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Abstract 

Context: Cyperus rotundus L. tubers contain essential oils with reported α-glucosidase inhibitory and anti-inflammatory activities. 

Aims: This study optimized the extraction of essential oil from C. rotundus tubers and evaluated the in vitro inhibitory activities of the resulting oil. 

Methods: Essential oil was extracted using microwave-assisted hydrodistillation in a Stahl apparatus. A Box–Behnken design with three variables—microwave 

power, solvent-to-material ratio, and extraction time—was applied within the response surface methodology framework. The responses included essential oil 

yield, total phenolic content, and total terpenoid content. The optimized oil was characterized by GC–MS and evaluated in vitro using α-glucosidase inhibition 

and protein-denaturation inhibition assays. 

Results: The optimal extraction conditions were 600 W microwave power, a 1:7 g/mL solvent-to-material ratio, and 47.41 min extraction time. The optimized oil 

inhibited α-glucosidase with an IC50 of 171.89 ± 0.0087 µg/mL, compared with 277.57 ± 0.0059 µg/mL for acarbose under the same assay conditions. Protein-

denaturation inhibition was moderate, with an IC50 of 109.19 ± 0.43 µg/mL, compared with 9.14 ± 0.06 µg/mL for sodium diclofenac.  

Conclusions: The optimized essential oil demonstrated preliminary in vitro α-glucosidase inhibitory and moderate protein-denaturation inhibitory activities. 

These findings represent screening-level evidence. Further chemical characterization, mechanistic assays, safety evaluation, and in vivo studies are required 

before any therapeutic or disease-management relevance can be concluded.  

Keywords: alpha-glucosidases; anti-inflammatory agents; distillation; essential oils; plant extracts; terpenes. 

 

Resumen 

Contexto: Los tubérculos de Cyperus rotundus L. contienen aceites esenciales con actividad inhibidora de la α-glucosidasa y de la desnaturalización de 

proteínas.  

Objetivos: Este estudio optimizó la extracción del aceite esencial de los tubérculos de C. rotundus y evaluó su actividad inhibidora in vitro. 

Métodos: El aceite esencial se extrajo mediante hidrodestilación asistida por microondas en un aparato Stahl. Se aplicó un diseño Box–Behnken con tres 

variables —potencia de microondas, relación solvente-material y tiempo de extracción— mediante la metodología de superficie de respuesta. Las respuestas 

fueron rendimiento, contenido fenólico y terpenoide. El aceite optimizado fue caracterizado mediante CG-EM y evaluado mediante ensayos de inhibición de la 

α-glucosidasa y de desnaturalización de proteínas. 

Resultados: Las condiciones óptimas fueron 600 W de potencia, una relación solvente-material de 7:1 y 47,41 minutos de extracción. El extracto optimizado 

exhibió actividad inhibidora de la α-glucosidasa con IC50 de 171,89 ± 0,0087 µg/mL, inferior al de la acarbosa en las condiciones del ensayo (IC50 de 277,57 ± 

0,0059 µg/mL). La inhibición de la desnaturalización de proteínas arrojó una IC50 de 109,19 ± 0,43 µg/mL, frente a la del diclofenaco sódico (IC50 de 9,14 ± 0,06 

µg/mL). El CG-EM identificó constituyentes volátiles como α-pineno, β-pineno, cariofileno y D-limoneno. 

Conclusiones: El aceite esencial optimizado demostró actividad inhibidora preliminar frente a la α-glucosidasa in vitro y actividad inhibidora moderada frente 

a la desnaturalización de proteínas. Estos hallazgos constituyen evidencia a nivel de tamizaje; se requieren estudios adicionales de caracterización química, 

ensayos mecanísticos, evaluación de la seguridad e investigaciones in vivo para determinar su relevancia terapéutica. 

Palabras Clave: aceites esenciales; agentes antiinflamatorios; alfa-glucosidasas; destilación; extractos de plantas; terpenos. 
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Abbreviations: ADMET: absorption, distribution, metabolism, excretion, and toxicity; ANOVA: analysis of variance; 
BBD: Box–Behnken design; BSA: bovine serum albumin; COX-2: cyclooxygenase 2; DMSO: dimethyl sulfoxide; GAE: 
gallic acid equivalents; MAHD: microwave-assisted hydrodistillation; PNPG: p-nitrophenyl-α-D-glucopyranoside; RSM: 
response surface methodology; TPC: total phenolic content; TTC: total terpenoid content; UAE: ursolic acid equivalents. 
 

INTRODUCTION 

Indonesia is known for its rich biodiversity, and 
medicinal plants remain important because they are 
accessible and often associated with fewer adverse ef-
fects than synthetic drugs. Recent international studies 
show that Cyperus rotundus L. continues to attract at-
tention as a medicinal plant because of its reported 
anti-obesity, antidiabetic, and anti-inflammatory po-
tential (Abdella et al., 2024; Kim et al., 2024). 

C. rotundus has long been used in traditional medi-
cine for the treatment of inflammatory and gastrointes-
tinal complaints. Contemporary studies on its tuber 
and essential oil suggest that the plant contains bioac-
tive compounds with pharmacological relevance, in-
cluding anti-inflammatory activity (Kim et al., 2024). 

The growing demand for high-quality, high-effi-
ciency essential oils has driven the adoption of alterna-
tive extraction technologies. Microwave-assisted hy-
drodistillation (MAHD) combines microwave heating 
with conventional hydrodistillation principles, allow-
ing rapid internal heating of plant tissues and facilitat-
ing the release of volatile constituents. Compared with 
conventional hydrodistillation, MAHD has been re-
ported to shorten extraction time, reduce energy con-
sumption, and improve extraction efficiency in various 
aromatic and medicinal plants. These characteristics 
make MAHD a promising approach for the laboratory-
scale production and optimization of essential oils 
(Politeo et al., 2023). 

Optimization of extraction conditions is critical to 
maximize both essential oil yield and recovery of bio-
active constituents. Response surface methodology 
(RSM) with a Box–Behnken design is particularly effi-
cient for this purpose, as it reduces the number of ex-
perimental runs while enabling the simultaneous eval-
uation of multiple interactions among variables (Bez-
erra et al., 2008). 

