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Abstract

The oxidative stability and shelflife of Virgin Coconut Oil (VCO) and Refined Coconut Oil (RCO) were evaluated
under accelerated aging conditions at 60°C over a 12-week period. Key quality parameters, including free fatty
acid (FFA) content, peroxide value (PV), p-anisidine value (p-AV), and induction time, were systematically
monitored to assess the oils' degradation behavior. Results demonstrated that VCO exhibited superior
oxidative stability, with a lower final FFA (1.72 g/100 g), PV (11.5 mEq 0,/kg), and p-AV (10.2) compared to
RCO (1.87 g/100 g, 13.0 mEq O,/kg, and 11.7, respectively). Furthermore, the induction time of VCO declined
from 6.5 to 1.0 hours, whereas RCO exhibited a more rapid decrease from 4.2 to 0.6 hours. Regression analysis
predicted that RCO reached the critical induction time threshold (1.5 hours) at approximately 7.9 weeks, while
VCO maintained stability until around 10.3 weeks. The enhanced stability of VCO is attributed to the
preservation of natural antioxidants, which are significantly diminished during the refining process. These
findings highlight the critical role of minimal processing in prolonging coconut oil shelf life and suggest VCO
as a preferable choice for applications requiring extended oxidative stability. Future research should validate
these results under real storage conditions and optimize predictive models for shelf-life estimation.
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1. Introduction

The comparison between Virgin Coconut Oil (VCO) and Refined Coconut Oil (RCO) is essential for
understanding their respective benefits, particularly regarding their oxidative stability and nutritional profile.
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VCO is extracted through mechanical cold pressing, which enables it to retain beneficial bioactive compounds
such as tocopherols and polyphenols. These compounds contribute to its noted antioxidant properties, which
may enhance its shelf life and provide various health benefits, including anti-inflammatory effects
(Vasconcelos et al.,, 2020; Khairati, 2023). Conversely, RCO undergoes a refining process, including bleaching
and deodorization, aimed at improving sensory properties, which often results in a loss of many beneficial
compounds, potentially compromising its oxidative stability and nutritional value (Ramya et al., 2022).

Oxidative stability is a critical factor in determining the shelf life of oils, as oils with low oxidative stability
are more prone to spoilage, losing nutritional value and flavor. VCO is known to exhibit higher oxidative
stability than RCO. This is due to its composition of medium-chain fatty acids (MCFAs), particularly lauric acid,
which comprises about 53-54% of VCO's fatty acid content. The presence of lauric acid significantly enhances
its oxidative stability, making VCO more stable during storage compared to RCO, which loses many protective
compounds during the refining process (Khairati, 2023; Patil & Benjakul, 2020; Ajogun et al., 2020).
Additionally, the higher levels of phenolic compounds in VCO not only bestow antioxidant properties but also
help maintain oil quality over time, supporting its claimed superiority in oxidative stability (Bricefio-Islas et
al,, 2023; Soo et al., 2020). Although the oxidative stability of VCO is well-established, empirical data directly
comparing the oxidative stability of VCO and RCO under controlled storage conditions remains limited. While
the stability of VCO has been proven in various contexts, its specific advantages over RCO under identical
conditions require further investigation. Future research should focus on systematically exploring these
differences, particularly through controlled shelf-life studies to more robustly substantiate claims surrounding
the oxidative stability of VCO compared to RCO (Patil & Benjakul, 2020; Ajogun et al., 2020; Ayub et al., 2022).

This study presents a new approach in comparing the oxidative stability of VCO and RCO through
accelerated aging tests under controlled storage conditions to uncover significant differences in the stability
of these two types of coconut oil. The novelty of this research lies in its use of a more systematic method to
measure shelf life and oxidative stability of coconut oils, which has been previously limited to more general
parameters.

The primary aim of this study is to compare the oxidative stability and shelf life of VCO and RCO during
storage under accelerated aging conditions. This study aims to explain the factors influencing the differences
in stability between the two types of oils and provide a deeper understanding of the impact of the refining
process on the shelflife of coconut oil. Based on the comparison of bioactive content and chemical composition
of both types of coconut oil, the hypothesis of this research is that RCO will have reduced oxidative stability
and a shorter shelf life compared to VCO, due to the loss of protective compounds during the refining process.

Previous studies have shown that oil refining, which includes processes such as bleaching and
deodorization, can reduce the natural antioxidant compounds found in oils, a key factor influencing their
oxidative stability. For instance, Vasconcelos et al. demonstrate that VCO retains more bioactive components
such as polyphenols and tocotrienols compared to RCO, which undergoes bleaching and deodorization
processes that strip many of these beneficial compounds away (Vasconcelos et al., 2020). These antioxidants
play a crucial role in combating oxidative deterioration, which is more pronounced in unsaturated fats found
in oils (Anjali et al,, 2023). When examining the oxidative stability of oils, it is recognized that oils high in
unsaturated fatty acids are more susceptible to oxidation, leading to rancidity and thus a shorter shelf life
(Ramya et al., 2022).

Moreover, studies have shown that lower moisture content correlates positively with the shelf life of oils
because moisture is a catalyst for hydrolysis and subsequent rancidity (Perera et al., 2020). The proper
maintenance of low moisture levels is critical during storage, as cited in research indicating that VCO tends to
maintain optimal moisture levels, thereby aiding in their longevity compared to their refined counterparts,
where processing may not effectively manage this attribute (Hussain et al,, 2020). The physicochemical
properties of both oil types further provide insights into their stability. For instance, Maurikaa et al. conducted
comparative studies evaluating VCO and RCO based on various parameters like moisture content,
saponification value, and free fatty acid levels. Their findings suggest that VCO generally exhibits favorable
attributes conducive to a longer shelf life (Karunasiri et al., 2020). In contrast, refining tends to elevate the
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acidity levels, which could correlate with a diminished shelf life (Martin-Torres et al., 2022).

