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Abstract 

Context: Overexposure to oxidants and UV radiation triggers enzymatic reactions that contribute to skin aging, in part through increased tyrosinase activity. 

Herbal materials such as star anise (Illicium verum Hook.f.) offer promising potential as tyrosinase inhibitory agents for skin applications. I. verum contains 

bioactive compounds (e.g., trans-anethole, limonene, and pinene) reported to attenuate skin aging. 

Aims: To assess the chemical composition and anti-tyrosinase activity of I. verum through in vitro enzymatic assays and in silico molecular docking studies. 

Methods: The essential oil and extract of I. verum were analyzed using GC-MS and LC-MS/MS, respectively. Tyrosinase inhibition was assessed through an in 
vitro enzymatic assay for each sample, with kojic acid as a positive control. Each phytochemical compound was further assessed for anti-tyrosinase activity 

through in silico molecular docking studies targeting the tyrosinase (5M8P) protein, as well as its physicochemical and ADME properties. 

Results: Twenty secondary metabolites were found in the I. verum oil, with the major compounds being trans-anethole (32.36%); meanwhile, ten compounds 

were detected in I. verum extract. The tyrosinase inhibition assay revealed an IC50 value of 216.27 ± 2.18 µg/mL for the essential oil, 12484 ± 147.80 µg/mL for 

the extract, and 46.43 ± 1.74 µg/mL for kojic acid. The molecular docking study revealed that cis-caryophyllene (∆G = -7.72 ± 0.01 kcal/mol) from oil and 
gingerol (∆G = -5.88 ± 0.16 kcal/mol) from the extract had the best docking score as an inhibitor of tyrosinase (5M8P) compared to other constituents and kojic 

acid (∆G = -4.56 ± 0.02 kcal/mol).  

Conclusions: These findings suggest that I. verum contains constituents worthy of further bioassay validation as tyrosinase inhibitors.  

Keywords: anti-aging; GC-MS; Illicium verum; molecular docking; tyrosinase inhibitor. 

 

Resumen 

Contexto: La sobreexposición a oxidantes y radiación UV desencadena reacciones enzimáticas que contribuyen al envejecimiento cutáneo, en parte a través 

del aumento de la actividad de la tirosinasa. Materiales herbáceos como el anís estrellado (Illicium verum Hook.f.) ofrecen un potencial prometedor como 

agentes inhibidores de la tirosinasa para aplicaciones cutáneas. El I. verum contiene compuestos bioactivos (p. ej., trans-anetol, limoneno y pineno) que, 

según se ha informado, atenúan el envejecimiento cutáneo.  

Objetivos: Evaluar la composición química y la actividad anti-tirosinasa del I. verum mediante ensayos enzimáticos in vitro y estudios de acoplamiento 

molecular in silico. 

Métodos: El aceite esencial y el extracto de I. verum se analizaron mediante GC-MS y LC-MS/MS, respectivamente. La inhibición de la tirosinasa se evaluó 

mediante un ensayo enzimático in vitro para cada muestra, con ácido kójico como control positivo. Se evaluó la actividad anti-tirosinasa de cada compuesto 

fitoquímico mediante estudios de acoplamiento molecular in silico dirigidos a las proteínas tirosinasa (5M8P) y sus propiedades fisicoquímicas-ADMET. 

Resultados: Se encontraron veinte metabolitos secundarios en el aceite de I. verum, siendo el trans-anetol el compuesto mayoritario (32,36%), mientras que 

se detectaron diez compuestos en el extracto de I. verum. El ensayo de inhibición de la tirosinasa reveló un valor de CI50 de 216,27 ± 2,18 µg/mL para el aceite 

esencial, 12484 ± 147,80 µg/mL para el extracto y 46,43 ± 1,74 µg/mL para el ácido kójico. El estudio de acoplamiento molecular reveló que el cis-cariofileno 

(∆G = -7,72 ± 0,01 kcal/mol) del aceite y el gingerol (∆G = -5,88 ± 0,16 kcal/mol) del extracto presentaron la mejor puntuación de acoplamiento como inhibidor 

de la tirosinasa (5M8P), en comparación con otros componentes y el ácido kójico (∆G = -4,56 ± 0,02 kcal/mol). 

Conclusiones: Estos hallazgos sugieren que I. verum contiene componentes que merecen una mayor validación mediante bioensayo como inhibidores de la 

tirosinasa. 

Palabras Clave: acoplamiento molecular; antienvejecimiento; GC-MS; Illicium verum; inhibidor de la tirosinasa. 
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Abbreviations: ADMET: absorption distribution metabolism excretion toxicity; BBB: blood brain barrier; CYP: cytochrome; ECM: 
extracellular matrix; GC-MS: gas chromatography-mass spectroscopy; IC50: inhibitory concentrations, 50%; KA: kojic acid; LC-MS: liquid 
chromatography-mass spectroscopy; LD50: lethal dose, 50%; MW: molecular weight; nHBD: number of hydrogen bond donors; nHBA: 
number of hydrogen bond acceptors; ROS: reactive oxygen species; PBS: phosphate buffer saline; RT: retention time; TPSA: topological 
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INTRODUCTION 

Reactive oxygen species (ROS) are highly reactive 
molecules generated by normal cellular metabolism 
(Xu et al., 2018). They include free radicals (e.g., hy-
droxyl, superoxide) that can damage cellular compo-
nents. External factors (pollution, UV, toxins) can 
raise ROS levels, overwhelming antioxidant defenses, 
and contribute to aging and cellular senescence (Ab-
delfattah et al., 2022). Elevated ROS levels upregulate 
matrix-degrading enzymes (collagenases, elastases, 
hyaluronidases) that degrade extracellular matrix 
(ECM) formed by fibroblast proteins (collagen, elas-
tin, hyaluronic acid) (Jiratchayamaethasakul et al., 
2020). Moreover, oxidative stress can activate pro-
inflammatory cytokines (e.g., TNF-α), which in turn 
stimulate collagenase expression and can induce skin 
cell apoptosis (Nurrochmad et al., 2018).  