C. rotundus is a relevant pharmacognostic candidate 
because it is widely distributed, traditionally used, and 
rich in bioactive secondary metabolites with reported 
antidiabetic and anti-inflammatory activities. C. rotun-
dus is a medicinal herb traditionally employed in the 
management of diverse clinical conditions, including 
diarrhea, diabetes, pyrexia, inflammation, malaria, and 
gastrointestinal disorders, and is currently recognized 
as one of the most extensively distributed herbaceous 
weeds across tropical and subtropical regions world-
wide (Pirzada et al., 2015; Syahputra et al., 2026). Phy-
tochemical and pharmacological investigations have 

supported its significance as an antidiabetic, anti-in-
flammatory, antioxidant, hepatoprotective, cardiopro-
tective, and neuroprotective agent, with the highest 
concentrations of bioactive constituents—including es-
sential oils, phenolic acids, ascorbic acids, and flavo-
noids—localized in the tubers and rhizomes (Pirzada 
et al., 2015). To date, 254 natural products have been 
isolated and structurally characterized from this spe-
cies, encompassing terpenoids, flavonoids, stilbenoids, 
and iridoids, whose collective biological activities in-
clude antioxidant, anti-inflammatory, antitumor, anti-
depressant, neuroprotective, and antidiabetic effects 
(Babiaka et al., 2024). Collectively, these attributes po-
sition C. rotundus as a strong candidate for the transla-
tional conversion of ethnomedicinal knowledge into 
experimentally validated pharmacological evidence. 

The assessment of α-glucosidase inhibitory activity 
is directly justified by the plant's traditional use for di-
abetes management, as α-glucosidase inhibitors decel-
erate the enzymatic hydrolysis of complex carbohy-
drates, thereby attenuating postprandial glucose ex-
cursions (Dechakhamphu et al., 2023), an effect further 
supported by prior evidence of significant α-gluco-
sidase inhibitory activity from C. rotundus extracts 
(Akash et al., 2024). Protein-denaturation inhibition 
was selected as an in vitro proxy for anti-inflammatory 
activity, directly aligned with the plant's ethnomedici-
nal use for inflammatory conditions (Dej-Adisai et al., 
2021; Lubis et al., 2023). 

Essaidi et al. (2014) reported that the essential oil 
from C. rotundus tubers has moderate antioxidant ac-
tivity, with an EC50 of 18.40 ± 1.30 μg/mL. Antioxidant 
activity has also been discussed in relation to glucose 
metabolism modulation. In the α-glucosidase enzyme, 
essential oil constituents may inhibit α-glucosidase 
through active-site interactions, particularly through 
small molecules binding to the active site and blocking 
the binding and subsequent hydrolysis of physiologi-
cal ligands (complex carbohydrates). Some essential oil 
constituents have been shown to interfere with α-glu-
cosidase activity in experimental studies. Inhibition of 
this enzyme may delay carbohydrate breakdown and 
subsequently moderate the increase in glucose levels 
following carbohydrate intake (Masfria et al., 2026).  

Despite the traditional use of C. rotundus for inflam-
matory and metabolic disorders, no study has system-
atically linked MAHD-optimized extraction conditions 
for its tuber essential oil to in vitro α-glucosidase-inhib-
itory and protein-denaturation-inhibitory activities. 
Previous reports have described diverse 
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phytochemicals and pharmacological activities in C. 
rotundus, including terpenoids, flavonoids, stilbenes, 
and other constituents (Babiaka et al., 2021). In addi-
tion, α-glucosidase inhibitory and anti-inflammatory 
constituents have been reported from C. rotundus and 
related sedges (Kakarla et al., 2016). However, the com-
bined evaluation of MAHD extraction optimization 
and the biological activity of the resulting essential oil 
in a single systematic study has not been addressed. 
Therefore, this study was designed to optimize MAHD 
conditions using the Box–Behnken response surface 
methodology and to evaluate whether the optimized 
essential oil exhibited in vitro α-glucosidase-inhibitory 
and protein-denaturation-inhibitory activities.  

MATERIAL AND METHODS 

Equipment and materials 

Computational analyses were performed using 
BIOVIA Discovery Studio, AutoDock Vina, IBM SPSS 
Statistics Viewer, PASS Online, Lipinski's Rule of Five, 
ADMET, PyMOL, PubChem, Protein Data Bank (PDB), 
and ProTox-II. The compounds investigated, derived 
from GC-MS analysis of Cyperus rotundus L. tuber es-
sential oil with a similarity index >90%, included α-pi-
nene, camphene, sabinene, β-pinene, β-myrcene, 3-
carene, α-terpinene, o-cymene, D-limonene, γ-ter-
pinene, terpinolene, (-)-terpinen-4-ol, α-terpineol, ge-
raniol, (-)-α-cubebene, copaene, caryophyllene, hu-
mulene, safrole, 6-allyl-4-methoxy-1,3-benzodioxole, 
and 4-(p-acetoxyphenyl)-2-butanone. Sodium diclo-
fenac and acarbose were used as reference compounds 
against the corresponding target receptors. Equipment 
used in this study included a UV-Vis Spectrophotom-
eter (Shimadzu) for determination of total phenolic, 
terpenoid content, α-glucosidase inhibitory activity, 
and anti-inflammatory activity; a fume hood (ESCO) 
for protection from hazardous chemical exposure; an 
incubator for sample incubation; a Samsung ME731K 
microwave coupled with a Stahl distillation apparatus 
for essential oil extraction; a pycnometer (pyrex Iwaki) 
and refractometer (ABBE) for essential oil characteriza-
tion; and standard laboratory glassware, micropi-
pettes, and an analytical balance for sample prepara-
tion and measurement. Materials purchased from 
Sigma-Aldrich included acarbose, distilled water, α-
glucosidase, gallic acid, bovine serum albumin, Folin-
Ciocalteu, p-nitrophenyl-α-D-glucopyranoside, ur-
solic acid, sodium diclofenac, Tris buffer saline, and 
vanillin. Anhydrous sodium sulfate, potassium dihy-
drogen phosphate, sodium hydroxide, and sodium 
carbonate were acquired from Merck. Dimethyl sulfox-
ide (DMSO), methanol, toluene, glacial acetic acid, and 
perchloric acid 70% were acquired from Smart-Lab,   

Plant material collection and extraction 

Cyperus rotundus L. tubers were collected from Deli 
Serdang, North Sumatra, Indonesia (3°32'N, 98°41'E) in 
July 2024, and authenticated at Herbarium Medanense, 
Department of Biology, Faculty of Mathematics and 
Natural Sciences, Universitas Sumatera Utara, under 
voucher number 2552/MEDA/2024 by Siregar, E. S. 
(family Cyperaceae). The tubers were sorted to remove 
soil, foreign materials, and damaged parts, washed 
with running water, drained, chopped into approxi-
mately 0.5-1 cm pieces, and used in fresh condition. 
Moisture content of the fresh tubers was not deter-
mined separately, and extraction yields are therefore 
reported on a fresh-weight rather than a dry-weight 
basis. 