2. Research Methods

This section describes the materials, experimental design, and methods used to collect and analyze data
regarding the oxidative stability and shelflife of Virgin Coconut Oil (VCO) and Refined Coconut Oil (RCO) under
accelerated aging conditions.

2.1. Materials and Experimental Design

0il Samples

The Virgin Coconut Oil (VCO) and Refined Coconut Oil (RCO) samples used in this study were obtained from
a reputable supplier. Both oils were sourced from mature coconut kernels and stored in dark glass bottles to
minimize oxidation due to light exposure. This storage method is supported by literature, which suggests that
oils should be stored in opaque containers to limit light penetration, thus preserving their antioxidant
properties and extending their shelf life (Perera et al., 2020). Light exposure accelerates photodegradation,
promoting oxidative rancidity, and this precaution helps mitigate such risks (Thanaruenin et al., 2022).

2.2 Experimental Setup

The oils were stored at a constant temperature of 60°C in a temperature-controlled oven for 12 weeks,
which mirrors accelerated aging conditions commonly used to simulate long-term storage and evaluate the
oxidative stability of oils (Thanaruenin et al., 2022). Storage at elevated temperatures accelerates oxidative
degradation, as high temperatures exacerbate the breakdown of fats by promoting the formation of peroxides
and free fatty acids (FFA), which reflect the degree of rancidity (Perera et al., 2020). The oils were sampled at
regular intervals, typically every two weeks, to assess changes in oxidative stability and monitor any
degradation in quality, similar to methods used in previous studies (Dedebas et al., 2020).

2.3. Quality Indices and Analytical Methods

Free Fatty Acids (FFA)

The FFA content of the oils was measured to track hydrolysis during the storage period. This method is
widely used to assess oxidative rancidity, where hydrolytic reactions convert triglycerides into free fatty acids
(Tan et al,, 2023). The FFA content was quantified by titration using an alcohol solution, with the results
expressed in grams of oleic acid per 100 grams of oil, following the standard acid-base titration technique for
edible oils (Lu et al., 2024). This method provides an accurate reflection of oxidative degradation in oils, as
higher levels of FFA indicate increased rancidity (Kim & Hwang, 2024). The titration method was chosen
because it is commonly used in food quality control standards to evaluate the freshness and stability of oils
(Preez etal., 2022).

Peroxide Value (PV)

Peroxide Value (PV) was used to measure primary oxidation products (hydroperoxides) formed during the
storage period. PV is one of the most commonly used methods to assess the oxidative stability of oils (Ivanova
et al,, 2025). The iodine-based iodometric method was employed, which involves titrating the active oxygen
present in the oil by reacting it with iodide, then quantifying the iodine released through sodium thiosulfate
titration (Hafer et al., 2020). This method is standard in the industry and is highly reproducible, making it
suitable for continuous monitoring of oil degradation (Romano et al., 2021).
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p-Anisidine Value (p-AV)

The p-Anisidine Value (p-AV) was measured to evaluate secondary oxidation products, which are formed
after the initial oxidation phase. p-AV quantifies aldehydes and other volatile compounds resulting from lipid
oxidation, which are associated with the development of off-flavors and rancidity (Chen et al., 2024). The
procedure involved reacting the oil with p-anisidine in glacial acetic acid and measuring absorbance at 350
nm, as recommended by industry standards for assessing oxidative deterioration (Saragih et al., 2023). p-AV
is crucial for evaluating the sensory quality of oils, as higher p-AV levels correlate with an increase in aldehydes
and ketones that affect taste and aroma (Lee et al,, 2021; Untea et al., 2021).

Induction Time (Rancimat Method)

The oxidative stability of the oils was measured using the Rancimat method (ISO 6886:2016), which
evaluates the time taken for a significant increase in conductivity, indicating the onset of oxidation. The
Rancimat test is widely accepted in the oil industry for measuring the oxidative stability of oils at high
temperatures (Symoniuk etal.,, 2022). The samples were heated at 120°C, and the induction time was recorded
to correlate with shelf life predictions. The Rancimat test is particularly effective in accelerated aging studies,
where higher temperatures (100-120°C) simulate long-term storage conditions (Gagour et al,, 2022). This
method is advantageous because it offers rapid results and is less labor-intensive compared to traditional
methods like PV or p-AV, making it ideal for routine quality control (Zieniuk et al., 2021).

2.4. Shelf-Life Prediction

Extrapolation Method

The shelf life of the oils was predicted by extrapolating the induction time from accelerated aging
conditions (373-403K) to the storage temperature of 25°C (room temperature). This method is commonly
used to simulate long-term storage and predict the shelf life of oils (Gagour et al., 2022). The relationship
between the Rancimat induction time at elevated temperatures and the shelf life at room temperature follows
an Arrhenian model, which allows for the estimation of the oil’s oxidative stability over time based on its
behavior under accelerated aging conditions (Gagour et al., 2022). This method provides an effective way to
predict the longevity of oils when stored under normal conditions, with previous studies showing that a few
days of testing at higher temperatures can be equivalent to a year of shelf life under room temperature
(Alshehawy et al,, 2021).

