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Qgi‘g;ﬁg;““v“y Power (FRAP) assay, the ethyl-acetate fraction exhibited the highest level
Jatropha curcas L. of antioxidant activity (9.19 + 0.38 umol TE/qg), significantly higher than
Phytochemical screening that of the ethanol extract (3.52 £ 0.71 pumol TE/qg), as well as the aqueous

and n-hexane fractions. This value corresponds to strong activity according
to the TEAC classification, indicating that Jatropha curcas leaves are a
promising source of natural antioxidants. The total phenolic content (TPC)
was determined to be 6.78 £ 0.27% GAE, while the total flavonoid content
(TFC) measured 1.35 + 0.07% QE. These findings indicate that phenolic
and flavonoid constituents play a primary role in the antioxidant activity of
the extract. Variations significantly influenced the observed outcomes in the
extraction methodology and solvent polarity. In summary, Jatropha curcas
leaves possess substantial antioxidant potential, particularly within the
ethyl-acetate fraction, supporting further development for nutraceutical and
pharmaceutical applications.
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1. Introduction

The increasing prevalence of medical conditions caused by oxidative stress has prompted significant
attention to the protective role of antioxidants in human well-being. Free radicals, highly reactive
molecules, are known to accelerate cellular damage, becoming a significant contributing factor in the
onset of various clinical disorders, including cardiovascular diseases, cancer, and neurological
problems (Holt, 2023). Therefore, antioxidant compounds, especially those obtained from natural
sources, are needed to neutralize free radicals and alleviate the adverse effects of oxidation (Oluyele
et al., 2022). Substances extracted from vegetation are now increasingly valued given their rich
composition of bioactive phytochemical compounds such as flavonoids and phenolic acids, which
have well-documented antioxidant effects (Gruji¢ et al., 2020; Shalini et al., 2018).

Despite the general acceptance of the benefits of antioxidant compounds, there is a significant lack
of information regarding the specific antioxidant capabilities possessed by botanical extracts,
especially from less explored species. Jatropha curcas L., for example, has a broad pharmacological
profile; however, research on its antioxidant capacity is minimal compared to other medicinal plants
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(Tandoro et al., 2020). This plant's leaves are rich in phenolic content, which acts as a potent free
radical scavenger (Oyeleke et al., 2021). Nevertheless, explaining how their antioxidant activity
works, mainly when evaluated using the Ferric Reducing Antioxidant Power (FRAP) test, requires
in-depth investigation to reveal its effectiveness and mechanism.

This study aims to evaluate the free radical scavenging capacity of ethanol extracts from Jatropha
curcas leaves using the FRAP (Ferric Reducing Antioxidant Power) technique. This scientific
inquiry focuses on measuring the antioxidant potential of these compounds and tracking the plant
derivatives that trigger this activity. The principle of FRAP testing is to measure the antioxidant
capacity based on its ability to convert ferric ions (Fe*") into ferrous ions (Fe?"), thereby clarifying
the characteristics of electron donors and the antioxidant action pathway of Jatropha curcas
(Ouahdani et al., 2021). The findings of this research are anticipated to provide scientific insights to
validate the potential application of Jatropha curcas extract in supporting nutrition and health as a
natural antioxidant.

This scientific work has special value because it solves the existing knowledge gap regarding the
antioxidant potential of Jatropha curcas. By conducting planned testing of ethanol extracts obtained
from its leaves, this research aims to reveal the antioxidant properties of this rarely studied species
and contribute to developing studies on antioxidants derived from nature. The data generated is
expected further to explore the health benefits of Jatropha curcas leaves, while validating the
possibility of its use in the manufacture of functional foods and nutraceutical formulations (Poongodi
& Nazeema, 2019). In addition, mastery of this antioxidant system can be a foundation for creating
innovative therapeutic approaches in treating disorders triggered by oxidative stress.

In conclusion, research activities that test the ability to eliminate free radicals in Jatropha curcas leaf
extract using the FRAP method are considered scientifically significant. The primary focus of this
initiative is to gather concrete evidence that reinforces the possibility of using Jatropha curcas leaves
in contemporary and traditional pharmaceutical practices. This aligns with the scientific community's
growing interest in natural antioxidants and their positive impact on health. It is estimated that the
results of this analysis will sharpen insights regarding the botanical antioxidant system and its more
significant role in preventing health disorders and managing well-being in general (Behera, 2019).