Essential oil was extracted by microwave-assisted 
hydrodistillation using a Stahl-type apparatus con-
nected to a Samsung ME731K microwave operating at 
2450 MHz. For each run, the prepared tubers were 
placed into a 1000 mL round-bottom flask (100 g or 42-
61 g of fresh tubers, depending on the liquid-to-solid 
ratio assigned), and distilled water was added accord-
ing to the assigned liquid-to-solid ratio (3, 5, or 7 mL of 
distilled water per gram of fresh tuber). The extraction 
was performed at the microwave power and extraction 
time specified in the experimental design. The conden-
ser was maintained at approximately 10-15°C using 
circulating cold water to ensure efficient distillate con-
densation. Each of the 17 experimental runs was per-
formed independently using freshly prepared tuber 
material. After distillation, the essential oil volume was 
recorded directly from the graduated arm of the Stahl 
apparatus. 

For oil recovery, 0.2 mL of toluene was added after 
distillation to facilitate the separation of the low-vol-
ume essential oil from the aqueous distillate. The aque-
ous and organic phases were separated using the stop-
cock. The same standardized toluene-recovery proce-
dure was applied to all RSM experimental runs and to 
the optimized extraction sample. The toluene phase 
containing the recovered oil was subsequently evapo-
rated on a water bath maintained at 100°C. Because re-
sidual-solvent analysis was not performed, complete 
removal of toluene could not be experimentally con-
firmed. The recovered oil was then dried over anhy-
drous sodium sulfate, filtered, transferred into amber 
glass vials, and stored at 2–8°C until further analysis. 

The percentage of essential oil yield was deter-
mined using the following Equation [1]. 

Yield (% v/w) =  
Essential oil volume (mL)  

× 100 [1] 
Fresh tuber mass (g) 
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Characterization of essential oil 

Determination of density 

A 5-mL pycnometer was used to determine the den-
sity of the essential oil. As only 0.3 mL of essential oil 
was available, an alternative procedure was employed. 
The pycnometer was first filled with distilled water 
and weighed to determine its density. It was then filled 
with 0.3 mL of essential oil, and distilled water was 
added to bring the volume to 1 mL. The density of the 
resulting mixture was measured, and the essential oil's 
density was subsequently calculated using Equation 
[2]. 

D₂ =  
[(D₁,₂ × (V₁ + V₂)) − (D₁ × V₁)]  

[2] 
V₂ 

where: D1,2 = Mixture Density, D1 = density of distilled water,            

D2 = Density of essential oil, V1 = Volume of distilled water,                

V2 = volume of essential oil. 

Refractive index analyses 

Refractive index was measured using an Abbe re-
fractometer. The instrument was positioned in an area 
with adequate lighting. The prism was equilibrated 
with water at 20°C and cleaned with alcohol and ether 
prior to measurement. The essential oil samples were 
placed onto the prism and maintained at 20°C. The 
boundary between the light and dark fields was lo-
cated by adjusting the refractometer, and the refractive 
index reading was recorded (Diana et al., 2024) 

GC–MS analysis 

Gas chromatography–mass spectrometry (GC–MS) 
analysis was performed to characterize the chemical 
profile of the optimized C. rotundus tuber essential oil. 
The analysis was conducted using an Agilent 7890B 
gas chromatograph coupled to an MSD 5977A mass-
selective detector, equipped with an HP-5MS capillary 
column (30 m × 0.25 mm, 0.25 µm film thickness). He-
lium was used as the carrier gas at a constant flow rate 
of 1 mL/min. A 1 µL sample was injected in splitless 
mode at an injector temperature of 250°C. The oven 
temperature was programmed from 40°C to 300°C at 
10°C/min and held at 300°C for 4 min. The mass spec-
trometer was operated in electron ionization mode at 
70 eV. The transfer line, ion source, and quadrupole 
temperatures were maintained at 270°C, 230°C, and 
150°C, respectively (Syahputra et al., 2026). 

Compound assignments were performed by com-
paring the acquired mass spectra with the NIST20 
mass-spectral library. Retention time, relative peak 
area, and library-match quality were obtained from the 
instrument-generated reports. Relative abundance was 
calculated by peak-area normalization without correc-
tion factors and expressed as a percentage of the total 

chromatographic area. The original library-assigned 
names were standardized, where applicable, to their 
corresponding PubChem preferred or commonly ac-
cepted names by verifying the CAS number, molecular 
formula, and chemical structure. Because an n-alkane 
series and authentic standards were not analyzed, the 
reported compounds were considered tentative as-
signments. Compounds suspected to represent analyt-
ical artifacts were excluded from the biological and 
molecular docking interpretations (Syahputra et al., 
2026). 

In Silico 

The Lipinski's Rule of Five test 

The Lipinski's Rule of Five test was carried out by 
submitting the three-dimensional structures of the se-
lected C. rotundus tuber essential oil compounds in 
PDB format (Masfria et al., 2024a). 

ADMET test 

The ADMET prediction was carried out using the 
pkCSM online tool and the ProTox-II server. The 
SMILES of each selected C. rotundus tuber essential oil 
compound were obtained from PubChem and submit-
ted to the prediction platforms. The pkCSM online tool 
was used to predict the ADMET profile of each com-
pound, including absorption, distribution, metabo-
lism, and excretion-related parameters. Toxicity pre-
diction was performed using the ProTox-II server to 
obtain the predicted toxicity profile of each compound, 
including acute toxicity class, predicted LD50, AMES 
toxicity, hepatotoxicity, and skin sensitization. The 
ADMET and toxicity prediction results were used as 
preliminary in silico pharmacokinetic and safety 
screening data. 

Ligand and receptor preparation 

Ligand preparation was performed by download-
ing and converting the selected C. rotundus tuber es-
sential oil compounds from SDF 3D to PDB format us-
ing BIOVIA Discovery Studio. Receptor preparation 
was performed by downloading the target receptor 
structures from the Protein Data Bank in PDB format. 
Water molecules, native ligands, non-essential chains, 
and hydrogen atoms were removed using AutoDock-
Tools. Polar hydrogen atoms were added, and Koll-
man and Gasteiger charges were assigned. 

Docking validation 

The docking protocol was validated by redocking 
the co-crystallized ligand into its original receptor-
binding site. The crystallographic and redocked ligand 
poses were superimposed and analyzed using 
PyMOL. The redocking procedure produced a root-
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mean-square deviation (RMSD) value of 1.20 Å, which 
was below the predefined acceptance criterion of ≤2.0 
Å, indicating that the docking protocol adequately re-
produced the crystallographic binding pose. 