3. Results and Discussion

3.1. Free Fatty Acid (FFA) Content

The FFA content of both Virgin Coconut Oil (VCO) and Refined Coconut Oil (RCO) exhibited a steady
increase throughout the 12-week storage period. Initially, VCO showed a lower FFA value (0.75 g/100g)
compared to RCO (0.88 g/100g), indicating its superior initial quality due to minimal processing. By the end
of the storage period, VCO's FFA reached 1.72 g/100g, while RCO recorded a higher value of 1.87 g/100g
(Figure 1).
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Figure 1: Free Fatty Acids of VCO and RCO

Both oils exhibited a steady increase in FFA, with VCO showing a slower rate of increase compared to RCO.
This result is consistent with the literature, which suggests that moisture and temperature are key factors
influencing the formation of FFAs in oils (Widari et al,, 2021). Hydrolysis, the process through which
triglycerides break down into FFAs, occurs more rapidly in the presence of moisture, which was present in
both VCO and RCO. Higher temperatures, particularly those used in this study (60°C), accelerate this process,
further increasing FFA levels (Zhang et al., 2023). The slower increase in FFA in VCO compared to RCO can be
attributed to its higher content of natural antioxidants, which may help mitigate the effects of hydrolysis and
oxidative degradation (Zhang et al., 2023). The slower increase in FFA in VCO suggests that its antioxidant
compounds, which are retained due to minimal processing, may offer better protection against hydrolysis and
oxidation compared to RCO, which loses many of these bioactive compounds during refining. This finding
aligns with literature that suggests higher levels of antioxidants in virgin oils contribute to better oxidative
stability, even though higher FFA levels in VCO can be indicative of reduced oxidative stability (Zhang et al.,
2023; Perera et al.,, 2020).

3.2. Primary Oxidation Products (Peroxide Value)

Peroxide Value, an indicator of primary oxidation products (hydroperoxides), progressively increased for
both VCO and RCO during storage. Initially, PV for VCO was 2.9 mEq 02/kg, slightly lower than RCO's 3.2 mEq
02/kg. After 12 weeks, VCO reached a PV of 11.5 mEq O2/kg, whereas RCO peaked at 13.0 mEq 02 /kg (Figure
2).

The increase in PV for both VCO and RCO over the 12-week storage period is consistent with previous
studies, which indicate that PV serves as a critical indicator of oxidative degradation in oils, reflecting the
concentration of hydroperoxides—the primary products of lipid oxidation (Sanna & Fadda, 2025; Tsitlakidou
et al,, 2024). Hydroperoxides are early markers of fat oxidation, and their formation signifies the onset of
rancidity in oils, which, over time, can lead to a deterioration of the oil's sensory and nutritional properties
(Yu et al,, 2022). The results show a significantly faster increase in PV for VCO compared to RCO, indicating
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that VCO is more susceptible to oxidative degradation during storage.
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Figure 2: Peroxide Value of VCO and RCO

This is particularly noteworthy given that VCO typically contains higher concentrations of polyunsaturated
fatty acids (PUFAs), which are more prone to oxidation than the saturated fats found in RCO (Martin-Rubio et
al,, 2020). In contrast, RCO, being refined and processed, exhibits slower oxidation due to the removal of
unstable compounds, such as antioxidants, during the refining process (Mezni et al., 2023). The higher PV
observed in VCO is in line with studies that have shown that virgin oils, rich in PUFAs, generally exhibit greater
increases in PV over time, leading to rapid deterioration relative to refined oils, which are more stable due to
the reduction of reactive compounds during processing (Martin-Rubio et al., 2020). Higher PV values in VCO,
as seen in this study, correlate with increased risks for rancidity and off-flavors, which significantly impact
consumer acceptance, even at earlier stages of storage (Ozcan et al., 2021).

These findings further emphasize the importance of monitoring PV as an essential quality control measure
in the oil industry, as it directly relates to oil shelf life and oxidative stability (Saleh, 2020). In practical terms,
the observed PV increase in VCO suggests that careful storage conditions, such as keeping oils at lower
temperatures and minimizing exposure to light and oxygen, are crucial to maintaining their quality. As noted
by Zhang et al. (2023), higher storage temperatures accelerate the formation of peroxides, which supports the
findings of this study showing a more rapid increase in PV at 60°C. Moreover, the study's results align with
earlier research indicating that refined oils, such as RCO, exhibit lower initial PV values and slower oxidation
rates due to the refining process, which effectively removes many of the compounds responsible for oxidative
degradation (Giirdil et al.,, 2020). This finding is significant for consumers and manufacturers as it points to
the enhanced stability of refined oils under conditions that may otherwise promote the oxidation of virgin oils.

3.3. Secondary Oxidation Products (p-AV)

The p-AV values, representing secondary oxidation products such as aldehydes and ketones, also displayed
an upward trend during storage. VCO's p-AV increased from 3.4 to 10.2, while RCO's p-AV rose more sharply
from 3.7 to 11.7 (Figure 3).
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Figure 3: p-Anisidine of VCO and RCO

The increase in p-AV for both VCO and RCO during storage is a clear indicator of secondary oxidation
products, primarily aldehydes and ketones, which are formed from the breakdown of hydroperoxides. The
rise in p-AV reflects the ongoing oxidative degradation that affects the sensory and nutritional quality of oils
(Sourki et al.,, 2021; Mudri¢ et al,, 2020). According to the literature, p-AV is not just a reflection of peroxide
concentrations, but a broader measure of oxidative degradation, capturing byproducts that accumulate over
time during lipid peroxidation (Sourki et al., 2021).

VCO shows a slower increase in p-AV, with a significant rise occurring after the 4th week of storage. This
slower accumulation of secondary oxidation products can be attributed to the higher antioxidant content in
VCO, which is preserved due to minimal processing (Putra et al.,, 2022). Antioxidants, such as tocopherols and
polyphenols, present in VCO help delay the formation of aldehydes and ketones, thus slowing the increase in
p-AV. As noted by Chen et al. (2024), antioxidants play a crucial role in preventing the breakdown of
hydroperoxides into secondary oxidation products, which is essential for maintaining the sensory quality of
oils over time.

Similarly, RCO experiences a sharp increase in p-AV, reaching its peak value by the 12th week. The refining
process, which includes bleaching and deodorization, removes most of the oil's natural antioxidants, making
it more susceptible to secondary oxidation (Kampa et al,, 2022). This is consistent with the findings of Martin-
Rubio et al. (2020), which reported that refined oils tend to accumulate secondary oxidation products more
quickly because the removal of antioxidants during processing reduces their ability to prevent the formation
of aldehydes and other degradation products. The higher p-AV values in RCO indicate that the absence of
antioxidants accelerates the oxidation process, leading to rancidity and undesirable flavors, which are
reflected in the sensory degradation of the oil.