2. Methods

This research applies a quantitative experimental design to measure the strength of free radical
inhibition possessed by ethanol extracts from Jatropha curcas leaves, using Ferric Reducing
Antioxidant Power (FRAP) analysis. This work was carried out systematically, covering the stages
of collecting botanical material, making ethanol extracts, and determining antioxidant effectiveness
using the FRAP procedure. The FRAP technique was specifically chosen for its ability to measure
antioxidant reduction capacity; this method calculates antioxidant activity based on the reduction of
ferric ions (Fe*") to ferrous ions (Fe?") under acidic conditions (Héritier, 2023). Another reason for
using FRAP is its widespread recognition for its efficiency and reproducibility of analytical
outcomes, which makes it a reliable technique for assessing antioxidant potential in diverse plant
extracts. (Héritier, 2023; Kubiliené et al., 2020). The test material used was fresh leaves of Jatropha
curcas L. obtained from the coast of Ternate, Indonesia. The leaves were cleaned, dried in the open
air, and ground into a fine powder to facilitate extraction. The sample volume was adequate to ensure
the statistical data's reliability in assessing the ethanol extract's antioxidant potential (Calvindi et al.,
2020).

2.1. Preparation of Extracts

Ethanol extracts from Jatropha curcas leaves were prepared using the maceration method. A total of
400 g of dried and powdered material was soaked in 96% ethanol at a ratio of 1:10 (w/v) for 72 hours
at room temperature (27 = 2 °C) with occasional stirring to ensure optimal solvent penetration.
Ethanol was selected because it is widely recognized for its efficiency in dissolving a broad range of
phytochemical constituents, particularly phenolic and flavonoid compounds associated with
antioxidant activity (Sahid et al., 2021; Fall et al., 2019). The use of ethanol as an extraction solvent
is further supported by numerous studies demonstrating its effectiveness in separating bioactive
components from plant matrices (Zhao et al., 2022).
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After filtration, the ethanol extract was concentrated using a rotary evaporator at 45 °C under reduced
pressure. The crude extract was then subjected to liquid—liquid fractionation using n-hexane, ethyl
acetate, and water to separate compounds based on polarity, allowing a more detailed evaluation of
the antioxidant potential of each fraction. All extraction and fractionation steps were conducted in
triplicate to ensure reproducibility and analytical reliability.

2.2. Identification of Phytochemical Constituents

The extract produced previously was examined chemically using a series of standard qualitative
protocols (Sadik & Disi, 2023). Alkaloids were indicated by the formation of precipitates after the
filtrate reacted with Mayer’s, Dragendorff’s, and Bouchardat’s reagents. Meanwhile, flavonoids
were confirmed by the appearance of a yellow or red coloration when the extract was treated with
10% NaOH or with magnesium powder and concentrated HCI. To determine saponins, the extract
was shaken together with distilled water, with the benchmark for its presence being foam that did not
disappear for at least ten minutes. Tannins are identified through the ability of the filtrate to form a
dark green or blue-black color when FeCls is mixed. Finally, the identification of terpenoids is
completed through the Liebermann-Burchard reaction; a positive indication is achieved when the
addition of acetic anhydride and concentrated sulfuric acid causes a gradation of color ranging from
red, blue, purple, to green.

2.3. Antioxidant Activity Assessment

The antioxidant capacity of the extract was determined using the Ferric Reducing Antioxidant Power
(FRAP) assay. All reagents were freshly prepared before each analysis to ensure data accuracy, and
all readings were standardized against a known antioxidant reference (Akdogan et al., 2019).

An aliquot (3.3 mL) of the stock extract solution (600 uM) was transferred into a measuring flask
and diluted with methanol (p.a.) to a final volume of 5 mL, producing a working concentration of
400 pM. Subsequently, 3 mL of the newly prepared FRAP reagent was added to the test solution and
mixed thoroughly.

The mixture was incubated at 37 °C for 30 minutes to allow the reduction of ferric (Fe**) to ferrous
(Fe?*) ions. After incubation, the absorbance of the resulting solution was measured at a wavelength
of 596 nm using a UV—Vis spectrophotometer (Syarif et al., 2015). All analyses were performed in
triplicate, and results were expressed as pmol Trolox equivalents per gram of extract (umol TE/g).