The UV light radiation might stimulate the pro-
duction of melanin pigment, increase melanosome 
transfer to keratinocytes, and aggregate in the super-
ficial area of the nucleus (Kolarsick et al., 2011). Ex-
cessive melanin production in the epidermis leads to 
hyperpigmentation, a hallmark of photoaging (Kolar-
sick et al., 2011). In the process of pigmentation, the 
tyrosinase catalyzes the melanogenesis reaction (Lin 
et al., 2020; Nurrochmad et al., 2018). The change of 
physical appearance leads to high demand for cos-
metic products. It was proved that the sales of anti-
aging products worldwide in 2024 were 50.1 billion 
U.S. dollars and were projected to increase further 
(around 78.7 billion U.S. dollars) until 2032 (Mar-
ket.us, 2025).  

Star anise (Illicium verum Hook.f.) is one of many 
spices found in Indonesia, originally native to China, 
and has been used as a traditional herbal medicine for 
expectorants and anti-spasmolytics (Sharafan et al., 
2022). Moreover, I. verum was also reported to have 
biological activities, including antibacterial, antioxi-
dant, and anti-inflammatory properties, which are 
attributed to the presence of its bioactive compounds, 
such as trans-anethole, limonene, and pinene (Luís et 
al., 2019; Pahore et al., 2023; Sharafan et al., 2022). 
According to an ethnobotanical study, I. verum was 
used as one of the herbal materials in a historical 
body treatment called mandi rempah (spices bath) in 
Kraton Yogyakarta Hadiningrat, Indonesia. I. verum 
was combined with other herbs such as sandalwood, 
mountain pepperwood, sappan wood, vetiver, car-
damom, and cinnamon. This mandi rempah formula 

was known to help the growth of new skin cells, ac-
celerate the healing process of skin wounds, moistur-
ize the skin, eliminate body odour, and give anti-
aging properties to the skin (Utami and Kurniawan, 
2023).  This known empirical data and phytochemical 
profile highlight the urgency of exploring the poten-
tial of I. verum as an anti-tyrosinase inhibitor, as there 
is currently a lack of scientific evidence proving that I. 
verum may help alleviate hyperpigmentation in the 
skin. The present study was designed to characterize 
the phytochemicals of I. verum essential oil and etha-
nolic extract and to evaluate their tyrosinase inhibito-
ry activity using in vitro assays and in silico molecular 
docking. It was hypothesized that I. verum oil and 
extract would exhibit tyrosinase inhibition compara-
ble to that of kojic acid.  

MATERIAL AND METHODS 

Plant materials and chemicals 

The fruit of I. verum was obtained from Genteng 
Baru Market, Surabaya, East Java, Indonesia (coordi-
nates 7.2655° S, 112.7459° E). According to Van Den 
Brink, R. C (1963), Flora of Java (Spermatophytes only), 
I. verum was identified by UPT Labortorium Herbal 
Materia Medica Batu, Batu City, East Java, Indonesia, 
with voucher number 000.9.3/2863/ 102.20/2023. The 
dried I. verum fruit was subjected to two methods: 
distillation and maceration.  

During the distillation process, I. verum oil was 
separated from water droplets using anhydrous sodi-
um sulfate (Merck) and dissolved in GC-grade n-
hexane (Sigma-Aldrich) (≥99.0%) for phytochemical 
profiling. The tyrosinase assay was prepared using 
tyrosinase from mushroom (Sigma-Aldrich), with L-
DOPA (Himedia) as the substrate, sodium phosphate 
dibasic (Smart-Lab), and sodium dihydrogen phos-
phate monohydrate (Merck).  

Instruments 

The I. verum sample was ground using a food 
grinder (FCT-Z200, Fomac, Indonesia). The distilla-
tion process was carried out using a local steam desti-
lator (no brand), and the vapor was condensed with a 
refrigerated bath circulator (Model DRC8, CPT Inc., 
Japan). During the maceration process, the macerate 
from I. verum was evaporated using a rotary evapora-
tor (Model R-200, Buchi, Swiss) and combined with a 
heating bath (Bath B-490, Buchi, Swiss). 
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The I. verum oil was investigated using a GC-MS 
system (GC-MS, serial number 0217460, models GC-
2030 and GC-MS-QP2020 NX, Shimadzu, Japan), 
equipped with an SH-5MS Cap Column (0.32 mm, 
0.25 μm, 30 m with 5 m Integrated-Guard, Shimadzu, 
Japan). The phytochemical profile of I. verum extract 
was identified by Liquid Chromatography-Mass 
Spectroscopy/Mass Spectroscopy using a Q-ToF-MS 
detector (Xevo G2-S Q-Tof, Waters, USA) and an ul-
tra-performance liquid chromatography (UPLC) sys-
tem (LC: Acquity UPLC* H-Class System, Waters, 
USA). The separations were performed on a C18 col-
umn (1.8 µm, 2.1 × 50 mm; Waters USA). 

Extractions 

Steam distillation 

For the distillation process, the plant was separat-
ed from its impurities and fruit branches, and then 
the size was reduced by shattering the arms of the 
star-shaped fruit. After that, 500 g of dried I. verum 
fruit was subjected to hydrodistillation (6 L of water, 
5 h), followed by refinement with anhydrous sodium 
sulfate to ensure that no water remained, yielding 40 
mL (8% w/w) of essential oil (cloudy yellow). The oil 
was stored in a tightly sealed dark glass bottle at 2-
8°C for further use. 

Maceration 

Maceration was carried out over three days by 
soaking 240 g of I. verum powder in 96% ethanol (1:5 
w/v). The filtrate was collected using a Buchner fun-
nel, and the residue was macerated twice. The com-
bined extract was evaporated to dryness, yielding 
43.61 g (18.2% w/w) of crude extract (dark brown). 
The extract was stored in a glass bottle at room tem-
perature for future usage.   