The significant increase in p-AV for RCO aligns with previous research showing that refining reduces
antioxidant content, which directly impacts the formation of secondary oxidation products (Lucci et al., 2020;
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Harzalli et al., 2022). The absence of natural antioxidants in RCO allows for uncontrolled oxidation, leading to
higher levels of aldehydes and ketones, which significantly affect the sensory properties of the oil, resulting in
rancid or unpleasant flavors (Kampa et al., 2022).

Sensory evaluation of the oils also confirms that higher p-AV values correlate with negative changes in taste
and aroma, which are common indicators of rancidity. Studies have shown that oils with higher p-AV values
are typically less preferred by consumers due to the development of unpleasant tastes and odors (Lee & Ju,
2024; Juhaimi et al,, 2024). Therefore, the observed increase in p-AV in both oils reflects the progression
towards oxidation, and the difference between VCO and RCO highlights the impact of processing on oil
stability.

3.4. Rancimat Test Results

Induction Time (IT) declined consistently for both VCO and RCO, indicating the deterioration of oxidative
stability over time. VCO maintained a higher induction time across all observation points, starting at 6.5 hours
and decreasing to 1.0 hour by Week 12. RCO exhibited a faster decline, starting at 4.2 hours and dropping to
0.6 hours (Figure 4).

_’_
t & reo

w B [}
T T T

Induction Time [hours]

N
T

0 2 4 6 8 10 12
Time (weeks)

Figure 4: Induction Time of VCO and RCO

The reduction in induction time (IT) for both VCO and RCO over the 12-week storage period is a direct
indication of the oils’ decreasing oxidative stability, as measured by the Rancimat method. The induction time
in the Rancimat test reflects the duration before the noticeable increase in conductivity, signifying the onset
of oxidation due to the formation of volatile carboxylic acids (Devitasari et al., 2022; Aissa et al., 2023;
Symoniuk et al.,, 2022). The observed decrease in induction time for both oils suggests that as oxidation
progresses, the oils’ resistance to oxidation diminishes, leading to quicker degradation. The initial higher
induction time for VCO compared to RCO is in line with the literature, which indicates that VCO, due to its
higher content of antioxidants and bioactive compounds, such as polyphenols and tocopherols, tends to exhibit
greater resistance to oxidation (Putra et al., 2022). These natural antioxidants in VCO delay the onset of
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oxidation, thus resulting in a longer induction time when compared to RCO, which undergoes a refining
process that depletes these protective compounds (Flores & Camacho, 2024). As noted in previous studies,
refining reduces antioxidant content, which makes refined oils, like RCO, more susceptible to faster oxidative
degradation (Sampson, 2020; Giirdil et al., 2020). Furthermore, the decrease in induction time observed in
both VCO and RCO after 12 weeks of storage aligns with findings from the literature that high temperatures
accelerate the oxidative degradation process, leading to a significant decrease in induction time (Symoniuk et
al,, 2022; Pei et al,, 2022). As storage temperature increases, oxidation rates also increase, as evidenced by the
faster reduction in IT in both oils when exposed to elevated temperatures during the Rancimat test (Symoniuk
et al,, 2022; Lu et al., 2021). This finding is consistent with research showing that elevated temperatures
shorten the induction time in oils by accelerating lipid peroxidation and oxidation processes (Hamed et al.,
2023). The significant difference in induction time between VCO and RCO supports the understanding that
virgin coconut oil retains more natural antioxidants, providing it with superior oxidative stability when
compared to refined oils (Jermwongruttanachai et al., 2021). The faster decrease in IT for RCO highlights the
effect of refining on the oxidative stability of coconut oil, making it more vulnerable to oxidative reactions,
particularly under elevated temperatures (Pei et al,, 2022). These findings align with earlier studies that have
demonstrated refined oils tend to exhibit shorter induction times, reflecting their decreased resistance to
oxidation (Flores & Camacho, 2024; Pei et al.,, 2022).

The Rancimat test proves to be a valuable tool for predicting the oxidative stability and shelflife of oils. The
predicted shelf life results are presented in Figure 5.
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Figure 5: Induction Time-Shelf life of VCO and RCO

Based on the prediction model results, Virgin Coconut Oil (VCO) shows a longer shelf life compared to
Refined Coconut Oil (RCO) when stored at high temperatures over a 12-week period. The linear regression
model built from the Induction Time data indicates that VCO reaches the critical shelflife limit (Induction Time
= 1.5 hours) at week 10.3 (~72 days), while RCO reaches it faster at week 7.9 (~55 days). The results obtained
in this study emphasize the importance of protective antioxidants in virgin oils, which significantly extend the
induction time and thus improve oxidative stability. For refined oils, the absence of these antioxidants
contributes to a shorter induction time, which indicates faster oxidation and reduced shelf life (Symoniuk et
al,, 2022; Zahran & Najafi, 2020). Therefore, Rancimat induction time is an important parameter for assessing
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the long-term usability of oils in both culinary applications and industrial uses (Guillén-Sanchez & Paucar-
Menacho, 2020; Oancea et al., 2022).

The faster decrease in Induction Time in RCO suggests that the refining process contributes to the loss of
bioactive compounds and natural antioxidants such as tocopherols and polyphenols, which play a crucial role
in maintaining the oxidative stability of the oil. In contrast, VCO retains these components, providing
protection against oxidative degradation during storage. These findings align with the literature, which states
that oils with higher natural antioxidant content exhibit better oxidative resistance, slowing the accumulation
of oxidation products such as FFA, PV, and p-AV. Therefore, the shelf life of coconut oil is practically highly
dependent on its internal antioxidant content and the level of refining applied.