2.4. Determination of Total Phenolic Content (TPC)

The total phenolic content (TPC) of the ethanol extract was determined spectrophotometrically using
the Folin-Ciocalteu method, with gallic acid as a reference standard. Gallic acid was selected because
it represents a well-characterized phenolic compound that exhibits a strong and stable response to
the Folin-Ciocalteu reagent, thus providing a reliable calibration curve for quantifying total
phenolics.

In this procedure, the extract was mixed with the Folin-Ciocalteu reagent, producing a characteristic
blue—violet coloration due to the reduction of the reagent by phenolic hydroxyl groups. The
absorbance of the mixture was measured at 765 nm using a UV—Vis spectrophotometer, and results
were expressed as milligrams of gallic acid equivalent per gram of extract (mg GAE/g) (Mahfudh et
al., 2024).

2.5. Determination of Total Flavonoid Content (TFC)

The total flavonoid content (TFC) of the extract was determined spectrophotometrically using the
aluminum chloride (A1Cls) colorimetric method. This technique is based on the formation of a yellow
complex that results from the reaction between AICls and the keto or hydroxyl groups of flavonoids,
forming a stable flavonoid-AlCls complex. The absorbance of the resulting solution was measured
at 510 nm using a UV-Vis spectrophotometer, and the TFC values were expressed as milligrams of
quercetin equivalent per gram of extract (mg QE/g) (Mahfudh et al., 2024).

2.6. Data Analysis

Quantitative analysis of the antioxidant capacity of plant extracts was performed using the GraphPad
Prism program. The values obtained from the FRAP analysis were then standardized and reported in
units equivalent to micromoles of Trolox per gram of sample (umol TE/g) (Liwanda, 2024).
Descriptive statistical calculations, such as standard deviations and mean values, were performed to
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L —
characterize the distribution of antioxidant activity. Furthermore, the correlation between total
phenolic content (TPC) and antioxidant activity was evaluated using Pearson’s correlation analysis,
providing an indication of the association between phenolic concentration and antioxidant
performance (Nowak et al., 2019). At the final stage, the differences between the samples were
evaluated for statistical significance using the Kruskal-Wallis test; a threshold of < 0.05 was set as
the measure of statistical significance (Gomez-Urios, 2024).

3. Results and Discussion

3.1. Extraction Yield

The ethanolic extraction of powdered Jatropha curcas leaves yielded 18.52% (74.08 g) of crude
extract from 400 g of dried material using a 1:10 (w/v) solvent-to-sample ratio. This yield figure
exceeds the 4.98% published by Bachri et al., 2024 who only obtained 84.7% of extract from 1,700 g
of initial material. The discrepancy in these results is likely due to changes in the solvent-to-sample
ratio and the level of isolation success, particularly the lower solvent ratio (1:4) that was applied in
previous studies, even though the type of solvent and extraction procedure used were the same.

Table 1. Yield of Jatropha curcas leaf ethanolic extract
Sample mass (g) Solvent volume (L) Extract weight (g) Extraction yield (%)
400 4 74.08 18.52

The higher yield observed in this study can be attributed to more favorable extraction conditions,
particularly the increased solvent-to-sample ratio and the resulting improvement in process
efficiency. In addition, factors such as the initial quality of the plant material, moisture content, and
particle size may also significantly influence extraction performance. These findings highlight the
importance of optimizing extraction parameters, as such optimization can markedly enhance the
recovery of bioactive compounds from Jatropha curcas leaves and support their potential
applications in medicinal and functional food formulations.

\ » 4 & / . d
Figure 1. (a) Morphological structure of Jatropha curcas plant; (b) Leaf morphology showing the palmate
venation pattern used for ethanolic extraction.

3.2.  Phytochemical Composition

Examination of the plant's chemical components has confirmed that the ethanol extract taken from
the leaves of Jatropha curcas L. is rich in various classes of bioactive substances. The presence of
alkaloids was confirmed after the formation of white precipitate in the Mayer test and the appearance
of orange gradations in the Bouchardat protocol. Flavonoids also showed a positive response, marked
by a dense red color, while triterpenoids were identified through the appearance of a color between
red and purple. Meanwhile, saponins were proven to be present thanks to the production of stable
foam for a minimum duration of ten minutes (>10 min), and tannins were confirmed through a color
change to dark blue. All of this data validates the presence of vital secondary metabolites that support
the efficacy of Jatropha curcas L, especially its antioxidant power. Our results are consistent with
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the report by Krisdiyanto 2023, who also found positive results in all observed phytochemical
categories.