Phytochemical profiling  

GC-MS analysis 

A total of 25 µL of I. verum oil was diluted in 975 
µL n-hexane, and 1 μL of this solution was injected 
into the GC-MS instruments. Helium was used as 
carrier gas at a column flow rate of 1.2 mL/min, col-
umn pressure of 2.1 kPa, and a split ratio of 1:10. The 
oven temperature was initially programmed at 50°C, 
then increased at a rate of 50°C/min to 275°C, where 
it was held for 20 minutes. The temperatures of the 
sample injection and detector were 250°C. Mass spec-
tra were obtained by electron ionization over a mass-
to-charge (m/z) range of 20–600, and the results were 
evaluated by comparing their retention times and 
mass spectra to the Wiley 9 library database. 

LC-MS/MS analysis 

A 5 μL of I. verum extract was injected into the LC 
instrument using a micro syringe four times. The 
sample solutions were nebulized into droplets and 
passed through a needle, with positive (+) ESI charg-
es, mass range of 50-1200 m/z, where the source of 
desolvation temperatures were set at 100°C and 
350°C. A gas flow rate of 0 L/h and a desolvation gas 
flow rate of 793 L/h were used in conjunction, with 
an impact energy of 4–60 eV. The Q-ToF analyzer will 
separate the ions from the detector. The solvent was 
set for gradient elution with (A) water: formic acid 
system and (B) acetonitrile: formic acid system set 
with a flow rate of 0.2 mL/min. Chromatogram peaks 
were interpreted and analyzed using MestReNova 
software for data acquisition and processing (Pratama 
et al., 2023).  

Tyrosinase inhibitor assay 

Tyrosinase inhibitory activity was measured by 
the dopachrome method with L-DOPA as a substrate 
(Roselan et al., 2021). Mushroom tyrosinase (250 
U/mL) was prepared by diluting a 3000 U/mL stock 
solution in PBS in a dark, cold area. Sample and con-
trol solutions were prepared in DMSO and were 
made for serial dilution in PBS. In each 96-well assay, 
40 μL of test sample, 40 μL of tyrosinase, 40 μL of L-
DOPA (5 mM), and 160 μL of PBS (pH 6.9) were 
mixed and incubated for 15 min at room temperature. 
Absorbance was read at 490 nm. IC₅₀ values were 
calculated from dose–response sigmoidal curves us-
ing GraphPad Prism 8.0.1 (triplicate data, R²>0.99). 
Results were expressed as mean ± SD. Statistical anal-
ysis was performed using one-way ANOVA, with p-
values < 0.05 considered statistically significant, and 
followed by a Tukey HSD post hoc test.  

Molecular docking  

Software and hardware 

AutoDock Tools were utilized to configure the 
docking protocol and run autodock4.exe along with 
autogrid4.exe throughout the docking operation. 
Avogadro was used to minimize ligand energy and 
enable the docking process to operate at its most effi-
cient energy. BIOVIA Discovery Studio Visualiser 
2024 was used for visualization and Ligand-Receptor 
Prediction. Every program used was licensed for free 
(Wicaksana et al., 2024). 

Receptor and ligand preparations 

The receptors used in molecular docking were 
chosen based on their role in skin melanogenesis ac-
tivity, which was the crystal structure of human tyro-
sinase-related protein 1 in complex with tyrosine 

https://jppres.com/


Rahman et al. Phytochemical and tyrosinase inhibitory activity of Illicium verum 

 

https://jppres.com  J Pharm Pharmacogn Res (2025) 13(s1): S210 

 

(5M8P) (Abdelfattah et al., 2022). The protein struc-
tures were accessed through the database RCSB Pro-
tein Data Bank (https://www.rcsb.org/) and down-
loaded in .pdb format. The preparations continued by 
separating receptors from their native ligand, deleting 
water structure, adding hydrogen and Kollman 
charges, and then saving as .pdbqt format (Pratama et 
al., 2023) 

Ligands used in this study were selected based on 
the highest relative area (%) and LC-MS/MS profile 
results obtained from GC-MS analysis. Each com-
pound structure was downloaded from the PubChem 
site (https://pubchem.ncbi.nlm.nih.gov/) in .sdf 
format and minimized the energy using Avogadro 
(Parawansah et al., 2024). Additionally, a comparative 
compound, kojic acid, was used, which is known to 
be a tyrosinase inhibitor (Elgamal et al., 2021). 

Method validation 

Method validation aims to evaluate and ensure the 
accuracy and reliability of the docking method. The 
key aspect of method validation includes the root 
mean square deviation (RMSD) value, which shows 
the best ligand position bound to the target's active 
site, and it was regarded as valid if they were <2.0 Å 
(Susilawati et al., 2024).  

The natural ligand for validation was tyrosinase 
(TYR), which was redocked to ensure an RMSD score 
of below 2.0 Å. The grid box size was set to 0.375 Å, 
and the point distance was 40 × 40 × 40 pixels. The 
grid box’s coordinate was x = 30.1, y = 136.17, z = 
216.664.  

Molecular docking process 

The energy of binding (kcal/mol) and molecular 
interaction of I. verum essential oils and extract with 
5M8P receptors was assessed using AutoDock Tools. 
The site positioning and grid box size for each recep-
tor were set to the same values as those used in the 
validation method. Ligand-receptor interactions were 
assessed based on the similarity of amino acid resi-
dues and interaction type between native ligands and 
compounds (Wicaksana et al., 2024). All docking ex-
periments were conducted in triplicate, expressed as 
mean ± SD, and analyzed using one-way ANOVA to 
determine significant differences among test ligands 
(p<0.05) in SPSS.   

ADME-T and pharmacokinetics analysis 

The pharmacokinetic properties of the compound, 
including absorption, distribution, metabolism, and 
excretion (ADME), as well as toxicity, were predicted 
using a computational approach. The compounds 

obtained from I. verum structures were translated into 
SMILES format using the online SMILES translator 
and structure file generator 
(https://cactus.nci.nih.gov/translate/). To evaluate 
the compound’s potential as a drug candidate, 
Lipinski’s rule of five was used baes on physicochem-
ical properties. ADME and drug-likeness data were 
obtained from pkCSM 
(https://biosig.lab.uq.edu.au/pkcsm/) and Swis-
sADME (http://www.swissadme.ch/index.php) 
(Widiandani et al., 2020). The toxicological properties 
of I. verum compounds were predicted using the Pro-
Tox II (version 3.0) web server 
(https://tox.charite.de/protox3/), which integrates 
molecular similarity of compounds with machine 
learning models to forecast toxicity (Benerjee et al., 
2024). 