4. Conclusion

This study demonstrated the significant differences in oxidative stability and shelf life between Virgin
Coconut Oil (VCO) and Refined Coconut Oil (RCO) under accelerated aging conditions. VCO exhibited superior
oxidative stability compared to RCO, primarily due to its higher antioxidant content and natural bioactive
compounds, such as tocopherols and polyphenols, which are removed during the refining process. The results
showed that VCO maintained lower levels of oxidative products like free fatty acids (FFA), peroxide value (PV),
and p-anisidine value (p-AV) over time, while RCO experienced faster degradation. The Rancimat test further
supported these findings, with VCO showing longer induction times, indicating better resistance to oxidation.
These results highlight the importance of refining processes and the impact they have on the oil’s oxidative
stability and shelf life. Given the superior stability of VCO, it is recommended that efforts be made to retain
antioxidants during the refining process, or that RCO be stored and packaged more carefully to prevent
premature degradation. Further studies are needed to explore alternative refining methods and
environmental factors influencing coconut oil stability.

Acknowledgement

The authors would like to acknowledge the administrative and technical support provided by the Department
of Chemistry, Faculty of Mathematics and Natural Sciences, Tadulako University. The authors also appreciate
the material contributions and equipment support provided by the laboratory facilities.

Declaration of Conflicting Interests

The authors declare no potential conflicts of interest with respect to the research, authorship and publication
of this article.

Funding

The author received no financial support for the research, authorship and publication of this article.

754


http://www.ijsate.com/

International Journal of Science, Architecture, Technology, and Environment Volume 02, Issue 04, April 2025
ISSN 3048-8222 (Online) | www.ijsate.com [ editor@ijsate.com

References

Aissa, R, Asbbane, A., Oubannin, S., Bijla, L., Bousaid, Z., Hallouch, O., & Gharby, S. (2023). Oxidative stability of virgin and
refined argan [Argania spinosa L. (Skeels)] oil under accelerated aging conditions and shelf-life prediction at room
temperature: A comparative study. Analytica—A Journal of Analytical Chemistry and Chemical Analysis, 4(4), 500-512.
https://doi.org/10.3390/analytica4040034

Ajogun, C., Achinewhu, S., Kabari, D., & Akusu, 0. (2020). Effect of extraction methods on the physicochemical properties,
fatty acid profile and storage stability of virgin coconut oil. Asian Food Science Journal, 27-40.
https://doi.org/10.9734 /afsj/2020/v18i430225

Anjali, N., Algama, C., Seneviratne, K., Seneviratne, C., Jayathilaka, N., & Seneviratne, K. (2023). A comparison of wet-
extracted coconut oils prepared under hot and cold conditions. Journal of the American Oil Chemists Society, 100(6), 459-
468. https://doi.org/10.1002/ao0cs.12700

Ayub, S., Agustina, A., & Makhrus, M. (2022). Analysis of project activities for strengthening Pancasila student profiles (P5)
through the manufacturing of VCO products. Amplitudo Journal of Science & Technology Innovation, 1(2), 69-74.
https://doi.org/10.56566 /amplitudo.v1i2.18

Bricefio-Islas, G., Estarrén-Espinosa, M., & Urias-Silvas, ]J. (2023). Revalorization of coconut from Guerrero, Mexico:
Isolation and characterization of oils and proteins. ACS Food Science & Technology, 3(4), 648-657.
https://doi.org/10.1021/acsfoodscitech.2c00410

Chen, Y, Yu, Y, An, X, Zhang, H., Gong, W.,, Liang, Y., & Wang, ]. (2024). Changes in lipid metabolites and enzyme activities
of wheat flour during maturation. Foods, 13(16), 2537. https://doi.org/10.3390/foods13162537

Dedebas, T., Ekici, L., & Sagdig, 0. (2020). Chemical characteristics and storage stabilities of different cold-pressed seed
oils. Journal of Food Processing and Preservation, 45(2). https://doi.org/10.1111/jfpp.15107

Devitasari, R, Fathurrahman, N., Katili, M., Wibowo, C., Bethari, S., Anggarani, R, & Aisyah, L. (2022). Determination of
oxidation stability of palm-oil biodiesel and biodiesel-diesel blends by Rancimat and RSSOT methods. IOP Conference Series
Earth and Environmental Science, 1034(1), 012040. https://doi.org/10.1088/1755-1315/1034/1/012040

Flores, A., & Camacho, D. (2024). Thermal degradation of coconut oil with free fatty acid, peroxide value, and moisture
content indicators. Kimika, 34(2), 49-60. https://doi.org/10.26534 /kimika.v34i2.49-60

Gagour, J., Oubannin, S., Bouzid, H., Bijla, L., Moudden, H., Sakar, E., & Gharby, S. (2022). Physicochemical characterization,
kinetic parameters, shelf life and its prediction models of virgin olive oil from two cultivars (“Arbequina” and “Moroccan
Picholine”) grown in Morocco. OCL, 29, 39. https://doi.org/10.1051/0cl/2022033

Guillén-Sanchez, ]., & Paucar-Menacho, L. (2020). Oxidative stability and shelf life of avocado oil extracted cold and hot
using discard avocado (Persea americana). Scientia Agropecuaria, 11(1), 127-133.
https://doi.org/10.17268/sci.agropecu.2020.01.14

Giirdil, G., Kabutey, A, Selvi, K, Mizera, C., Herdk, D., & Fratikova, A. (2020). Evaluation of postharvest processing of
hazelnut kernel oil extraction wusing uniaxial pressure and organic solvent. Processes, 8(8), 957.

https://doi.org/10.3390/pr8080957

Hafer, E., Holzgrabe, U., Wiedemann, S., Adams, K., & Diehl], B. (2020). NMR spectroscopy: Determination of peroxide value

