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ABSTRACT 

Escalating antibiotic resistance in Staphylococcus aureus is driven by biofilm formation, which 

undermines the efficacy of antibiotics. This study evaluated curcumin from turmeric (Curcuma 

longa L.) as a natural antibiofilm agent using in silico and in vitro methods. Molecular docking 

and toxicity predictions were used to test curcumin's interaction with S. aureus biofilm proteins. 

In vitro efficacy was measured by disc diffusion and crystal violet staining assays. In silico 

analysis identified LuxS (PDB ID: 5V2W) as a viable target. Docking validation yielded an 

RMSD of 3.00 Å and identified 10 potential ligands, including curcumin, auratiamide, and 

chlorogenic acid. Phytochemical profiling showed that the ethyl acetate fraction had the highest 

curcuminoid content (24.88% w/w), higher than the 70% ethanol extract (21.69% w/w) and the 

methanol fraction (0.83% w/w). The ethyl acetate fraction showed moderate antibacterial activity 

but the strongest antibiofilm effects, with a minimum biofilm inhibitory concentration (MBIC) of 

0.05% and an IC50 of 0.01%. In conclusion, the ethyl acetate fraction of turmeric enriched with 

curcuminoids shows strong potential as a natural antibiofilm agent. Computational and 

experimental evidence support this. These findings suggest the fraction is a promising candidate 

for topical antibiofilm development. Future research should focus on formulating this fraction in 

topical delivery systems and testing its efficacy in ex vivo skin or dermal infection models to assess 

clinical potential. 
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INTRODUCTION  

Acne vulgaris is a chronic 

inflammatory skin disease of the 

pilosebaceous unit with a global prevalence 

of 9.38%, high in Southeast Asia (40–80%) 

and Indonesia, especially in adolescents (80–

85%) and some adults (12% of women >25 

years) (Heng & Chew, 2020). The causes are 

multifactorial, including increased sebum, 

follicular hyperkeratinization, colonization 

by Cutibacterium acnes and Staphylococcus 

aureus, and immune responses, which not 

only cause physical symptoms but also 

psychological impacts such as decreased 

self-confidence and depression 

(Anindyaguna et al., 2025). Treatment for 
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mild to moderate acne generally uses topical 

agents (retinoids, benzoyl peroxide, azelaic 

acid, antibiotics), while moderate to severe 

cases require oral antibiotics or isotretinoin 

(Reynolds et al., 2024). However, long-term 

antibiotic use without a combination of non-

antibiotic agents can lead to resistance in C. 

acnes, S. epidermidis, and S. aureus 

(Legiawati et al., 2023). 

Antibiotic resistance in C. acnes, S. 

epidermidis, and S. aureus arises from 

genetic adaptation and selective pressure. S. 

aureus represents a major concern, with 

global macrolide resistance reported at 

57.3% (Navidifar et al., 2025). In Indonesia, 

S. aureus has been found in acne lesions with 

a resistance pattern similar to that of C. 

acnes, acting as a reservoir of resistance 

through mecA and biofilms, making it more 

tolerant to antibiotics and contributing to 

therapy failure (Gehrke et al., 2023). 

Biofilms form extracellular polymeric 

substances (EPS) that inhibit antibiotic 

penetration, suppress bacterial metabolism, 

and are controlled by quorum-sensing 

mechanisms that activate EPS genes and 

various virulence factors. In S. aureus, in 

addition to the Agr system, cell 

communication also involves an 

autoinducer-2 (AI-2)-based system mediated 

by the LuxS protein. The LuxS protein was 

selected as a target because it plays a role in 

AI-2 production, which regulates bacterial 

communication and contributes to biofilm 

formation (Chen et al., 2020). Therefore, new 

therapeutic strategies focus on inhibiting 

biofilm formation through quorum 

quenching and on using antibiofilm plant 

extracts to enhance acne treatment efficacy. 

Turmeric (Curcuma longa) contains 

curcumin, a bioactive compound with well-

known antibacterial properties and the 

potential to inhibit S. aureus biofilm 

formation. This activity may be further 

supported by other phytochemicals present in 

turmeric, such as phenols, flavonoids, and 

tannins  (Kashi et al., 2024). Given that 

biofilm formation plays a crucial role in 

increasing bacterial tolerance to antibiotics, 

the discovery of antibiofilm agents requires 

approaches that efficiently identify active 

compounds and elucidate their potential 

mechanisms of action.  

In this context, integrating in silico and 

in vitro approaches has become an effective 

strategy, in which in silico molecular docking 

enables rapid screening and interaction 

prediction between bioactive compounds and 

molecular targets involved in biofilm 

regulation, while in vitro assays are 

necessary to experimentally validate the 

predicted antibiofilm activity. This combined 

approach not only accelerates the 

identification of promising candidates but 
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also reduces the risk of false-positive 

predictions from computational screening. 

Therefore, the increasing problem of 

antibiotic resistance in acne vulgaris has 

encouraged the exploration of curcumin from 

turmeric (C. longa) as a potential antibiofilm 

agent, investigated through integrated in 

silico and in vitro analyses. This research 

aims to determine the potential and 

effectiveness of turmeric (C. longa) in 

inhibiting the formation of S. aureus 

biofilms, as an innovative approach to 

addressing bacterial resistance that causes 

acne vulgaris, using in silico and in vitro 

approaches. 