A cubic grid box measuring 40 × 40 × 40 Å was cen-
tered on the binding position of the co-crystallized lig-
and to encompass the receptor-binding pocket. Analy-
sis of the redocked pose showed that the native ligand 
interacted with Pro321 and Lys317 in chain A. These 
residues were used as reference contacts when evalu-
ating the consistency of the interaction patterns pro-
duced by the selected test compounds. The target iden-
tity, PDB ID, co-crystallized ligand, crystallographic 
resolution, grid-box definition, and biological role of 
each receptor are summarized in Supplementary Table 
S3. 

Molecular docking 

Molecular docking was performed using AutoDock 
Vina to evaluate the predicted interactions of selected 
compounds tentatively assigned from the GC–MS pro-
file of C. rotundus tuber essential oil. Compounds with 
NIST20 library-match quality scores of ≥90 were con-
sidered for ligand selection, and their chemical identi-
ties were cross-checked against PubChem based on the 
compound name, molecular formula, and available 
structural information (Syahputra et al., 2026). 

The selected target proteins were dipeptidyl pepti-
dase-4 (DPP-4; PDB ID: 4A5S), peroxisome prolifera-
tor-activated receptor-γ (PPAR-γ; PDB ID: 3CS8), glu-
cokinase (PDB ID: 1V4S), cyclooxygenase-2 (COX-2; 
PDB ID: 5KIR), and tumor necrosis factor-α (TNF-α; 
PDB ID: 2AZ5). Protein structures were selected based 
on human origin, availability of a co-crystallized lig-
and, absence of reported mutations, and acceptable 
crystallographic quality. DPP-4, PPAR-γ, and glucoki-
nase were evaluated as broader glucose-regulation-re-
lated targets, whereas COX-2 and TNF-α were evalu-
ated as inflammation-related targets. 

Three-dimensional ligand structures were obtained 
from PubChem, energy-minimized, and converted 
into PDBQT format. The receptor structures were pre-
pared by removing water molecules and non-essential 
heteroatoms, followed by the addition of polar hydro-
gen atoms and appropriate charges. 

For each receptor, the grid box was centered on the 
binding position of its co-crystallized ligand. The grid-
box dimensions were set to 40 × 40 × 40 Å to encom-
pass the binding pocket. The same receptor-specific 
grid center and grid-box dimensions were used for the 
selected essential-oil compounds and the correspond-
ing comparator drugs. AutoDock Vina was operated 
with an exhaustiveness value of 80 and generated 100 
binding modes for each ligand. 

Acarbose and sodium diclofenac were used as 
pharmacological comparators for glucose-regulation- 
and inflammation-related targets, respectively. These 
compounds were used only as pharmacological com-
parators and not as substitutes for the target-specific 
co-crystallized ligands used during redocking valida-
tion. The predicted binding poses were visualized us-
ing BIOVIA Discovery Studio to identify interacting 
amino acid residues, and binding affinities were ex-
pressed in kcal/mol. 

Because the selected targets did not directly corre-
spond to the yeast α-glucosidase and BSA protein-de-
naturation assays used experimentally, the docking 
findings were interpreted only as exploratory compu-
tational evidence rather than direct mechanistic confir-
mation (Masfria et al., 2024a). 

Experimental design and analyses 

A Box-Behnken experimental design, comprising 
three levels designated as low, medium, and high (la-
beled as -1, -, and +1), was selected to establish a model 
and investigate the pattern of responses influenced by 
three independent factors [X1: microwave power (300–
600 watt); X2: Solid-to-liquid ratio (1:3-1:7 g/mL); and 
X3: extraction time (30-60 min). A total of 17 experi-
ments were conducted with five replicates at the center 
point to evaluate experimental error. A second-order 
polynomial Equation [3] was utilized to examine the 
mutual interactions of the independent variables, their 
optimal levels, and their effects on the fitted responses. 

Y = β₀ + ΣβᵢXᵢ + ΣβᵢᵢXᵢ² + ΣβᵢⱼXᵢXⱼ  [3] 

In the context of the experimental design, Y1 de-
notes the response of the percentage of yield (%v/w), 
Y2 represents the response of total phenolics content 
(mg GAE/g), Y3 represents the response of total terpe-
noids content, β0 is designated as the regression coef-
ficient of the model (intercept coefficient), Xi and Xj are 
the independent factors, βij, βii, and βi are the coeffi-
cient of interaction, squared and linear coefficient, re-
spectively. An analysis of variance (ANOVA) was con-
ducted to assess the influence of the factors and their 
interactions on the intended responses. To assess the 
adequacy of the model, the coefficient of determination 
(R2), the adjusted R2, the predicted R2, the significance 
of the lack-of-fit test, and the regression coefficient (β) 
were used. The R2 was used to assess the regression's 
quality. The regression coefficient helps determine the 
strength of the relationship between the independent 
variables, while the lack-of-fit statistic indicates how 
well the regression model fits. The F value was used to 
compare the mean between the experimental and pre-
dicted values and to validate the designed model 
(Syahputra et al., 2026). 
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Determination of total phenolic content 

Total phenolic content was determined with minor 
modifications. Briefly, 1 mL of a 4000 µg/mL solution 
of essential oil from the tuber of C. rotundus was added 
to a 10 mL volumetric flask. Then, 5 mL of 7.5% Folin–
Ciocalteu reagent was added, and the mixture was in-
cubated for 8 minutes in the dark at room temperature. 
Then, 4 mL of 1% NaOH was added to the mixture. The 
mixture was incubated for 63 minutes in the dark at 
room temperature, and the absorbance was read at 732 
nm. Each assay was determined in triplicate. The total 
phenolic content was expressed as milligrams of gallic 
acid equivalents per gram of sample (mg GAE/g) 
(Masfria et al., 2024b). 

To assess the reliability of the TPC measurements, 
a six-point external calibration curve for the gallic acid 
standard (0, 20, 30, 40, 50, and 60 µg/mL) was con-
structed under the same Folin–Ciocalteu assay condi-
tions used for the samples, with absorbance read at 732 
nm (Supplementary Table S1). Because the Folin–Cio-
calteu reagent is not phenolic-specific and can also re-
act with other reducing substances that may be present 
in an essential-oil matrix, the resulting gallic acid 
equivalents (mg GAE/g) are best interpreted as a re-
ducing-capacity index rather than an absolute measure 
of phenolic content. 

Determination of total terpenoid content 

The total terpenoid content was determined accord-
ing to the method of Juliana et al. (2022). Briefly, 0.2 mL 
of 200 µg/mL essential oil, 0.3 mL of glacial acetic acid-
vanillin mixture (5% w/v), and 1 mL of perchloric acid 
were added. Furthermore, 5 mL of glacial acetic acid 
was added. The sample was incubated for 30 minutes 
at room temperature and then measured at 545 nm. 
Each assay was performed in triplicate. The total terpe-
noid content was expressed as milligrams of ursolic 
acid equivalents per gram of sample (mg UAE/g). 

