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ABSTRACT 

 

This study investigates the thermal 

degradation behavior of palm oil using a 

light polarization method. Palm oil samples 

were subjected to different heating durations 

of 0, 2, 4, 6, and 8 hours at an average 

temperature of 100°C. The degradation 

process was analyzed by observing changes 

in natural and electro-optic polarization 

angles under an applied voltage of 0–9 kV 

using a 532 nm laser source. The results 

showed that the polarization angle increased 

proportionally with heating duration, 

indicating progressive oil degradation. Palm 

oil heated for 8 hours exhibited the highest 

increase in polarization angle, 

corresponding to a significant reduction in 

oil quality. The findings demonstrate that 

light polarization analysis can be utilized as 

a non-destructive optical method for 

evaluating thermal degradation in edible 

oils. 
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INTRODUCTION 

Cooking oil is one of the most widely used 

food-processing materials in daily life. 

Continuous heating during frying processes 

can cause physical and chemical 

degradation of edible oils, including 

oxidation, hydrolysis, polymerization, and 

free radical formation. These degradation 

processes reduce nutritional quality and may 

produce harmful compounds that negatively 

affect human health. Palm oil is one of the 

most widely consumed vegetable oils in the 

world due to its affordability, high oxidative 

stability, and extensive applications in food 

processing industries. Palm oil Repeated 

heating of palm oil during frying processes, 

however, can induce thermal degradation 

that alters its physicochemical properties 

and decreases its quality and safety. 

Thermal degradation causes oxidation, 

hydrolysis, and polymerization reactions 

that produce free radicals, aldehydes, 

ketones, and other harmful compounds. 

These changes not only affect the sensory 

characteristics of food products but may 

also contribute to adverse health effects 

such as cardiovascular diseases and 

carcinogenic risks. Therefore, monitoring 

the degradation level of palm oil is essential 

for food safety, quality control, and 

industrial process optimization (Tsai, 2023). 

Several conventional methods have been 

developed to evaluate cooking oil 

degradation, such as peroxide value 

analysis, viscosity measurement, refractive 

index analysis, Fourier Transform Infrared 

Spectroscopy (FTIR), and Gas 

Chromatography-Mass Spectrometry (GC-

MS). However, many of these methods 

require complex sample preparation, 

expensive instrumentation, or destructive 

testing procedures. 

Optical techniques based on light 

polarization have recently attracted attention 

as non-destructive alternatives for 
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evaluating edible oil quality. Firdausi et al. 

(2013) reported that changes in natural 

polarization angles could be used as 

indicators of the initial quality of cooking 

oils. Their study showed that degraded oils 

exhibited larger polarization angle shifts due 

to structural changes in fatty acid molecules. 

Susan (2011) investigated the electro-optic 

properties of vegetable oils under external 

electric fields and found that the 

polarization angle changed quadratically 

with increasing applied voltage. Similar 

results were also reported by Sugito et al. 

(2014), who demonstrated that oils with 

poorer quality exhibited greater electro-

optic polarization responses compared to 

fresh oils. 

Murni et al. (2013) studied the effect of 

heating duration on several vegetable oils 

and observed that polarization angle 

changes increased linearly with heating time 

in the range of 0–10 hours at approximately 

180°C. Their findings indicated that extra 

virgin olive oil experienced the largest 

polarization change (39%), followed by 

olive oil (31%), palm oil (21%), and corn oil 

(16%). The increase was associated with the 

accumulation of free radicals formed during 

prolonged heating. 

Rahmawati et al. (2020) conducted a light 

polarization study for soybean oil quality 

testing. The results showed that natural 

polarization and electro-optical polarization 

provide different physical meanings in 

relation to the oil's fatty acid composition. 

Natural polarization indicates that the 

increase in polarization is caused by an 

increase in polyunsaturated and saturated 

acids in asymmetric triglyceride molecules. 

This is accompanied by a decrease in 

polarization due to an increase in 

monounsaturated acids in symmetric 

triglyceride molecules. Meanwhile, electro-

optical polarization explains that all fatty 

acids contribute to the increase in 

polarization due to an increase in the 

induced dipoles of all acids. 

Compared with previous studies, the present 

research focuses specifically on evaluating 

thermal degradation in palm oil using both 

natural and electro-optic polarization 

measurements under controlled heating 

treatment. Unlike earlier works that mainly 

compared multiple oil types or only 

analyzed natural polarization effects, this 

study emphasizes the relationship between 

heating duration, electro-optic polarization 

behavior, and fatty acid composition in 

palm oil. In addition, the use of a 532 nm 

laser source and high-voltage electro-optic 

configuration provides a more sensitive 

optical characterization of degradation 

phenomena. 

