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ABSTRACT 
Objective: Malassezia furfur is a lipid-dependent yeast associated with 

seborrheic dermatitis and other superficial fungal infections. Although natural 

polyphenols possess diverse biological activities, their antifungal efficacy 

against M. furfur remains inadequately explored. The present study investigated 

the antifungal potential of quercetin, naringenin, and resveratrol through an 

integrated computational and experimental approach. Methods: Molecular 

docking was performed using AutoDock Vina to evaluate the interactions of the 

selected phytoconstituents with lanosterol 14-alpha demethylase (CYP51; PDB 

ID: 5V5Z), with ketoconazole used as the reference antifungal agent. UV–

Visible and Fourier-transform infrared (FT-IR) spectroscopy were used to 

confirm the identity and structural integrity of the investigated compounds prior 

to biological evaluation. Antifungal activity was subsequently observed using 

agar well diffusion and disc diffusion assays. Results: Molecular docking 

demonstrated that quercetin exhibited the highest binding affinity among the 

investigated phytoconstituentsfollowed by naringenin and resveratrolwhereas 

ketoconazole showed the strongest overall interaction. Spectroscopic analyses 

confirmed the expected structural characteristics of all compounds. Although 

all three phytoconstituents interacted with the CYP51 binding site, the in vitro 

studies demonstrated only limited antifungal activity, and increasing compound 

concentration produced minimal improvement when compared with 

ketoconazole. The computational and experimental findings followed a similar 

ranking pattern; however, favourable molecular docking interactions did not 

translate into comparable biological efficacy. These findings demonstrate that 

ligand binding alone is insufficient to predict antifungal activity and highlight 

the importance of experimental validation when evaluating potential antifungal 

agents. Conclusion: The present study provides a comparative assessment of 

three naturally occurring polyphenols and offers a basis for future investigations 

involving structural modification, formulation development, and improved 

drug delivery strategies to enhance antifungal efficacy. 
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INTRODUCTION: 
Skin disorders arise through the combined effects of 

microbial colonization, oxidative imbalance, and 

inflammatory responses, all of which contribute to 

tissue damage and disease progression. 

Extraformation of reactive oxygen species (ROS) 

disrupts cellular homeostasis, weakens the 

protective function of the skin barrier, and increases 

susceptibility to injury, whereas sustained 

inflammation further exacerbates irritation and 

pathological changes. Consequently, successful 

management of many dermatological conditions 

file:///C:/Users/Vikas%20Pandey/Documents/jmolecular/temp/.(https:/creativecommons.org/licenses/by-nc/4.0/)
file:///C:/Users/Vikas%20Pandey/Documents/jmolecular/temp/.(https:/creativecommons.org/licenses/by-nc/4.0/)


 Journal of Molecular Science 

Volume 36 Issue 2, Year of Publication 2026, Page 485-494     

   DoI-10.004687/1000-9035.2026.058 

 

486 

requires therapeutic strategies that can effectively 

suppress microbial growth while simultaneously 

limiting inflammatory processes [1–3].Among 

inflammatory skin diseases, seborrheic dermatitis is 

a chronic relapsing disorder that predominantly 

affects sebum-rich regions such as the scalp, face, 

and upper trunk [4]. It commonly presents with 

erythema, scaling, pruritus, and recurrent episodes 

of irritation. The disease develops through a 

multifactorial process involving alterations in sebum 

secretion, impairment of the skin barrier, host 

immune responses, and microbial colonization [4]. 

Among the microorganisms associated with 

seborrheic dermatitis, species belonging to the genus 

Malassezia are considered major contributors to 

disease development [5–7]. Malassezia furfur is a 

lipid-dependent yeast that normally exists as part of 

the resident skin microbiota but may become 

pathogenic under favourable conditions by 

metabolizing host lipids and generating metabolites 

capable of triggering inflammatory responses [5,6]. 

This adaptation promotes persistent colonization of 

lipid-rich skin surfaces and contributes to disease 

progression [6,7]. The lipid dependence of M. furfur 

also creates unique challenges during antifungal 

susceptibility testing, distinguishing it from many 

other fungal pathogens [7,8]. In particular, lipid 

supplementation required for laboratory cultivation 

can influence the diffusion, distribution, and 

apparent activity of antifungal compounds during 

experimental evaluation [8].Given the important 

role of M. furfur in the pathogenesis of seborrheic 

dermatitis, antifungal therapy continues to represent 

a fundamental component of clinical management. 

Current therapeutic approaches generally combine 

antifungal agents with treatments aimed at reducing 

inflammation and scaling [4,9]. Among the available 

antifungal drugs, ketoconazole is mostly used agent 

for the treatment of Malassezia-associated infections 

[10–12]. Its antifungal activity results primarily 

from inhibition of lanosterol 14-alpha demethylase 

(CYP51), an important enzyme for fungal 

biosynthesis [10–13]. Suppression of ergosterol 

production disrupts fungal cell membrane integrity, 

ultimately impairing fungal growth and survival 

[10–12]. Although ketoconazole has demonstrated 

proven clinical efficacy, frequent disease recurrence 

and other therapeutic limitations continue to 

encourage the identification of alternative antifungal 

agents [14,15]. As a result, considerable research has 

focused on discovering novel compounds capable of 

targeting molecular pathways essential for fungal 

survival [30]. Among these molecular targets, 

CYP51 has received significant attention because of 

its indispensable role in maintaining fungal viability 

[12,13]. In parallel, molecular docking isa efficient 

computational strategy for predicting ligand–protein 

interactions, estimating binding affinity, and 

identifying critical amino acid residues involved in 

molecular recognition before experimental 

validation [16,17]. Such computational analyses 

provide valuable preliminary information regarding 

the possible mechanisms of action of prospective 

antifungal compounds [17].Natural products have 

long played a central role in the discovery of 

therapeutic agents and remain an important source 

of structurally diverse bioactive molecules [18,19]. 