Table 2. Results of phytochemical screening of Jatropha curcas leaf ethanolic extract

Phytochemical Reagent/Test Used Interpretation Observation
. Mayer’s reagent + White precipitate
Alkaloids Bouchardat’s reagent + Orange precipitate
Flavonoids Mg powder + conc. HCI + Dark-red color
Saponins 2 N HCI + distilled water + Stable foam > 10 min
Triterpenoids EtOH + acetic acid + H2SOs + Red/purple color
Tannins EtOH + FeCls + Dark-blue color

The positive reactions observed during phytochemical testing are attributed to the result of specific
chemical encounters between bioactive substances and relevant detection solutions. Using Mayer's
reagent results in white precipitation for alkaloids, which occurs when metal ions react with the
functional nitrogen groups of alkaloid compounds to create insoluble alkaloid salts. The change to
red observed in the flavonoid analysis is obtained from a reduction reaction triggered by magnesium
in an acidic state, which confirms the presence of flavone or flavonol derivatives. Meanwhile, the
ability of saponins to reduce surface tension contributes to the formation of durable foam in specific
saponin tests. Similarly, triterpenoids cause a gradation of red to purple colors when reacted with
concentrated sulfuric acid, thus creating a characteristic dye complex. The appearance of a dark blue
color in the tannin test is ultimately explained by the process of complex formation between ferric
ions (Fe*") originating from FeCls with the polyphenolic framework of tannin compounds.

3.3.  Antioxidant Activity

The antioxidant capacity of the ethanol extract and solvent fractions of Jatropha curcas leaves was
evaluated using the Ferric Reducing Antioxidant Power (FRAP) assay, and the results were
expressed as Trolox Equivalent Antioxidant Capacity (TEAC) in umol TE/g. According to the TEAC
classification system proposed by Leccese et al., 2008, the antioxidant capacity can be categorized
as presented in Table 3.

Table 3. Classification of Antioxidant Capacity Based on TEAC Values (Leccese et al., 2008)
Category TEAC Value Range (umol TE/g) Description of Antioxidant Capacity
Minimal antioxidant activity; negligible

Very Weak <1 . -
radical-scavenging effect

Low 1.2 Low an_t|OX|dant cgpamty; limited ability to
neutralize free radicals

Medium 5.5 Modergte antlc_JX|dgnt potential; indicative of
phenolic contribution

High 55 Strong antioxidant capacity; significant

radical-scavenging and reducing power

Based on this classification, the ethanol extract showed medium antioxidant capacity (3.52 + 0.71
umol TE/g). In contrast, the n-hexane fraction exhibited very weak activity (0.68 + 0.16 umol TE/g),
while the aqueous fraction demonstrated low antioxidant capacity (1.84 + 0.30 umol TE/g).
Remarkably, the ethyl acetate fraction displayed the highest antioxidant activity (9.19 = 0.38 umol
TE/g), which falls into the high category according to the TEAC system.

This result indicates that the ethyl acetate fraction possesses the greatest antioxidant potential among
all tested samples. Its superior activity is likely associated with its strong ability to reduce ferric ions
(Fe*") to ferrous ions (Fe?"), reflecting a higher concentration of phenolic and flavonoid compounds.
The variation in antioxidant strength among the fractions can be attributed to differences in solvent
polarity, suggesting that semi-polar solvents such as ethyl acetate are more effective in extracting
antioxidant-active constituents.

This study used Trolox, a water-soluble analog of vitamin E, as the reference standard due to its well-
established radical-scavenging activity and consistent reactivity in antioxidant assays (Anwar et al.,
2022). The observed TEAC values, therefore, represent the relative antioxidant efficiency of each
extract and fraction compared with Trolox.
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Table 4. Antioxidant capacity of Jatropha curcas leaf extract and fractions

Sample/Fraction Antioxidant Activity (umol TE/g) Category
Ethanolic extract 3.52+0.710 Moderate
n-Hexane fraction 0,68 +0.164 Very low
Ethyl-acetate fraction 9.19+0.380 High
Aqueous fraction 1.84 +0.297 Low

The Kruskal-Wallis statistical test revealed a significant difference in antioxidant capacity among
the four sample groups: the ethanolic extract, n-hexane fraction, ethyl acetate fraction, and aqueous
fraction. The resulting p-value < 0.0001 was substantially lower than the significance threshold
(0.05), indicating that the median antioxidant activities of these groups were not identical.