 

MATERIALS AND METHODS 

Materials 

S. aureus (ATCC 6538P PK/S), 

Nutrient Agar (Oxoid), Brain Heart Infusion 

Broth (Oxoid), turmeric extract, curcumin, 

99% DMSO, tetracycline (Oxoid), methanol 

(Emsure), n-hexane (DPH), ethanol (DPH), 

ethyl acetate (DPH), blank discs (macherey-

Nagel), and phytochemical screening 

reagents (Dragendorff, Mayers, FeCl3 1%, 

gelatin 1%, NaCl 10%, H2SO4, acetic acid 

anhydrous, chloroform, 1% ammonia, and 

2N HCl). 

Tools 

Notebook (130-15IKB), ChemOffice, 

Molegro Virtual Docker, 48-well microplate 

(Biologix), micropipettes (Joan Lab), 

autoclave (ALP), biological safety cabinet 

(Biobase), incubator (Memmert), rotary 

evaporator (D-Lab), spectrophotometer 

(Agilent Cary 60), and standard laboratory 

glassware. 

Method 

1. Protein selection and 

Ramachandran analysis 

The molecular docking procedure was 

initiated by assessing protein quality using 

the Ramachandran Plot generated through 

PDBsum (http://www.ebi.ac.uk/thornton-

srv/databases/pdbsum/). The phi (φ) and psi 

(Ψ) angles were plotted on the x- and y-axes, 

respectively, and the stereochemical quality 

of the protein model was evaluated based on 

the distribution of amino acid residues within 

the most favoured and disallowed regions. 

2. Preparation of Test Ligands  

A total of 66 compounds reported in 

the literature as phytochemical constituents 

of turmeric were selected as test ligands. 

Their three-dimensional structures were 

retrieved from PubChem 

(https://pubchem.ncbi.nlm.nih.gov) in SDF 

format using either IUPAC or trivial names 

and subsequently converted into PDB format 

for further analysis. 

http://www.ebi.ac.uk/thornton-srv/databases/pdbsum/
http://www.ebi.ac.uk/thornton-srv/databases/pdbsum/
https://pubchem.ncbi.nlm.nih.gov/
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3. Docking Validation and Molecular 

docking 

Docking validation was conducted by 

re-docking the native ligand into the LuxS 

protein structure (PDB ID: 5V2W). The 

robustness of the docking protocol was 

assessed by calculating the root mean square 

deviation (RMSD) between the predicted 

binding pose and the crystallographic 

conformation. An RMSD value of ≤ 2.0 Å 

was considered indicative of a reliable 

protocol. As reported by Warren et al. 

(2006), RMSD values ≤ 2.0 Å reflect high 

accuracy, whereas values within the range of 

2.0–4.0 Å are still regarded as acceptable for 

docking validation. 

After validation in Molegro Virtual 

Docker (MVD), docking was performed for 

the test ligands and positive control ligands 

against the LuxS receptor. The docking 

results were evaluated based on the lowest 

rerank scores. Ligand–receptor interactions 

were analyzed using the Ligand Map in 

MVD, and the involved amino acid residues 

were compared with those of the control 

ligand, focusing on hydrogen bonds, steric 

interactions, and electrostatic interactions. 

4. Lipinski Analysis and Toxicity 

The physicochemical properties of 

ligands were evaluated based on Lipinski’s 

Rule of Five, including molecular weight 

(<500 Da), hydrogen bond donors (≤5), 

hydrogen bond acceptors (≤10), and log P 

(≤5). Compound names were entered into the 

Lipinski server (http://www.scfbio-

iitd.res.in/software/drugdesign/lipinski.jsp) 

for analysis. Toxicity prediction, including 

skin sensitization and Ames test, was 

performed using pkCSM 

(https://biosig.lab.uq.edu.au/pkcsm/) after 

converting compound structures into 

SMILES format with the SMILES translator 

(https://cactus.nci.nih.gov/translate/). 

5. Fractionation of Turmeric Extract 

The concentrated turmeric extract was 

subjected to liquid–liquid partitioning using 

a separatory funnel. Initially, the extract was 

partitioned with n-hexane and water (1:1, 

v/v). The n-hexane phase was separated and 

subsequently repartitioned with n-hexane–

methanol (1:1, v/v) to yield an n-hexane 

fraction and a methanol fraction. The 

aqueous phase obtained from the first step 

was further partitioned with ethyl acetate–

water (1:1, v/v), resulting in an ethyl acetate 

fraction and a residual aqueous fraction. All 

organic and aqueous fractions were 

concentrated under reduced pressure using a 

rotary evaporator and stored at 4 °C until 

further analysis (Aji et al., 2022). 

6. Turmeric Analysis 

The extract used was a 70% ethanol 

extract of turmeric, obtained from a previous 

study Armilda et al. (2022), which was 

http://www.scfbio-iitd.res.in/software/drugdesign/lipinski.jsp
http://www.scfbio-iitd.res.in/software/drugdesign/lipinski.jsp
https://biosig.lab.uq.edu.au/pkcsm/
https://cactus.nci.nih.gov/translate/


Aji et al.;The Potential of…..Pharmacoscript Volume 9 No. 1, Februari 2026 

 

238 

subsequently subjected to liquid–liquid 

fractionation to obtain n-hexane, ethyl 

acetate, methanol, and aqueous fractions. 