755


http://www.ijsate.com/
https://doi.org/10.3390/analytica4040034
https://doi.org/10.9734/afsj/2020/v18i430225
https://doi.org/10.1002/aocs.12700
https://doi.org/10.56566/amplitudo.v1i2.18
https://doi.org/10.1021/acsfoodscitech.2c00410
https://doi.org/10.3390/foods13162537
https://doi.org/10.1111/jfpp.15107
https://doi.org/10.1088/1755-1315/1034/1/012040
https://doi.org/10.26534/kimika.v34i2.49-60
https://doi.org/10.1051/ocl/2022033
https://doi.org/10.17268/sci.agropecu.2020.01.14
https://doi.org/10.3390/pr8080957

International Journal of Science, Architecture, Technology, and Environment Volume 02, Issue 04, April 2025
ISSN 3048-8222 (Online) | www.ijsate.com [ editor@ijsate.com

in vegetable and krill oil by using triphenylphosphine as tagging reagent. European Journal of Lipid Science and Technology,
122(5). https://doi.org/10.1002/€jlt.201900442

Hamed, S., Hashim, A., & Zaher, F. (2023). Shelf-life prediction of flaxseed oil blended with different antioxidants: Kinetic
and thermodynamic study using Rancimat methodology. Egyptian Journal of Chemistry, 0(0), 0-0.
https://doi.org/10.21608/ejchem.2023.223442.8293

Harzalli, Z., Willenberg, 1., Medfai, W., Matthaus, B.,, Mhamdi, R., & Oueslati, 1. (2022). Potential use of the bioactive
compounds of the olive mill wastewater: Monitoring the aldehydes, phenolic compounds, and polymerized triacylglycerols
in sunflower and olive oil during frying. Journal of Food Processing and Preservation, 46(11).
https://doi.org/10.1111/jfpp.17006

Hussain, M., Al-Alaq, F., Al-Khafaji, N., & Al-Dahmoshi, H. (2020). Antibacterial effect of virgin and refined coconut oils on
pathogenic bacteria: A review. Indian Journal of Forensic Medicine & Toxicology.
https://doi.org/10.37506/ijfmt.v14i4.12548

Ivanova, V., Pimpilova, M., Stoyanova, M., & Dimcheva, N. (2025). Electrochemical method for the assay of organic peroxides
directly in acetonitrile. Molecules, 30(2), 374. https://doi.org/10.3390/molecules30020374

Jermwongruttanachai, P., Pathaveerat, S., & Noypitak, S. (2021). Effect of temperature on thermal denaturation of skimmed
coconut milk to produce a new product, coconut water. Journal of Food Processing and Preservation, 45(12).
https://doi.org/10.1111/jfpp.16046

Juhaimi, F., Ahmed, I, Ozcan, M., & Albakry, Z. (2024). Influence of coconut pulp on bioactive properties, fatty acids, phenolic
compounds, nutrients, and sensory evaluation of wheat flour bread. International Journal of Food Science & Technology,
59(6), 4020-4029. https://doi.org/10.1111/ijfs.17157

Kampa, ], Frazier, R, & Rodriguez-Garcia, J. (2022). Physical and chemical characterisation of conventional and
nano/emulsions: Influence of  vegetable oils from different  origins. Foods, 11(5), 681.
https://doi.org/10.3390/foods11050681

Karunasiri, A., Senanayake, C., Hapugaswatta, H., Jayathilaka, N., & Seneviratne, K. (2020). Protective effect of coconut oil
meal phenolic antioxidants against macromolecular damage: In vitro and in vivo study. Journal of Chemistry, 2020, 1-8.
https://doi.org/10.1155/2020/3503165

Khairati, M. (2023). Virgin coconut oil: A review. International Journal of Research and Review, 10(6), 70-75.
https://doi.org/10.52403/ijrr.20230610

Kim, S., & Hwang, H. (2024). Understanding the oxidation of hemp seed oil and improving its stability by encapsulation
into protein microcapsules. Journal of Food Science, 89(10), 6321-6334. https://doi.org/10.1111/1750-3841.17314

Lee, ., & Ju, S. (2024). What is the relationship between sensory attributes identified using CATA (check-all-that-apply)
questionnaire and consumer acceptance of cookies using plant-based oils? Foods, 13(22), 3593.
https://doi.org/10.3390/foods13223593

Lee, ], Boo, C., Hong, S., & Shin, E. (2021). Chemosensory device-assisted estimation of the quality of edible oils with
repetitive frying. Foods, 10(5), 972. https://doi.org/10.3390/foods10050972

Ly, Y, Li, M,, Wang, |, Jiang, X,, Yang, L., Qiu, C., & Dong, W. (2021). Inhibitory activity on the formation of reactive carbonyl
species in edible oil by synthetic polyphenol antioxidants. Journal of Agricultural and Food Chemistry, 69(32), 9025-9033.
https://doi.org/10.1021/acs.jafc.0c07248

756


http://www.ijsate.com/
https://doi.org/10.1002/ejlt.201900442
https://doi.org/10.21608/ejchem.2023.223442.8293
https://doi.org/10.1111/jfpp.17006
https://doi.org/10.37506/ijfmt.v14i4.12548
https://doi.org/10.3390/molecules30020374
https://doi.org/10.1111/jfpp.16046
https://doi.org/10.1111/ijfs.17157
https://doi.org/10.3390/foods11050681
https://doi.org/10.1155/2020/3503165
https://doi.org/10.52403/ijrr.20230610
https://doi.org/10.1111/1750-3841.17314
https://doi.org/10.3390/foods13223593
https://doi.org/10.3390/foods10050972
https://doi.org/10.1021/acs.jafc.0c07248

International Journal of Science, Architecture, Technology, and Environment Volume 02, Issue 04, April 2025
ISSN 3048-8222 (Online) | www.ijsate.com [ editor@ijsate.com

Ly, Y., Xiong, R, Lin, X,, Zhang, L., Meng, X., & Luo, Z. (2024). CSPBBR3 NCs confined and in situ grown in ZIF-8: A stable,
sensitive, reliable fluorescent sensor for evaluating the acid value of edible oils. ACS Applied Materials & Interfaces, 16(32),
42772-42782. https://doi.org/10.1021/acsami.4c10280

