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Abstract: This study aims to identify the bioactive compounds in 

areca nut oil and evaluate their antioxidant properties. Utilizing 

advanced chromatography-mass spectrometry techniques and 

bioactivity detection methods, a variety of compounds with potential 

health benefits were successfully isolated and identified from areca nut 

oil. The results indicate that these compounds possess significant 

antioxidant capabilities, effectively scavenging free radicals and reducing 

oxidative stress, offering new insights for the development of novel 

natural antioxidants and the prevention of chronic diseases. 
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Introduction: Areca nut oil, extracted from areca nut seeds, has 

historically been used in traditional medicine and cooking. In recent 

years, as the role of natural products in health care and disease 

prevention has become increasingly prominent, areca nut oil and its 

bioactive components have attracted widespread scientific attention. 

Antioxidants play a crucial role in preventing cell damage and chronic 

diseases caused by free radicals. However, the specific bioactive 



compounds present in areca nut oil and their potential health benefits 

require further research and exploration. 

1Chemical Component Analysis of Areca Nut Oil 

1.1 Extraction and Separation Techniques 

Areca nut oil, extracted from the mature seeds of the areca nut, has 

attracted widespread attention in the food and pharmaceutical 

industries due to its variety of bioactive components. Traditional 

methods of extracting areca nut oil, such as cold pressing and hot 

pressing, may not effectively preserve the integrity and stability of its 

bioactive components. Therefore, this study employed supercritical 

carbon dioxide extraction techniques to maximize the retention of active 

components in areca nut oil. 

Initially, collected mature areca nut seeds were cleaned and the 

outer hard shell removed. The seeds were then cut into small pieces 

using a cutting machine to increase the surface area during the 

extraction process and reduce the amount of solvent needed. The 

chopped seeds were placed in a supercritical fluid extractor, and 

supercritical carbon dioxide under preset conditions was introduced. In 

its supercritical state, carbon dioxide has low viscosity and high diffusion 

rates, enabling it to penetrate the porous structure of plant cells and 

effectively dissolve fats and other lipophilic components.[1] 

Throughout the extraction process, temperature and pressure 



conditions were strictly controlled to ensure optimal extraction efficiency 

without damaging sensitive bioactive molecules. The extraction 

continued for several hours until a sufficient quantity of oil was extracted 

from the raw material. After extraction, the supercritical carbon dioxide 

was returned to a gaseous state by reducing pressure and temperature, 

thus separating out the areca nut oil. 

Upon completion of this stage, a batch of dark brown areca nut oil 

was obtained. To further purify the oil, removing possible impurities and 

colorants, methods such as molecular distillation and activated carbon 

adsorption were used. Molecular distillation occurs at lower 

temperatures, reducing the likelihood of thermal decomposition, while 

activated carbon adsorption effectively removes residual impurities and 

unwanted colorants. After purification, the areca nut oil appeared clearer, 

turning a golden-yellow color, laying a good foundation for subsequent 

analysis and assessment work.[2] 

1.2 Identification Using Chromatography-Mass Spectrometry 

To delve deeper into the chemical composition of areca nut oil, 

especially its bioactive components, this study employed liquid 

chromatography-mass spectrometry (LC-MS) and gas 

chromatography-mass spectrometry (GC-MS) techniques for detailed 

analysis. 

Firstly, the purified areca nut oil samples were suitably diluted and 



pretreated for chromatographic analysis. The samples were then 

separated using specially selected chromatographic columns based on 

the types of compounds to be separated, ensuring efficient and accurate 

separation.[3] In LC-MS analysis, particular attention was paid to 

polyphenols and other highly polar compounds, while GC-MS was 

primarily used to analyze fatty acids and volatile components. 

During the chromatographic separation process, compounds were 

separated based on their interactions between the mobile and stationary 

phases. Once separated, these compounds entered the mass 

spectrometer for further identification and quantification. Mass 

spectrometry analysis involved measuring the mass-to-charge ratio (m/z) 

of ionized compounds, crucial for determining the molecular structure of 

unknown compounds. 

Through comprehensive analysis of LC-MS and GC-MS results, we 

successfully identified a range of key components in areca nut oil, 

including several polyunsaturated fatty acids, liposoluble vitamins, 

carotenoids, phenolic compounds, and other bioactive small molecules. 