The quality of the extract and fraction was 

confirmed through phytochemical screening 

and determination of total curcuminoid 

content. Phytochemical screening was 

performed for alkaloids, flavonoids, 

polyphenols, tannins, saponins, triterpenoids, 

and steroids following the procedure of 

Farnsworth (1966). The total curcuminoid 

content was quantified according to the 

Indonesian Herbal Pharmacopoeia (2008).  

a. Alkaloids: The 0,1 g  sample was 

basified with 28% ammonia, 

partitioned with chloroform, and the 

chloroform phase was acidified with 2 

N HCl. The acid layer was tested with 

Mayer’s reagent (white precipitate) 

and Dragendorff’s reagent (brownish-

red precipitate) to indicate the presence 

of alkaloids. 

b. Tannins: The 0,1 g  sample was diluted 

with water and divided into two 

portions. The first was treated with 1% 

FeCl₃, where blue/blue-black indicated 

gallotannins or ellagitannins, and 

green/turquoise indicated condensed 

tannins. The second was treated with 

1% gelatin in 10% NaCl, where 

precipitate formation indicated tannins. 

c. Polyphenols: The 0,1 g  sample was 

diluted with water and treated with 1% 

FeCl₃; the formation of blue, blue-

black, green, or turquoise colors 

indicated polyphenolic compounds. 

d. Flavonoids: The 0,1 g  sample was 

dissolved in 80% ethanol, filtered, and 

the filtrate treated with magnesium 

powder and concentrated HCl. The 

formation of orange to red coloration, 

extractable with amyl or octyl alcohol, 

indicated flavonoids. 

e. Saponins: The 0,1 g  sample was 

diluted with water and shaken 

vigorously. Stable foam ≥3 cm 

persisting for 30 minutes indicated 

saponins. 

f. Steroids and triterpenoids: The 0,1 g  

sample was partitioned with 

chloroform, the chloroform phase 

evaporated, and the residue treated 

with acetic anhydride and concentrated 

H₂SO₄ (Liebermann–Burchard test). A 

greenish-blue color indicated steroids, 

while magenta or violet indicated 

triterpenoids. 

g. Antraquinones: A total of 0,1 g of thick 

extract was weighed, dissolved in 3 mL 

of water, and filtered. Subsequently, 1 

mL of benzene was added and the 

benzene layer was collected. The layer 

was then treated with 2 mL of ammonia 
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or 0.5 N KOH and shaken. A positive 

result was indicated by the appearance 

of a red color in the alkaline layer. 

Total curcuminoid content was 

determined according to the Indonesian 

Herbal Pharmacopoeia (2008). 

Approximately 100 mg of turmeric 

extract/fraction was dissolved in ethanol, 

filtered, and adjusted to volume. For the 

reference solution, approximately 10 mg of 

curcumin standard was accurately weighed 

and transferred into a 10 mL volumetric 

flask, then diluted with ethanol to the mark to 

obtain a stock solution (1000 µg/mL). A 

series of working standard solutions with 

concentrations of  2, 4, 6, 8 and 10 µg/mL 

were prepared from this stock solution. The 

calibration curve was constructed using these 

curcumin standards in ethanol, and the 

absorbance was measured at 425 nm using a 

UV–Vis spectrophotometer (Figure 1). 

Sample absorbance was measured under the 

same conditions, and the total curcuminoid 

content was calculated from the calibration 

curve and expressed as % w/w curcumin. All 

analyses were performed in triplicate. 

 

 

(a)                                                                   (b) 

Figure 1. (a) Wavelength yielded 425 nm for curcumin, and (b) The curcumin calibration curve 

7. Antibacterial Activity Test 

The antibacterial activity was 

evaluated using the disc diffusion method 

against S. aureus. A suspension of S. aureus 

was prepared and adjusted to a turbidity 

standard of 0.5 McFarland, which is 

equivalent to approximately 1.5 × 10⁸ 

CFU/mL, and then used as the inoculum for 

Nutrient Agar (NA) medium. Nutrient Agar 

was prepared by dissolving 28 g of NA in 

1000 mL of distilled water, heated until 

completely dissolved, and sterilized at 121 

°C for 15 minutes. The bacterial inoculum 

was evenly spread on the surface of NA 

plates using a sterile cotton swab and allowed 

to stand for 10–15 minutes. Sterile blank 

discs were impregnated with 20 µL of the 

extract and placed on the surface of the 

inoculated agar using sterile forceps. The 

plates were incubated at 37 °C for 24 hours, 
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after which the inhibition zones were 

observed and measured (Winato et al., 2019). 

8. Test the Biofilm Formation Ability 

of S. aureus 

Bacterial cultures were rejuvenated for 

24 h and diluted with sterile 0.9% NaCl until 

turbidity matched the 0.5 McFarland 

standard. The prepared suspension of S. 

aureus was inoculated into Brain Heart 

Infusion Broth (BHIB) supplemented with 

5% glucose and incubated at 37 °C for 48 h. 

9. Antibiofilm Activity Assay 

The antibiofilm activity of S. aureus 

was assessed using sterile 48-well 

microplates. Ethyl acetate fraction was 

prepared as a stock solution, with DMSO as 

blank and 0.1% tetracycline HCl as positive 

control. Bacterial suspension standardized to 

0.5 McFarland was mixed with the test 

samples and BHIB supplemented with 5% 

glucose, followed by anaerobic incubation at 

37 °C for 48 h. After incubation, the medium 

was discarded, and the wells were rinsed with 

methanol, then stained with 0.1% crystal 

violet for 15 min. Excess dye was removed 

with methanol washing, and plates were 

dried at 40 °C for 30 min. Bound dye was 

solubilized with 30% acetic acid for 15 min, 

and absorbance was measured at 590 nm 

using a microplate reader to calculate biofilm 

inhibition percentage (Ibrahim et al., 2020). 

