
* Corresponding author: Precious Eve H. Estrada 

Copyright © 2025 Author(s) retain the copyright of this article. This article is published under the terms of the Creative Commons Attribution Liscense 4.0. 

Biodrip: A novel approach using Akapulko (Senna sp.) leaf bioactive compounds in 
inhibiting oxidation of used cooking oil 

Precious Eve H. Estrada 1, *, Julius Dave E. Calingin2, Philjun C. del Rosario 2, Hazel R. Balan 2 , Christian 
Guillemore O. Susi 2, Ma. Loreta R. Desalisa 2 , Dahlia M. Maputol 2 and Januel G. Yder 2  

1 Gingoog City Comprehensive National High School, Gingoog City, Misamis Oriental, Philippines. 
2 Department of Education- Gingoog City Comprehensive National High School, Gingoog City, Misamis Oriental, Philippines. 

International Journal of Science and Research Archive, 2025, 15(01), 537-545 

Publication history: Received on 14 January 2025; revised on 01 March 2025; accepted on 03 March 2025 

Article DOI: https://doi.org/10.30574/ijsra.2025.15.1.0628 

Abstract 

This research explores the potential of bioactive compounds extracted from Akapulko (Senna sp.) leaves to inhibit the 
oxidation of used cooking oil, a significant public health concern due to the frequent reuse of cooking oil in many 
households. Akapulko leaves, known for their medicinal properties, were identified to contain phenolics, saponins, and 
terpenoids, which are natural antioxidants. These compounds were extracted using ethanol and tested for their 
effectiveness through Thin Layer Chromatography (TLC) and peroxide value analysis. The study demonstrated the 
presence of bioactive compounds in Akapulko extract, confirmed by the formation of distinct color spots on TLC plates. 
Used cooking oil treated with the extract exhibited a decrease in peroxide value from 3.67 to 3.27 meq/kg, indicating a 
10.9% reduction in oxidation. This suggests that Akapulko leaf extracts can act as a natural inhibitor of oxidation, 
potentially improving the quality and safety of reused cooking oil. This innovation offers a sustainable alternative to 
synthetic antioxidants, with potential applications in food preservation, public health improvement, and waste 
reduction. The findings underscore the practicality of utilizing natural antioxidants in everyday settings and open 
opportunities for commercialization and policy development to promote safer oil reuse practices. This study highlights 
the promising role of Akapulko leaf bioactive compounds in enhancing the oxidative stability of used cooking oil, 
addressing both environmental and health challenges. 
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1. Introduction

Over 278, 000 deaths worldwide have been linked to consumption of oily foods, which are often high in trans fats 
(World Health Organization, 2024). According to EW Nutrition. (n.d.), oils and fats are prone to rancidity, which not 
only reduces their nutritional value but also poses significant health risks.  In the Philippines, a report by Statista 
(2024), highlights the 1.11 million metric tons of palm oil consumption out of 79 million metric tons consumed globally. 
In relation to this, one of the common practices of Filipino households is the repeated use of cooking oil, due to the fact 
that it lowers the cost of food preparation (Zula & Teferra, 2022). This leads to a growing concern as frequent use of 
cooking oil at elevated temperatures gradually deteriorates its quality, initiating hydrolysis and oxidation processes 
(Rusdi et al., 2021). And consuming oxidized compounds from repeated recycling of used cooking oil can pose serious 
health dangers (Flores & Camacho, 2023).  

Natural antioxidants as important bioactive substances with proven use in the food sector (Lourenço et al., 2019). Apart 
from their application in functional food products, it also served as synthetic counterpart substitutes to improve 
product stability and prevent oxidation-induced degradation during processing and storage. In addition, Farahmandfar 
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et al. (2019) added that plant and herb bioactive substances such as flavonoids, tannins, and hydroxycinnamate esters 
can offer antioxidant qualities as well as beneficial properties like cardioprotective, antimutagenic, and 
anticarcinogenic effects. Wherein it can prevent and reduce the oxidation processes of materials that have the potential 
to produce free radicals (Parcheta et al., 2021).  

Senna species, commonly known as Akapulko, is a flowering plant widely recognized for its medicinal qualities 
particularly, for having antifungal properties. It is locally called “Akapulko” in the Philippines, where it is extensively 
cultivated for its health benefits. Akapulko is one of the ten medicinal plants recommended by the Department of Health 
(DOH), validated for its safety and efficacy in treating various ailments (Quiñones, 2023). This plant, also known as the 
Christmas candle or candle tree (Adebayo et al., 2023), is not only valued for its medicinal use but also holds potential 
for applications in other sectors, such as food preservation.   