Because the vanillin–acetic acid colorimetric reac-
tion used for TTC is not compound-specific and its re-
sponse factor varies across terpenoid subclasses, a six-
point external calibration curve for the ursolic acid 
standard (0, 600, 800, 1000, 1200, and 1400 µg/mL) was 
constructed under the same assay conditions used for 
the samples (Supplementary Table S2); the resulting 
ursolic acid equivalents (mg UAE/g) are nonetheless 
best regarded as a relative, nonspecific screening index 
rather than an absolute measure of terpenoid content. 

Antidiabetic activity determination 

The antidiabetic activity of the optimized essential 
oil was evaluated using an α-glucosidase inhibition as-
say with slight modifications from Dej-Adisai et al. 
(2021). α-Glucosidase from Saccharomyces cerevisiae 

(Sigma-Aldrich) was used as the enzyme source, and 
acarbose was used as the reference inhibitor. 

The optimized essential oil and acarbose were ini-
tially prepared at concentrations of 0.125%, 0.25%, 
0.5%, and 1% w/v, corresponding to 1,250, 2,500, 5,000, 
and 10,000 µg/mL, respectively. In the assay, 50 µL of 
each test solution was added to a 2,000 µL enzymatic 
reaction mixture before the addition of the stopping so-
lution. Therefore, the final assay concentrations were 
31.25, 62.5, 125, and 250 µg/mL, respectively. The same 
vehicle volume was used in the corresponding control 
tubes, and the final DMSO concentration in the enzy-
matic reaction mixture was kept constant at 2.5% v/v 
or less. 

The reaction mixture for the sample consisted of 950 
µL phosphate buffer (pH 6.8), 500 µL p-nitrophenyl-α-
D-glucopyranoside (PNPG) solution, and 50 µL sam-
ple or acarbose solution. The mixture was pre-incu-
bated at 37°C for 5 min. Subsequently, 500 µL of α-glu-
cosidase solution (0.15 U/mL) was added, and the 
mixture was incubated at 37°C for 15 min. The enzy-
matic reaction was stopped by adding 2,000 µL of 200 
mM sodium carbonate. The absorbance of the released 
p-nitrophenol was measured at 400 nm using a UV–Vis 
spectrophotometer. 

The control reaction contained phosphate buffer, 
PNPG, vehicle, and enzyme without sample or acar-
bose. The sample blank contained sample solution, 
phosphate buffer, and PNPG, but the enzyme was 
added only after the sodium carbonate to correct for 
sample background absorbance (Abs). The vehicle 
blank was prepared similarly, without a sample, to cor-
rect for non-enzymatic substrate hydrolysis and vehi-
cle absorbance. The corrected absorbance values were 
calculated using Equation [4]. 

Inhibition (%) = 
(Abs control − Abs sample) 

× 100% [4] 
Abs control 

Protein-denaturation inhibition assay 

Protein-denaturation inhibitory activity was evalu-
ated using the bovine serum albumin (BSA) denatura-
tion assay. The essential oil was prepared at concentra-
tions of 6.25, 12.5, 25, 50, 100, and 200 µg/mL, while 
sodium diclofenac was prepared at concentrations of 
1.3, 2.5, 5, 10, 20, and 40 µg/mL. Aliquots (0.5 mL) of 
each test solution were transferred into 5 mL volumet-
ric flasks and mixed with 0.2% (w/v) BSA prepared in 
Tris-buffered saline (TBS, pH 6.2–6.5) to volume. The 
negative control consisted of 0.2% BSA solution in TBS 
without the test sample, whereas the vehicle control 
consisted of the corresponding solvent used for sample 
preparation. The mixtures were incubated at 25°C for 
30 min, heated at 79°C for 5 min, and subsequently al-
lowed to stand at 23°C for 25 min. The solutions were 
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then vortex-mixed, and the absorbance was measured 
at 660 nm using a UV–Vis spectrophotometer (Masfria 
et al., 2025). The percentage inhibition of protein dena-
turation was calculated using the following Equation 
[5]. 

Inhibition (%)= 
(Abs control − Abs sample) 

× 100% [5] 
Abs control 

Statistical analysis 

The Box–Behnken design and response surface 
methodology analysis were performed using Design-
Expert version 13. The experimental data were fitted to 
a second-order polynomial model, and analysis of var-
iance (ANOVA) was used to evaluate the significance 
of the model, linear, interaction, and quadratic terms. 
Model adequacy was assessed using the coefficient of 
determination (R²), adjusted R², predicted R², coeffi-
cient of variation, adequate precision, and lack-of-fit 
test. A p<0.05 was considered statistically significant. 
P-values generated by the software (0.0000) were re-
ported as p<0.0001 (Syahputra et al., 2026). 

Experimental assay data were expressed as mean ± 
standard deviation (SD) from triplicate measurements 
unless otherwise stated. The IC50 values for α-gluco-
sidase inhibition and protein-denaturation inhibition 
were calculated from linear regression curves between 
concentration and percentage inhibition using 
GraphPad Prism version 10.4.1. The regression equa-
tion and R² value were reported for each inhibition 
curve. Statistical calculations and graphical presenta-
tion were performed using GraphPad Prism version 
10.4.1, Design-Expert version 13, and Minitab version 
2022, as appropriate.  

RESULTS AND DISCUSSION  

Essential oil characteristics and GC–MS profile 

Optimized extraction of C. rotundus tubers yielded 
a light-yellow essential oil with a yield of 0.27% v/w. 
The density of the essential oil was 0.8376 g/mL, which 
was within the general density range reported for es-
sential oils (0.800–1.180 g/mL). The refractive index 
was 1.5008, which was slightly higher than the value 
reported by Oladunni et al. (2011) for C. rotundus es-
sential oil (1.46 ± 0.01) but remained within the general 
refractive-index range of essential oils (1.3–1.7). This 
variation may be associated with differences in volatile 
composition, particularly the relative proportion of un-
saturated constituents and compounds containing 
double bonds. 

GC–MS analysis was performed to provide a chem-
ical fingerprint of the optimized essential oil. The total 
ion chromatogram showed 49 integrated peaks within 
a retention-time range of 6.481–18.435 min (Fig. 1 and 

Table 1). Compound assignments were based on com-
parison of the acquired mass spectra with the NIST20 
mass-spectral library, and relative abundance was cal-
culated from the peak area relative to the total cor-
rected chromatographic area. Because an n-alkane se-
ries and authentic reference standards were not ana-
lyzed under the same chromatographic conditions, ex-
perimental retention indices could not be determined. 
Therefore, all compound assignments were considered 
tentative rather than unequivocal identifications. In 
addition, because the toluene used to aid oil recovery 
was removed by evaporation at 100°C without con-
firmatory residual-solvent analysis, minor losses of 
highly volatile constituents or trace solvent carryover 
cannot be entirely excluded. This should be borne in 
mind when interpreting the relative peak areas. 