10. Biofilm Quantification and IC₅₀ 

Determination 

Biofilm formation was quantified 

based on the optical density (OD590) of bound 

crystal violet at 590 nm. The percentage of 

biofilm inhibition formula: 

% 𝐼𝑛ℎ𝑖𝑏𝑖𝑡𝑖𝑜𝑛 =
𝑂𝐷 𝑏𝑙𝑎𝑛𝑘 − 𝑂𝐷𝑠𝑎𝑚𝑝𝑙𝑒

𝑂𝐷 𝑏𝑙𝑎𝑛𝑘
 

The IC₅₀ value, defined as the 

concentration of fraction causing 50% 

inhibition of biofilm formation, was 

determined using linear regression analysis 

with sample concentration as the x-axis and 

inhibition percentage as the y-axis. The IC₅₀ 

was calculated using the equation 

x=(50−b)/a, where a is the slope and b is the 

intercept of the regression line (Besan et al., 

2023). 

 

RESULT AND DISCUSSION 

1. Protein Selection and 

Ramachandran Analysis 

The three-dimensional structure of the 

LuxS protein (PDB ID: 5V2W) was obtained 

from the Protein Data Bank (PDB) and 

prepared prior to molecular docking analysis 

using Molegro Virtual Docker (MVD). 

During the preparation process, co-

crystallized ligands and water molecules 

were removed, followed by the addition of 

missing hydrogen atoms and correction of 

bond orders and atomic charges to ensure 
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structural stability of the receptor (Abdullahi 

et al., 2024). The prepared protein structure 

was subsequently optimized and inspected to 

confirm proper geometry, and the potential 

binding sites were identified using the cavity 

detection algorithm integrated in MVD to 

determine the active site for docking 

simulations. Evaluation of the LuxS protein 

structure using the Ramachandran plot 

(Figure 2) showed that 88.4% of residues 

were located in the most favored regions, 

11.0% in additionally allowed regions, and 

0.7% in generously allowed regions, with no 

residues in disallowed regions. The model 

consisted of 301 non-glycine and non-proline 

residues, 18 glycine residues, and 16 proline 

residues, totaling 339 residues. The high 

proportion of residues in the favored regions 

indicates that most φ (phi) and ψ (psi) torsion 

angles adopt sterically and energetically 

optimal conformations. The absence of 

residues in disallowed regions further 

confirms the lack of significant steric clashes, 

reflecting excellent stereochemical quality. 

These results validate the structural integrity 

of the protein model, supporting its reliability 

for subsequent molecular interaction analysis 

and structure-based ligand design (Hanifitri 

et al., 2023). 

 

Figure 2. Ramachandran analysis of protein suitability 

2. Docking Validation  

Docking validation was performed by 

redocking the native ligand into the LuxS 

protein (PDB ID: 5V2W) (Figure 3), with 

method reliability evaluated using the RMSD 

(Root Mean Square Deviation) between the 

predicted and experimental ligand poses. 

Lower RMSD values indicate higher 

accuracy of the predicted binding 

conformation relative to the native ligand. 

The validation yielded an RMSD of 3.00 Å, 

which is within the acceptable range for 

docking accuracy. According to Warren et al. 

(2006), RMSD values ≤ 2.0 Å are considered 

highly reliable, while values between 2.0–4.0 

Å remain acceptable for docking validation. 
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Thus, the obtained RMSD supports the 

adequacy of the docking protocol for further 

molecular interaction studies. 

 
Figure 3. The validation results of the docking of the native ligand Cysteine with CSD_83 [A] 

show the position before validation (red) and after validation (blue) in the protein cavity 

region. 

3. Docking, Lipinski Analysis and 

Toxicity Results 

Docking analysis of 66 compounds 

identified 10 ligands with the most favorable 

binding affinities (Figure 4), including 

curcumin, auratiamide, chlorogenic acid, 

rutin, 1,7-bis(3,4-dihydroxyphenyl)-4-

hepten-3-one, 1,7-bis(4-hydroxyphenyl), 

campesterol, 9-hydroxy-10,12,15, 1,3-

benzenedicarboxylic acid bis(2-ethylhexyl) 

ester, and didemethoxybisabolocurcumin. 

Among these, curcumin demonstrated the 

most promising interaction profile, 

consistent with its high curcuminoid content 

in the ethyl acetate fraction of turmeric. The 

docking simulations performed with 

Molegro Virtual Docker utilized the Rerank 

Score (RS) as the primary indicator, which 

integrates electrostatic forces, hydrogen 

bonding, Van der Waals interactions, and 

torsional strain through the MolDock SE 

algorithm. Lower (more negative) RS values 

reflect stronger and more stable ligand–

receptor interactions. These results highlight 

curcumin as the leading candidate, while also 

suggesting additional bioactive ligands that 

may contribute synergistically to the 

antibiofilm potential of turmeric. 