According to the study of Rahmawati et al. (2022), Senna leaves contain bioactive compounds that act as antifungals 
and these active compounds are alkaloids, flavonoids, saponins, tannins, triterpenoids, steroids, and glycosides. 
Alshehri et al. (2022) also noted that Senna plants are powerful antioxidants and antimicrobials that have a variety of 
positive health impacts. Given the bioactive compounds and antioxidant properties of Akapulko (Senna sp) leaf, 
utilizing its extracts can effectively inhibit the oxidation of used palm cooking oil, thereby reducing the health risks 
associated with the consumption of degraded oil. By incorporating Akapulko extracts into oil preservation, this novel 
approach not only offers a practical method to improve public health but also, it offers a sustainable solution to reduce 
food waste.  

Objectives of the Study  

This research is conducted in order to extract the bioactive compounds from Akapulko (Senna sp.) leaf and analyze its 
efficacy in inhibiting degradation of used palm cooking oil. Specifically, it aimed to:  

• Determine the qualitative intensity of bio-active compounds present in Akapulko (Senna sp.) leaf in terms 
of phenolic, saponins, and terpenoids. 

• Measure the Peroxide value of the used oil via pre and post Akapulko (Senna sp.) leaf extract treatment.  
• Determine the descriptive relationship among the peroxide values of the set-ups.  

1.1. Significance of the Study  

 The bioactive compound extracts from Akapulko (Senna sp.) leaf will help inhibit the oxidation of used palm 
cooking oil which is significant for the following reasons:  

• Reduced Food Waste: By allowing palm cooking oil to be used safely for longer periods, this reduces the 
need to discard the oil after a single use. Thus, aligning with Sustainable Development Goal 12 (target 12.3).  

• Improved Oil Quality: Treatment of used palm cooking oil with the bioactive compounds of Akapulko 
(Senna sp.) leaf will help preserve the sensory qualities (color, smell, taste) of the oil over time.  

• Reduction of Harmful Compounds: The application of these bioactive compounds will help lessen the 
accumulation of harmful compounds from the repeated use of palm cooking oil through reduced peroxide 
values indicating decreased formation of peroxides, which are primary oxidation products.  

• Natural and Safe Alternative: The bioactive compounds extracted from Akapulko leaf will provide an 
alternative to synthetic antioxidants, potentially reducing reliance on chemical preservatives.  

• Practical Applications: The findings in this study could suggest that this method is practical for widespread 
use, potentially leading to commercialization opportunities that could be marketed to households or the 
food industry. As well as policy implications wherein, it can help inform guidelines and recommendations 
for the safe reuse of cooking oils particularly, in regions where oil recycling is common.  

1.2. Scope and Limitations of the Study  

This study centers on extracting Akapulko (Senna sp.) leaf bioactive compounds to inhibit the oxidation of used cooking 
oil particularly, palm oil. Wherein, it will measure the effectiveness of the Akapulko liquid extracts through determining 
the peroxide value of the treatments and the relationship between the peroxide value of the treated and untreated used 
cooking oil.   

Furthermore, this study will not include or measure other variables that might affect the results of the treatment, such 
as the heating temperature of the oil, the amount of time the oil was heated, and the timing in which the Akapulko 
extracts were added in the cooking oil either before or after. Also, this research will not quantify the amount of bioactive 
compounds present in the Akapulko (Senna sp) leaf, limiting its focus to phenols, saponins, and terpenoids.  
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2. Material and methods 

2.1. Materials 

The laboratory equipment used to conduct the procedures necessary for this study includes an Erlenmeyer flask, 
graduated cylinder, funnel, beaker, glass stirring rod, dropper, wire gauze, utility clamp, ring stand, thermometer, iron 
ring, alcohol lamp, electronic balance, spatula, tripod, storage bottles, and vials. Additionally, solar dryer and blender 
were utilized in drying and grinding. Finally, 100-mL of Palm cooking oil and 100 g of Akapulko leaves were prepared.  

2.2. Methods 

2.2.1. Collection and Preparation of Akapulko Leaf Extracts (Adebayao et al., 2021; Muruhan et al.,2013)  

Akapulko (Senna sp.) leaves were gathered from the local areas within Barangay 23, Gingoog City and were shade-dried 
for 2-3 days. Afterwards, the dried leaves were ground into a fine powder using a blender. Wherein, one hundred grams 
of dry powder was suspended in 400 mL of ethanol for 72 hours.  