RESULTS  

GC-MS (essential oil) 

GC-MS is a highly effective analytical method for 
identifying and quantifying phytochemical com-
pounds present in essential oils; thus, the identifica-
tion of I. verum essential oil was performed using a 
GC-MS instrument (El-Kersh et al., 2022). The GC-MS 
analysis identified 20 components (Fig. 1A, Table 1). 
Approximately 90.6% of I. verum oils consisted of 
terpenoids: 14.6% hydrocarbon monoterpenes, 52.0% 
oxygenated monoterpene, 21.5% hydrocarbon ses-
quiterpenes, and 2.5% oxygenated sesquiterpenes. 
The major constituents were trans-anethole (32.36%), 
estragole (12.74%), d-limonene (11.54%), 1-(3-methyl-
2-butenoxy)-4-(1-propenyl)benzene (8.66%), and 
trans-α-bergamotene (5.12%). Ten compounds with 
the highest % area value or compound abundance 
were used for molecular docking analysis, allowing 
for future compound isolation. 

LC-MS/MS (extract) 

LC-MS/MS profiling of the ethanol extract detect-
ed several terpenoids (carvacrol, limonene, cam-
phene, α-pinene) and phenolic/flavonoid com-
pounds. Rutin (RT 14.02), ferulic acid (RT 8.90), gin-
gerol (RT 13.49), and quercetin-3-O-β-xylopyranoside 
(RT 13.49) were tentatively identified (Table 2, Fig. 
1B). Several compounds were identified: carvacrol 
(RT 1.21 min), thymol, limonene, camphene, α-
pinene, rutin, ferulic acid, gingerol, quercetin-3-O-β-
xylopyranoside, and methyl anisate (Table 2). These 
findings align with previous reports on the composi-
tion of I. verum extract (Aly et al., 2016; Singh and 
Verma, 2024; Wang et al., 2007). 
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Table 1. Phytochemical profiling of I. verum essential oil, as determined by GC-MS, yielded 20 compounds with specific retention times and 

areas. Compounds identified and classified by structure. 

Compound 
Retention time 

(min) 

Molecule 

formula 

Molecular 

weight 

Retention 

index 
Area % Area* 

Nonane 6.004 C9H20 128 900 4611343 0.76 

α-Pinene 7.121 C10H16 136 948 5174285 0.86 

β-Myrcene 9.270 C10H16 136 958 3882106 0.64 

Delta-3-carene 9.860 C10H16 136 948 9201706 1.53 

D-Limonene 10.731 C10H16 136 1018 69596087 11.54 

Linalool 13.277 C10H18O2 170 1164 28054857 4.65 

3-Cyclohexene-1-ol 15.758 C10H18O 154 1137 13717240 2.27 

Estragole 16.600 C10H12O 148 1172 76849586 12.74 

Trans-anethole 19.513 C10H12O 148 1190 195121405 32.36 

α-Copaene 21.938 C15H24 204 1221 9266659 1.54 

2-Propanone, 1-(4-methoxyphenyl) 22.154 C10H12O2  164 1318 15136781 2.51 

α-Bergamotene 22.950 C15H24 204 1430 15656025 2.60 

Cis-caryophyllene 23.088 C15H24 204 1494 19748570 3.28 

Tans-α-bergamotene 23.487 C15H24 204 1430 30887734 5.12 

β-Farnesene 24.050 C15H24 204 1440 16009878 2.66 

Ledene 25.019 C15H24 204 1490 8634729 1.43 

β-Bisabolene 25.337 C15H24 204 1500 18450714 3.06 

Cadina-1(10),4-diene 25.721 C15H24 204 1469 4666380 0.77 

Trans-nerolidol 26.702 C15H26O 222 1564 6125543 1.02 

Foeniculin 29.550 C14H18O 202 1572 52210351 8.66 

Hydrocarbon monoterpene 14.57% 

Oxygenated monoterpene 52.02% 

Hydrocarbon sesquiterpene 21.48% 

Oxygenated sesquiterpene 2.51% 

Total identified terpene 90.58% 

*% Area = area / total area × 100.  
 

Tyrosinase assay 

Mushroom tyrosinase inhibition assay was con-
ducted with L-DOPA as substrate, which will be con-
verted into dopachrome due to the effect of I. verum. 
The I. verum oil and extract inhibited mushroom tyro-
sinase in a dose-dependent manner (Fig. 2A-B). The 
oil was substantially more potent: IC50 = 216.27 ± 2.18 
μg/mL (mean ± SD) versus the extract’s IC50 = 12,484 
± 147.80 μg/mL. By comparison, the positive control 
kojic acid (Fig. 2C) had an IC50 = 46.43 ± 1.74 μg/mL 
(Table 3). 

Docking method validation  

Melanin biosynthesis involves tyrosinase as a key 
enzyme that regulates melanin content; thus, the 
strategy of discovering tyrosinase inhibitors becomes 
an important aspect in developing novel skin whiten-

ing agents (Li et al., 2023). The validation of docking 
method results, with RMSD scores for the human 
tyrosinase protein (PDB ID: 5M8P) and the native 
ligand TYR, yielded a value of 0.93 ± 0.02 Å. This 
result demonstrates the validity of the positive meth-
od in resolving robust binding affinities for interac-
tions with the receptor. 

Molecular docking (oil) 

Molecular docking was performed using human 
tyrosinase (PDB 5M8P), which is a crystal structure of 
human tyrosinase (El-Kersh et al., 2022). Among the 
ten major oil constituents docked, cis-caryophyllene 
showed the strongest binding (ΔG = –7.72 kcal/mol) 
(Table 4), followed by α-copaene (ΔG = –7.26 
kcal/mol) and trans-α-bergamotene (–6.92 kcal/mol). 
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Figure 1. The chromatogram of I. verum oil by GC-MS (A); and I. verum extract by LC-MS/MS (B).  