In this study, cysteine, the native ligand 

of LuxS (PDB ID: 5V2W), was used as a 

reference for docking validation. Cysteine 

plays a key role in the biosynthesis of 

autoinducer-2 (AI-2) as part of the pathway 

involved in the production of 4,5-dihydroxy-

2,3-pentanedione (DPD), the precursor of 

AI-2, and is also linked to methionine 

metabolism. As shown in Figure 5 and Table 

1, cysteine interacts with several key 
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residues, including Thr130, Arg39, Thr85, 

Gly82, Arg84, and Gly129, through amino (–

NH₂), thiol (–SH), carbonyl (–C=O), and 

hydroxyl (–OH) groups, which represent 

important pharmacophoric features. Test 

ligands that formed interactions similar to the 

native ligand, particularly through hydrogen 

bonding and comparable amino acid 

residues, demonstrated high binding affinity 

and orientation suitability. Auratiamide, 

chlorogenic acid, and rutin exhibited the 

greatest overlap with the native ligand in 

terms of binding interactions, supported by 

functional groups such as hydroxyl (–OH), 

carbonyl (–C=O), carboxyl (–COOH), and 

amino (–NH₂) (specific to auratiamide) that 

may act as pharmacophores. 
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Figure 4. Docking analysis results showing 66 compounds, with 10 top-performing compounds 

(red letters) based on the rerank score for inhibiting LuxS protein activity 
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Figure 5. Pharmacophores of the native systeine ligand that interact with the luxS protein are 

amino groups (-NH2), thiol (-SH), and carboxylate (carbonyl (-C=O) and hydroxyl (-

OH))  

Tabel 1. Hydrogen bond of ligand 
Ligand Names Hydrogen Bonds 

CSD 83[A] Thr 130, Arg 39, Thr 85, Gly 82, Arg 84, Gly 129 

Curcumin Arg 39, Arg 84, Thr 130, Glu 57 

Auratiamide Arg 39, Arg 84, Thr 130, Thr 85, Cys 41 

Cholorogenic acid Arg 84, Thr 130, Gln 127, His 58, His 54, Gly 129, Met 81, Met 48 

Rutin Arg 84, Thr 130, Glu 57, His 58, His 54, Gly 129, Met 81,Thr 84, Gly 86, Gly 

82, Ser 79, Pro 80 

1,7-Bis(3,4-dihydroxyphenyl)-4-

hepten-3-one 

Arg 39, Arg 84, Thr 130, Thr 85, Cys 41 

1,7-bis(4-hydroxyphenyl) His 11, Cys 128, Gln 127, His 54 , Gly 82, Pro 49 

Campesterol Arg 84 

9-hydroxy-10,12,15 Thr 130, Cys 128 

1,3-Benzenedicarboxylic acid, 

bis(2-ethylhexyl) ester 

Thr 130, Cys 128 

Didemethoxybisabolocurcumin Arg 84, Gly 82 

 

Table 2. Results of lipinski analysis and toxicity 

Description: * Does not meet the requirements 

Based on the predicted molecular 

properties of the ligands presented in Table 

2, evaluation was conducted according to 

Lipinski’s Rule of Five, which stipulates that 

compounds should have a molecular weight 

below 500 g/mol, a maximum of 5 hydrogen 

bond donors, fewer than 10 hydrogen bond 

acceptors, and a logP value below 5 (Najib, 

Ligand Name Molecular 

Weight 

Log P Hydrogen 

Donor  

Hydrogen 

Acceptor 

Skin 

Sensitization 

AMES 

Toxicity 

CSD 83[A] 121.161 -0.672 3 3 - - 

Curcumin 368.385 3.369 2 6 No No 

Auratiamide 354.311 -0.646 6* 8 No No 

Cholorogenic acid 402.494 2.747 3 3 No Yes* 

Rutin 610.521* -1.687 10* 16* No No 

1,7-Bis(3,4-dihydroxyphenyl)-4-

hepten-3-one 

328.364 3.199 4 5 No No 

1,7-bis(4-hydroxyphenyl) 292,334 3,949 2 3 No Yes* 

Campesterol 400,691 7,635* 1 1 No No 

9-hydroxy-10,12,15 294,435 4,631 2 2 No Yes* 

1,3-Benzenedicarboxylic acid, 

bis(2-ethylhexyl) ester 

390,564 6,433* 0 4 No No 

Didemethoxybisabolocurcumin 542,672* 6,766* 3 6 No No 
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2024). Most of the ligands complied with 

these criteria; however, several compounds, 

including Rutin (MW = 610.521 g/mol; H-

donors = 10; H-acceptors = 16), Campesterol 

(logP = 7.6347), 1,3-Benzene dicarboxylic 

acid, bis(2-ethylhexyl) ester (logP = 6.433), 

and Didemethoxybisabolocurcumin (logP = 

6.7658), exceeded the recommended 

thresholds. Elevated molecular weight and 

high logP values suggest that these 

compounds may encounter difficulties 

permeating cell membranes and could exhibit 

strong membrane binding, potentially 

limiting their accessibility to target enzymes. 

Several compounds exhibited 

relatively high lipophilicity, which may 

influence the balance between aqueous 

solubility and membrane permeability and 

consequently limit passive diffusion across 

biological membranes, potentially reducing 

systemic bioavailability according to 

Lipinski's Rule of Five. Nevertheless, 

molecular docking results demonstrated that 

several ligands maintained favorable binding 

interactions with the target protein through 

stable hydrogen bonding and other non-

covalent interactions within the active site. 

These findings suggest that, despite 

deviations from Lipinski’s criteria, the 

compounds still possess effective molecular 

recognition toward the biological target. 