Numerous phytochemicals exhibit a wide range of 

pharmacological activities, making them attractive 

candidates for the development of novel therapies 

against various diseases [18,19,31]. Among these 

naturally occurring compounds, polyphenols have 

attracted particular interest because of their broad 

biological activities together with favourable safety 

profiles [2,3,8]. These secondary metabolites are 

widely distributed in fruits, vegetables, medicinal 

plants, and other dietary sources, where they 

contribute to plant defence mechanisms and normal 

physiological functions [18,19].Among naturally 

occurring polyphenols, quercetin, naringenin, and 

resveratrol have been investigated extensively 

owing to their diverse pharmacological properties. 

Quercetin is a flavonoid abundantly present in 

onions, apples, berries, and numerous medicinal 

plants [18–20]. Naringenin is predominantly found 

in citrus fruits as a representative flavanone, whereas 

resveratrol is a naturally occurring stilbene 

commonly present in grapes, peanuts, and red wine 

[1,2,18]. Despite belonging to different chemical 

classes, these phytoconstituents share several 

biological activities, including antioxidant, anti-

inflammatory, antimicrobial, and anticancer effects 

[1–3]. Their capacity to regulate multiple cellular 

pathways has stimulated growing interest in their 

potential application for the treatment of infectious 

and inflammatory disorders [1–3]. Because of these 

reported biological properties, they represent 

promising candidates for the development of 

alternative therapeutic approaches against 

Malassezia-associated skin infections [1–3,32]. 

Prior to biological evaluation, however, 

confirmation of compound identity and structural 

integrity is essential to ensure the reliability of 

experimental findings. For this purpose, UV–Visible 

spectroscopy and Fourier-transform infrared (FT-

IR) spectroscopy are routinely employed for 

physicochemical characterization and structural 

confirmation of phytochemicals [21,22]. These 

analytical techniques help verify that the observed 

biological effects originate from the intended 

compounds rather than impurities or degradation 

products [21,22]. 

 

Although quercetin, naringenin, and resveratrol 

have been widely investigated for their biological 

activities, studies directly comparing their antifungal 

potential against Malassezia furfur in combination 

with molecular docking analysis targeting CYP51 
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remain limited. Therefore, the present study was 

designed to comprehensively investigate the 

antifungal potential of these three phytoconstituents 

through physicochemical characterization, 

molecular docking analysis targeting CYP51, and in 

vitro antifungal evaluation. Furthermore, the 

computational predictions were compared with the 

experimental findings to obtain a more 

comprehensive understanding of the antifungal 

potential of these naturally occurring polyphenols. 

 

OBJECTIVE OF THE STUDY 

The present study aimed to comprehensively 

evaluate the antifungal potential of quercetin, 

naringenin, and resveratrol against Malassezia furfur 

using an integrated computational and experimental 

approach. Molecular docking was performed to 

investigate the interactions of the selected 

phytoconstituents with lanosterol 14-alpha 

demethylase (CYP51). The compounds were 

subsequently characterized using UV–Visible and 

Fourier-transform infrared (FT-IR) spectroscopic 

analyses to confirm their identity and structural 

integrity. Their antifungal activities were then 

evaluated using agar well diffusion and disc 

diffusion methods and compared with ketoconazole 

as the reference antifungal agent. 

 

MATERIALS AND METHODS: 
Chemicals: 

Quercetin, resveratrol, and naringenin were 

procured from Yucca Pharmaceuticals, Mumbai, 

India. Ketocip 1% w/v ketoconazole shampoo 

(Cipla Ltd., Mumbai, India) was used as the 

reference antifungal agent. Dimethyl sulfoxide 

(DMSO) served as both the solvent and negative 

control. Corn oil was used as a lipid supplement in 

the culture medium to support the growth of the 

lipophilic fungus Malassezia furfur. 

 

Molecular Docking Study 

Molecular docking was performed to evaluate the 

binding interactions of quercetin, resveratrol, and 

naringenin with lanosterol 14-alpha demethylase 

(CYP51), a key enzyme involved in fungal 

ergosterol biosynthesis. The crystal structure of 

CYP51 (PDB ID: 5V5Z) was retrieved from the 

Protein Data Bank [13]. The three-dimensional 

structures of the selected phytoconstituents were 

prepared and geometrically optimized using 

Avogadro prior to docking analysis [25]. Format 

conversion was performed using Open Babel [21], 

followed by energy minimization of the optimized 

ligand structures. Molecular docking simulations 

were subsequently carried out using AutoDock Vina 

[16]. Binding affinity was evaluated based on the 

calculated binding energy (kcal/mol), where more 

negative values indicate stronger ligand–protein 

interactions. The docked ligand–protein complexes 

were visualized using UCSF Chimera, and the 

molecular interactions were analysed using BIOVIA 

Discovery Studio Visualizer [26] to identify 

hydrogen bonds, hydrophobic interactions, and 

other non-covalent interactions within the binding 

site. 

 

Physicochemical Characterization 

UV–Visible Spectroscopy 

UV–Visible spectroscopic analysis of quercetin, 

resveratrol, and naringenin was performed using a 

Shimadzu UV-1800 spectrophotometer over a 

wavelength range of 200–800 nm. Methanol was 

used as the solvent, and measurements were 

recorded using a 1 cm quartz cuvette. The absorption 

maxima (λmax) obtained for quercetin, resveratrol, 

and naringenin were 372, 306, and 289 nm, 

respectively. The obtained absorption maxima 

(λmax) were compared with reported literature 

values to verify the identity of the investigated 

compounds prior to further analyses [1–3,18]. 

 

Fourier Transform Infrared (FT-IR) 

Spectroscopy 

FT-IR spectra were recorded over the range of 4000–

450 cm⁻¹ at a resolution of 4 cm⁻¹ using 32 scans for 

each sample. The spectra were evaluated to identify 

the characteristic functional groups present in 

quercetin, resveratrol, and naringenin [21,22]. The 

observed absorption bands corresponded to the 

characteristic functional groups and expected 

chemical structures of the investigated compounds, 

thereby confirming their structural integrity prior to 

biological evaluation. 