 

Table 2. Phytochemical profiling of I. verum extract from LC-MS/MS with specific retention time and mass. 

Retention 

time (min) 

Mass 

(m/z) 

Calculated 

(m/z) 

Fragmentation 

(m/z) 

Tentative 

compound 

Molecular 

formula 
Reference 

1.21 150.105 151.033 125, 110, 95, 81 Carvacrol C10H14O (Shan et al., 2005) 

1.21 150.217 151.033 125, 110, 95, 81 Thymol C10H14O (Singh and Verma, 2024) 

4.42 136.125 137.059 121, 93, 79, 68 Limonene C10H16 (Singh and Verma, 2024) 

4.42 136.125 137.059 121, 93, 79, 68 Camphene C10H16 (Patra et al., 2020) 

4.42 136.125 137.059 121, 93, 77, 67 α-Pinene C10H16 (Sharafan et al., 2022) 

8.90 294.183 295.223 285, 137, 122, 94 Gingerol C17H26O4 (Shan et al., 2005) 

8.90 194.058 195.136 178, 149, 134, 118 Ferulic acid C10H10O4 (Aly et al., 2016) 

14.02 610.153 610.488 592, 465, 449, 301  Rutin C27H30O16 (Aly et al., 2016) 

13.49 434.300 433.381 399, 358, 314, 303 Quercetin 3-O-β-D 

xylopyranoside 
C20H18O11 (Wang et al., 2019) 

19.39 166.063 166.939 164, 150, 139, 79 Methyl anisate C9H10O3 (Cu et al., 1990) 
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Figure 2. Tyrosinase inhibition activity (%) of I. verum oil (A), I. 

verum extract (B), and kojic acid (C) at various 

concentrations.  

The line graph represents the mean ± SD (n = 3). Statistical significance 

between groups was assessed using one-way ANOVA (*p<0.05). 

 
 

Table 3. The IC50 result of the tyrosinase inhibition assay.  

Sample IC50 of tyrosinase inhibition (µg/mL) 

I. verum oil 216.27 ± 2.18 

I. verum extract  12,484 ± 147.80 

Kojic acid 46.43 ± 1.74 

Data represent as mean ± SD (n = 3). 

 
All oil compounds bound more strongly than the 

native ligand (TYR ΔG = –5.86 kcal/mol) and the 
reference inhibitor kojic acid (ΔG = –4.56 kcal/mol). 
Cis-caryophyllene interacted mainly via histidine 
residues (His381, His192, His215, His377) (Table 5, 
Fig. 3A) and was categorized as a hydrophilic amino 
acid (Vnučec et al., 2017). These residues are also in-
volved in binding to the native ligand, indicating 
potential competitive binding.  

Molecular docking (extract) 

For star anise extract, gingerol had the highest 
docking score (ΔG = –5.88 kcal/mol), slightly better 
than the native ligand (–5.86 kcal/mol) (Table 4). Oth-
er notable compounds were α-pinene, carvacrol, and 
limonene (ΔG ≈ –5.3 to –5.4 kcal/mol), all of which 
surpassed kojic acid (ΔG = –4.56 kcal/mol). Gingerol 
formed hydrophobic interactions (His381, Asp212) 
and hydrogen bonds (Tyr362, Asn378, His377, 
Glu360, Val196) in the binding pocket (Fig. 3D) with 

50% residue overlap (Tyr362, Asn378, His381) with 
the native ligand (Table 6). 

Physicochemical properties and ADMET 

The physicochemical properties of I. verum content 
complied with the requirements as drug candidates, 
whose molecular weight (MW) value was <500 Da. 
Meanwhile, from I. verum extract, all compounds had 
MW <500 Da except for rutin (610.521 Da).  

The value of the octanol/water partition coeffi-
cient (log P) for both I. verum oil and I. verum extract 
was <5, except for β-fernesene (5.202) and                   
β-bisabolene (5.035). The number of hydrogen bond 
donors (nHBD) was <5, the number of hydrogen 
bond acceptors (nHBA) was <10, and the number of 
TPSA was <140 Å2, except for rutin, which had  
nHBD = 10, nHBA = 16, and TPSA = 269.43 as seen in 
Table 7. 
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Table 4. Molecular docking on binding affinity score (kcal/mol) and inhibition constant (Ki) of the identified secondary metabolites 

from I. verum oil and extract, compared to native ligand and reference compound kojic acid on tyrosinase receptor (5M8P).  

Compounds 
Free binding energy (∆G)  

(kcal/mol) 

Inhibition constant (Ki) 

(µM) 

Compounds from GC-MS   

Trans-anethole -5.35 ± 0.08 128.6 ± 0.91 

Estragole -5.08 ± 0.02 189.2 ± 4.70  

D-Limonene -5.34 ± 0.01  122.3 ± 0.23 

Trans-α-bergamotene -6.92 ± 0.01  8.50 ± 0.19  

Linalool -4.87 ± 0.02  269.2 ± 9.85 

Cis-caryophyllene -7.72 ± 0.01  2.18 ± 0.01  

β-Bisabolene -6.36 ± 0.14  22.05 ± 5.35  

β-Fernesene -5.49 ± 0.16  95.51 ± 5.85 

α-Bergamotene -6.30 ± 0.04  23.96 ± 1.66  

α-Copaene -7.26 ± 0.01 4.77 ± 0.05  

Compounds from LC-MS/MS   

Carvacol -5,34 ± 0.01  122.07 ± 2.15 

Thymol -5.24 ± 0.05 143.47 ± 10.88 

Limonene -5.34 ± 0.01 122,30 ± 0.23 

Camphene -5.32 ± 0.01 126.88 ± 0.07 

α-Pinene -5.40 ± 0.01 110.10 ± 0.11 

Gingerol -5.88 ± 0.16 50.59 ± 13.14 

Ferulic acid -5.30 ± 0.04 131.39 ± 9.98 

Rutin -5.17 ± 0.14 164.28 ± 37.46 

Methyl anisate -4.86 ± 0.01 275.19 ± 3.40 

Native ligand (tyrosine) -5.86 ± 0.03 53.54 ± 2.61 

Kojic acid -4.56 ± 0.02 455 ± 16.18 

Data represent mean ± SD (n = 3), data statistically significant difference between test ligands (one-way ANOVA, p<0.05). 