Therefore, this study aims to investigate the 

thermal degradation characteristics of palm 

oil through light polarization analysis and to 

evaluate the feasibility of polarization 

methods as rapid and non-destructive 

techniques for edible oil quality assessment. 

The novelty of this research lies in the 

application of light polarization analysis as a 

practical and non-destructive approach for 

assessing thermal degradation in palm oil. 

Unlike conventional chemical methods, the 

proposed approach emphasizes optical 

interaction mechanisms that are sensitive to 

structural and compositional changes within 

the oil. This study is expected to contribute 

to the development of rapid optical sensing 

techniques for edible oil quality monitoring 

and provide additional scientific 

understanding regarding the relationship 

between thermal degradation and 

polarization properties of palm oil. 

 

MATERIALS & METHODS 

The sample used in this study was 

commercial palm oil. The oil samples were 

heated at an average temperature of 100°C 

with different heating durations of 0, 2, 4, 6, 

and 8 hours. The equipment used in this 

research consisted of main equipment and 

supporting equipment. The main equipment 

was composed of 1) light source using a 

green laser with a wavelength of 532 nm, 2) 

polarizer that functions to select the 

direction of the electric field from the light 

source passed on the sample, 3) analyzer 

that serves to measure the change in angle 

polarization of light after passing the 
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sample, 4) A cuvette that functions as a 

container for the sample to be tested, 5) The 

source of a high DC power supply that 

functions as a static electric field generator 

with a voltage of 0-9 kV, 6) The camera 

functions to observe changes in polarization 

angle after passing through the analyzer, 7) 

Two metal plates parallel which function to 

induce samples, 8) PC which connected to 

camera to observe changes in polarization 

angle. All equipment was designed as 

shown in figure 1. 

 

 
Figure 1 Integrated polarizer 

 

The polarization angle of each sample was 

measured using an electro-optic 

transmission polarization method. Changes 

in natural polarization and electro-optic 

polarization were recorded for each heating 

duration. 

 

RESULT AND DISCUSSION 

Heated cooking oil will experience an 

increase in polarization angle, both natural 

polarization and electro-optical polarization. 

The degradation of cooking oil quality is 

indicated by an increasing change in 

polarization angle. The largest change in 

polarization angle indicates low quality 

cooking oil. The results of the study 

obtained a change in the polarization angle 

of palm oil with heating for 0 hours of 0.16. 

After heating for 8 hours, the polarization 

angle changed by 0.27, an increase of 

62.7%. 

Based on the results of Gas 

Chromatography-Mass Spectrometry (GC-

MS) tests, there are three types of fatty acids 

dominant in cooking oil: saturated fatty 

acids (C19:0), monounsaturated fatty acids 

(C19:1), and polyunsaturated fatty acids 

(C19:2). Of these three fatty acids, the one 

with the greatest effect on increasing the 

polarization angle is saturated fatty acid, or 

stearic acid (C19:0). This is because stearic 

acid has the longest carbon chain bonds, 

which tend to be unstable, causing the oil 

molecules to become looser and increasing 

the number of free radicals in olive oil. 

Furthermore, monounsaturated fatty acids, 

or oleic acid, also influence changes in the 

polarization angle. This is because oleic 

acid has a relatively long carbon chain 

bond; when heated, the molecular bonds 

stretch, resulting in an increase in the 

polarization angle. Polyunsaturated fatty 

acids, on the other hand, have less effect on 

changes in the polarization angle because 

they have shorter carbon chain bonds 

(Nurhasanah, 2019). 

Figure 2 shows the relationship between 

fatty acid composition and heating time in 

palm oil, which shows that the most 

dominant fatty acid composition in palm oil 

is monounsaturated fatty acids (46%), then 

the composition of saturated fatty acids is 

around 44% and the least is polyunsaturated 

fatty acids around 10%. Palm oil has the 

highest composition of saturated fatty acids 

among other oils, thus causing a fairly large 

change in the polarization angle after being 

heated for 8 hours. 
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Figure 2 Relationship between fatty acid composition and heating time in palm oil with λ = 532 nm 

 

CONCLUSION 

This study demonstrates that the 

polarization angle of palm oil increases with 

heating duration. Palm oil heated for 8 hours 

exhibited the greatest degradation, indicated 

by a significant increase in polarization 

angle. The increase in both natural and 

electro-optic polarization angles was 

directly proportional to heating duration. 

Therefore, light polarization analysis can 

serve as a promising non-destructive optical 

technique for evaluating thermal 

degradation in edible oils. 
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