2.2.2. Ethanol Evaporation on Bioactive Compounds (Bennour et al., 2019)  

Subsequently, the evaporation method was undertaken at room temperature to lessen the ethanol contents in the 
extract. This approach was adapted by using a hot water bath set at 40°C for 2 hours, to expedite the evaporation 
process.    

2.2.3. Thin Layer Chromatography Assay (Guevarra, 2005)  

Method for TLC followed Guevarra, B. (2005). A Guidebook to Plant Screening: Phytochemical and Biological Revised 
Ed. University of Santo Tomas Publishing House. Manila.2. Chapter-IV-Qualitative Phytochemical Investigation. Test 
methods for Terpenoids and Phenols were Ethyl acetate: acetic acid: water: formic acid (100:11:11:26) developing 
solvent system and 0.5% vanillin-sulfuric acid as derivatizing agent. Chloroform: methanol (30:5) developing solvent 
system and derivatized with 1% Anisaldehyde- sulfuric acid reagent was used for test for Saponins.  

2.2.4. Thermal Heating and Treatment of Oil Samples (Tuangco et al., 2021)  

The 100-mL palm cooking oil was heated between 100°C and 200°C, since heating oils at elevated temperatures 
eventually initiates the oxidation process (Ganesan et al., 2019). Subsequently, it was cooled down through submerging 
the beaker containing the PCO sample in a container filled with water. When the temperature of the cooking oil was 
already below 40°C, the Akapulko leaf extracts were then added to each PCO sample. Wherein in every 25 mL solution 
comprising PCO samples, 0.5% is the Akapulko leaf extract, which served as the limitation in the amount of additives 
safe for consumption (Tuangco et al., 2021). Lastly, each solution was mixed and kept in a storage bottle for the 
laboratory analysis.  

2.2.5. Peroxide Value (Francisca et al., 2023)  

Analysis from AOAC International, 21st ed., 2019 of Titrimetric method was used for the determination of the peroxide 
value. A ~5.0 g of each sample in a 3:2 acetic acid-chloroform solution, adding saturated potassium iodide, shaking, and 
then titrating with 0.1 M sodium thiosulfate after adding water and starch solution. The peroxide value (PV) was 
calculated using a formula that accounts for the titrant volumes of the sample and blank, sodium thiosulfate 
concentration, and the sample's mass (Francisca et al., 2023).   

2.2.6. Data Analysis  

Descriptive analysis was used to interpret the peroxide values of used cooking oil before and after treatment with 
Akapulko (Senna sp.) extract. Since only one measurement was available for each condition, statistical testing was not 
feasible. Descriptive analysis provides a straightforward approach to assess the percentage change in peroxide values, 
allowing for an initial understanding of the potential antioxidative effect of the Akapulko extract.  
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3. Results and discussion 

3.1. Thin Layer Chromatography  

Thin-layer chromatography (TLC) is an easy and economical method that is widely employed in the analysis of natural 
products. It is ideal for the chemical and biological assessment of herbal products and is valuable for tracking the 
bioguided isolation of active compounds (Urbain & Simo es-Pires, 2020).  

Table 1 Qualitative results thin layer chromatography 

Parameters Sample Results Standard 
Reference  

Test Methods 

Qualitative Test for 
Terpenoids 

Acapulco (+) Formation of a 
violet/blue/reddish 
spot 

Formation of a 
red/violet spot upon 
derivatizing with 
0.5% vanillin- 
sulfuric acid 

Ethyl acetate: acetic 
acid: water: formic 
acid (100:11:11:26) 
developing solvent 
system and 0.5% 
vanillin-sulfuric acid 
as derivatizing agent 

Qualitative Test for 
Phenolics 

Acapulco (+) Formation of a 
visible blue spot 

Formation of a 
visible blue spot 
upon heating at 
110℃ after 
derivatizing with 2% 
ethanolic  FeCl3 

Ethyl acetate: formic  

acid: acetic acid: 
water(100:11:11:26) 
developing solvent 
system and 2% 
ethanolic FeCl3 

Qualitative Test for 
Saponins 

Acapulco (+) Formation of a 
violet spot 

Formation of 
blue/red/violet 
spots upon heating 
at 110℃ after 
derivatizing with 1%  
Anisaldehyde- 
sulfuric acid reagent 

Chloroform: 
methanol (30:5) 
developing solvent 
system and 
derivatized with 1% 
Anisaldehyde-
sulfuric acid reagent 

Table 1 shows the Qualitative results of Thin Layer Chromatography for Terpenoids, Phenolics, and Saponins which are 
bioactive compounds present in Akapulko (Senna sp.) leaf. For the first parameter, formation of a violet/blue/reddish 
spot confirmed the presence of Terpenoids when derivatized using 0.5% vanillin-sulfuric acid. In terms of the second 
parameter, Phenolics was also detected through the formation of a visible blue spot when heated at 110 °C following 
derivatization with 2% ethanolic FeCl3. And for the third parameter, the presence of Saponins was displayed through 
the formation of a violet spot upon heating at 110℃ following derivatizations with 1% Anisaldehydesulfuric acid 
reagent.   