 

Other than physicochemical factors, the compound 
activity was also determined by its ADMET proper-
ties. Data from Table 7 show that all of the com-
pounds had a high value of intestinal absorption in 
humans, at >90%, and were expected to have good 
intestinal absorption, except for rutin, with intestinal 
absorption of 23.446%.  

According to Table 8, all secondary metabolites 
from oil showed a greater log Kp value, which is 
more than -2.5 cm/h, implying that they have low 
skin permeability. Concurrently, α-copaene has a log 
Kp value of -2.225 cm/h, which is the best score of 
other metabolites and predicts a promising drug can-
didate. Meanwhile, from I. verum extract, gingerol (-
2.817 cm/h) and ferulic acid (-2.72 cm/h) have values 
lower than -2.5 cm/h, which indicates that they have 
good skin permeability. Furthermore, none of the I. 
verum compounds were found to be substrates of the 
permeability glycoprotein (P-gp).  

Results of Pro-Tox II (version 3.0 toxicity predic-
tion (Table 9) showed that trans-anethole and gingerol 
were forecasted to have LC50 150 mg/kg and 250 
mg/kg, respectively; thus, they were classified as 
Class III (toxic if swallowed). While cis-caryophyllene 
and other compounds were classified as Class V  
(2000 < LD50 ≤ 5000), indicating they are expected to 
be harmful if swallowed. Furthermore, both cis-
caryophyllene and gingerol were foreseen to be active 
in immunotoxicity but inactive in other toxicity end-
points. 

DISCUSSION 

The phytochemical profile of essential oils varies 
depending on the geographical conditions where the 
plant is grown. Distillation results showed that the 
phytochemical profile of I. verum essential oil from 
East Java, Indonesia, was dominated by terpenes, 
namely trans-anethole, estragole, and D-limonene
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Figure 3. The visualization of ligand and receptor (5M8P) interaction.  

The ligands from I. verum oil: cis-caryophyllene (A), α-copaene (B), and trans-α-bergamotene (C). Ligands from I. verum extract: gingerol (D), α-

pinene (E), and carvacrol (F). Each ligand is represented in stick structure and magnified within a blue dashed box. 

 
Other studies revealed that the essential oils of I. 
verum from Haraz, Egypt, contain 82.7% trans-
anethole, 4.8% caryophyllene, and 2.3% limonene 
(Aly et al., 2016). Similar results were also reported by 
Gholivand et al. (2009) and Zhang et al. (2015), who 
found that I. verum oil from its country of origin, Chi-
na, contains 81.4% and 75.76% trans-anethole, respec-
tively. In contrast, the essential oil profile (trans-
anethole ~32%) was relatively lower in the present 
study compared to previously reported from China 
and Egypt (75–83%), which could reflect geographical 
origin, environmental factors, or processing methods. 

In the mechanism of melanin biosynthesis, tyrosi-
nase is a macromolecule that plays a central role in 
melanogenesis at the basal layer of the epidermis. 
Tyrosinase catalyzes the oxidation of L-tyrosine to 
dopaquinone, which then undergoes intramolecular 
cyclization to form leucodopachrome. This is fol-
lowed by another oxidation, resulting in DOPA (3,4-
dihydroxyphenylalanine) and dopachrome. Tyrosi-
nase also catalyzes the oxidation of dopachrome into 
eumelanin, a brownish-black pigment that contributes 

to skin color (Hushcha et al., 2021). UV-induced ROS 
can upregulate this pathway, leading to hyperpig-
mentation (Soheilifar et al., 2022). 

From the GC-MS profile analysis of I. verum oil, 
terpenes were identified as the most common com-
pounds present in essential oils (90.6%). The identifi-
cation of terpene compounds within I. verum oil sup-
ports the potential for this natural oil to inhibit tyrosi-
nase activity. This study also revealed that I. verum oil 
inhibits the activation of tyrosinase more effectively 
than I. verum extract. The strong binding of cis-
caryophyllene to His381/His192 aligns with the 
known role of terpenes in inhibiting tyrosinase, as 
observed in Crocus medica and Rhododendron colletti-
anum, which have IC50 values ranging from 1.0 to 
11.02 µM. This value is significantly better than that of 
kojic acid (IC50 = 16.67 μM) (Li et al., 2023), underscor-
ing star anise's therapeutic potential. Another study 
found that Piper frustratum Boerl oil, which contains 
terpenes, has a tyrosinase IC50 value of 95.4 μg/mL 
(Idrus et al., 2025).  
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Table 5. I. verum oil drug-compound interactions (amino acid residue; interaction types) and similarity score of tyrosinase (5M8P) to native ligand (TYR). 

Parameter TYR 
Trans-

anethole 
Estragole D-limonene 

Trans-α- 

bergamotene 
Linalool 

Cis-

caryophyllene 

β-

bisabolene 
β-fernesene α-bergamotene α-copaene 

Amino acid 

residue 

Tyr362e - - Tyr362b - - - Tyr362b Tyr362b - - 

Asn378a - - - - Asn378a - - - - - 

Ser394a Ser394a Ser394a - - - - - - - - 

 His381d His381d His381d His381c His381c His381c His381b His381b His381c His381c His381c 

 Arg374d - - - - - - - - - - 

 His192a His192b His192b - His192b His192b His192b - His192b - His192b 

  His215b His215b His215b His215c His215b His215b His215b His215b His215b His400b 

  His224b His224b - His224b His224b - - His224b - His224b 

  His377b His377b His377b His377b His377b His377b His377b His377b His377b His377b 

  His404b His404b - His404b His404b - His382b His404b - His404b 

  Leu382b Leu382b - Leu382b - - Leu382b - Leu382b Leu382 b 

  Phe400b Phe400b Phe220b Phe400b Phe400b - - Phe400b - Phe400b 

Similarity of amino acid with 

native ligand 

50.00% 50.00% 33.33% 33.33% 50.00% 33.33% 33.33% 50.00% 16.67% 33.33% 

Similarity of interaction with the 

native ligand (%) 

33.33% 33.33% 0.00% 0.00% 0.17% 0.00% 0.00% 0.00% 0.00% 0.00% 

Interaction: ahydrogen bond, balkyl/pi-alkyl, cpi-sigma dpi-cation, eunfavorable donor-donor fattractive charge. 
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Table 6. I. verum extract drug-compound interactions (amino acid residue; interaction types) and similarity score of tyrosinase (5M8P) to native ligand (TYR). 