These statistical findings corroborate the FRAP assay data, confirming that fractionation using
solvents of varying polarity significantly influenced the overall antioxidant activity. Specifically, the
ethyl acetate fraction was statistically identified as the most effective in enhancing antioxidant
capacity compared with the other fractions. This outcome strongly suggests that the ethyl acetate
fraction is a reservoir of bioactive compounds with potent antioxidant potential.

The superior efficacy of this fraction is likely due to the nature of ethyl acetate as a semi-polar solvent
with high efficiency in dissolving phenolic and flavonoid compounds widely distributed in plant
tissues. These compounds exhibit strong antioxidant potential, acting as electron or hydrogen donors
to neutralize free radicals (Ummah, 2019).

Antioxidant Capacity

16+
14+
124

10

umol TE/g

e

0= T T
EE FNH FEA FA

Jatropha Curcas leaves

Figure 2. Comparative graph of the antioxidant capacities of the ethanolic extract (EE), n-hexane fraction
(FNH), ethyl acetate fraction (FEA), and aqueous fraction (FA) of Jatropha curcas leaves.

3.4. Total Phenolic Content

The total phenolic content (TPC) assessment results show that the tested sample contains 6.78%
gallic acid equivalent (GAE). This relatively high concentration emphasizes the essential role of
phenolic components in supporting the antioxidant power of the extract. Their substantial
contribution to the antioxidant function stems from the presence of hydroxyl groups (-OH), which
can donate electrons to neutralize free radicals. The high levels of TPC are closely correlated with
the data on antioxidant capacity, especially the results of the 9.19 + 0.38 umol TE/g activity recorded
in the ethyl acetate fraction. This strong positive association is expected to come from the efficiency
of ethyl acetate, a semi-polar solvent, in selectively attracting phenolic compounds, which are the
leading providers of antioxidant potential. In short, these findings confirm the vital impact of
phenolic constituents on the overall antioxidant power of the extract. Adjusting the isolation
parameters and selecting a better solvent can potentially increase the number of compounds that can
be obtained, thereby enhancing the value of the extract as a valuable source of natural antioxidants.
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3.5. Total Flavonoid Content

The total flavonoid content (TFC) analysis shows a value of 1.35% equivalent to quercetin (QE) in
the studied extract. This moderate concentration indicates that the contribution of flavonoids to the
total antioxidant power is not as significant as that provided by other phenolic components. As
polyphenolic compounds, flavonoids are characterized by having aromatic rings and hydroxyl (-OH)
groups that enable them to stabilize free radicals through the donation of electrons or hydrogen atoms.
Although the amount of flavonoids is not high, their presence is still important because of the
possibility of synergistic effects with other phenolic compounds when capturing free radicals.
Consequently, this data indicates that the antioxidant activity of the extract arises from the
combination of non-flavonoid phenolics such as tannins and phenolic acids, which are more abundant
in fractions based on their polarity, together with flavonoids.

Calibration curve of gallic acid Calibration curve of quercetin
0.8+

y=0,0114x + 0,2387
0.7 R?=0,9984 y = 0.0999x - 0.0816
0.8 R?=0.9997
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Figure 3. Standard curves for gallic acid and quercetin

The calibration curves for gallic acid and quercetin demonstrated excellent linearity, with coefficients
of determination (R2) of 0.9984 and 0.9997, respectively. These values confirm a strong linear
relationship between standard concentration and absorbance, validating the regression equations used
for quantifying total phenolic and flavonoid contents.

The slope of the quercetin curve was steeper than that of gallic acid, indicating higher absorbance
sensitivity and suggesting that even small concentration changes in quercetin resulted in more
pronounced absorbance variations. This reflects the stronger chromophoric response of flavonoids
compared with phenolic acids.

Such high linearity (R2 > 0.99) demonstrates excellent precision and reliability in the quantification
of bioactive compounds. Moreover, the strong correlation between standard concentration and
absorbance supports the robustness of the analytical method, ensuring accurate estimation of
phenolic and flavonoid levels that contribute significantly to the overall antioxidant performance of
Jatropha curcas extracts.