 

Figure 1 Image of the TLC profile of Acapulco showing visible red/violet/blue spots upon derivatizing with 0.5% 
vanillin-sulfuric acid 
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Figure 2 Image of the TLC profile of Acapulco showing bluish-violet spot upon derivatizing with 2% ethanolic FeCl3. 

 

Figure 3 Image of the TLC profile of Acapulco showing violet spot upon heating after derivatizing with 1% 
Anisaldehyde-sulfuric acid. 

 Important structural insights that are overlooked if only the final color is taken into account  are contained in the color 
information, which is represented as RGB values, and the complete color production process, including starting, 
intermediate, and final colors. This approach makes it possible to more effectively identify bioactive chemicals by 
utilizing TLC as a high-throughput, portable, and easily accessible choice for extensive screening and initial investigation 
of natural products (Xu & Liu, 2021).  

3.2. Peroxide Value 

Peroxide Value serves as a crucial measure for tracking the oxidation of oil during its storage. It provides insights into 
the early stages of fat degradation and is a vital metric utilized in food safety and quality assessment (Cocan et al., 
2022; Zhang et al., 2021).  

Table 2 Peroxide Value Results  

Sample  Results (Peroxide Value, meq/kg)  Test Method  

Used Oil (pre-treatment)  3.67  Titrimetric  

Used Oil (post-treatment)  3.27  Titrimetric  

3.3. Thin Layer Chromatography  

According to Wutsqa et al. (2021), red-violet stain signals the presence of terpenoid compounds. Wherein, the violet 
hue is often associated with monoterpenes and certain triterpenes, which are the building blocks of terpenoids (Ninkuu 
et al., 2021).  In Figure 1, the colors produced after derivatization are associated with the chemical nature of the 
compound (Agatonovic-Kustrin et al., 2019). In Figure 2, the violet spots detected indicates phenolic molecules which 
strongly signifies the content of phenols as a bioactive compound (Agatonovic-Kustrin et al., 2019). While the bluesh 
spot is the result of the interaction between the phenols and the ethanolic FeCl3. As shown in Figure 3, the image greatly 
aligns with Qin et al. (2023) emphasizing that violet spot is an indicator of steroid and triterpenoid, which are major 
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classes of saponins. This implies the existence of saponins as one of the bioactive compounds of Akapulko (Senna sp.) 
leaf.  

As cited in Rahman et al. (2023), Akapulko (Senna sp.) leaf contains bioactive compounds that contribute to its 
antioxidant properties. Specifically, saponins, terpenoids, and phenolics that was identified through the formation of 
visible spots as shown in the images.  

3.4.  Peroxide Value  

Bioactive compounds involving antioxidants play a crucial role in decreasing oxidation rate by inhibiting free radicals 
(Yu et al., 2021). Walayat et al. (2023) further added that oxidation may be inhibited by the increased bioactive 
components incorporated in used cooking oil.   

In the study of Gutiérrez-del-Río et al., 2021, terpenoids and phenols are natural antioxidants that play crucial roles in 
preventing oil oxidation. Terpenoids, such as carotenoids, neutralize reactive oxygen species like singlet oxygen, while 
phenols, including flavonoids, stabilize free radicals and chelate prooxidant metals, thereby reducing lipid peroxidation. 
Such findings line with the results of the research. Together, these compounds synergistically preserve the sensory and 
nutritional quality of oils, making them effective natural alternatives to synthetic antioxidants).  

Saponins exhibit significant effects in mitigating oxidation processes, as highlighted in the study of Liu et al. (2022). 
These naturally occurring substances' distinct structure, which consists of hydrophilic glycosides and hydrophobic 
triterpenoid ligands, gives them antioxidant qualities. Saponins' dual nature enables them to work well with lipid and 
protein interfacial systems to form barriers that prevent oxidative processes. Lipid hydroperoxides and thiobarbituric 
acid reactive substances (TBARS), which are indicators of primary and secondary lipid oxidation, respectively, can be 
decreased by saponins.  