 

Fungal Strain and Culture Conditions 

Malassezia furfur MTCC 1374 was procured from 

the Microbial Type Culture Collection (MTCC), 

CSIR–Institute of Microbial Technology 

(IMTECH), Chandigarh, India. The fungal strain 

was maintained on Sabouraud Dextrose Agar (SDA) 

supplemented with corn oil to provide the lipid 

requirement necessary for fungal growth. Cultures 

were incubated at 37°C for 48–72 h to obtain 

actively growing fungal colonies for subsequent 

experiments. 

 

Inoculum Preparation 

All glassware and Petri plates were sterilized in a 

hot-air oven at 200°C for 30 min prior to use. Sterile 

distilled water was used throughout the experimental 

procedure. A fresh culture of Malassezia furfur was 

suspended in sterile distilled water to prepare the 

inoculum. Sabouraud Dextrose Agar (SDA) was 

prepared under aseptic conditions and poured into 

sterile Petri plates. After solidification, 2–3 drops of 

corn oil were applied to the agar surface to support 

fungal growth. The prepared inoculum was evenly 

spread over the agar surface, and the plates were 
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incubated at 37°C for 48 h prior to antifungal 

susceptibility testing [24]. 

 

Antifungal Susceptibility Testing 

Agar Well Diffusion Method 

Antifungal activity was evaluated using the agar 

well diffusion method [24]. SDA plates 

supplemented with corn oil were inoculated with 

Malassezia furfur, and wells were prepared using a 

sterile cork borer. Quercetin, naringenin, and 

resveratrol were initially evaluated at concentrations 

of 125, 250, 500, and 1000 µg/mL. To investigate 

the effect of increasing concentration on antifungal 

activity, additional experiments were performed at 

concentrations of 1000, 2000, 4000, and 8000 

µg/mL. Ketoconazole shampoo was used as the 

positive control, whereas DMSO served as the 

negative control. Following incubation at 37°C for 

48–72 h, the diameters of the inhibition zones were 

measured in millimetres. All experiments were 

performed in duplicate, and the results were 

expressed as mean ± standard deviation (SD). 

 

Disc Diffusion Method 

Antifungal activity was further evaluated using the 

disc diffusion method [25]. Sterile paper discs (6 

mm diameter) were impregnated with the respective 

test solutions and placed on SDA plates previously 

inoculated with Malassezia furfur. The plates were 

incubated at 37°C for 48–72 h, after which 

antifungal activity was determined by measuring the 

diameters of the inhibition zones surrounding each 

disc. All experiments were performed in duplicate, 

and the results were expressed as mean ± standard 

deviation (SD). 

 

RESULTS: 
The results obtained from the computational, 

analytical, and experimental investigations are 

presented in the following sections. Molecular 

docking analysis was initially performed to evaluate 

the binding interactions of quercetin, naringenin, 

and resveratrol with the CYP51 target protein. This 

was followed by physicochemical characterization 

using UV–Visible and FT-IR spectroscopy to 

confirm the identity and structural integrity of the 

selected phytoconstituents. Subsequently, the 

antifungal activities of the compounds were 

evaluated using agar well diffusion and disc 

diffusion assays. Finally, the computational 

predictions were compared with the experimental 

findings to provide a comprehensive assessment of 

the antifungal potential of the investigated 

phytoconstituents. 

Molecular Docking Analysis 

Target Selection and Docking Rationale 

Lanosterol 14-alpha demethylase (CYP51) was 

selected as the molecular target because of its 

essential role in fungal ergosterol biosynthesis. 

Ergosterol is a major structural component of the 

fungal cell membrane, and inhibition of CYP51 

disrupts membrane integrity, thereby impairing 

fungal growth and survival [10–13]. Consequently, 

CYP51 has become one of the most extensively 

investigated molecular targets in antifungal drug 

discovery [12,13]. To evaluate the theoretical 

antifungal potential of the selected 

phytoconstituents, molecular docking studies were 

performed using the crystal structure of CYP51 

(PDB ID: 5V5Z). Quercetin, naringenin, and 

resveratrol were docked into the active site of the 

enzyme and compared with ketoconazole, a well-

established CYP51 inhibitor used as the reference 

antifungal agent. Binding affinity was evaluated 

based on the calculated binding energy (kcal/mol), 

where more negative values indicate stronger 

predicted ligand–protein interactions [16,17]. The 

calculated binding energies of the investigated 

compounds are presented in Table 1. 

 
TABLE 1. Binding energy (kcal/mol) of test compounds with 

CYP51 (PDB ID: 5V5Z) 

Compound Binding energy 

(kcal/mol) 

Ketoconazole -10.7 

Quercetin  -8.7 

Naringenin -8.1 

Resveratrol -7.5 

 

Among the investigated compounds, ketoconazole 

exhibited the strongest predicted binding affinity 

toward CYP51. All three phytoconstituents also 

demonstrated favourable interactions within the 

enzyme binding pocket, although differences in 

binding strength were observed. 

 

Molecular Docking Results and Binding Affinity 

Analysis 

Molecular docking analysis demonstrated that all 

three investigated phytoconstituents could interact 

with the active site of CYP51, although with varying 

binding affinities. The calculated binding energies 

revealed differences in the predicted strength of 

ligand–protein interactions among the investigated 

compounds (Table 1). Ketoconazole exhibited the 

lowest binding energy (−10.7 kcal/mol), indicating 

the strongest predicted interaction with CYP51. 

Among the phytoconstituents, quercetin 

demonstrated the most favourable binding affinity 

(−8.7 kcal/mol), followed by naringenin (−8.1 

kcal/mol) and resveratrol (−7.5 kcal/mol). The 

observed ranking indicates that quercetin possessed 

the highest predicted affinity for the CYP51 active 

site among the investigated natural compounds, 

whereas ketoconazole remained the highest-affinity 

ligand overall. Despite differences in binding 

strength, all three phytoconstituents demonstrated 

measurable interactions within the CYP51 binding 

region, supporting their suitability for subsequent 

experimental evaluation. 
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Amino Acid Interaction and Binding Mode 

Analysis 

To further characterize ligand binding within the 

CYP51 active site, the docked complexes were 

analysed to identify the amino acid residues 

involved in molecular interactions. The interaction 

profiles of ketoconazole, quercetin, naringenin, and 

resveratrol are summarized in Table 2, while the 

corresponding two-dimensional interaction 

diagrams are presented in Figure 1(a–d). 