Notably, some rare polyphenolic compounds, uncommon in plant oils 

but exhibiting strong antioxidant and anti-inflammatory properties, were 

of particular interest.[4] 

In conclusion, through the application of supercritical carbon 

dioxide extraction and chromatography-mass spectrometry techniques, 



this study not only successfully extracted and identified the main 

bioactive components in areca nut oil but also provided a solid 

foundation for further biological evaluation and potential health 

applications of these components. In future work, these components will 

undergo more in-depth functional studies and activity validations, 

potentially playing a larger role in the fields of food science and 

pharmaceutical research.[5] 

2Study of Antioxidant Properties of Bioactive Compounds in Areca 

Nut Oil 

2.1 Methods of Assessing Antioxidant Activity 

The presence of various bioactive compounds in areca nut oil 

indicates its potential health benefits, particularly its antioxidant 

properties. Oxidative stress is a key factor leading to cellular damage, 

aging, and various diseases. This chapter aims to explore the ability of 

specific active components in areca nut oil to combat free radicals and 

inhibit oxidative stress through a series of experimental methods. 

The experiments first employed a variety of established and widely 

accepted in vitro antioxidant assessment methods. These assessment 

methods include DPPH free radical scavenging assay, ABTS scavenging 

assay, reducing power assay, iron chelating activity test, and lipid 

peroxidation inhibition assay. 

DPPH Free Radical Scavenging Assay: The DPPH 



(1,1-Diphenyl-2-picrylhydrazyl) free radical scavenging assay is a common 

method used to assess the antioxidant's capacity to scavenge the stable 

free radical DPPH. In this assay, DPPH free radicals react with potential 

antioxidants, leading to a color change in the DPPH solution from purple 

to yellow. This color change is quantified by measuring the reduction in 

absorbance at 517 nm. The antioxidant capacity of the sample is 

evaluated by measuring the half maximal inhibitory concentration (IC50), 

i.e., the concentration of the extract or compound needed to scavenge 

50% of DPPH free radicals. In our study, the DPPH assay provided 

preliminary information on the free radical scavenging ability of 

antioxidant compounds in areca nut oil.[6] 

ABTS Scavenging Assay: The ABTS scavenging assay uses the ABTS 

free radical system (2,2'-Azino-bis[3-ethylbenzothiazoline-6-sulfonic 

acid]-6-diethylbenzothiazole). The principle is similar to the DPPH assay 

but uses ABTS free radicals. These radicals react with antioxidants, 

leading to a change in solution color, which is quantified by measuring 

the reduction in absorbance at 734 nm. The ABTS assay is an effective 

method to assess the activity of both water-soluble and lipid-soluble 

antioxidants, as ABTS free radicals are soluble in both water and organic 

solvents. In our areca nut oil samples, this method helped us assess the 

scavenging ability of different compounds against ABTS radicals. 

Reducing Power Assay: The reducing power assay is based on the 



electron donation ability of the sample, i.e., the reducing capacity of the 

antioxidant. In this method, antioxidants demonstrate their reducing 

power by converting Fe3+ to Fe2+. The extent of Fe2+ formation is 

measured by its complexation reaction with reducing agents like 

potassium ferricyanide and measured by the absorbance of the formed 

complex at 700 nm. In our study, this assessment method allowed us to 

determine which components in areca nut oil have higher reducing 

capacities, an important component of their antioxidant properties. 

Iron Chelating Activity Test: The iron chelating activity test assesses 

the ability of compounds in the sample to form chelates with iron ions. 

By chelating transition metal ions, antioxidants can prevent the 

formation of free radicals catalyzed by these metals, thereby inhibiting 

processes like lipid peroxidation. Typically, this is assessed by adding iron 

salts to the sample and measuring changes in absorbance at a specific 

wavelength. This is crucial for understanding how areca nut oil exerts its 

protective effects by influencing metal ions. 

Lipid Peroxidation Inhibition Assay: The lipid peroxidation inhibition 

assay focuses on the ability of antioxidants to inhibit lipid peroxidation, a 

key factor in the development of many diseases. The assay typically 

involves measuring end products based on malondialdehyde (MDA), a 

marker of lipid peroxidation. By measuring the extent to which the 

sample reduces MDA formation, its antioxidant potency is assessed. In 



our study, we found that areca nut oil effectively inhibited lipid 

peroxidation, suggesting its potential value in preventing diseases caused 

by oxidative stress. 

These methods, used in combination, provided us with a 

comprehensive framework to assess the antioxidant potential of areca 

nut oil and indicated potential application pathways. Each test revealed 

different mechanisms of action of antioxidants, helping us to understand 

more comprehensively how areca nut oil combats oxidative stress at the 

biochemical level. 