3.5. Determine the descriptive relationship among the peroxide values of the set-ups.  

Based on the results of the Peroxide Values presented in Table 2, the value for the used cooking oil without the treatment 
of Akapulko leaf extracts is 3.67 meq/kg, while the peroxide value of the used cooking oil with Akapulko leaf extracts 
treatment is 3.27 meq/kg. This shows that there is a decrease of about 10.9% in the peroxide value, calculated as 
follows:  

𝑃𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒 𝑅𝑒𝑑𝑢𝑐𝑡𝑖𝑜𝑛 =           
3.67 𝑚𝑒𝑞/𝑘𝑔 –  3.27 𝑚𝑒𝑞/𝑘𝑔

3.67 𝑚𝑒𝑞/𝑘𝑔 
x 100 =  10.9%  

With a percentage reduction of 10.9%, this suggests the effectivity of the bioactive compounds of Akapulko (Senna sp.) 
as natural inhibition of oxidation in used cooking oil. As noted by Buthelezi et al. (2019), oils with relatively low peroxide 
values (< 10 meq O2/kg) show that the products are stable against oxidation and oils with high peroxide values (> 10 
meq O2/kg) are considered unstable and easily become rancid.    

4. Conclusion 

The findings displayed a positive qualitative intensity of bio-active compounds present in Akapulko (Senna sp.) leaf 
extract in terms of phenolic, saponins, and terpenoids through Thin Layer Chromatography. Various indicators in terms 
of color confirmed the availability of bioactive compounds in the Akapulko (Senna sp.) liquid extract. A visible formation 
of a red/violet/blue, bluishviolet, and violet spot indicated strong presence of terpenoids, phenolics, and saponins 
respectively. Used cooking oil as medium pre to post treatment resulted a 0.40 meq/kg difference giving 10.9% 
inhibition of oxidation. The peroxide value suggests the effectivity of the bio-active compounds present in the Akapulko 
(Senna sp.) leaf extract as inhibitors for oxidation on used cooking oil.  

The outcome underscores the practical and sustainable benefits of utilizing the bioactive compounds containing natural 
antioxidants from Akapulko leaf extracts as an alternative to synthetic preservatives. This innovation not only 
contributes to healthier consumption by mitigating health risks associated with rancid oils but also supports 
environmental goals by reducing food waste. The study opens avenues for broader applications, including 
commercialization in the food industry and integration into public policies for safer oil recycling practices. 



International Journal of Science and Research Archive, 2025, 15(01), 537-545 

543 

Compliance with ethical standards 

Acknowledgments 

First and foremost, I express my deepest gratitude to our Almighty Father for His unwavering grace and guidance. It is 
through His wisdom and strength that I was able to complete this research with integrity and purpose. I extend my 
heartfelt appreciation to my research adviser, Mr. Julius Dave E. Calingin, for his relentless support and invaluable 
guidance throughout this study. His insights and expertise have been instrumental in ensuring the quality and relevance 
of this research. I am also sincerely grateful to the teachers as well as Science and Technology Fair coaches, whose advice 
and encouragement greatly contributed to the success of this study. 

Disclosure of conflict of interest 

All authors, including the corresponding authors, confirm that they have no conflicts of interest pertaining to the 
publication of this paper. 

References 

[1] Adebayo, O. R., Oyewale, M. O., Adegoke, B. M., Efunwole, O. O., Adedokun, A. A., & Ogunsola, G. O. (2021). 
NUTRITIONAL EVALUATION AND FUNCTIONAL PROPERTIES OF Cassia alata FLOWER. FUDMA JOURNAL OF 
SCIENCES, 5(3), 294-298 https://doi.org/10.33003/fjs-2021-0503-753 

[2] Agatonovic-Kustrin, S., Kustrin, E., Gegechkori, V., & Morton, D. W. (2019). High-Performance Thin-Layer 
Chromatography Hyphenated with Microchemical and Biochemical Derivatizations in Bioactivity Profiling of 
Marine Species. Marine drugs, 17(3), 148. https://doi.org/10.3390/md17030148 

[3] Aguinaldo, A. M., Espeso, E. I., Guevarra, B. Q., & Nonato, M. G. (2005). A guidebook to plant screening: 
Phytochemical and biology. Phytochemistry section. Manila: UST Publishing House.  