4, Conclusion

The findings of this study demonstrate that the leaves of Jatropha curcas L. possess strong potential
as a natural source of antioxidant compounds. Among the tested fractions, the ethyl acetate fraction
exhibited the highest antioxidant activity (9.19 + 0.38 umol TE/qg), followed by the ethanolic extract
(3.52 £ 0.71 umol TE/g), aqueous fraction (1.84 + 0.30 umol TE/g), and n-hexane fraction (0.68 +
0.16 pumol TE/g). Phenolic compounds were identified as the primary contributors to antioxidant
capacity, supported by the presence of flavonoids that act as complementary radical scavengers.
Variations compared with previous studies may be attributed to differences in extraction methods,
solvent polarity, and the physicochemical characteristics of the plant materials used.

These results underscore the importance of selecting an appropriate extraction solvent to maximize
antioxidant potential. Furthermore, the high antioxidant capacity of the ethyl acetate fraction suggests
its possible application in the development of natural antioxidant formulations, such as
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phytopharmaceuticals, nutraceuticals, or cosmetic antioxidants. Future studies should focus on
isolation, structural characterization, and mechanistic evaluation of the active compounds to better
understand their roles in redox regulation and biological activity.

RECOMMENDATIONS

Further research should focus on isolating and characterizing individual bioactive compounds with
strong antioxidant potential from Jatropha curcas leaves, particularly phenolic and flavonoid
constituents. Subsequent in silico and in vitro analyses are recommended to clarify their molecular
mechanisms and interactions with redox-related biological targets. These approaches will enhance
understanding of the structure—activity relationships and support the future development of Jatropha
curcas-based antioxidant agents for pharmaceutical, nutraceutical, or cosmetic applications.

ACKNOWLEDGEMENTS

The authors sincerely thank all institutions, laboratories, and team members who contributed to this
research. The support provided through facilities, guidance, and collaboration greatly facilitated the
successful completion of this project.

REFERENCES

Akdogan, M., Ustiindag, Y., Akdag, A., Neselioglu, S., & Erel, O. (2019). The Thiol-Disulfide Homeostasis
and Coenzyme Q10 in Conjunction With Vitamin E Effect on Retinopathy Prematurity. The Open
Ophthalmology Journal. https://doi.org/10.2174/1874364101913010023

Anwar, K., Lokana, F. M., & Budiarti, A. (2022). Antioxidant Activity of Dewandaru Leaf (Eugenia Uniflora
L.) Ethanol Extract and Determination of Total Flavonoid and Phenolic Content. Jurnal limiah Sains,
22(2), 161-171. https://doi.org/10.35799/jis.v22i2.43913

Behera, S. K. (2019). Phytochemical Analysis and Antioxidant Activities of Gymnema Sylvestre R. Br. Leaf
Extracts. Free Radicals and Antioxidants. https://doi.org/10.5530/fra.2019.1.3

Calvindi, J., Syukur, M., & Nurcholis, W. (2020). Investigation of Biochemical Characters and Antioxidant
Properties of Different Winged Bean (Psophocarpus Tetragonolobus) Genotypes Grown in Indonesia.
Biodiversitas Journal of Biological Diversity. https://doi.org/10.13057/biodiv/d210612

Fall, A. S., Mbacké Dieng, S. I., Sarr, A., & Dieng, M. (2019). Phytochemical Screening and Antioxidant
Effect of Ethanol Leaf and Trunk Bark Extracts of Cordyla Pinnata (Lepr. Ex A. Rich.) Milne-Redh.
(Caesalpiniaceae). Pharmacognosy Journal. https://doi.org/10.5530/pj.2019.11.219

Gomez-Urios, C. (2024). Unlocking Value From Waste: A Comparative Study of Orange Peel Extraction
Methods Using Choline Chloride-Based Natural Deep Eutectic Solvents. Acs Food Science \&
Technology. https://doi.org/10.1021/acsfoodscitech.4c00476

Gruji¢, S., Savkovié, 7., Risti¢, M., DZamié, A. M., Ljaljevi¢ Grbi¢, M. V, Vukojevi¢, J., & Marin, P. D.
(2020). Glandular Trichomes, Essential Oil Composition, Anti-Aspergillus and Antioxidative Activities
of Lamium Purpureum L. Ethanolic Extracts. Archives of Biological Sciences.
https://doi.org/10.2298/abs200117019g

Héritier, U. S. (2023). LC-MS Phytochemical Profiles of Phenolic Compounds and Antimicrobial, Antioxidant,
and Antiplasmodial Activities of Ethanol Extracts of \&Amp;lt;i\&amp;gt;Pycnostachys Erici-
Rosenii\&amp;lt;/I\&amp;gt; R.E.Fr and \&Amp;lt;i\&amp;gt;Leucas Martinicensis\&a. Advances in
Biological Chemistry. https://doi.org/10.4236/abc.2023.136015