 
TABLE 2. Amino acid interactions and binding profile of test compounds with CYP51. 

Ligand Binding  

Energy  

(kcal/mol) 

Hydrogen  

Bonds 

π–π / π–Alkyl  

Interactions 

Other Interactions 

Ketoconazole -10.7 HIS A:377, SER A:378 TYR A:118, PHE 
A:233, 

PHE A:380, LEU 

A:300, 
LEU A:139 

GLY A:303, GLY 
A:307, 

GLY A:308, ILE A:131, 

ILE A:304, MET A:508, 
CYS A:470, LEU A:121 

Quercetin -8.7 HIS A:377 PHE A:233, LEU A:87, 

PRO A:230 

TYR A:64, MET A:508, 

SER A:507, SER A:378, 
LEU A:376, ILE A:379, 

PHE A:380 

Naringenin -8.1 Unfavourable interaction 

with 
HIS A:377 

PHE A:233, LEU A:87 TYR A:64, TYR A:118, 

SER A:378, LEU A:376, 
MET A:508, VAL 

A:509, 

VAL A:510 

Resveratrol -7.5 SER A:507, 

MET A:508 

PRO A:230, LEU A:87, 

LEU A:88 

TYR A:64, PHE A:233, 

PHE A:380, GLY A:65, 

HIS A:377, ILE A:231 

 

 
FIGURE 1. Two-dimensional interaction diagrams of ligands 

with CYP51 (PDB ID: 5V5Z): (a) Ketoconazole, (b) 

Quercetin, (c) Naringenin, and (d) Resveratrol. 

 

Comparative analysis demonstrated distinct 

interaction patterns among the investigated ligands 

within the CYP51 binding pocket. Ketoconazole 

exhibited the most extensive interaction network, 

comprising hydrogen bonds, aromatic π interactions, 

π–alkyl interactions, and multiple hydrophobic 

contacts, consistent with its highest binding affinity. 

Among the investigated phytoconstituents, 

quercetin established favourable hydrogen-bonding, 

aromatic, and hydrophobic interactions that were 

associated with its comparatively stronger predicted 

binding affinity. Naringenin also formed several 

stabilizing interactions within the active site; 

however, an unfavourable interaction involving HIS 

A:377 was observed. Resveratrol interacted with 

CYP51 through hydrogen bonds together with π–

alkyl and hydrophobic interactions but formed 

comparatively fewer stabilizing contacts than 

quercetin.Several amino acid residues, including 

HIS A:377 and PHE A:233, were involved in the 

binding of more than one ligand, indicating their 

importance within the CYP51 binding pocket. 

Overall, the interaction profiles were consistent with 

the calculated binding energies, and the predicted 

binding affinity followed the order: Ketoconazole > 

Quercetin > Naringenin > Resveratrol. 

 

The results obtained from the computational, 

analytical, and experimental investigations are 

presented in the following sections. Molecular 

docking analysis was first performed to evaluate the 

binding interactions of quercetin, naringenin, and 

resveratrol with the CYP51 target protein. This was 

followed by physicochemical characterization using 

UV–Visible and FT-IR spectroscopy to confirm the 

identity and structural integrity of the selected 

phytoconstituents. Subsequently, the antifungal 

activities of the compounds were evaluated using 

agar well diffusion and disc diffusion assays. The 

computational and experimental findings were then 

examined to provide a comprehensive assessment of 

the antifungal potential of the investigated 

phytoconstituents. 

Physicochemical Characterization 

UV–Visible Spectroscopy Analysis 

UV–Visible spectroscopy was performed to confirm 

the identity and characteristic spectral properties of 

quercetin, naringenin, and resveratrol prior to 

biological evaluation. The recorded spectra 

exhibited well-defined absorption maxima 

corresponding to the characteristic chromophoric 
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systems of the investigated phytoconstituents. 

Quercetin showed a prominent absorption maximum 

(λ<sub>max</sub>) at 372 nm, whereas resveratrol 

and naringenin exhibited λ<sub>max</sub> values 

of 306 and 289 nm, respectively. The observed 

absorption maxima were in close agreement with 

previously reported literature values, confirming the 

identity and spectral integrity of the investigated 

compounds [1–3,18]. Furthermore, no unexpected 

absorption peaks or significant spectral shifts were 

observed, indicating the absence of major impurities 

or detectable degradation prior to subsequent 

computational and biological investigations. 

 

Fourier Transform Infrared (FT-IR) Spectral 

Analysis 

FT-IR spectroscopy was performed to identify the 

characteristic functional groups present in the 

investigated phytoconstituents and to verify their 

structural integrity before antifungal evaluation.The 

FT-IR spectrum of quercetin (Figure 2) exhibited a 

broad absorption band at 3457–3427 cm⁻¹ 

corresponding to O–H stretching vibrations of 

phenolic hydroxyl groups. Absorption bands at 2984 

and 2934 cm⁻¹ were assigned to C–H stretching 

vibrations, while the region between 1640 and 1600 

cm⁻¹ represented conjugated carbonyl (C=O) and 

aromatic C=C stretching vibrations. Additional 

peaks observed at 1418 cm⁻¹ were attributed to O–H 

bending and aromatic ring vibrations, whereas bands 

at 1254, 1133, and 1022 cm⁻¹ corresponded to C–O 

stretching vibrations of phenolic functional groups. 

 

 
FIGURE 2. FT-IR spectrum of quercetin (KBr pellet method). 

 

The FT-IR spectrum of naringenin (Figure 3) 

displayed a broad absorption band at 3355–3255 

cm⁻¹, characteristic of phenolic O–H stretching 

vibrations. Peaks at 2988 and 2880 cm⁻¹ 

corresponded to C–H stretching vibrations, while a 

distinct absorption band near 1633 cm⁻¹ indicated 

the presence of the carbonyl group characteristic of 

the flavanone structure. Aromatic C=C stretching 

vibrations were observed between 1612 and 1505 

cm⁻¹, whereas peaks at 1377 and 1161 cm⁻¹ were 

assigned to C–O stretching vibrations. Additional 

absorption bands in the region of 1038–983 cm⁻¹ 

further confirmed the presence of phenolic 

functional groups. 

