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Abstract 
As an opportunistic fungal pathogen, Candida albicans remains a leading cause of a wide range of human infections. rise in clinical resistance to conventional synthetic antifungal agents has prompted the search for novel therapeutic compounds derived from medicinal plants. Among these botanical candidates, Ceiba pentandra (L.) Gaertn. is known to contain bioactive secondary metabolites with documented antimicrobial properties. This study aimed to characterize the phytochemical composition of the C. pentandra ethanolic leaf extract and assess its antifungal activity against C. albicans. Active constituents were isolated using ethanolic maceration, and comprehensive phytochemical screening was conducted to identify the predominant classes of secondary metabolites. The extract's antifungal activity was evaluated using the agar-well diffusion method at concentrations of 400, 600, and 800 ppm. Nystatin (100 ppm) and dimethyl sulfoxide (DMSO) served as the positive and negative controls, respectively. Inhibition-zone diameters were statistically analyzed using one-way analysis of variance (ANOVA). Screening confirmed the presence of flavonoids, phenolics, alkaloids, and terpenoids in the extract. The ethanolic leaf extract of Ceiba pentandra exhibited moderate antifungal activity against Candida albicans. Although the inhibition-zone diameter increased from 400 to 800 ppm, the differences were not statistically significant (p > 0.05). These findings indicate antifungal activity within the tested concentration range and support further investigation across a broader concentration range and using more specific bioassays.       
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1. INTRODUCTION
Fungal infections remain a significant public health concern, particularly in tropical countries. Their high prevalence is associated with several factors, including unhealthy lifestyles, poor sanitation, high population density, and low socioeconomic status. In medicine, fungal infections are collectively referred to as mycoses (Bongomin, 2025; Merico et al., 2023).
Candidiasis, which is primarily caused by Candida albicans, is one of the most common mycoses in Indonesia. This opportunistic fungal pathogen is responsible for a range of infections, particularly oral candidiasis and vulvovaginal candidiasis (Wulandari et al., 2021; Srb et al., 2025). Under normal conditions, C. albicans may colonize the oral cavity, gastrointestinal tract, vaginal mucosa, and skin as part of the normal microbiota. Changes in the microbial balance or a weakened host immune system may promote its transition to a pathogenic state (Talapko et al., 2021; Id et al., 2022).
Candidiasis is generally treated with azole antifungal agents, including imidazoles and triazoles. Although these drugs are effective, prolonged use may increase the risk of resistance to antifungal agents (Bhattacharya et al., 2020; Rabaan et al., 2023). Furthermore, synthetic antifungal agents may cause adverse effects, such as nausea, vomiting, and other gastrointestinal disturbances. Therefore, the development of alternative antifungal agents from natural sources has attracted growing research interest (Ivanov et al., 2022).
The use of medicinal plants as sources of bioactive compounds has become an important approach in pharmaceutical research. As a tropical country with rich biodiversity, Indonesia possesses numerous plant species with potential medicinal value (Sari et al., 2024; Hasyim et al., 2025). Various plant-derived secondary metabolites, including flavonoids, alkaloids, phenolic compounds, and terpenoids, have been reported to exhibit antimicrobial properties, including antifungal activity.
One plant with potential for use as a natural antifungal agent is Ceiba pentandra (L.) Gaertn. This species has been traditionally used for various medicinal purposes and is known to contain a wide range of bioactive secondary metabolites. Previous studies have shown that C. pentandra leaf extract exhibits antibacterial activity against Streptococcus mutans, one of the primary causative agents of dental caries. In addition, the extract has been reported to inhibit the growth of several pathogenic bacteria associated with infectious diseases (Nounaféri et al., 2023; Mateus et al., 2023; Wei et al., 2023; Donga & Movalia, 2023).
Despite growing evidence of the antibacterial properties of C. pentandra leaves, research on their antifungal activity, particularly against Candida albicans, remains limited. Therefore, this study aimed to identify the secondary metabolites present in the ethanolic leaf extract of C. pentandra and evaluate its antifungal activity against C. albicans by measuring inhibition zones.