[4] Albuquerque, B. R., Heleno, S. A., Oliveira, M. B. P., Barros, L., & Ferreira, I. C. (2021). Phenolic compounds: Current 
industrial applications, limitations and future challenges. Food & function, 12(1), 14-29. 
https://pubs.rsc.org/en/content/articlelanding/2021/fo/d0fo02324h 

[5] Alshehri, M. M., Quispe, C., Herrera-Bravo, J., Sharifi-Rad, J., Tutuncu, S., Aydar, E. F., Topkaya, C., Mertdinc, Z., 
Ozcelik, B., Aital, M., Kumar, N. V. A., Lapava, N., Rajkovic, J., Ertani, A., Nicola, S., Semwal, P., Painuli, S., González-
Contreras, C., Martorell, M., Butnariu, M., … Cho, W. C. (2022). A Review of Recent Studies on the Antioxidant and 
Anti-Infectious Properties of Senna Plants. Oxidative medicine and cellular longevity, 2022, 6025900. 
https://doi.org/10.1155/2022/6025900 

[6] Alu'datt, M. H., Alrosan, M., Gammoh, S., Tranchant, C. C., Alhamad, M. N., Rababah, T., ... & Tan, T. C. (2022). 
Encapsulation-based technologies for bioactive compounds and their application in the food industry: A roadmap 
for food-derived functional and health-promoting ingredients. Food Bioscience, 50, 101971. 
https://doi.org/10.1016/j.fbio.2022.101971 

[7] Angelova, P. R., Esteras, N., & Abramov, A. Y. (2021). Mitochondria and lipid peroxidation in the mechanism of 
neurodegeneration: Finding ways for prevention. Medicinal research reviews, 41(2), 770–784. 
https://doi.org/10.1002/med.21712 

[8] Awogbemi, O., Onuh, E. I., & Inambao, F. L. (2019). Comparative study of properties and fatty acid composition of 
some neat vegetable oils and waste cooking oils. International Journal of Low-Carbon Technologies, 14(3), 417-
425. https://doi.org/10.1093/ijlct/ctz038 

[9] Bennour, N., Mighri, H., Eljani, H., Zammouri, T., & Akrout, A. (2020). Effect of solvent evaporation method on 
phenolic compounds and the antioxidant activity of Moringa oleifera cultivated in Southern Tunisia. South 
African Journal of Botany, 129, 181-190. https://doi.org/10.1016/j.sajb.2019.05.005  

[10] Buthelezi, N. M. D., Tesfay, S. Z., Ncama, K., & Magwaza, L. S. (2019). Destructive and non-destructive techniques 
used for quality evaluation of nuts: A review. Scientia Horticulturae, 247, 138-146.  
https://doi.org/10.1016/j.scienta.2018.12.008 

[11] Cocan, I., Cadariu, A. I., Negrea, M., Alexa, E., Obistioiu, D., Radulov, I., & Poiana, M. A. (2022). Investigating the 
Antioxidant Potential of Bell Pepper Processing By-Products for the Development of Value-Added Sausage 
Formulations. Applied Sciences, 12(23), 12421. https://doi.org/10.3390/app122312421 



International Journal of Science and Research Archive, 2025, 15(01), 537-545 

544 

[12] EW Nutrition. (n.d.). Rancidity in fats and oils: Considerations for analytical testing. Retrieved November 15, 
2024, from https://ew-nutrition.com/rancidity-fats-oils-considerations-analytical-testing/  

[13] Flores, A., & Camacho, D. (2023). 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 

[14] Francisca, S., Stephanie, M., & Ramalhosa, M. J. Peroxide Value Determination in Vegetable Oils-Comparative 
Analysis of Titrimetric and Spectrophotometric Methods. https://sciforum.net/event/mol2net-02/wrsamc 

[15] Ganesan, K., Sukalingam, K., & Xu, B. (2019). Impact of consumption of repeatedly heated cooking oils on the 
incidence of various cancers- A critical review. Critical reviews in food science and nutrition, 59(3), 488–505. 
https://doi.org/10.1080/10408398.2017.1379470 

[16] Gutiérrez-del-Río, I., López-Ibáñez, S., Magadán-Corpas, P., Fernández-Calleja, L., Pérez-Valero, Á., Tuñón-Granda, 
M., & Lombó, F. (2021). Terpenoids and polyphenols as natural antioxidant agents in food preservation. 
Antioxidants, 10(8), 1264. https://doi.org/10.3390/antiox10081264  