Holt, A. (2023). An Analysis of Antioxidant Therapies for COVID-19. Advanced Theory and Simulations.
https://doi.org/10.1002/adts.202300419

Kubiliené, A., Marksa, M., Baranauskaité-Ortasoz, J., Ragazinskiené¢, O., & Ivanauskas, L. (2020).
Comparative Evaluation of Antioxidant Activity of Cannabis Sativa L. Using FRAP and CUPRAP
Assays. Chemija. https://doi.org/10.6001/chemija.v31i3.4289

Leccese, A., Bartolini, S., & Viti, R. (2008). Total antioxidant capacity and phenolics content in fresh apricots.
Acta Alimentaria, 37(1), 65-76. https://doi.org/10.1556/AAlim.37.2008.1.6

Liwanda, N. (2024). Total Phenolic Content and Antioxidant Capacity From Stems and Leaves of

Nur et al (Antioxidant and Phytochemical Analysis of Jatropha curcas Leaves by FRAP)


https://doi.org/10.2174/1874364101913010023
https://doi.org/10.35799/jis.v22i2.43913
https://doi.org/10.5530/fra.2019.1.3
https://doi.org/10.13057/biodiv/d210612
https://doi.org/10.5530/pj.2019.11.219
https://doi.org/10.1021/acsfoodscitech.4c00476
https://doi.org/10.2298/abs200117019g
https://doi.org/10.4236/abc.2023.136015
https://doi.org/10.1002/adts.202300419
https://doi.org/10.6001/chemija.v31i3.4289
https://doi.org/10.1556/AAlim.37.2008.1.6

116 Journal of Biotechnology and Natural Science E-ISSN 2808-2508
Vol. 5, No. 2, December 2025, pp. 108-116

Andrographis Paniculate in Different Solvent Combinations. Current Applied Science and Technology.
https://doi.org/10.55003/cast.2024.261033

Mahfudh, N., Murdi, H. B., Utami, D., Ahda, M., Nashihah, S., & Andika, A. (2024). Antioxidant Activity,
Total Phenolics, and Total Flavonoids Content of Bajakah Tampala (Spatholobus littoralis): The
Indigenous Herbal Medicine from Kalimantan. Borneo Journal of Pharmacy, 7(3), 247-253.
https://doi.org/10.33084/bjop.v7i3.6609

Moch. Saiful Bachri, Wiki Yuli Anita, Putri Dwi Lestari, Desi Eko Wulansari, Dwi Retno Nengtyas,
Muhammad Ma’ruf, Sapto Yuliani, Wahyu Widyaningsih, Laela Hayu Nurani, Daru Estiningsih, &
Vivi Sofia. (2024). Jatropha curcas L. Leaf Extract Effects on Blood Pressure and Lipid Levels in
Hypertensive Rats with High-Fat Diet. Jurnal Farmasi Dan limu Kefarmasian Indonesia, 11(1), 61—
70. https://doi.org/10.20473/jfiki.v11i12024.61-70

Nova Ramadhan Krisdiyanto, & Muhammad Saad. (2023). Kadar Flavonoid Total Ekstrak Etanol Daun Jarak
Pagar (Jatropha curcas L) Dengan Metode Spektrofotometri UV-Visibe. Jurnal Farmasi
Medica/Pharmacy Medical Journal (PMJ), 6(1), 34-42. https://doi.org/10.35799/pmj.v6i1.48103

Nowak, A., Klimowicz, A., Duchnik, W., Kucharski, L., Florkowska, K., Muzykiewicz, A., Wira, D.,
Zielonka-Brzezicka, J., Siedtowska, A., & Nadarzewska, K. (2019). Application of Green-Extraction
Technique to Evaluate of Antioxidative Capacity of Wild Population of Fireweed (<i>Epilobium
Angustifolium</I>). Herba Polonica. https://doi.org/10.2478/hepo-2019-0022

Oluyele, O., Oladunmoye, M. K., & Ogundare, A. O. (2022). Antioxidant Potential of Essential Oil From
Phoenix  Dactylifera (L.) Seed. GSC Biological and Pharmaceutical  Sciences.
https://doi.org/10.30574/gscbps.2022.19.2.0139