Importantly, such physicochemical 

characteristics particularly high molecular 

weight and polarity may limit transdermal 

penetration and systemic absorption while 

promoting retention on the skin surface or 

superficial layers. Consequently, rather than 

indicating a pharmacokinetic limitation 

alone, these Lipinski rule violations provide 

practical insight that the compounds may be 

more suitable for localized pharmacological 

activity as topical agents. Further studies, 

including skin permeation experiments and 

molecular dynamics simulations, are 

recommended to better understand ligand–

protein interaction stability and the diffusion 

behavior of these compounds in biologically 

relevant systems. 

Toxicity analysis was performed using 

the pkCSM platform, focusing on skin 

sensitization and Ames toxicity parameters. 

All ligands tested negative for skin 

sensitization, indicating a low risk of dermal 

adverse effects. However, the Ames test 

revealed potential mutagenicity for several 

compounds, namely chlorogenic acid, 1,7-

bis(4-hydroxyphenyl), and 9-hydroxy-

10,12,15. The Ames test evaluates a 

compound’s capacity to induce genetic 

mutations by altering DNA. It is important to 

note that these results are derived from in 

silico toxicity prediction models, which 

provide preliminary risk assessments rather 

than definitive biological outcomes. Despite 
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these predictions, empirical evidence 

regarding turmeric rhizome indicates no 

observed carcinogenic or mutagenic effects 

associated with its consumption. Conversely, 

curcumin, a major bioactive constituent of 

turmeric, has been widely reported to exhibit 

significant antimutagenic properties. 

Curcumin can protect DNA integrity by 

preventing structural damage, neutralizing 

free radical activity, and inhibiting the 

formation of potentially toxic DNA adducts 

(Najib, 2024). Furthermore, computational 

Ames toxicity models are known to 

occasionally produce false-positive 

predictions for polyphenolic compounds due 

to their high chemical reactivity and redox 

activity within simulation frameworks, 

which may not necessarily reflect their actual 

biological behavior. Therefore, these 

predictions should be interpreted cautiously 

and ideally validated through further 

experimental toxicological studies. 

4. Phytochemical Screening  

Phytochemical screening of turmeric 

extracts and fractions (Table 3) revealed 

variations compared to the findings reported 

by Armilda et al. (2022). In contrast to the 

previous study, tannins were not detected in 

the present analysis. This difference may be 

associated with storage conditions that could 

influence the stability of certain secondary 

metabolites. In this study, the extract was 

stored at 0°C in a dark container for 

approximately one year prior to analysis. 

Prolonged storage, even under low-

temperature and light-protected conditions, 

may contribute to gradual degradation or 

structural modification of certain phenolic 

compounds, including tannins, which could 

reduce their detectability during qualitative 

screening. Conversely, saponins were 

identified in the present study but were not 

reported in the earlier work, which may be 

related to differences in sample quantity and 

the use of an aqueous suspension without 

additional solvents during the screening 

procedure. Furthermore, the detection of 

triterpenoids was facilitated by sample 

preparation involving chloroform extraction 

followed by solvent evaporation and the 

addition of Liebermann–Burchard reagent, 

enabling clearer visualization of these 

metabolites. 
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Table 3. Phytochemical test results 

Compound  

Groups 

Extract Methanol 

Fraction 

Hexane 

Fraction 

Ethyl acetate 

Fraction 

Water 

Fraction 

Saponins + - - - + 

Alkaloids - - - - - 

Polyphenols + - - + - 

Flavonoids ++++ ++ - ++++ + 

Tannin - - - - - 

Triterpenoids ++++ ++ + ++++ + 

Steroids - - - - - 

Antraquinones +++ - - ++++ - 

Description: (-) Negative; (+) Positive weak intensity; (++) Positive moderate intensity; (+++) Positive 

strong intensity, (++++) Positive very strong intensity 

5. Total Curcuminoid  

Quantitative analysis of curcuminoid 

content was conducted on the crude extract, 

ethyl acetate fraction, and methanol fraction 

(Table 4). The highest concentration was 

observed in the ethyl acetate fraction 

(24.88% w/w), followed by the 70% ethanol 

extract (21.69% w/w), whereas the methanol 

fraction contained only 0.83% w/w, which is 

below the minimum requirement of 11.17% 

established by the Indonesian Herbal 

Pharmacopoeia (2017). These findings are 

consistent with those of Armilda et al. 

(2022), which reported a similar rank order 

of curcuminoid distribution, although with 

lower absolute values, likely due to 

differences in analytical methods and storage 

conditions. The higher standard deviation in 

the ethyl acetate fraction suggests greater 

variability in concentration, attributable to its 

semi-polar nature and sensitivity to storage. 

The substantial curcuminoid levels in the 

ethyl acetate fraction and ethanol extract 

highlight their potential bioactivity and 

suitability for further development, whereas 

the methanol fraction is not recommended 

due to its substandard content. Thus, 

curcuminoid quantification serves both as a 

quality control measure and as a scientific 

basis for selecting fractions or extracts for 

subsequent pharmacological evaluation, 

aligning with pharmacopeial principles to 

ensure consistency, safety, and efficacy of 

herbal medicines. 