 

 
FIGURE 3. FT-IR spectrum of naringenin (KBr pellet 

method). 

 

The FT-IR spectrum of resveratrol (Figure 4) 

exhibited a broad absorption band around 3319 cm⁻¹ 

corresponding to phenolic O–H stretching 

vibrations. A characteristic absorption peak near 

3007 cm⁻¹ was attributed to aromatic C–H stretching 

vibrations, whereas strong absorption bands 

between 1601 and 1589 cm⁻¹ represented aromatic 

C=C stretching vibrations. A prominent peak at 

approximately 966 cm⁻¹ corresponded to the trans –

CH=CH– out-of-plane bending vibration 

characteristic of stilbene derivatives. Unlike 

quercetin and naringenin, no carbonyl stretching 

band was observed. Additional absorption bands 

between 1513 and 1387 cm⁻¹ together with the band 

around 1150 cm⁻¹ were assigned to aromatic ring 

vibrations and C–O stretching vibrations, 

respectively, confirming the characteristic structural 

features of resveratrol. 

 

 
FIGURE 4. FT-IR spectrum of resveratrol (KBr pellet 

method). 

 

Experimental Antifungal Activity 

Agar Well Diffusion 

The antifungal activities of quercetin, naringenin, 

and resveratrol against Malassezia furfur were 

evaluated using the agar well diffusion method at 

concentrations ranging from 125 to 1000 µg/mL. 

The results are presented in Table 3. 

 
TABLE 3. Antifungal activity of test compounds against Malassezia furfur using the agar well diffusion method at concentrations of 

125–1000 µg/mL (mean ± SD, n = 2). 

Concentration /        

  Compound 

125 µg/mL 250 µg/mL 500 µg/mL 1000 µg/mL 

Ketoconazole (STD) 26.23 ± 0.04 25.85 ± 4.45 22.45 ± 6.72 16.20 ± 0.71 

Quercetin 34.75 ± 2.47 30.85 ± 2.33 18.25 ± 4.60 13.45 ± 2.47 

Naringenin 14.35 ± 0.21 11.25 ± 0.35 14.60 ± 7.21 11.60 ± 1.27 
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Resveratrol 10.73 ± 0.67 11.50 ± 0.71 9.63 ± 0.88 10.75 ± 0.35 

DMSO (Control) 12.50 ± 2.12 12.50 ± 2.12 12.50 ± 2.12 12.50 ± 2.12 

 

The agar well diffusion assay demonstrated 

measurable inhibitory activity for all investigated 

phytoconstituents; however, considerable 

differences were observed in the extent of fungal 

growth inhibition. Among the tested compounds, 

quercetin consistently produced the largest zones of 

inhibition, with the maximum inhibition observed at 

125 µg/mL (34.75 ± 2.47 mm), followed by 250 

µg/mL (30.85 ± 2.33 mm). At higher concentrations 

(500 and 1000 µg/mL), comparatively smaller 

inhibition zones of 18.25 ± 4.60 mm and 13.45 ± 

2.47 mm, respectively, were recorded. Naringenin 

exhibited moderate antifungal activity, with 

inhibition zones ranging from 11.25 ± 0.35 mm to 

14.60 ± 7.21 mm, whereas resveratrol demonstrated 

comparatively lower inhibitory activity throughout 

the investigated concentration range. As expected, 

ketoconazole, the reference antifungal agent, 

produced the largest inhibition zones, whereas 

DMSO (negative control) exhibited no measurable 

antifungal activity. Overall, quercetin demonstrated 

the greatest antifungal activity among the 

investigated phytoconstituents under the 

experimental conditions employed. 

 

Disc Diffusion 

The antifungal activities of quercetin, naringenin, 

and resveratrol were further evaluated using the disc 

diffusion method at concentrations ranging from 

1000 to 8000 µg/mL. The results obtained from 

duplicate experiments are presented in Table 4. 

 
TABLE 4. Antifungal activity of test compounds against Malassezia furfur using the disc diffusion method at concentrations of 1000–

8000 µg/mL (mean ± SD, n = 2). 

Concentration /   /   

Compound 

1000 µg/mL 2000 µg/mL 4000 µg/mL 8000 µg/mL 

Ketoconazole (STD) 37.50 ± 5.89 27.98 ± 7.52 30.83 ± 3.54 24.17 ± 2.59 

Quercetin 8.67 ± 3.77 8.67 ± 3.77 8.17 ± 2.59 6.00 ± 0.00 

Naringenin 14.83 ± 4.00 9.83 ± 5.90 7.27 ± 1.79 6.00 ± 0.00 

Resveratrol 13.83 ± 3.99 7.50 ± 2.59 6.00 ± 0.00 6.00 ± 0.00 

DMSO (Control) 6.00 ± 0.00 6.00 ± 0.00 6.00 ± 0.00 6.00 ± 0.00 

 

Compared with the agar well diffusion assay, the 

disc diffusion method produced generally smaller 

inhibition zones for all investigated 

phytoconstituents. Overall, all three 

phytoconstituents exhibited comparatively weak 

inhibitory activity in the disc diffusion assay. 

Although naringenin and resveratrol produced 

measurable inhibition at the lower tested 

concentrations, the inhibition zones remained small 

throughout the investigated concentration range, 

while quercetin exhibited only modest inhibitory 

activity. In contrast, ketoconazole consistently 

produced the largest inhibition zones at all tested 

concentrations, confirming its superior antifungal 

efficacy under the experimental conditions 

employed. For several concentrations, the measured 

inhibition zones remained close to the diameter of 

the paper disc, indicating limited antifungal activity 

of the investigated phytoconstituents when 

evaluated using the disc diffusion technique. 

