conditioning circuit need to be implemented to make sure that there are no 

noise can interrupt the measured/reading value. 

 

3) The drawback of this type of technique are interferences by moisture since 

only a few pF was observed as sensor response, therefore a more extensive 

research on this area is recommended. 
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