Table 4. Total curcuminoid test results 

Sample Name Total Curcuminoid 

Content (%w/w) 

Standard 

Deviation 

Acceptability Information 

Turmeric rhizome 

extract 

21.69 0.09 >11.17 Qualify 

Ethyl acetate fraction 24.88 2.4 >11.17 Qualify 

Methanol fraction 0.83 0.8 >11.17 Not compliant 
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6. Antibacterial Activity  

The antibacterial assay of turmeric 

rhizome extract and its fractions (Figure 6) 

showed that the aqueous fraction exhibited 

no inhibition zones at any tested 

concentration, indicating the absence of 

antibacterial activity against S. aureus. This 

result is consistent with its phytochemical 

profile, which is dominated by semi-polar 

metabolites such as flavonoids and 

polyphenols. These compounds are generally 

less effective against Gram-positive bacteria 

due to their limited ability to penetrate the 

thick peptidoglycan layer, particularly in the 

absence of lipophilic components. In 

contrast, the ethyl acetate fraction 

demonstrated the highest inhibition zone 

diameter (7.23 mm) at 7.5% concentration, 

which, according to Davis and Stout (1971), 

corresponds to moderate antibacterial 

activity. This activity is supported by its high 

curcuminoid content (24.88%), as 

curcuminoids have been reported to inhibit S. 

aureus growth through protein synthesis 

inhibition, biofilm disruption, and induction 

of oxidative stress (Zheng et al., 2020). 

The ethanol extract exhibited a similar 

activity pattern to the ethyl acetate fraction, 

although with slightly lower inhibition at low 

concentrations. This suggests that the 

presence of compounds with varying polarity 

in the crude extract may produce synergistic 

effects, enhancing antibacterial activity, 

albeit not as strongly as the more enriched 

ethyl acetate fraction containing higher levels 

of active curcuminoids (Ramadhan et al., 

2024). 

 

Figure 6. Results of the antibacterial activity test of turmeric rhizome extract and its fractions; the 

graph shows that the ethyl acetate extract and fraction have dominant activity in the 

medium category at a concentration of 7.5%. 
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7. The S. aureus Biofilm Formation 

and Antibiofilm Activity  

The biofilm formation assay of S. 

aureus confirmed that incubation at 37 °C for 

48 h in BHIB supplemented with 5% glucose 

represented optimal conditions for biofilm 

development. This finding is consistent with 

Holmberg et al. (2009), who demonstrated 

that glucose-enriched BHIB enhances 

biofilm formation. In addition to the culture 

medium, incubation time was also found to 

be a critical factor; as reported by Sivasankar 

et al. (2016), a 48 h incubation period is 

sufficient to establish mature biofilms 

(Figure 7). 

Following the evaluation of 

antibacterial activity and biofilm-forming 

ability of S. aureus, antibiofilm assays were 

performed. These preliminary assays were 

essential to determine the minimum 

bactericidal concentration and to establish 

sub-inhibitory concentrations suitable for 

antibiofilm testing, as viable cells are 

required to assess the extent of biofilm 

inhibition. Based on antibacterial results, two 

samples were selected: the 70% ethanol 

extract and the ethyl acetate fraction of 

turmeric rhizomes. Antibiofilm activity was 

assessed using the crystal violet assay in 48-

well microplates. 

 

 

     (a)                                         (b) 

Figure 7. (a) Biofilm formation of S. aureus; (b) Microscopic biofilm formation at 1000× optical 

magnification and 2× digital magnification, showing (yellow arrow) planktonic S. 

aureus cells emerging from the biofilm. 

Viability testing demonstrated that S. 

aureus remained viable at all concentrations 

of the ethanol extract (Figure 8); however, 

biofilm formation was inhibited at 0.5–1%, 

with the minimum biofilm inhibitory 

concentration (MBIC) established at 0.5%. In 

contrast, the ethyl acetate fraction exhibited 

markedly higher potency, with an MBIC of 

0.05%, indicating tenfold greater efficacy 

compared to the crude extract. Quantitative 

biofilm analysis based on OD₅₉₀ values and 

IC₅₀ calculations further supported this result, 

showing that the ethyl acetate fraction had an 

IC₅₀ value approximately 20-fold lower than 

the ethanol extract. These findings 

demonstrate that the ethyl acetate fraction is 
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significantly more effective in preventing S. 

aureus biofilm formation, as lower IC₅₀ 

values reflect stronger antibiofilm activity. 

Analysis of MBIC and IC₅₀ values 

confirmed that the ethyl acetate fraction 

exhibited the strongest antibiofilm activity 

compared to other samples (Figure 9). This 

result is consistent with its phytochemical 

profile, as the ethyl acetate fraction contained 

the highest total curcuminoid content. 

Curcuminoids, the key phytochemical 

markers of turmeric rhizomes, have been 

reported to interfere with biofilm formation 

through multiple mechanisms. In silico 

studies indicate that curcumin targets the AI-

2 production pathway, thereby disrupting 

quorum sensing (QS). Experimentally, 

curcumin has been shown to inhibit early 

stages of biofilm development by preventing 

bacterial adhesion to surfaces, reducing 

extracellular polymeric substance (EPS) 

production, and impairing QS regulation of 

biofilm formation and virulence factor 

expression (Teow et al., 2016). Moreover, 

curcumin can destabilize established 

biofilms, thereby enhancing bacterial 

susceptibility to conventional antibiotics 

(Packiavathy et al., 2014). These findings 

strongly support the ethyl acetate fraction as 

the most promising candidate for further 

development as a natural antibiofilm agent. 