2. RESEARCH METHOD
Plant Material Collection and Identification
Leaves of Ceiba pentandra (L.) Gaertn. were collected from Batang Kapas District, Pesisir Selatan Regency, West Sumatra, Indonesia. Plant identification was conducted at the Herbarium of the Department of Biology, Faculty of Mathematics and Natural Sciences, Universitas Andalas, Padang, Indonesia, to confirm the taxonomic identity of the species.
Preparation and Extraction of Plant Material
Fresh leaves were washed with running water to remove adhering impurities and dried in the shade at room temperature for approximately three days. The dried leaves were ground into powder using a blender. Approximately 2 kg of powdered simplicia was extracted by maceration using 70% ethanol at a solvent-to-material ratio of 10:1 (v/w). The initial extraction with 70% ethanol was intended to maximize the recovery of polar and semi-polar phytochemicals, including flavonoids and phenolic compounds. After filtration, the residue was remacerated with 96% ethanol for 72 h with occasional stirring to recover the remaining less-polar bioactive constituents that were not completely extracted during the initial maceration. The pooled filtrates were concentrated using a rotary evaporator to obtain a viscous ethanolic extract (Hlatshwayo et al., 2025).
Organoleptic Examination
The concentrated extract was evaluated organoleptically for color, odor, taste, and physical appearance. The extraction yield was calculated using the following equation:

Loss on drying was evaluated by heating a 1–2 g aliquot of the extract in a porcelain crucible at 105 °C until a constant mass was attained. The percentage of mass lost was then calculated according to standard gravimetric protocols. Approximately 2 g of the extract was incinerated in a muffle furnace at 600 °C for 4 h. The resulting ash residue was weighed, and the total ash content was expressed as a percentage.
Phytochemical Screening
To characterize the phytochemical profile of the C. pentandra ethanolic leaf extract, qualitative screening was conducted to identify the principal classes of secondary metabolites. Standardized analytical assays were used to detect flavonoids, phenolics, saponins, terpenoids, steroids, and alkaloids. Specifically, flavonoid and phenolic constituents were detected using the cyanidin reaction and a ferric chloride reagent, respectively. The Liebermann–Burchard reaction was used to test for both terpenoids and steroids. Alkaloid detection was carried out using Mayer’s reagent in accordance with the Culvenor–Fitzgerald protocol, while the presence of saponins was evaluated using the standard foam formation test (Haryono et al., 2024; Dalhatu et al., 2020).
Antifungal Activity Assay
Prior to antifungal evaluation, Candida albicans, obtained from the culture collection of the Microbiology Laboratory, Faculty of Pharmacy, Universitas Perintis Indonesia (Padang, Indonesia), was revived on Potato Dextrose Agar (PDA) and incubated at 25–30 °C for 48 h to ensure that viable, fresh cultures were available for all assays. The fungal suspension was adjusted to the 0.5 McFarland standard before inoculation. A total of 150 μL of the standardized suspension was spread evenly over the PDA surface. An initial 1,000 ppm stock solution was formulated by dissolving 10 mg of the ethanolic extract in 10 mL of dimethyl sulfoxide (DMSO). This primary stock was subsequently diluted to yield working concentrations of 400, 600, and 800 ppm. A 100 ppm nystatin solution and pure DMSO were used as the positive and negative controls, respectively
Antifungal efficacy was assessed using the agar well diffusion technique. In brief, 20 mL of sterile PDA was dispensed into Petri dishes and allowed to solidify. The agar surfaces were then uniformly inoculated with 150 μL of the C. albicans suspension. Cylindrical wells, 7 mm in diameter, were cut using a sterile cork borer, and each was filled with 100 μL of the designated extract dilution (400, 600, or 800 ppm). Following a 48 h incubation at 37 °C, antifungal activity was quantified by measuring the diameters of the inhibition zones around the wells using a digital caliper. Antifungal activity was classified according to inhibition-zone diameter as strong (≥20 mm), moderate (13–19 mm), or weak (≤13 mm) (Dubale & Zeynudin, 2023; Dangani et al., 2026).
Statistical Analysis
All measurements were performed in triplicate, and the data are reported as the mean ± standard deviation. Data normality was assessed using the Shapiro–Wilk test, followed by Levene’s test for homogeneity of variance. One-way ANOVA was performed in SPSS after these assumptions were met to assess the effect of extract concentration on inhibition-zone diameter. Statistical significance was set at p < 0.05.