Parameter TYR Carvacrol Thymol Limonene Camphene α-pinene Gingerol Ferulic acid Rutin Methyl anisate 

Amino acid 

residue 

Tyr362e Tyr362b - Tyr362b - - Tyr362a - - - 

Asn378a - - - - - Asn378a Asn378a - Asn378e 

Ser394a Ser394a Ser394a - - - - Ser394a - Ser394a 

 His381d His381dc His381c His381c His381bc His381bc His381bc His381d - His381bd 

 Arg374d - - - - - - Arg374a Arg374d - 

 His192a - - - - His192b - - - His192b 

  His215b - His215b His215b His215b - His215b His392a His215b 

 - - - His377b His377b His377b His377b His377b His377a His377b 

 - - - - - His404b - - Thr391a His404b 

 - - Gly388a - - His224b Asp212d - Asp212a His224b 

 - - Leu382b Phe220b - Phe400b Val196ab - Val196a Phe400b 

 - -  - - - Glu360a - Glu360a - 

Similarity of amino acid with 

native ligand 

50.00% 33.33% 33.33% 16.67% 33.33% 50.00% 66.67% 16.67% 66.67% 

Similarity of interaction with the 

native ligand (%) 

16.67% 16.67% 0.00% 0.00% 0.00% 16.67% 50.00% 16.67% 33.33% 

Interaction: ahydrogen bond, balkyl/pi-alkyl, cpi-sigma dpi-cation, eunfavorable donor-donor fattractive charge 
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Table 7. Physicochemical properties of I. verum: molecular weight (MW), log P from pkCSM, number of hydrogen bond donors 

(nHBD), number of hydrogen bond acceptors (nHBA), and topological polar surface area (TPSA) from SwissADME. 

Compound 
MW  

(≤500) 

log P  

(<5) 

nHBD  

(≤5) 

nHBA  

(≤10) 

TPSA  

(<140 Å2) 

Compound from GC-MS      

Trans-anethole 148.200 2.728 0 1 9.23 

Estragole 148.205 2.424 0 1 9.23 

D-Limonene 136.235 3.309 0 0 0.00 

Trans-α-bergamotene 204.357 4.725 0 0 0.00 

Linalool 154.250 2.660 1 1 20.23 

Cis-caryophyllene 204.357 4.725 0 0 0.00 

β-Bisabolene 204.357 5.035 0 0 0.00 

β-Fernesene 204.357 5.202 0 0 0.00 

α-Bergamotene 204.357 4.725 0 0 0.00 

α-Copaene 204.357 4.271 0 0 0.00 

Compound from LC-MS/MS      

Carvacrol 150.221 2.824 1 1 20.23 

Thymol 150.221 2.824 1 1 20.23 

Limonene 136.235 3.309 0 0 0.00 

Camphene 136.238 2.998 0 0 0.00 

α-Pinene 136.238 2.998 0 0 0.00 

Gingerol 294.391 3.234 2 4 66.76 

Ferulic acid 194.186 1.498 2 4 66.76 

Rutin 610.521 -1.687 10 16 269.43 

Methyl anisate 166.176 1.481 3 0 35.53 

logP: partition coefficient (octanol–water). 

 
The compound cis-caryophyllene, categorized as a 

terpene, was found to have the strongest binding 
affinity (∆G) with tyrosinase receptor (5M8P) com-
pared to other compounds. Salihu et al. (2023) found 
that δ-selinene in Knema intermedia Warb essential oils 
had the highest binding affinity to tyrosinase (∆G -7.8 
kcal/mol), consistent with the present docking result. 
This supports the claim regarding cis-caryophyllene, 
δ-selinene is also a sesquiterpene compound.  

Meanwhile, the LC-MS/MS profile confirmed that 
I. verum extract contains flavonoids and phenolic 
compounds, which are known to inhibit tyrosinase 
activity during the melanogenesis process (Li et al., 
2023). This was confirmed by the molecular docking 
study, as gingerol has the highest binding affinity 
score. These results suggest that I. verum extract may 
have a skin-whitening effect because of its high flavo-
noid concentration. Flavonoids and phenolics (such as 
gingerol) have been reported to suppress melanin 
synthesis and tyrosinase activity in melanoma cells. 
Our docking results support this hypothesis, as 6-

gingerol shows the best affinity to tyrosinase receptor, 
with a score of -6.8 kcal/mol (PDB ID 5M8R) and -5.4 
kcal/mol (PDB ID 3NQ1) (Asoka et al., 2022; Mutakin 
et al., 2023).  

Absorption is a crucial factor in drug efficacy. Ac-
cording to the pkCSM intestinal absorption prediction 
model, compounds with predicted absorption values 
below 40% are considered to have poor intestinal 
absorption (Damayanti et al., 2020). In silico ADMET 
prediction indicated that most compounds, except 
rutin, have high intestinal absorption (>90%). When 
delivering topical formulations, skin permeability is a 
major factor in effectiveness, as it directly influences 
transdermal drug delivery. Skin permeability (log Kp) 
was good (> –2.5 cm/h) for gingerol and ferulic acid. 
No hepatotoxicity, mutagenicity, or cytotoxicity were 
predicted for major oil and extract components, 
whereas trans-anethole and gingerol were marked as 
toxic compounds if swallowed in the predicted lethal 
dose (LD50).  
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Table 8. Pharmacokinetic properties of I. verum secondary metabolites from pkCSM. 