 

Effect of Concentration on Antifungal Activity 

To further investigate the influence of concentration 

on antifungal activity, the selected phytoconstituents 

were evaluated at concentrations ranging from 1000 

to 8000 µg/mL using the disc diffusion method. The 

comparative results are illustrated in Figure 

7.Increasing the concentration of the investigated 

phytoconstituents from 1000 to 8000 µg/mL did not 

result in a proportional increase in the diameter of 

the inhibition zones. Although minor variations were 

observed among the investigated compounds, the 

overall antifungal activity remained limited 

throughout the tested concentration range. Even at 

the highest concentration (8000 µg/mL), the 

inhibition zones produced by quercetin, naringenin, 

and resveratrol remained substantially smaller than 

those produced by ketoconazole. These findings 

suggest that increasing concentration alone was 

insufficient to substantially improve the antifungal 

activity of the investigated polyphenols under the 

experimental conditions employed. 

 
FIGURE 5. Agar well diffusion assay plates showing the 

antifungal activity of quercetin, naringenin, and resveratrol 

against Malassezia furfur. Uppercase letters (Q, R, and N) 

represent Batch I, whereas lowercase letters (q, r, and n) 

represent Batch II (independent duplicate batch). For Batch 

I, Q1, R1, and N1 represent 1000 µg/mL, whereas Q2, R2, and 

N2 represent 500 µg/mL. For Batch II, q1, r1, and n1 

represent 1000 µg/mL; q2, r2, and n2 represent 500 µg/mL; 

q3, r3, and n3 represent 250 µg/mL; and q4, r4, and n4 

represent 125 µg/mL. S1 denotes the ketoconazole standard. 
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FIGURE 6. Disc diffusion assay plates showing the antifungal 

activity of quercetin, naringenin, and resveratrol against 

Malassezia furfur. Uppercase letters (Q, R, and N) represent 

Batch I, whereas lowercase letters (q, r, and n) represent 

Batch II (independent duplicate batch). For Batch I, Q1, R1, 

and N1 represent 8000 µg/mL, whereas Q2 and R2 represent 

4000 µg/mL. For Batch II, q1, r1, and n1 represent 8000 

µg/mL, whereas q2 and r2 represent 4000 µg/mL. S1 and s1 

denote the ketoconazole standard. and DMSO = negative 

control. 

 

 
FIGURE 7. Disc diffusion assay plates showing the antifungal 

activity of quercetin, naringenin, and resveratrol against 

Malassezia furfur at higher concentrations. Uppercase letters 

(Q, R, N, and S) represent Batch I, whereas lowercase letters 

(q, r, n, and s) represent Batch II (independent duplicate 

batch). For Batch I, N2 represents 4000 µg/mL, Q3, R3, and 

N3 represent 2000 µg/mL, and S2 and S3 denote the 

ketoconazole standard. For Batch II, n2 represents 4000 

µg/mL, q3, r3, and n3 represent 2000 µg/mL, and s2 and s3 

denote the ketoconazole standard. 

DISCUSSION 
The present study integrated molecular docking, 

physicochemical characterization, and in vitro 

antifungal evaluation to investigate the antifungal 

potential of quercetin, naringenin, and resveratrol 

against Malassezia furfur. The discussion interprets 

the computational and experimental findings 

collectively, with particular emphasis on the 

relationship between predicted ligand–protein 

interactions and the observed biological activity. The 

findings also highlight the importance of 

experimental validation when assessing the 

therapeutic potential of naturally occurring 

phytoconstituents. 

 

Structure–Activity Relationship (SAR) and 

Molecular Docking 

Comparative molecular docking analysis revealed 

noticeable differences in the interactions of 

quercetin, naringenin, and resveratrol with 

lanosterol 14-alpha demethylase (CYP51). Among 

the investigated phytoconstituents, quercetin 

showed the most favourable docking score (−8.7 

kcal/mol), followed by naringenin (−8.1 kcal/mol) 

and resveratrol (−7.5 kcal/mol), whereas 

ketoconazole exhibited the strongest binding affinity 

(−10.7 kcal/mol). The variation in docking scores 

appears to be associated with the structural 

characteristics of the investigated compounds and 

their ability to establish stabilizing interactions 

within the active site of CYP51. Quercetin interacted 

with key amino acid residues, including HIS A:377 

and PHE A:233, through hydrogen-bonding and 

hydrophobic interactions, which may have enhanced 

the stability of the docked complex. Although 

naringenin occupied a similar binding region, its 

interaction profile was comparatively less extensive. 

Resveratrol also interacted with residues within the 

active site but formed fewer stabilizing contacts, 

which may account for its lower predicted affinity. 

As expected, ketoconazole exhibited the most 

comprehensive interaction network, consistent with 

its established role as a CYP51 inhibitor. These 

observations suggest that the quality and distribution 

of ligand–protein interactions influence the 

predicted affinity of compounds toward CYP51. 

Nevertheless, docking analysis represents only a 

computational prediction of molecular recognition 

and should be interpreted as a preliminary screening 

tool rather than direct evidence of biological 

efficacy. Consequently, experimental validation 

remains essential to determine the practical 

significance of these predicted interactions. 

 

Physicochemical Characterization 

The analytical characterization confirmed that the 

investigated phytoconstituents possessed the 

expected physicochemical properties before 

biological evaluation. The UV–Visible absorption 

maxima obtained for quercetin, naringenin, and 

resveratrol were in agreement with published 

literature, while FT-IR spectra displayed the 

characteristic functional groups associated with each 

compound without indicating major degradation or 

contamination [1,18–20]. These observations 

verified the identity and structural integrity of the 

investigated phytoconstituents and ensured that the 

subsequent computational and experimental 

findings reflected the properties of the intended 

compounds rather than variations in sample quality. 