Lucci, P, Bertoz, V., Pacetti, D., Moret, S., & Conte, L. (2020). Effect of the refining process on total hydroxytyrosol, tyrosol,
and tocopherol contents of olive oil. Foods, 9(3), 292. https://doi.org/10.3390/foods9030292

Martin-Rubio, A., Sopelana, P., & Guillén, M. (2020). Assessment of soybean oil oxidative stability from rapid analysis of its
minor component profile. Molecules, 25(20), 4860. https://doi.org/10.3390/molecules25204860

Martin-Torres, S., Tello-Jiménez, ]., Lopez-Blanco, R., Gonzalez-Casado, A., & Cuadros-Rodriguez, L. (2022). Monitoring the
shelf life of refined vegetable oils under market storage conditions—a kinetic chemofoodmetric approach. Molecules,
27(19), 6508. https://doi.org/10.3390/molecules27196508

Mezni, F., Slama, A., Ayari, F., Smirani, K., & Khaldi, A. (2023). Effect of fruits storage conditions on the yield and the quality
of Pistacia lentiscus oil. Mediterranean Journal of Chemistry, 13(1), 8. https://doi.org/10.13171/mjc02301051658mezni

Mudri¢, J., Drini¢, Z., Zduni¢, G., Todosijevi¢, M., Bigovi¢, D., Menkovi¢, N., & Savikin, K. (2020). Stabilization of rose hip oil
with pomegranate peel extract during accelerated storage. Journal of the Serbian Chemical Society, 85(12), 1553-1563.
https://doi.org/10.2298/jsc200424064m

Oancea, A., Untea, A, Dragomir, C., & Radu, G. (2022). Determination of optimum TBARS conditions for evaluation of cow
and sheep milk oxidative stability. Applied Sciences, 12(13), 6508. https://doi.org/10.3390/app12136508

Ozcan, M,, ipek, D., Ghafoor, K., Juhaimi, F., Uslu, N., Babiker, E., & Alsawmahi, 0. (2020). Physico-chemical and sensory
properties of chips produced using different lupin (Lupinus albus L.) flour formulations and cooking methods.
International Journal of Food Science & Technology, 56(6), 2780-2788. https://doi.org/10.1111/ijfs.14913

Patil, U, & Benjakul, S. (2020). Oxidative stability of mayonnaise prepared using virgin coconut oil/fish oil blend.
Carpathian Journal of Food Science and Technology, 135-147. https://doi.org/10.34302 /crpjfst/2020.12.1.13

Pei, X, Yin, F,, Zhong, X,, Liu, H., Song, L., Zhao, G., & Zhou, D. (2022). Effects of different antioxidants and their combinations
on the oxidative stability of DHA algae oil and walnut oil. Food Science & Nutrition, 10(8), 2804-2812.
https://doi.org/10.1002/fsn3.2883

Perera, D., Hewavitharana, G., & Navaratne, S. (2020). Determination of physicochemical and functional properties of
coconut oil by incorporating bioactive compounds in selected spices. Journal of Lipids, 2020, 1-11.
https://doi.org/10.1155/2020/8853940

Preez, A., Meijboom, R., & Smit, E. (2022). Low-cost 3D-printed reactionware for the determination of fatty acid content in
edible oils using a base-catalyzed transesterification method in continuous flow. Food Analytical Methods, 15(7), 1816-
1825. https://doi.org/10.1007 /s12161-022-02233-2

Putra, G., Aryanto, R,, Syifaurrahmabh, S., Priutama, Y., Sari, M., & Suryawan, [. (2022). Assessment of virgin coconut oil (VCO)
with  gate-to-gate life cycle assessment analysis approach. Matriks Teknik  Sipil, 10(2), 115.
https://doi.org/10.20961/mateksi.v10i2.58073

Ramya, V., Shyam, K., Kowsalya, E., Balavigneswaran, C., & Kadalmani, B. (2022). Dual roles of coconut oil and its major
component lauric acid on redox nexus: Focus on cytoprotection and cancer cell death. Frontiers in Neuroscience, 16.
https://doi.org/10.3389/fnins.2022.833630

757


http://www.ijsate.com/
https://doi.org/10.1021/acsami.4c10280
https://doi.org/10.3390/foods9030292
https://doi.org/10.3390/molecules25204860
https://doi.org/10.3390/molecules27196508
https://doi.org/10.13171/mjc02301051658mezni
https://doi.org/10.2298/jsc200424064m
https://doi.org/10.3390/app12136508
https://doi.org/10.1111/ijfs.14913
https://doi.org/10.34302/crpjfst/2020.12.1.13
https://doi.org/10.1002/fsn3.2883
https://doi.org/10.1155/2020/8853940
https://doi.org/10.1007/s12161-022-02233-2
https://doi.org/10.20961/mateksi.v10i2.58073
https://doi.org/10.3389/fnins.2022.833630

International Journal of Science, Architecture, Technology, and Environment Volume 02, Issue 04, April 2025
ISSN 3048-8222 (Online) | www.ijsate.com [ editor@ijsate.com

Romano, R, Aiello, A, Luca, L., Acunzo, A, Montefusco, ., & Pizzolongo, F. (2021). “Sfogliatella Riccia Napoletana”:
Realization of a lard-free and palm oil-free pastry. Foods, 10(6), 1393. https://doi.org/10.3390/foods10061393

Saleh, F. (2020). Quality assessment of frying oil from some restaurants in Al-Ahsa city, Saudi Arabia. Basic and Applied
Sciences - Scientific Journal of King Faisal University. https://doi.org/10.37575/b/agr/2090

Sampson, G. (2020). Evaluation of some plant oils quality commonly sold in Ghana. Food and Nutrition Sciences, 11(10),
911-918. https://doi.org/10.4236/fns.2020.1110064