The predominant tentatively assigned constituents 
were α-pinene (Qual 96; relative area 23.639%), caryo-
phyllene (Qual 99; relative area 11.766%), β-pinene 
(Qual 95; relative area 11.191%), 4-(p-acetoxyphenyl)-
2-butanone (Qual 98; relative area 6.941%), sabinene 
(Qual 96; relative area 6.573%), D-limonene (Qual 99; 
relative area 5.037%), 3-carene (Qual 96; relative area 
4.449%), and 1,3-benzodioxole, 4-methoxy-6-(2-pro-
penyl)- (Qual 99; relative area 4.444%). Other tenta-
tively assigned constituents included β-myrcene, γ-ter-
pinene, linalool, terpinen-4-ol, α-terpineol, geraniol, 
safrole, α-cubebene, copaene, humulene, caryo-
phyllene oxide, and patchouli alcohol. These values 
were obtained directly from the instrument-generated 
area-percent and NIST20 library-search reports. 

The GC–MS profile provided a more direct chemi-
cal fingerprint of the optimized essential oil than the 
colorimetric total phenolic and total terpenoid meas-
urements alone. Several tentatively assigned monoter-
penes and sesquiterpenes, particularly α-pinene, β-pi-
nene, D-limonene, caryophyllene, and humulene, may 
have contributed to the observed in vitro inhibitory ac-
tivities against α-glucosidase and protein denatura-
tion. However, this relationship remains hypothetical 
because the compounds were tentatively assigned and 
were not isolated or independently assayed. 

Lipinski's rule of five test 

The physicochemical properties of the compounds 
identified in the essential oil of C. rotundus tubers are 
presented in Table 2. All compounds satisfied 
Lipinski's Rule of Five criteria. Lipinski's Rule of Five 
is widely used to predict a compound's oral bioavaila-
bility based on its solubility and permeability. Evalua-
tion of these properties is important during the early 
stages of drug discovery to reduce the risk of failure in 
the development of oral drug candidates. According to 
Lipinski's Rule of Five, a compound is considered to 
have favorable drug-like properties when it meets the 
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following criteria, with no more than one violation: 
molecular weight less than 500 Da, Log P less than 5, 
no more than 5 hydrogen bond donors (HBD), no more 
than 10 hydrogen bond acceptors (HBA), and a molar 
refractivity value ranging from 40 to 130. 

The physicochemical evaluation of C. rotundus tu-
ber essential oil compounds revealed favorable drug-
like properties, as all 13 C. rotundus essential oils ad-
hered to Lipinski's Rule of Five (RO5), a critical bench-
mark for oral drug development (Ivanović et al., 2020). 
The molecular weights of the compounds ranged from 

134 to 206 Da, well below the 500 Da threshold, ensur-
ing efficient membrane permeability and absorption. 
Additionally, the Log P values (2.13–4.99) indicated 
moderate lipophilicity, balancing solubility and cellu-
lar uptake, while the limited hydrogen bond donors 
(HBD: 0–1) and acceptors (HBA: 0–3) further sup-
ported their potential for oral bioavailability. These 
findings suggest that the essential oil constituents pos-
sess optimal physicochemical characteristics for drug 
candidacy, minimizing risks associated with poor ab-
sorption or metabolic instability. 

 
 

 

Figure 1. Total ion chromatogram (TIC) of the optimized Cyperus rotundus tuber essential oil obtained by GC–MS analysis. 

 
 

Table 1. GC–MS profile of Cyperus rotundus tuber essential oil. 

Peak 
RT 

(min) 

Relative 

area 

(%) 

Tentative compound assignment  

(best NIST20 match) 
CAS No. Qual Exp. RI 

Molecular 

formula 

1 6.481 23.639 α-Pinene 80-56-8 96 ND C10H16 

2 6.722 0.486 Camphene 79-92-5 97 ND C10H16 

3 7.121 6.573 Sabinene 3387-41-5 96 ND C10H16 

4 7.237 11.191 β-Pinene 127-91-3 95 ND C10H16 

5 7.318 1.347 β-Myrcene 123-35-3 95 ND C10H16 

6 7.688 4.449 3-Carene 13466-78-9 96 ND C10H16 

7 7.807 1.031 α-Terpinene 99-86-5 98 ND C10H16 

8 7.941 0.710 o-Cymene 527-84-4 95 ND C10H14 

9 8.029 5.037 D-Limonene 5989-27-5 99 ND C10H16 

10 8.471 1.750 γ-Terpinene 99-85-4 97 ND C10H16 

11 8.914 2.091 Terpinolene 586-62-9 98 ND C10H16 

12 9.102 1.336 Linalool 78-70-6 87 ND C10H18O 
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Table 1. GC–MS profile of Cyperus rotundus tuber essential oil (continued...) 

Peak 
RT 

(min) 

Relative 

area 

(%) 

Tentative compound assignment  

(best NIST20 match) 
CAS No. Qual Exp. RI 

Molecular 

formula 

13 9.908 0.371 5-Methylundecane 1632-70-8 90 ND C12H26 

14 9.981 0.177 4-Methylundecane 2980-69-0 76 ND C12H26 

15 10.061 0.282 2-Methylundecane 7045-71-8 90 ND C12H26 

16 10.160 0.279 3-Methylundecane 1002-43-3 87 ND C12H26 

17 10.434 2.286 3-Cyclohexen-1-ol, 4-methyl-1-(1-methylethyl)-, (R)- 20126-76-5 96 ND C10H18O 

18 10.627 0.848 3-Cyclohexene-1-methanol, α,α,4-trimethyl-, (R)- 7785-53-7 90 ND C10H18O 

19 10.786 0.323 2,6-Dimethylundecane 17301-23-4 87 ND C13H28 

20 11.006 0.202 6-Octen-1-ol, 3,7-dimethyl-, (R)- 1117-61-9 50 ND C10H20O 

21 11.364 1.146 Geraniol 106-24-1 95 ND C10H18O 

22 11.452 0.185 4-Methyldodecane 6117-97-1 93 ND C13H28 

23 11.534 0.268 2-Methyldodecane 1560-97-0 95 ND C13H28 

24 11.632 0.367 2-Methyldecane 6975-98-0 87 ND C11H24 

25 11.915 0.204 Acetic acid, 1,7,7-trimethyl-bicyclo[2.2.1]hept-2-yl ester 92618-89-8 98 ND C12H20O2 