3. RESULTS AND DISCUSSION
Botanical identification confirmed that the plant material used in this study was Ceiba pentandra (L.) Gaertn., a member of the family Malvaceae. The plant was authenticated to ensure the taxonomic accuracy of the sample used throughout the study. Maceration of C. pentandra leaves in ethanol produced a viscous extract with a yield of 15.94%. The extract was then evaluated organoleptically and assessed for quality parameters.
Table 1. Characteristics of the ethanolic leaf extract of Ceiba pentandra (L.) Gaertn.
	Parameter
	Result

	Yield (%)
	15.94

	Total ash content (%)
	4.13

	Appearance
	Viscous extract

	Color
	Dark greenish-brown

	Odor
	Characteristic odor

	Taste
	Bitter



The extraction yield recorded in this study demonstrates ethanol’s ability to solubilize the target constituents in C. pentandra leaves. This substantial yield likely reflects the high concentration of polar and semi-polar compounds that readily dissolve in ethanol. The extract’s dark greenish-brown color suggests that chlorophyll pigments were co-extracted with the secondary metabolites. The total ash content was 4.13%, reflecting minimal inorganic impurities and confirming the extract’s purity for subsequent biological assays. The phytochemical profile is detailed in Table 2.
Table 2. Phytochemical constituents of the ethanolic leaf extract of Ceiba pentandra (L.) Gaertntn.
	Phytochemical group
	Result

	Flavonoids
	+

	Phenolics
	+

	Alkaloids
	+

	Terpenoids
	+

	Saponins
	–

	Steroids
	–


Note: (+) detected; (–) not detected.
Qualitative phytochemical analysis of the ethanolic leaf extract confirmed the presence of flavonoids, phenolics, alkaloids, and terpenoids. These classes of secondary metabolites are well documented for their antimicrobial effects (Youl et al., 2023; Ginting & Hasballah, 2023). Flavonoids and phenolic derivatives suppress fungal proliferation by disrupting cell-membrane integrity, denaturing proteins, and interfering with metabolic processes. Alkaloids generally impede nucleic acid synthesis and cellular metabolism, while terpenoids alter lipid-bilayer permeability, leading to the efflux of essential intracellular constituents. The collective presence of these phytochemicals likely drives the extract’s antifungal activity against Candida albicans (Huang et al., 2022; Rodríguez & Pacheco, 2023). 
The in vitro antifungal activity of the C. pentandra ethanolic leaf extract was then evaluated using the agar-well diffusion assay. Inhibition-zone diameters at the tested concentrations are summarized in Table 3. The ethanolic leaf extract demonstrated consistent antifungal efficacy against C. albicans at all concentrations tested. Measurements showed that the inhibition-zone diameter increased from 8.25 mm at 400 ppm to a maximum of 13.05 mm at 800 ppm. This trend suggests that increasing the extract concentration enhances its antifungal activity, although the differences were not statistically significant (p = 0.965). The peak inhibitory response recorded at 800 ppm likely reflects a higher local concentration of bioactive constituents required to inhibit fungal proliferation (Medina, 2025; Hernández-figueroa et al., 2025).
Table 3. Inhibition-zone diameters for the ethanolic leaf extract of Ceiba pentandra (L.) Gaertn. against Candida albicans
	Treatment
	Inhibition zone diameter (mm)