 

Comparison of Agar Well and Disc Diffusion 

Assays 

Evaluation of antifungal activity using both agar 

well diffusion and disc diffusion assays 

demonstrated a consistent trend, although the extent 
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of inhibition differed between the two methods. In 

both assays, quercetin produced greater inhibition 

than naringenin and resveratrol, whereas 

ketoconazole remained the most effective antifungal 

agent. However, inhibition zones obtained by the 

agar well diffusion method were consistently larger 

than those observed in the disc diffusion assay. This 

difference is likely attributable to the manner in 

which the compounds diffuse through the agar 

medium. In the agar well diffusion technique, the 

test solution is delivered directly into the agar well, 

allowing a larger amount of compound to diffuse 

into the surrounding medium. In contrast, the disc 

diffusion method relies on the gradual release of the 

compound from an impregnated paper disc, which 

may limit diffusion, particularly for compounds 

exhibiting poor aqueous solubility or limited 

diffusion characteristics [24,25]. Despite these 

methodological differences, both assays consistently 

demonstrated the superior antifungal performance of 

ketoconazole compared with the investigated 

phytoconstituents. 

 

Correlation Between In Silico and In Vitro 

Findings 

An important outcome of the present investigation 

was the comparison between computational 

predictions and experimental observations. The 

molecular docking study indicated that quercetin 

possessed the strongest predicted interaction with 

CYP51 among the investigated phytoconstituents, 

followed by naringenin and resveratrol. This ranking 

was generally reflected in the experimental 

antifungal assays, where quercetin produced 

comparatively greater inhibition than the other 

natural compounds. Nevertheless, the overall 

antifungal activities of all three phytoconstituents 

remained substantially lower than that of 

ketoconazole despite their favourable docking 

scores. This finding illustrates an important 

limitation of molecular docking studies. Although 

docking provides useful information regarding the 

potential interaction between a ligand and its target 

protein, it cannot account for the numerous 

physicochemical and biological factors that 

influence activity under laboratory conditions. 

Factors such as aqueous solubility, diffusion within 

the agar medium, membrane permeability, 

intracellular accessibility, and chemical stability 

may all affect antifungal performance [17,24,27]. In 

addition, the lipid-dependent growth requirements 

of Malassezia furfur introduce experimental 

conditions that may further influence the distribution 

and availability of the investigated compounds 

during susceptibility testing [17,26]. Therefore, 

while molecular docking represents an effective 

screening approach, the present findings 

demonstrate that favourable binding affinity alone 

does not necessarily predict meaningful antifungal 

activity and should always be interpreted together 

with experimental evidence. 

 

Overall Significance of the Study 

The present investigation combined computational 

analysis, analytical characterization, and 

experimental antifungal evaluation to examine the 

potential of quercetin, naringenin, and resveratrol 

against Malassezia furfur. Molecular docking 

suggested that all three phytoconstituents could 

interact with the CYP51 active site, whereas UV–

Visible and FT-IR analyses confirmed the identity 

and structural integrity of the investigated 

compounds before biological testing. Although 

quercetin consistently exhibited the most favourable 

overall performance among the investigated 

phytoconstituents, its antifungal activity remained 

considerably lower than that of ketoconazole under 

the experimental conditions employed. Collectively, 

the findings indicate that effective target binding 

represents only one aspect of antifungal drug 

performance and that successful biological activity 

depends on additional physicochemical and 

biological factors. The computational and 

experimental findings are discussed to provide an 

integrated interpretation of the antifungal potential 

of the investigated phytoconstituents. Attention is 

given to the relationship between the predicted and 

observed biological responses. 

 

CONCLUSION: 
The present investigation assessed the antifungal 

potential of quercetin, naringenin, and resveratrol 

against Malassezia furfur by combining 

computational analysis with experimental 

evaluation. Docking analysis demonstrated that all 

three phytoconstituents were able to occupy the 

CYP51 binding site, with quercetin showing the 

strongest predicted interaction among the 

investigated natural compounds, although its 

docking performance remained inferior to that of 

ketoconazole. UV–Visible and FT-IR analyses 

verified the identity and structural integrity of the 

selected phytoconstituents before biological 

assessment, ensuring the reliability of the 

subsequent findings. Despite encouraging 

computational results, the in vitro studies showed 

only modest antifungal activity for all three 

compounds, even at higher concentrations, whereas 

ketoconazole consistently produced markedly 

greater inhibition. These observations indicate that 

molecular docking alone cannot accurately predict 

antifungal efficacy, since biological performance is 

also governed by factors such as solubility, diffusion 

behaviour, membrane permeability, and compound 

availability at the site of action. Collectively, the 

findings suggest that although quercetin, naringenin, 

and resveratrol exhibit measurable interactions with 

CYP51, their antifungal activity against M. furfur 
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under the present experimental conditions remains 

limited. The study highlights the importance of 

complementing computational screening with 

laboratory-based validation and provides a basis for 

future investigations focused on structural 

optimization, formulation development, and 

advanced drug delivery strategies to improve the 

therapeutic potential of naturally occurring 

polyphenols. 

 

REFERENCES 
1. Pérez-Cano FJ, Castell M. Flavonoids, inflammation and 

immune system. Nutrients. 2016;8(10):659. 

doi:10.3390/nu8100659. 

2. Kumar S, Pandey AK. Chemistry and biological activities 
of flavonoids: an overview. ScientificWorldJournal. 

2013;2013:162750. doi:10.1155/2013/162750. 

3. Anand David AV, Arulmoli R, Parasuraman S. Overviews 
of biological importance of quercetin: a bioactive flavonoid. 

Pharmacogn Rev. 2016;10(20):84-89. doi:10.4103/0973-

7847.194044. 
4. Borda LJ, Wikramanayake TC. Seborrheic dermatitis and 

dandruff: a comprehensive review. J Clin Investig 

Dermatol. 2015;3(2):10.13188/2373-1044.1000019. 
5. Gupta AK, Batra R, Bluhm R, Boekhout T, Dawson TL Jr. 

Skin diseases associated with Malassezia species. J Am 

Acad Dermatol. 2004;51(5):785-798. 
doi:10.1016/j.jaad.2003.12.034. 

6. Saunders CW, Scheynius A, Heitman J. Malassezia fungi 

are specialized to live on skin and associated with dandruff, 
eczema, and other skin diseases. PLoS Pathog. 