2.2Assessment Methods of Antioxidant Activity 

The presence of various bioactive compounds in areca nut oil 

suggests its potential health benefits, notably its antioxidant properties. 

Oxidative stress is a key factor leading to cellular damage, aging, and 

various diseases. This chapter aims to explore the ability of specific 

active components in areca nut oil to combat free radicals and inhibit 

oxidative stress through a series of experimental methods. 

Experiments initially employed several mature and widely accepted 

in vitro antioxidant assessment methods. These included the DPPH free 

radical scavenging assay, ABTS scavenging assay, reducing power assay, 

iron ion chelating activity test, and lipid peroxidation inhibition assay. 

DPPH Free Radical Scavenging Assay: The DPPH 

(1,1-diphenyl-2-picrylhydrazyl) free radical scavenging assay is a 



commonly used method to evaluate the scavenging capacity of 

antioxidants against the stable free radical DPPH. In this assay, the DPPH 

radical reacts with potential antioxidants, leading to a color change of 

the DPPH solution from purple to yellow. This color change can be 

quantified by the decrease in absorbance at 517 nm. The antioxidant 

capacity of the sample is evaluated by measuring the half-maximal 

inhibitory concentration (IC50), the concentration of the extract or 

compound required to scavenge 50% of DPPH radicals. In our study, the 

DPPH assay provided preliminary information on the free radical 

scavenging ability of bioactive compounds in areca nut oil. 

ABTS Scavenging Assay: The ABTS scavenging assay uses the ABTS 

radical system (2,2'-azino-bis[3-ethylbenzothiazoline-6-sulfonic 

acid]-6-diethylbenzothiazole). The principle is similar to the DPPH assay 

but uses ABTS radicals. These radicals react with antioxidants, causing a 

change in solution color, quantified by the decrease in absorbance at 734 

nm. The ABTS assay is an effective method to evaluate both 

water-soluble and lipid-soluble antioxidant activities, as ABTS radicals are 

soluble in both water and organic solvents. In our areca nut oil samples, 

this method helped us assess the scavenging ability of different 

compounds against ABTS radicals. 

Reducing Power Assay: The reducing power assay is based on the 

electron donation ability of samples, i.e., the reducing ability of 



antioxidants. In this method, antioxidants demonstrate their reducing 

power by converting Fe3+ to Fe2+. The extent of Fe2+ formation is 

measured through a complexation reaction with iron reductants like 

potassium ferricyanide, and the absorbance of the formed complex is 

measured at 700 nm. In our study, this assessment method allowed us to 

determine which components in areca nut oil had higher reducing power, 

a crucial part of its antioxidant properties. 

Iron Ion Chelating Activity Test: The iron ion chelating activity test 

assesses the ability of compounds in the sample to form chelates with 

iron ions. By chelating transition metal ions, antioxidants can prevent the 

formation of radicals catalyzed by these metals, thereby inhibiting 

processes such as lipid peroxidation. Typically, this is evaluated by adding 

iron salts to the sample and measuring changes in absorbance at a 

specific wavelength. This is crucial for understanding how areca nut oil 

exerts its protective role by affecting metal ions. 

Lipid Peroxidation Inhibition Assay: The lipid peroxidation inhibition 

assay focuses on the ability of antioxidants to inhibit lipid peroxidation, a 

key factor in the development of many diseases. The assay typically 

involves measuring end products based on malondialdehyde (MDA) as a 

marker of lipid peroxidation. The extent to which the sample reduces the 

formation of MDA is used to assess its antioxidant efficacy. In our study, 

we found that areca nut oil effectively inhibited lipid peroxidation, 



indicating its potential value in preventing diseases caused by oxidative 

stress. 

These methods, used in combination, provided us with a 

comprehensive framework to assess the antioxidant potential of areca 

nut oil and point out possible application pathways. Each test revealed 

different mechanisms of action of antioxidants, helping us understand 

more comprehensively how areca nut oil combats oxidative stress at the 

biochemical level. 

2.3 Experimental Results and Analysis 

2.3.1 DPPH and ABTS Free Radical Scavenging Capacity 

Through precise experimental operations, we observed a clear 

dose-dependent response in the DPPH free radical scavenging assay for 

areca nut oil samples. At lower concentrations, the oil showed weaker 

scavenging effects on DPPH radicals, but as the sample concentration 

increased, its scavenging effect significantly enhanced, showing strong 

free radical scavenging ability. By calculating the IC50 values, we further 

confirmed the potent antioxidant characteristics of areca nut oil. 