	Extract 400 ppm
	8.25

	Extract 600 ppm
	11.47

	Extract 800 ppm
	13.05

	Nystatin 100 ppm
	32.85

	DMSO
	0.00



In comparison, the positive control (nystatin) produced a substantially larger inhibition zone (32.85 mm), indicating a stronger antifungal effect than the crude extract. Nystatin at 100 ppm served as the positive control to verify the responsiveness of the antifungal assay, while pure DMSO served as the negative control. The purpose of the positive control was not to establish potency equivalence with the crude extract, but to provide a validated benchmark for antifungal activity. This result is expected because nystatin is a purified antifungal drug with a well-established mechanism of action, whereas the plant extract contains a complex mixture of compounds with varying biological activities. Meanwhile, the absence of an inhibition zone in the negative control confirmed that DMSO did not contribute to fungal growth inhibition (Nosratzehi et al., 2019; Gómez-gaviria et al., 2025).
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Figure 1. Antifungal activity of the ethanolic leaf extract of Ceiba pentandra (L.) Gaertn. against Candida albicans using the agar-well diffusion method. Panels (a–c) show three independent replicates of the extract treatments at concentrations of 400, 600, and 800 ppm. Panel (d) shows the positive control (nystatin) and the negative control (DMSO).
The observed antifungal efficacy likely stems from synergistic interactions among the flavonoids, phenolics, alkaloids, and terpenoids present in the extract. Previous studies have shown that flavonoids damage fungal cell walls and membranes, leading to structural collapse. At the same time, phenolic derivatives can modify membrane permeability and suppress essential enzymatic functions, while terpenoids interact directly with lipid bilayers to arrest fungal proliferation. Together, these mechanisms provide a plausible explanation for the inhibitory activity of the C. pentandra leaf extract against C. albicans (Elgharbawy et al., 2020; Dantas et al., 2025).
To assess whether this antifungal response was concentration-dependent, the inhibition-zone measurements were subjected to a one-way ANOVA. The analysis yielded an F value of 0.036 and a p value of 0.965, confirming that variations in extract concentration did not significantly alter the inhibition-zone diameters. Although the mean inhibition-zone diameter showed a slight upward trend at higher concentrations, this increase was not statistically significant. Increasing the concentration from 400 to 800 ppm did not meaningfully enhance the suppression of C. albicans within the tested range. This plateau in efficacy may reflect biological variability among replicates, as well as the small differences among the treatment groups (Rodríguez-macías et al., 2025; Pereira et al., 2026; Yeni et al., 2025).
Overall, these findings confirm the baseline antifungal activity of the C. pentandra ethanolic leaf extract, although its potency was considerably lower than that of nystatin, the clinical standard. Future research should prioritize testing higher concentrations, using bioassay-guided fractionation, and isolating the active compounds to identify the specific bioactive constituents and optimize their therapeutic potential.

4. CONCLUSION   
Phytochemical evaluation of the ethanolic leaf extract of Ceiba pentandra (L.) Gaertn. identified flavonoids, phenolics, alkaloids, and terpenoids. The extract demonstrated consistent antifungal efficacy against Candida albicans at all tested concentrations (400, 600, and 800 ppm). The greatest growth suppression was observed at 800 ppm, with an inhibition zone of 13.05 mm, which is characteristic of moderate antifungal activity. Although a marginal concentration-dependent increase in inhibition-zone diameter was observed, statistical analysis indicated that the differences among concentrations were not statistically significant (p > 0.05). Collectively, these findings underscore the antifungal potential of the C. pentandra ethanolic leaf extract against C. albicans, supporting its potential as a botanical source for developing natural antifungal therapeutics. Future studies should evaluate a broader concentration range, determine the minimum inhibitory concentration (MIC) and minimum fungicidal concentration (MFC), and employ bioassay-guided fractionation to identify the active antifungal constituents. One limitation of this study is that antifungal activity was evaluated using only the agar-well diffusion method within a limited concentration range (400–800 ppm), which may not fully represent the inhibitory potency of the extract.