[17] Hikmawanti, N. P. E., Fatmawati, S., & Asri, A. W. (2021, April). The effect of ethanol concentrations as the 
extraction solvent on antioxidant activity of Katuk (Sauropus androgynus (L.) Merr.) leaves extracts. In IOP 
conference series: Earth and environmental science (Vol. 755, No. 1, p. 012060). IOP Publishing. 
doi:10.1088/1755-1315/755/1/012060 

[18] Khan, M. I., Karima, G., Khan, M. Z., Shin, J. H., & Kim, J. D. (2022). Therapeutic Effects of Saponins for the 
Prevention and Treatment of Cancer by Ameliorating Inflammation and Angiogenesis and Inducing Antioxidant 
and Apoptotic Effects in Human Cells. International journal of molecular sciences, 23(18), 10665. 
https://doi.org/10.3390/ijms231810665 

[19] Legaspi, C. L. B., & Maramba-Lazarte, C. C. (2020). The Phytochemical content and the in vitro antifungal 
properties of Senna alata (Linn.) Roxb.: a review. Acta Medica Philippina, 54(1). 
https://doi.org/10.47895/amp.v54i1.1111 

[20] Liu, J., Hu, L., Chen, Y., Xiao, Y., Zheng, M., Yu, Z., ... & Zhou, Y. (2022). Effects and mechanism of camellia saponin 
on the physicochemical and oxidative stability of camellia oil body-based emulsions. Lwt, 165, 113773. 
https://doi.org/10.1016/j.lwt.2022.113773 

[21] Lourenço, S. C., Moldão-Martins, M., & Alves, V. D. (2019). Antioxidants of Natural Plant Origins: From Sources to 
Food Industry Applications. Molecules (Basel, Switzerland), 24(22), 4132. 
https://doi.org/10.3390/molecules24224132 

[22] Marcillo-Parra, V., Tupuna-Yerovi, D. S., González, Z., & Ruales, J. (2021). Encapsulation of bioactive compounds 
from fruit and vegetable by-products for food application–A review. Trends in Food Science & Technology, 116, 
11-23. https://doi.org/10.1016/j.tifs.2021.07.009 

[23] Ninkuu, V., Zhang, L., Yan, J., Fu, Z., Yang, T., & Zeng, H. (2021). Biochemistry of terpenes and recent advances in 
plant protection. International Journal of Molecular Sciences, 22(11), 5710. 
https://doi.org/10.3390/ijms22115710 

[24] Nogueira, G. F., Oliveira, R. A. D., Velasco, J. I., & Fakhouri, F. M. (2020). Methods of incorporating plant-derived 
bioactive compounds into films made with agro-based polymers for application as food packaging: A brief review. 
Polymers, 12(11), 2518. https://doi.org/10.3390/polym12112518 

[25] Nugraha, D., Yusuf, A. L., & Wahlanto, P. (2023). Narrative Review: Optimation of Ethanol as a Solvent for 
Flavonoid Compounds in Papaya Leaf Extraction. Ad-Dawaa: Journal of Pharmacy, 1(2), 107-110. 
https://doi.org/10.52221/dwj.v1i2.496 

[26] Parcheta, M., Świsłocka, R., Orzechowska, S., Akimowicz, M., Choińska, R., & Lewandowski, W. (2021). Recent 
Developments in Effective Antioxidants: The Structure and Antioxidant Properties. Materials (Basel, 
Switzerland), 14(8), 1984. https://doi.org/10.3390/ma14081984 

[27] Platzer, M., Kiese, S., Tybussek, T., Herfellner, T., Schneider, F., Schweiggert-Weisz, U., & Eisner, P. (2022). Radical 
scavenging mechanisms of phenolic compounds: A quantitative structure-property relationship (QSPR) study. 
Frontiers in nutrition, 9, 882458. https://doi.org/10.3389/fnut.2022.882458 

[28] Qin, Y., Li, S., & Zhao, J. (2023). Analysis of natural products by liquid chromatography. In Liquid Chromatography 
(pp. 943-1016). Elsevier. https://doi.org/10.1016/B978-0-323-99969-4.00008-5 



International Journal of Science and Research Archive, 2025, 15(01), 537-545 

545 

[29] Quiñones, K. J. O., Gentallan, R. P., Jr, Bartolome, M. C. B., Madayag, R. E., Vera Cruz, J. R. A., Cirunay, A. R. T., 
Endonela, L. E., Timog, E. B. S., Borromeo, T. H., Altoveros, N. C., Alvaran, B. B. S., Magtoltol, J. B., & Cejalvo, R. D. 
(2023). The complete chloroplast genome of Senna alata (L.) Roxb., an important medicinal plant from the 
Philippines. Mitochondrial DNA. Part B, Resources, 8(2), 244–248. 
https://doi.org/10.1080/23802359.2023.2172973 