2012;8(6):e1002701. doi:10.1371/journal.ppat.1002701. 
7. Pedrosa AF, Lisboa C, Gonçalves Rodrigues A. Malassezia 

infections: a medical conundrum. J Am Acad Dermatol. 

2014;71(1):170-176. doi:10.1016/j.jaad.2013.12.022. 
8. Rojas FD, Córdoba SB, de Los Ángeles Sosa M, et al. 

Antifungal susceptibility testing of Malassezia yeast: 

comparison of two different methodologies. Mycoses. 
2017;60(2):104-111. doi:10.1111/myc.12556. 

9. Gupta AK, Versteeg SG. Topical treatment of facial 

seborrheic dermatitis: a systematic review. Am J Clin 
Dermatol. 2017;18(2):193-213. doi:10.1007/s40257-016-

0249-0. 

10. Ghannoum MA, Rice LB. Antifungal agents: mode of 
action, mechanisms of resistance, and correlation of these 

mechanisms with bacterial resistance. Clin Microbiol Rev. 

1999;12(4):501-517. doi:10.1128/CMR.12.4.501. 
11. Odds FC, Brown AJ, Gow NA. Antifungal agents: 

mechanisms of action. Trends Microbiol. 2003;11(6):272-

279. doi:10.1016/S0966-842X(03)00117-3. 
12. Kathiravan MK, Salake AB, Chothe AS, et al. The biology 

and chemistry of antifungal agents: a review. Bioorg Med 

Chem. 2012;20(19):5678-5698. 
doi:10.1016/j.bmc.2012.04.045. 

13. Monk BC, Tomasiak TM, Keniya MV, et al. Architecture of 

a single membrane spanning cytochrome P450 suggests 
constraints that orient the catalytic domain relative to a 

bilayer. Proc Natl Acad Sci U S A. 2014;111(10):3865-

3870. doi:10.1073/pnas.1324245111. 
14. Perlin DS, Rautemaa-Richardson R, Alastruey-Izquierdo A. 

The global problem of antifungal resistance: prevalence, 

mechanisms, and management. Lancet Infect Dis. 
2017;17(12):e383-e392. doi:10.1016/S1473-

3099(17)30316-X. 

15. Cowen LE, Sanglard D, Howard SJ, Rogers PD, Perlin DS. 
Mechanisms of antifungal drug resistance. Cold Spring 

Harb Perspect Med. 2015;5(7):a019752. 

doi:10.1101/cshperspect.a019752. 
16. Trott O, Olson AJ. AutoDock Vina: improving the speed and 

accuracy of docking with a new scoring function, efficient 

optimization, and multithreading. J Comput Chem. 

2010;31(2):455-461. doi:10.1002/jcc.21334. 

17. Yunta MJ. Docking and ligand binding affinity: uses and 
pitfalls. Am J Model Optim. 2012;1(3):13-20. 

doi:10.5923/j.ajmo.20120103.01. 

18. Panche AN, Diwan AD, Chandra SR. Flavonoids: an 
overview. J Nutr Sci. 2016;5:e47. doi:10.1017/jns.2016.41. 

19. Alara OR, Abdurahman NH, Ukaegbu CI. Extraction of 

phenolic compounds: FTIR and phytochemical analysis of 
medicinal plant extracts. Molecules. 2021;26(11):3132. 

doi:10.3390/molecules26113132. 

20. Coates J. Interpretation of infrared spectra, a practical 
approach. In: Encyclopedia of Analytical Chemistry. 

Chichester: John Wiley & Sons; 2000. p.10815-10837. 

doi:10.1002/9780470027318.a5606. 
21. O'Boyle NM, Banck M, James CA, Morley C, 

Vandermeersch T, Hutchison GR. Open Babel: an open 

chemical toolbox. J Cheminform. 2011;3:33. 
doi:10.1186/1758-2946-3-33. 

22. Balouiri M, Sadiki M, Ibnsouda SK. Methods for in vitro 

evaluating antimicrobial activity: a review. J Pharm Anal. 
2016;6(2):71-79. doi:10.1016/j.jpha.2015.11.005. 

23. Bauer AW, Kirby WM, Sherris JC, Turck M. Antibiotic 
susceptibility testing by a standardized single disk method. 

Am J Clin Pathol. 1966;45(4):493-496. 

doi:10.1093/ajcp/45.4_ts.493. 
24. Ramírez D, Caballero J. Is it reliable to take the molecular 

docking top scoring position as the best solution without 

considering available structural data? Molecules. 
2018;23(5):1038. doi:10.3390/molecules23051038. 

25. Hanwell MD, Curtis DE, Lonie DC, Vandermeersch T, 

Zurek E, Hutchison GR. Avogadro: an advanced semantic 
chemical editor, visualization, and analysis platform. J 

Cheminform. 2012;4:17. doi:10.1186/1758-2946-4-17. 

26. Pettersen EF, Goddard TD, Huang CC, et al. UCSF 
Chimera—a visualization system for exploratory research 

and analysis. J Comput Chem. 2004;25(13):1605-1612. 

doi:10.1002/jcc.20084. 
27. Kumar S, Mishra A, Pandey AK. Antioxidant mediated 

protective effect of Parthenium hysterophorus against 

oxidative damage using in vitro models. BMC Complement 
Altern Med. 2013;13:120. doi:10.1186/1472-6882-13-120. 

28. Campoy S, Adrio JL. Antifungals. Biochem Pharmacol. 

2017;133:86-96. doi:10.1016/j.bcp.2016.11.019. 
29. Nijveldt RJ, van Nood E, van Hoorn DEC, Boelens PG, van 

Norren K, van Leeuwen PAM. Flavonoids: a review of 

probable mechanisms of action and potential applications. 
Am J Clin Nutr. 2001;74(4):418-425. 

doi:10.1093/ajcn/74.4.418. 

30. Lee JH, Kim YG, Khadke SK, Yamano A, Watanabe A, Lee 
J. Antifungal and antibiofilm activities of resveratrol against 

Candida albicans. Front Cell Infect Microbiol. 

2024;14:1413037. doi:10.3389/fcimb.2024.1413037. 

 