REFERENCES
Bhattacharya, S., Sae-tia, S., & Fries, B. C. (2020). Candidiasis and Mechanisms of Antifungal Resistance. Antibiotics, 9(312), 1–19. https://doi.org/doi:10.3390/antibiotics9060312
Bongomin F. (2025). Recognizing the Importance of Public Health Mycology. Life (Basel, Switzerland), 15(2), 145. https://doi.org/10.3390/life15020145
Dalhatu, A. S., Imam, T. S., Namadina, M. M., Sani, Z. M., & Muhammad, Y. Y. (2020). Metabolic Profile Assessment Of Phytochemicals In Ceiba Pentandra (L.) Gaertn, From Zaria City, Nigeria. FUDMA Journal of Sciences (FJS), 4(3), 426–436. https://doi.org/10.33003/fjs-2020-0403-410
Donga, S., & Movalia, J. (2023). Antibacterial and antifungal activity of seed extracts of Ceiba pentandra ( L .) Gaertn . extracted by traditional and modern extraction methods. International Journal of Agricultural Sciences, 19(1), 102–109. https://doi.org/10.15740/HAS/IJAS/19
Gómez-gaviria, M., Baruch-martínez, D. A., & Mora-montes, H. M. (2025). Natural Source-Derived Compounds with Antifungal Activity Against Medically Relevant Fungi. Infection and Drug Resistance, 8(December), 6389–6406. https://doi.org/https://doi.org/10.2147/IDR.S554647
Haryono, S. E., Aditiyarini, D., & Restiani, R. (2024). Analysis of secondary metabolites and antioxidant activities of ethanol extract of Dendrophthoe pentandra ( L .) Miq .) in Sapuran , Central Java. Biogenesis, 12(1), 56–65. https://doi.org/https://doi.org/10.24252/bio.v12i1.40323
Hasyim, D. M., Anurogo, D., Bansaleng, Y. F., Hiola, S. F., & Anrip, N. (2025). Potential of Medicinal Plants in Indonesian Forest Biodiversity Conservation in Synergy with Pharmaceutical Technology for Modern Medicine. International Journal of Engineering, Science and Information Technology, 5(3), 200–207. https://doi.org/https://doi.org/10.52088/ijesty.v5i3.899
Hernández-Figueroa, R. H., Mani-López, E., López-Malo, A., Palou, E., Cid-Pérez, T. S., Nevárez-Moorillón, G. V., & Avila-Sosa, R. (2025). Antifungal efficacy of thyme essential oil : a multi-model approach to growth inhibition. Frontiers in Sustainable Food System, (May). https://doi.org/10.3389/fsufs.2025.1535812
Hlatshwayo, S., Thembane, N., Babu, S., Krishna, N., Gqaleni, N., & Ngcobo, M. (2025). Extraction and Processing of Bioactive Phytoconstituents from Widely Used South African Medicinal Plants for the Preparation of Effective Traditional Herbal Medicine Products : A Narrative Review. Plants, 14(206), 1–32. https://doi.org/https://doi.org/10.3390/ plants14020206
Ivanov, M., ´Ciri´c, A., & Stojkovi´, D. (2022). Emerging Antifungal Targets and Strategies. International Journal of Molecular Sciences, 23(2756), 1–26. https://doi.org/https://doi.org/ 10.3390/ijms23052756
LembergID, C., Vicente, K. M. de S., Fro´is-Martins, R., Altmeier, S., Tran, V. D. T., Mertens, S., Amorim-Vaz, S., Laxmi Rai, S., D’Enfert, C., Pagni, M., Sanglard, D., & LeibundGut-Landmann, S. (2022). Candida albicans commensalism in the oral mucosa is favoured by limited virulence and metabolic adaptation. PLOS PATHOGENS, 1–33. https://doi.org/. https://doi.org/10.1371/journal. ppat.1010012 
[bookmark: Medina_2025] Medina, M. D. R., & Ruales, J. (2025). Essential Oils as an Antifungal Alternative for the Control of Various Species of Fungi Isolated from Musa paradisiaca : Part I. Microorganisms, 13(1827), 1–21. https://doi.org/https://doi.org/10.3390/ microorganisms13081827