[30] Rahman, M. M., Al Noman, M. A., Khatun, S., Alam, R., Shetu, M. M. H., Talukder, E. K., ... & Akhter, S. (2023). 
Evaluation of Senna tora (L.) Roxb. leaves as source of bioactive molecules with antioxidant, anti-inflammatory 
and antibacterial potential. Heliyon, 9(1). https://doi.org/10.1016/j.heliyon.2023.e12855 

[31] Rahmawati, F., Prihantini, N. N., & Hady, B. C. (2022). In vitro bioactivity test of Senna alata (L.) Roxb leaves 
extract. International Journal of Health Sciences and Research, 12(2), 304-317. : 
https://doi.org/10.52403/ijhsr.20220241 

[32] Rusdi, R., Alam, B. N., & Nurbaeti, S. (2021). Purification of Used Cooking Oil by Alkali Neutralization and 
Bleaching of Bayah Natural Zeolite. Jurnal Bahan Alam Terbarukan, 10(1), 36-42. Lourenço, S. C., Moldão-Martins, 
M., & Alves, V. D. (2019). Antioxidants of Natural Plant Origins: From Sources to Food Industry Applications. 
Molecules (Basel, Switzerland), 24(22), 4132. https://doi.org/10.3390/molecules24224132 

[33] Statista.(2024). Palm oil consumption in the Philippines 2023/24. Retrieved from 
https://www.statista.com/statistics/489462/palm-oil-consumption-philippines/ 

[34] Tababa, E. J. L., Flores-Genuino, R. N. S., & Salud-Gnilo, C. M. D. (2020). Senna alata (Akapulko) extract versus 
topical antifungals for treatment of superficial fungal skin infections: A systematic review and meta-analysis. Acta 
Medica Philippina, 54(1). https://doi.org/10.47895/amp.v54i1.1099 

[35] Tadesse Zula, A., & Fikre Teferra, T. (2022). Effect of frying oil stability over repeated reuse cycles on the quality 
and safety of deep-fried Nile tilapia fish (Oreochromis niloticus): a response surface modeling approach. 
International Journal of Food Properties, 25(1), 315-325. https://doi.org/10.1080/10942912.2022.2034851 

[36] TUANGCO, A. N. B., TARRAZONA, F. T., YAMOG, M. Z. J., LARRODER, A. C., & PAHILA, J. G. Reduction of acrolein 
concentrations in palm cooking oil emissions through the addition of Muntingia calabura (aratiles) leaf extract 
to inhibit lipid peroxidation. https://publiscience.org/2021/07/03/utilizing-natural-antioxidants-to-reduce-
harmful-cooking-oil-emissions/ 

[37] Urbain, A., & Simões-Pires, C. A. (2020). Thin-layer chromatography for the detection and analysis of bioactive 
natural products. Encyclopedia of Analytical Chemistry; American Cancer Society: Atlanta, GA, USA, 1-29. 
https://doi.org/10.1002/9780470027318.a9907.pub2 

[38] Walayat, N., Yurdunuseven-Yıldız, A., Kumar, M., Goksen, G., Öztekin, S., & Lorenzo, J. M. (2023). Oxidative 
stability, quality, and bioactive compounds of oils obtained by ultrasound and microwave-assisted oil extraction. 
Critical Reviews in Food Science and Nutrition, 64(27), 9974–9991. 
https://doi.org/10.1080/10408398.2023.2219452 

[39] Xu, L., & Liu, S. (2021). Forecasting structure of natural products through color formation process by thin layer 
chromatography. Food Chemistry, 334, 127496. https://doi.org/10.1016/j.foodchem.2020.127496 

[40] Yu, M., Gouvinhas, I., Rocha, J., & Barros, A. I. (2021). Phytochemical and antioxidant analysis of medicinal and 
food plants towards bioactive food and pharmaceutical resources. Scientific reports, 11(1), 10041. 
https://doi.org/10.1038/s41598-021-89437-4 

[41] Zhang, N., Li, Y., Wen, S., Sun, Y., Chen, J., Gao, Y., ... & Yu, X. (2021). Analytical methods for determining the 
peroxide value of edible oils: A mini-review. Food Chemistry, 358, 129834. 
https://doi.org/10.1016/j.foodchem.2021.129834 