Sanna, D., & Fadda, A. (2025). Oxidative stability of sunflower oil: Effect of blending with an oil extracted from myrtle
liqueur by-product. Antioxidants, 14(3), 300. https://doi.org/10.3390/antiox14030300

Saragih, M,, Silaban, S., & Eddiyanto, E. (2023). The impact of temperature and antioxidants on oxidation and the formation
of trans fatty acids in several palm oil derivatives. Al-Kimiya, 10(2), 74-86. https://doi.org/10.15575/akv10i2.25256

Soo, P, Alj, Y, Lai, O., Kuan, C,, Tang, T., Lee, Y., & Phuah, E. (2020). Enzymatic and mechanical extraction of virgin coconut
oil. European Journal of Lipid Science and Technology, 122(5). https://doi.org/10.1002/ejlt.201900220

Sourki, A., Ghani, A, Kiani, F., & Alipour, A. (2021). Phytochemical profiles of lemon verbena (Lippia citriodora H.B.K.) and
its  potential application to cookie enrichment. Food Science &  Nutrition, 9(6), 3100-3113.
https://doi.org/10.1002/fsn3.2268

Symoniuk, E., Wroniak, M., Napiérkowska, K., Brzezinska, R., & Ratusz, K. (2022). Oxidative stability and antioxidant activity
of selected cold-pressed oils and oils mixtures. Foods, 11(11), 1597. https://doi.org/10.3390/foods11111597

Tan, B, Nair, A, Zakaria, M., Low, ]., Kua, S., Koo, K., & Appleton, D. (2023). Free fatty acid formation points in palm oil
processing and the impact on oil quality. Agriculture, 13(5), 957. https://doi.org/10.3390/agriculture13050957

Thanaruenin, P., Sutthasupa, S., Kanha, N., & Sangsuwan, J. (2022). Antioxidation effect of alginate beads containing thyme,
rosemary or geranium essential oils in lard and coconut oil. International Journal of Food Science & Technology, 58(2), 898-
906. https://doi.org/10.1111/ijfs.15884

Tsitlakidou, P., Kamplioni, D., Kyriakoudj, A., Irakli, M., Biliaderis, C., & Mourtzinos, I. (2024). Antioxidant-enhanced alginate
beads for stabilizing rapeseed oil: Utilizing extracts from post-distillation waste residues of rosemary. Foods, 13(13), 2142.
https://doi.org/10.3390/foods13132142

Untea, A, Varzaruy, L, Turcuy, R, Panaite, T., & Saracila, M. (2021). The use of dietary chromium associated with vitamins
and minerals (synthetic and natural source) to improve some quality aspects of broiler thigh meat reared under heat stress
condition. Italian Journal of Animal Science, 20(1), 1491-1499. https://doi.org/10.1080/1828051x.2021.1978335

Vasconcelos, L., Silva, M., Costa, A., Oliveira, G., Souza, I, Righetti, R., & Silva, B. (2020). Virgin coconut oil supplementation
prevents airway hyperreactivity of guinea pigs with chronic allergic lung inflammation by antioxidant mechanism.
Oxidative Medicine and Cellular Longevity, 2020, 1-16. https://doi.org/10.1155/2020/5148503

Widari, N., Saraswati, R,, & Sutejo, B. (2021). Optimization of virgin coconut oil (VCO) production with diffuser type
aeration method. European Journal of Engineering and  Technology  Research, 6(4), 139-143.
https://doi.org/10.24018/ejeng.2021.6.4.2471

Yu, Y., Ly, X,, Zhang, T,, Zhao, C,, Guan, S., Py, Y..& Gao, F. (2022). Tiger nut (Cyperus esculentus L.): Nutrition, processing,
function, and applications. Foods, 11(4), 601. https://doi.org/10.3390/foods11040601

758


http://www.ijsate.com/
https://doi.org/10.3390/foods10061393
https://doi.org/10.37575/b/agr/2090
https://doi.org/10.4236/fns.2020.1110064
https://doi.org/10.3390/antiox14030300
https://doi.org/10.15575/ak.v10i2.25256
https://doi.org/10.1002/ejlt.201900220
https://doi.org/10.1002/fsn3.2268
https://doi.org/10.3390/foods11111597
https://doi.org/10.3390/agriculture13050957
https://doi.org/10.1111/ijfs.15884
https://doi.org/10.3390/foods13132142
https://doi.org/10.1080/1828051x.2021.1978335
https://doi.org/10.1155/2020/5148503
https://doi.org/10.24018/ejeng.2021.6.4.2471
https://doi.org/10.3390/foods11040601

International Journal of Science, Architecture, Technology, and Environment Volume 02, Issue 04, April 2025
ISSN 3048-8222 (Online) | www.ijsate.com [ editor@ijsate.com

Zahran, H., & Najafi, Z. (2020). Enhanced stability of refined soybean oil enriched with phenolic compounds of olive leaves.
Egyptian Journal of Chemistry, 63(1), 215-224. https://doi.org/10.21608/ejchem.2019.16592.2010

Zhang, S., Zhang, W., Martin, ]., Qadri, R, Fu, X,, Feng, M., & Cao, H. (2023). Differential analysis of transcriptomic and
metabolomic of free fatty acid rancidity process in oil palm (Elaeis guineensis) fruits of different husk types. Frontiers in
Plant Science, 14. https://doi.org/10.3389/fpls.2023.1132024

Zieniuk, B., Groborz, K., Wotoszynowska, M., Ratusz, K., Biatecka-Florjanczyk, E., & Fabiszewska, A. (2021). Enzymatic

synthesis of lipophilic esters of phenolic compounds, evaluation of their antioxidant activity and effect on the oxidative
stability of selected oils. Biomolecules, 11(2), 314. https://doi.org/10.3390/biom11020314

759


http://www.ijsate.com/
https://doi.org/10.21608/ejchem.2019.16592.2010
https://doi.org/10.3389/fpls.2023.1132024
https://doi.org/10.3390/biom11020314