Merico, B. J., Chigwechokha, P., & Gama Petulo Bandawe. (2023). Fungal infections through a One Health lens : an overlooked dimension of global health , with a focus on Africa. One Health Mycology, 123–133. https://doi.org/10.63049/OHM.25.22.3
Nosratzehi, T., Nosratzehi, M., Nosratzehi, S., & Lotf, F. (2019). The comparison of the effect of curcumin with nystatin on inhibition level of Candida albicans. Journal OfExperimental Pharmacology, 93–97. https://doi.org/http://doi.org/10.2147/JEP.S215843
Rabaan, A. A., Sulaiman, T., Al-Ahmed, S. H., Buhaliqah, Z. A., Buhaliqah, A. A., AlYuosof, B., Alfaresi, M., Fares, M. A. Al, Alwarthan, S., Alkathlan, M. S., Almaghrabi, R. S., Abuzaid, A. A., Altowaileb, J. A., Ibrahim, M. Al, AlSalman, E. M., Alsalman, F., Alghounaim, M., Bueid, A. S., Al-Omari, A., & Mohapatra, R. K. (2023). Potential Strategies to Control the Risk of Antifungal Resistance in Humans : A Comprehensive Review. Antibiotics, 12(608), 2–24. https://doi.org/https:// doi.org/10.3390/antibiotics12030608
Sari, D. K., Jeelani, G., Ilmi, H., Tumewu, L., Wahyuni, R., Widyawaruyanti, A., Nozaki, T., & Hafid, A. F. (2024). Therapeutic potential of Indonesian plant extracts in combating malaria and protozoan neglected tropical disease. BMC Complementary Medicine and Therapies, 24(416), 1–10. https://doi.org/https://doi.org/10.1186/s12906-024-04717-6
Silué, G. N. A., Belemlilga, M. B., Djadji, A. T. L., Traoré, K. T., Boly, G. A. L., Koala, M., Ouédraogo, N., Traoré, A., & Kouakou-Siransy, G. (2023). Anti-inflammatory and antioxidant activities assessment of an aqueous extract of Ceiba pentandra ( L .) Gaertn ( Malvaceae ). RPS Pharmacy and Pharmacology Reports, 2(November), 1–8. https://doi.org/https://doi.org/10.1093/rpsppr/rqad037
Silva, V. M. M. A., Silva, A. P. S. da, Cunha, R. X., Oliveira, J. R. S., Bezerra, L. F. G., & Lima, V. L. M. (2023). Genus Ceiba Mill . in Brazil : A comprehensive review on. Natural Resources for Human, 3(2), 259–276. https://doi.org/https://doi.org/10.53365/nrfhh/160949
Srb, N., Talapko, J., Meštrovi´, T., Fureš, R., Stupnišek, M., Srb, A. M., & Škrlec, I. (2025). A Comprehensive Overview of Candida albicans as the Leading Pathogen in Vulvovaginal Candidiasis. Journal of Fungi, 11(632), 1–20. https://doi.org/https://doi.org/10.3390/ jof11090632
Talapko, J., Juzbaši´c, M., Matijevi´, T., Pustijanac, E., Beki´, S., Kotris, I., & Škrlec, I. (2021). Candida albicans — The Virulence Factors and Clinical Manifestations of Infection. Journal of Fungi, 7(79), 1–19. https://doi.org/https://doi.org/10.3390/jof7020079
Wei, E., Chan, C., Yeong, S. W., Wong, C. W., Yoon, O., Soo, M., Choon, A., Phua, Y., & Ng, Y. K. (2023). Ceiba pentandra ( L .) Gaertn .: An overview of its botany , uses , reproductive biology , pharmacological properties , and industrial potentials. Journal of Applied Biology & Biotechnology, 11(1), 1–7. https://doi.org/10.7324/JABB.2023.110101
Wulandari, A., Hapsari, R., Mujahidah, Sari, D., Puspitasari, I., & Pramukarso, D. T. (2021). Antifungal susceptibility profile of Candida spp . causing candidemia in an Indonesian tertiary hospital. Journal of Clinical Microbiology and Infectious Diseases (JCMID, 1(2), 28–32. https://doi.org/10.51559/jcmid.v1i2.5

image2.png
.m Kemenkes
w. Poltekkes Kupang




image3.jpeg




image4.jpeg




image5.jpeg




image6.jpeg




image1.png