In the ABTS free radical scavenging assay, areca nut oil also 

exhibited similar antioxidant activity. Notably, compared to the DPPH 

assay, ABTS radicals were more easily scavenged, possibly due to 

different reactivities caused by their structures. Overall, these results 

strongly suggest that areca nut oil is an effective free radical scavenger, 



with potential to combat oxidative stress-induced biological damage. 

Moreover, this finding provides experimental evidence for the 

application of areca nut oil in preventing and treating diseases related to 

oxidative stress. Its rich natural antioxidant components provide a line of 

defense for cells, helping neutralize harmful free radicals and protect the 

body from oxidative damage, which is significant for developing new 

health supplements or medications. 

2.3.2 Reducing Power Assessment 

In assessing the reducing power of areca nut oil, we used a 

quantitative method based on its electron transfer properties. During the 

experimental process, iron salts were added to induce color changes, 

thereby indirectly measuring the reducing properties of the sample. The 

results clearly showed that areca nut oil, at different concentrations, had 

the ability to reduce Fe3+ to Fe2+, accompanied by significant changes in 

solution color. More importantly, this reduction reaction exhibited clear 

dose-dependency, meaning the higher the concentration of areca nut oil, 

the stronger its ability to reduce Fe3+, indicating more Fe2+ was 

generated. 

This phenomenon revealed the presence of active antioxidant 

components in areca nut oil, which inhibit oxidative processes through 

electron donation, key to areca nut oil's antioxidant properties. This not 

only confirms the role of areca nut oil in resisting oxidative damage but 



also provides important evidence for further research into its potential 

value in disease prevention and health maintenance. 

2.3.3 Iron Ion Chelating Activity and Lipid Peroxidation Inhibition 

Assay 

During the experiments, the effect of areca nut oil on metal ion 

stabilization was closely observed, particularly its chelating capacity with 

iron ions, crucial to the overall antioxidant defense system. Notably, 

certain transition metal ions, such as iron and copper, are catalysts 

promoting free radical formation, accelerating lipid peroxidation 

reactions. Areca nut oil effectively neutralized their catalytic activity by 

forming stable complexes with these metal ions, thereby significantly 

reducing the formation of harmful radicals. 

Simultaneously, the inhibitory effect of areca nut oil on lipid 

peroxidation was rigorously assessed. The experiment chose linoleic acid 

as a target for simulating lipid peroxidation, due to its high degree of 

unsaturation and susceptibility to oxidation. The results indicated that 

areca nut oil significantly inhibited the peroxidation process of linoleic 

acid, validated by comparing the concentration changes of linoleic acid 

oxidation products before and after treatment. This protective effect not 

only consolidates areca nut oil's status as an effective antioxidant but 

also reveals its deeper biochemical mechanisms of action. 

Furthermore, these findings pave the way for the potential of areca 



nut oil in various biomedical applications. Firstly, by slowing down the 

generation of free radicals and related oxidative stress, areca nut oil may 

help prevent various chronic diseases triggered by oxidative stress, 

including but not limited to cardiovascular diseases and certain types of 

cancer. Secondly, its antioxidant properties make areca nut oil a strong 

candidate for anti-aging research, potentially delaying the aging process 

by protecting biological molecules from free radical damage. In 

conclusion, areca nut oil shows broad application prospects in 

maintaining physiological health and combating oxidative damage. 

2.4Analysis and Discussion 

Through a series of antioxidant experimental assessments, we can 

conclude that areca nut oil indeed possesses significant antioxidant 

properties. Whether in free radical scavenging, reducing power, metal 

chelating ability, or lipid peroxidation inhibition, areca nut oil displayed 

excellent effects. The combined action of these activities makes areca 

nut oil a potential natural antioxidant resource. 

In future research, we need to delve deeper into the specific active 

components within areca nut oil. This will help us better understand its 

antioxidant mechanisms and provide a theoretical basis for further 

applications of areca nut oil. Additionally, in vivo experiments are 

required to verify the antioxidant effects of areca nut oil within 

organisms and its potential health benefits. Through these 



comprehensive studies, we will be able to fully exploit the nutritional 

and medicinal value of areca nut oil, bringing new perspectives and 

opportunities for development in the fields of food science, nutrition, 

and medicine. 

3Further Analysis and Application Exploration of Bioactive 

Compounds in Areca Nut Oil 

3.1 Qualitative and Quantitative Analysis of Bioactive Compounds 

The antioxidant properties of areca nut oil are attributed to its rich 

bioactive components. This chapter focuses on the further analysis of 

these components. To understand how these compounds work together 

and their potential applications in health and disease prevention, we 

conducted a series of qualitative and quantitative analyses. 