Compound 

Absorption  Distribution Metabolism Excretion 

Intestinal 

absorption (%) 

Skin 

permeability 

(Log Kp, cm/s) 

P-

glycoprotein 

(Pgp) 

substrate 

VDss 

(logL/ 

kg) 

BBB 

permeab

ility 

(LogBB) 

CYP2D6 

substrate 

CYP2D6 

inhibitor 

Total 

clearance 

Compound from GC-MS        

Trans-anethole 95.592 -1.139 No 0.343 0.529 No No 0.268 

Estragole 94.536 -1.739 No 0.401 0.601 No No 0.332 

D-Limonene 96.898 -1.721 No 0.396 0.732 No No 0.213 

Trans-α-bergamotene 96.229 -1.677 No 0.861 0.860 No No 1.176 

Linalool 93.163 -1.737 No 0.152 0.598 No No 0.446 

Cis-caryophyllene 94.845 -1.580 No 0.652 0.733 No No 1.088 

β-Bisabolene 95.232 -1.270 No 0.634 0.788 No No 1.458 

β-Fernesene 93.432 -1.281 No 0.574 0.835 No No 1.832 

α-Bergamotene 96.229 -1.677 No 0.861 0.860 No No 1.176 

α-Copaene 96.221 -2.225 No 0.806 0.887 No No 0.95 

Compound from LC-MS/MS       

Carvacrol 90.843 -1.620 No 0.512 0.407 No No 0.207 

Thymol 90.843 -1.606 No 0.512 0.407 No No 0.207 

Limonene 96.898 -1.721 No 0.396 0.732 No No 0.213 

Camphene 94.148 -1.435 No 0.547 0.787 No No 0.049 

α-Pinene 96.041 -1.827 No 0.667 0.791 No No 0.043 

Gingerol 92.416 -2.817 No 0.523 -0.727 No No 1.339 

Ferulic acid 93.685 -2.720 No -1.367 -0.239 No No 0.623 

Rutin 23.446 -2.735 No 1.663 -1.899 No No -0.369 

Methyl anisate 96.735 -2.281 No -0.215 -0.124 No No 0.716 

VDss: steady state volume of distribution; BBB permeability: blood brain barrier; CYP: cytochrome. 

 
Although gingerol was forecasted as Class III, this 

present study did not determine the quantitative con-
tent of gingerol. Furthermore, as the I. verum is meant 
to be applied as a topical formulation, there is no di-
rect correlation to systemic oral toxicity (Zeng et al., 
2018).   

This study highlights novel insight into the anti-
tyrosinase potential of phytochemicals from I. verum, 
particularly cis-caryophyllene and gingerol, as con-
firmed by in vitro and in silico evaluations. Bioassay-
guided fractionation to isolate active compounds, cis-
caryophyllene and gingerol, followed by individual 
testing for tyrosinase inhibition, may provide more 
precise insight into the specific mechanism. Further 
studies should emphasize bioactivity validation 
through the enzyme kinetics (Lineweaver-Burk) to 
determine the inhibition mode, as well as melanocyte 
cell line culture to assess melanin content and per-
form cytotoxicity assay of I. verum. Subsequent cos-
metic formulations incorporating I. verum oil are 

promising, as the skin permeability of components is 
relatively low. Further studies using human skin 
models are necessary to evaluate the hyperpigmenta-
tion effects, safety, efficacy, and stability of these 
compounds in topical applications. 

CONCLUSION 

I. verum essential oil and extract were profiled by 
GC-MS and LC-MS/MS, revealing predominant ter-
penes and notable flavonoids/phenolics. In vitro, the 
oil showed moderate tyrosinase inhibition (IC50 216 
μg/mL), whereas the extract was weak. In silico dock-
ing identified cis-caryophyllene (from the oil) and 
gingerol (from the extract) as the strongest binders to 
human tyrosinase. Predicted ADMET properties were 
favorable for most compounds. These findings indi-
cate that I. verum contains compounds of interest for 
further study as tyrosinase inhibitors. Future work 
should validate the activity of isolated constituents in 
biological systems. 
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Table 9. Toxicity prediction of I. verum using Pro-Tox II (version 3.0) web server. 

Compound 
LD50 

(mg/kg) 
Class 

Organ toxicity 

Hepatotoxicity Carcinogenicity Immunotoxicity Mutagenicity Cytotoxicity 

Compound from GC-MS 

Trans-anethole 150 III Inactive Active Inactive Inactive Inactive 

Estragole 1230 IV Inactive Active Inactive Inactive Inactive 

D-Limonene 4400 V Inactive Inactive Inactive Inactive Inactive 

Trans-α-bergamotene 3700 V Inactive Inactive Inactive Inactive Inactive 

Linalool 2200 V Inactive Inactive Inactive Inactive Inactive 

Cis-caryophyllene 5300 V Inactive Inactive Active Inactive Inactive 

β-Bisabolene 4400 V Inactive Inactive Active Inactive Inactive 

β-Fernesene 3650 V Inactive Inactive Inactive Inactive Inactive 

α-Bergamotene 3700 V Inactive Inactive Inactive Inactive Inactive 

α-Copaene 3700 V Inactive Inactive Inactive Inactive Inactive 

Compound from LC-MS/MS 

Carvacrol 810 IV Inactive Inactive Inactive Inactive Inactive 

Thymol 640 IV Inactive Inactive Inactive Inactive Inactive 

Limonene 4400 V Inactive Inactive Inactive Inactive Inactive 

Camphene 5000 V Inactive Inactive Inactive Inactive Inactive 

α-Pinene 3700 V Inactive Inactive Inactive Inactive Inactive 

Gingerol 250 III Inactive Inactive Active Inactive Inactive 

Ferulic acid 1772 IV Inactive Inactive Active Inactive Inactive 

Rutin 5000 V Inactive Inactive Inactive Inactive Inactive 

Methyl anisate 5000 V Active Inactive Inactive Inactive Inactive 

LD50: lethal dose, 50%.  
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