26 12.019 1.229 Safrole 94-59-7 98 ND C10H10O2 

27 12.790 0.794 α-Cubebene 17699-14-8 98 ND C15H24 

28 13.116 0.463 Geranyl acetate 105-87-3 91 ND C12H20O2 

29 13.220 0.771 Copaene 3856-25-5 99 ND C15H24 

30 13.674 0.818 Caryophyllene oxide 1139-30-6 59 ND C15H24O 

31 13.895 11.766 Caryophyllene 87-44-5 99 ND C15H24 

32 14.117 0.172 Cyclooctene, 3-(1-methylethenyl)- 61233-78-1 53 ND C11H18 

33 14.312 1.323 Humulene 6753-98-6 97 ND C15H24 

34 14.845 0.137 
Azulene, 1,2,3,5,6,7,8,8a-octahydro-1,4-dimethyl-7-(1-

methylethenyl)-, [1S-(1α,7α,8aβ)]- 
3691-11-0 99 ND C15H24 

35 15.075 4.444 1,3-Benzodioxole, 4-methoxy-6-(2-propenyl)- (myristicin) 607-91-0 99 ND C11H12O3 

36 15.270 0.200 Benzene, 1,2,3-trimethoxy-5-(2-propenyl)- (elemicin) 487-11-6 99 ND C12H16O3 

37 15.512 1.100 2-Methyl-2-bornene 72540-93-3 50 ND C11H18 

38 15.623 1.115 1,Z-5,E-7-Dodecatriene 83085-83-0 60 ND C12H20 

39 15.896 0.467 Caryophyllene oxide 1139-30-6 87 ND C15H24O 

40 16.303 0.296 Benzene, (1-butylheptyl)- 4537-15-9 97 ND C17H28 

41 16.530 6.941 4-(p-Acetoxyphenyl)-2-butanone 3572-06-3 98 ND C12H14O3 

42 16.706 0.236 Benzene, (1-ethylnonyl)- 4536-87-2 90 ND C17H28 

43 17.010 0.225 Patchouli alcohol 5986-55-0 99 ND C15H26O 

44 17.138 0.145 Benzene, (1-methyldecyl)- 4536-88-3 95 ND C17H28 

45 17.375 0.184 Benzene, (1-pentylheptyl)- 2719-62-2 95 ND C18H30 

46 17.426 0.157 Benzene, (1-butyloctyl)- 2719-63-3 97 ND C18H30 

47 17.573 0.116 Benzene, (1-propylnonyl)- 2719-64-4 97 ND C18H30 

48 18.264 0.114 Benzene, (1-methylundecyl)- 2719-61-1 90 ND C18H30 

49 18.435 0.211 Benzene, (1-hexylheptyl)- 2400-01-3 89 ND C19H32 
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Table 2. Physicochemical properties of Cyperus rotundus essential oil compounds. 

No Parameter Standard Observed range Conclusion 

1 Molecular weight < 500 Da 134–206 Da Complies 

2 Log P < 5 2.13–4.99 Complies 

3 HBD (H-bond donor) < 5 0–1 Complies 

4 HBA (H-bond acceptor) < 10 0–3 Complies 

5 Molar refractivity 40–130 43.75–68.90 Complies 

 
 

Table 3. ADMET evaluation. 

No Parameter Standard Observed range Conclusion 

1 TPSA 60-140 Å2 18.46-94.77 Å2 Six compounds do not comply 

2 Bioavaibility > 0.55 0.55 Complies 

3 Log Kp -5.35 to -7.4 cm/s -6.37 to -3.89 cm/s Complies 

4 Log Po/w 2.25-4.75 2.22–4.31 One compound does not comply. 

 
Compliance with Lipinski's RO5 increases the like-

lihood that these compounds reach systemic circula-
tion intact, a crucial factor for their predicted antioxi-
dant and hypocholesterolemic activities. The molar re-
fractivity values (43.75–68.90) also fell within the rec-
ommended range (40–130), indicating appropriate mo-
lecular polarizability and stability. Notably, the ab-
sence of RO5 violations underscores the pharmaceuti-
cal relevance of these terpenoids and phenylpro-
panoids, aligning with previous studies on bioactive 
natural products with oral drug potential. The con-
sistent adherence to these rules across all analyzed 
compounds strengthens the argument for further pre-
clinical investigation into their therapeutic applica-
tions. 

ADMET test 

The ADMET test is conducted to predict a com-
pound's absorption, distribution, metabolism, and ex-
cretion; the testing is shown in Table 3. 

The ADMET evaluation of C. rotundus tuber essen-
tial oil compounds demonstrated promising pharma-
cokinetic properties, particularly in intestinal absorp-
tion and bioavailability. The bioavailability score of 
0.55 further supports their therapeutic potential, as it 
meets the threshold for adequate systemic availability. 
Such favorable absorption characteristics align with 
the compounds' compliance with Lipinski's Rule of 
Five, reinforcing their suitability as drug candidates. 

Despite the strong HIA results, the topological po-
lar surface area (TPSA) analysis showed that six com-
pounds fell outside the optimal range (60–140 Å²), with 
values ranging from 18.46 to 94.77 Å². TPSA is a key 
determinant of membrane permeability and blood-
brain barrier (BBB) penetration, and deviations from 

the ideal range may affect distribution (Setiawan et al., 
2024). However, the skin permeability (Log Kp) values 
(-6.37 to -3.89 cm/s) were within the acceptable range 
(-5.35 to -7.4 cm/s), suggesting suitable transdermal 
absorption potential for topical applications. Addition-
ally, the octanol-water partition coefficient (Log Po/w) 
for most compounds (2.22–4.31) aligned with the opti-
mal range (2.25–4.75), except for one outlier, indicating 
generally favorable lipophilicity for cellular uptake 
and distribution. The combined ADMET data under-
score the pharmaceutical potential of C. rotundus es-
sential oil compounds, particularly for oral and trans-
dermal delivery. However, the outliers in TPSA and 
Log Po/w warrant further investigation to optimize 
their pharmacokinetic profiles (Table 3) (Bitew et al., 
2021). 

The toxicity assessment of C. rotundus tuber essen-
tial oil compounds revealed a favorable safety profile, 
with no predicted AMES toxicity, hepatotoxicity, or 
skin sensitization (Table 4). The absence of mutagenic 
potential (AMES test) is particularly significant, as it 
suggests a low risk of genotoxicity, a critical consider-
ation for drug development. Furthermore, the lack of 
hepatotoxicity and skin sensitization indicates mini-
mal potential for liver damage or allergic reactions, en-
hancing the compound's suitability for therapeutic ap-
plications. These findings align with the traditional use 
of C. rotundus in herbal medicine and support its po-
tential as a source of safe bioactive compounds. 