Initially, to identify these key bioactive components, we used 

high-performance liquid chromatography-mass spectrometry (HPLC-MS). 

This technique is known for its high resolution and precise detection 

capabilities, allowing for the effective separation and identification of 

individual components in complex samples. Through careful calibration 

and operation, we successfully identified several major active 

compounds and revealed their relative abundances. 

Our study focused on polyphenolic compounds, as they are 

well-known powerful antioxidants. Through HPLC-MS, we detected 

several important polyphenolic compounds, including flavonoids, 



phenolic acids, and their derivatives. These compounds have garnered 

widespread attention for their antioxidant roles within plants. 

Additionally, we utilized gas chromatography-mass spectrometry 

(GC-MS) to analyze the volatile components in areca nut oil. Though 

present in lower concentrations, these components have significant 

applications in the food and fragrance industries. Our analysis revealed 

several primary aromatic compounds that may significantly impact the 

sensory characteristics of areca nut oil. 

3.2 Correlation Study of Bioactive Compounds and Antioxidant 

Activity 

After confirming the key bioactive compounds in areca nut oil, we 

further explored the relationship between these compounds and the 

overall antioxidant activity of the oil. By constructing a multivariate 

regression model and using the data we collected on antioxidant activity 

and compound concentrations, we evaluated the interrelationships 

between these variables. 

Notably, certain specific polyphenolic compounds, particularly 

certain flavonoids and phenolic acids, showed a high correlation with the 

antioxidant activity of areca nut oil. This suggests that these compounds 

may play a key role in the oil's antioxidant defense mechanism. 

Furthermore, we found that adjusting the concentrations of these 

compounds could potentially enhance the antioxidant capacity of areca 



nut oil. 

This discovery opens up new opportunities for the functional 

optimization of areca nut oil. For example, selective breeding or 

biotechnological methods could be used to enhance the concentration 

of these key antioxidant compounds in areca nut oil, thereby developing 

areca products with higher nutritional value and disease prevention 

potential. 

3.3 Potential Applications of Areca Nut Oil in Health and Disease 

Prevention 

Based on our analysis results and existing scientific literature, we 

explored the potential applications of areca nut oil in health care and 

disease prevention. Antioxidants have been proven to play a significant 

role in combating various diseases caused by oxidative stress, such as 

cardiovascular diseases, certain types of cancer, inflammatory diseases, 

and various aging-related diseases. 

Our study indicates that the rich antioxidant polyphenolic 

compounds in areca nut oil make it an ideal natural supplement for 

alleviating oxidative stress and inflammation. For example, in the 

prevention of cardiovascular diseases, these antioxidant compounds can 

reduce the risk of atherosclerosis by reducing the oxidation of 

low-density lipoprotein (LDL). Additionally, the anti-inflammatory 

properties of these compounds can help alleviate inflammatory disease 



states. 

In cancer prevention, the active components in areca nut oil may 

act through various mechanisms. Some polyphenolic compounds have 

been found to interfere with cancer cell proliferation, induce apoptosis, 

inhibit metastasis and invasion, and enhance the body's anti-cancer 

immune response. Although these findings are encouraging, it must be 

noted that the exact mechanisms and efficacy of these actions still need 

further validation in clinical trials. 

Moreover, areca nut oil also shows potential in anti-aging. Oxidative 

stress is considered one of the key factors accelerating biological aging. 

The antioxidant components in areca nut oil, by neutralizing excessive 

free radicals, could slow down oxidative damage to cells and tissues, 

thereby delaying the aging process. 

3.4 Analysis and Discussion 

While our findings provide scientific evidence for the health 

applications of areca nut oil, more clinical research is needed to validate 

these potential benefits and determine safe dosage ranges. Additionally, 

future research should also consider the interactions of areca nut oil 

with other food components and how to preserve its bioactive 

components through food processing and storage technologies. Through 

these efforts, we can look forward to areca nut oil becoming a significant 

resource in promoting human health. 



Conclusion 

This study successfully identified multiple bioactive compounds in 

areca nut oil and confirmed their potent antioxidant properties. These 

findings highlight the potential of areca nut oil in preventing various 

health issues caused by oxidative stress, providing a scientific basis for 

developing new antioxidant products using areca nut oil. Future research 

should further explore the specific mechanisms of action and clinical 

application prospects of these compounds to fully utilize the potential of 

areca nut oil in health care and disease prevention. 
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