 
(a)                                                   (b) 

Figure 8. Staining Results of S. aureus Biofilm Using Crystal Violet; the results of staining S. 

aureus biofilm using 0.1% crystal violet show differences in (a) the extract sample with 

a 0.5% MIC and (b) the ethyl acetate fraction with a 0.05% MIC. 

 



Aji et al.;The Potential of…..Pharmacoscript Volume 9 No. 1, Februari 2026 

 

252 

 
Figure 9. The results of the biofilm formation inhibition test of turmeric rhizome extract IC50 = 

0.2% and IC50 of ethyl acetate (EtAc) fraction = 0.01%; The ethyl acetate fraction has 

a higher potential compared to the extract 

8. Correlation Between In silico and In 

vitro Results 

The integration of in silico and in vitro 

approaches provides a comprehensive 

understanding of the antibiofilm potential of 

turmeric rhizome fractions. Molecular 

docking analysis identified curcumin, 

auratiamide, chlorogenic acid, and rutin as 

top ligands with favorable binding affinities 

to LuxS (PDB ID: 5V2W), a key enzyme 

involved in the AI-2 quorum sensing 

pathway. Curcumin exhibited strong binding 

interactions within the active site of LuxS 

and formed interactions with several 

important residues. Notably, curcumin was 

predicted to interact with residues such as 

Arg39 and His58, which have been reported 

to play critical roles in the catalytic 

mechanism and substrate stabilization of the 

LuxS enzyme. The involvement of these 

residues suggests that curcumin may 

interfere with the catalytic activity of LuxS, 

thereby potentially disrupting the synthesis 

of autoinducer-2 (AI-2) molecules and 

inhibiting quorum sensing regulation. 

These findings are consistent with 

previous studies reporting that curcumin 

possesses significant antibiofilm and anti-

quorum sensing activities. Curcumin has 

been shown to inhibit bacterial adhesion, 

suppress the production of extracellular 

polymeric substances (EPS), and reduce the 

expression of quorum sensing-regulated 

virulence factors. By targeting catalytic 

residues within LuxS, curcumin may impair 

AI-2 mediated signaling, which is essential 

for biofilm maturation and intercellular 

bacterial communication (Fernandes et al., 

2023). Such interference may consequently 

weaken biofilm formation and pathogenicity 

in several bacterial species. 
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Several recent studies support these 

observations. For instance, curcumin has 

been reported to interfere with quorum 

sensing signaling and biofilm development 

in pathogenic bacteria, including 

Pseudomonas aeruginosa and S. aureus, 

through inhibition of signaling pathways and 

virulence gene expression (Gholami et al., 

2020; Lakhanapuram et al., 2025). 

Additionally, molecular studies have 

highlighted that disruption of LuxS-mediated 

signaling can significantly reduce AI-2 

production and biofilm formation, further 

supporting the potential mechanism 

predicted in the present docking analysis. 

Therefore, the docking results obtained in 

this study provide mechanistic support for 

the antibiofilm potential of turmeric-derived 

compounds, particularly curcumin, through 

possible interference with the LuxS catalytic 

site. 

The strength of this research approach 

is further reinforced by experimental 

validation through in vitro assays, allowing 

direct verification of the computational 

predictions obtained. The ethyl acetate 

fraction, characterized by the highest 

curcuminoid concentration (24.88% w/w), 

exhibited the strongest antibiofilm activity 

with a Minimum Biofilm Inhibitory 

Concentration (MBIC) value of 0.05% and 

an IC₅₀ value approximately 20 times lower 

than that of the crude ethanol extract. These 

findings indicate that solvent fractionation 

effectively enriches active compounds, 

thereby enhancing their biological potency. 

In addition, the observed moderate 

antibacterial activity suggests that 

curcuminoids not only inhibit biofilm 

formation but also contribute to bacterial 

growth suppression, providing a dual effect 

that is relevant for infection control. The 

crude ethanol extract demonstrated a similar 

activity trend but with lower potency, 

possibly due to the presence of multiple 

compounds with varying polarities that may 

interact synergistically, albeit at lower 

curcuminoid concentrations. 

Overall, the combination of 

computational and experimental approaches 

represents a key methodological strength of 

this study, as it enables both the exploration 

of molecular mechanisms and the empirical 

verification of biological activity. The strong 

correlation between docking results and 

antibiofilm assays indicates that molecular 

docking is a reliable tool for predicting 

potential antibiofilm compounds prior to 

further biological evaluation. This 

integrative strategy not only improves the 

efficiency of bioactive compound discovery 

but also provides a stronger scientific basis 

for explaining the mechanisms of action of 

active compounds. Therefore, the 
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curcuminoid-enriched fraction, particularly 

the ethyl acetate fraction, can be considered 

a promising candidate for the development of 

natural antibiofilm agents against S. aureus. 

 

CONCLUSION 

In silico analysis revealed that 

turmeric rhizome (Curcuma longa) contains 

approximately 66 phytochemical 

compounds, with curcumin identified as the 

most promising candidate based on rerank 

scores. Other compounds, including 

auratiamide, chlorogenic acid, and rutin, also 

exhibited interaction patterns similar to the 

native ligand within the biofilm-targeted 

protein. Consistent with these predictions, in 

vitro assays demonstrated that the ethyl 

acetate fraction of turmeric rhizome 

exhibited higher antibiofilm activity 

compared to the crude extract. This enhanced 

activity correlates with the higher total 

curcuminoid content observed in the ethyl 

acetate fraction, suggesting its potential as a 

natural antibiofilm agent against S. aureus. 
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