Ouahdani, K. El, Es-safi, I., Mechchate, H., Al-Zahrani, M. A., Qurtam, A. A., Aleissa, M. S., Bari, A., &
Bousta, D. (2021). Thymus Algeriensis and Artemisia Herba-Alba Essential Oils: Chemical Analysis,
Antioxidant Potential and in Vivo Anti-Inflammatory, Analgesic Activities, and Acute Toxicity.
Molecules. https://doi.org/10.3390/molecules26226780

Oyeleke, O. M., Bamigboye, M. O., Olowookere, B. D., Alabi, K. E., Oladele, S., & Oladele, J. O. (2021).
Comparative Studies on the Phytochemical Constituents and in Vitro Antioxidant Activities of
Methanol and Ethyl Acetate Leaf Extracts of Talium Trangulare. Journal of Basic and Applied Research
in Biomedicine. https://doi.org/10.51152/jbarbiomed.v7i1.209

Poongodi, T., & Nazeema, T. H. (2019). Evaluation of Free Radical Scavenging Capacity and Reducing Power
of Polyherbal Formulation Comprising of Three Selected Plants. International Research Journal of
Pharmacy. https://doi.org/10.7897/2230-8407.1004140

Sadik, F., & Disi, M. Z. A. (2023). Standarisasi Parameter Spesifik Ekstrak Etanol Daun Jarak Pagar (Jatropha
Curcas L) sebagai Vasorelaxan. Journal Syifa Sciences and Clinical Research, 5, 54-62.

Sahid, Z. D., Syukur, M., Maharijaya, A., & Nurcholis, W. (2021). Polyphenol Content and Pharmacological
Activities of Capsicum Frutescens and C. Chinense Genotypes. Biodiversitas Journal of Biological
Diversity. https://doi.org/10.13057/biodiv/d220929

Shalini, M., Aminah, A., Khalid, H., Vimala, S., Katherine, S., & Khoo, M. G. H. (2018). In-Vitro Antioxidant
Activities, Phytoconsituent and Toxicity Evaluation of Local Bougainvillea Glabra Bract (Bunga
Kertas). International Journal of Chemtech Research. https://doi.org/10.20902/ijctr.2018.110904

Syarif, S., Kosman, R., & Inayah, N. (2015). Uji Aktivitas antioksidan terong belanda (Solanum betaceum
Cav.) dengan metode FRAP. Jurnal llmiah As-Syifaa, 7(1), 26-33. https://doi.org/10.33096/jifa.v7i1.18

Tandoro, Y., Widyawati, P. S., Wibawa Budianta, T. D., & Sumargo, G. (2020). Phytochemical Identification
and Antioxidant Activity of Passiflora Foetida Fruits and Leaves Extracts: A Comparative Study.
International Journal of Pharmacy and Pharmaceutical Sciences.
https://doi.org/10.22159/ijpps.2020v12i6.31505

Ummah, M. S. (2019). Penentuan kandungan Fenolik total dan Aktivitas antioksidan dari Rambut jagung (Zea
mays L.) yang tumbuh di daerah Gorontalo. Sustainability (Switzerland), 11(1), 1-14.

Zhao, G., Zhang, R., Dong, L., Liu, L., Huang, F., Jia, X., Deng, M., Chi, J., Ma, Y., Chen, Y., Ma, Q., &
Zhang, M. (2022). Bound Phenolics in Rice Bran Dietary Fibre Released by Different Chemical
Hydrolysis Methods: Content, Composition and Antioxidant Activities. International Journal of Food
Science \& Technology. https://doi.org/10.1111/ijfs.15915

Nur et al (Antioxidant and Phytochemical Analysis of Jatropha curcas Leaves by FRAP)


https://doi.org/10.55003/cast.2024.261033
https://doi.org/10.33084/bjop.v7i3.6609
https://doi.org/10.20473/jfiki.v11i12024.61-70
https://doi.org/10.35799/pmj.v6i1.48103
https://doi.org/10.2478/hepo-2019-0022
https://doi.org/10.30574/gscbps.2022.19.2.0139
https://doi.org/10.3390/molecules26226780
https://doi.org/10.51152/jbarbiomed.v7i1.209
https://doi.org/10.7897/2230-8407.1004140
https://doi.org/10.13057/biodiv/d220929
https://doi.org/10.20902/ijctr.2018.110904
https://doi.org/10.33096/jifa.v7i1.18
https://doi.org/10.22159/ijpps.2020v12i6.31505
https://doi.org/10.1111/ijfs.15915