The acute oral toxicity (LD50) analysis classified the 
compounds into three categories: Class IV (moderately 
toxic, 300 < LD50 ≤ 2000 mg/kg), Class V (slightly toxic, 
2000 < LD50 ≤ 5000 mg/kg), and Class VI (practically 
non-toxic, LD50 > 5000 mg/kg). Four compounds fell 
into Class IV, twelve into Class V, and five into Class 
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VI, indicating a generally low toxicity profile. The pre-
dominance of compounds in Classes V and VI suggests 
that most constituents are safe for consumption at 
moderate doses, consistent with the plant's ethnophar-
macological use. However, the presence of four Class 
IV compounds warrants caution and further investiga-
tion to establish safe dosage ranges for potential thera-
peutic applications (Banerjee et al., 2024). 

Molecular validation and docking 

Molecular docking suggested possible binding of 
selected tentatively assigned compounds from the GC–
MS profile of C. rotundus tuber essential oil to two in-
flammation-related protein targets: cyclooxygenase-2 
(COX-2; PDB ID: 5KIR) and tumor necrosis factor-α 
(TNF-α; PDB ID: 2AZ5) (Table 5). Among the tested 
compounds, beta-maaliene showed the lowest pre-
dicted binding-energy value against TNF-α at −8.4 
kcal/mol, followed by verbenone (−7.7 kcal/mol) and 
cyperotundone (−7.4 kcal/mol). These findings 

represent exploratory computational predictions and 
should not be interpreted as evidence of TNF-α inhibi-
tion or inflammatory-pathway modulation (Masfria et 
al., 2024a). 

Against COX-2, verbenone showed the lowest pre-
dicted binding-energy value of −6.0 kcal/mol. COX-2 
is involved in prostaglandin biosynthesis and inflam-
matory responses. However, because no target-specific 
COX-2 assay was performed, the predicted binding af-
finities should not be interpreted as evidence of COX-
2 inhibition or inflammatory-pathway modulation. 

Docking was also performed against three glucose-
regulation-related protein targets: dipeptidyl pepti-
dase-4 (DPP-4; PDB ID: 4A5S), peroxisome prolifera-
tor-activated receptor-γ (PPAR-γ; PDB ID: 3CS8), and 
glucokinase (PDB ID: 1V4S). Oxime- and methoxy-
phenyl- showed the lowest predicted binding-energy 
value against glucokinase (−6.5 kcal/mol), followed by 
cyperotundone (−5.6 kcal/mol) and cyperadione (−4.1 
kcal/mol) (Table 6) (Masfria et al., 2024a). 

 
 

Table 4. Toxicity assessment. 

No Parameter Standard Observed Conclusion 

1 AMES Toxicity No No Complies 

2 LD50 (mg/kg) Class 1: ≤ LD50 

Class 2: 5<LD50 ≤ 50 

Class 3: 50<LD50 ≤ 300 

Class 4: 300<LD50 ≤ 2000 

Class 5: 2000<LD50 ≤ 5000 

Class 6: LD50>5000 

1016–5300 

mg/kg 

Four compounds in class IV 

Twelve compounds in class V 

Five compounds in class VI 

3 Hepatotoxicity No No Complies 

4 Skin sensitisation No No Complies 

 
 

Table 5. Binding affinity scores of selected Cyperus rotundus tuber essential oil compounds and sodium 

diclofenac against COX-2 and TNF-α. 

Compound 
Cyclooxygenase-2  

(COX-2; PDB ID: 5KIR) 

Tumor necrosis factor-α  

(TNF-α; PDB ID: 2AZ5) 

Sodium diclofenac (reference drug) -5.5 -6.3 

Cyperadione -4.1 -6.5 

Cyperotundone -5.9 -7.4 

Verbenone -6.0 -7.7 

Beta-maaliene -5.7 -8.4 

Oxime-, methoxy-phenyl- -4.8 -6.4 

Note: Docking scores are expressed as binding affinity values in kcal/mol. Sodium diclofenac was used as the reference 

drug for anti-inflammatory-related docking analysis. 
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Table 6. Binding affinity scores of selected Cyperus rotundus tuber essential oil compounds and acarbose against DPP-4, PPAR-γ, and 

glucokinase. 

Compound 
Dipeptidyl peptidase-4  

(DPP-4; PDB ID: 4A5S) 

Peroxisome proliferator-activated receptor-γ  

(PPAR-γ; PDB ID: 3CS8) 

Glucokinase  

(PDB ID: 1V4S) 

Acarbose (reference drug) -3.0 -5.9 -3.9 

Cyperadione -2.2 -4.2 -4.1 

Cyperotundone -4.2 -6.5 -5.6 

Verbenone -3.9 -1.5 -4.4 

Beta-maaliene -3.3 -1.3 -3.3 

Oxime-, methoxy-phenyl- -4.3 -4.1 -6.5 

 
 

Table 7. Results of the single-factor effects of microwave power, material-solvent ratio, and extraction time. 

Microwave 

power  

(watt) 

Solid-liquid 

ratio 

(g/mL) 

Extraction 

time 

(minutes) 

Average yield 

(%) 

Average total phenolic 

content  

(mg GAE/g) 

Average total terpenoid 

content  

(mg UAE/g) 

Influence of microwave power 

300 1:4 45 0.14 1.5659 3541.0193 

450 1:4 45 0.27 12.8605 4578.1132 

600 1:4 45 0.41 17.1453 4975.5382 

800 1:4 45 0.39 14.9224 3938.6212 

Influence of solid-liquid ratio 

450 1:3 45 0.22 7.6703 4216.0031 

450 1:5 45 0.30 8.0868 5075.2785 

450 1:7 45 0.38 8.2188 5452.4206 

450 1:9 45 0.36 6.7535 4538.6396 

Influence of extraction time 

450 1:4 30 0.22 9.0951 4018.1930 

450 1:4 45 0.30 12.7793 4624.3240 

450 1:4 60 0.36 13.5263 5254.2402 

450 1:4 90 0.31 11.4304 4393.2703 

 
Cyperotundone also showed a predicted binding-

energy value of −6.5 kcal/mol against PPAR-γ. Be-
cause no target-specific in vitro assays were performed 
for DPP-4, PPAR-γ, or glucokinase, these findings are 
exploratory and should not be interpreted as evidence 
of DPP-4 inhibition, PPAR-γ activation, glucokinase 
modulation, or glucose-regulatory pathway activity. 

Single-factor experimental analysis 

Influence of microwave power on TTC and TPC 

Microwave power is a critical factor influencing 
both the yield and the content of compounds obtained 
from extraction. Lower microwave power tends to 
yield lower amounts due to suboptimal heating, which 
prevents complete extraction of the target compounds. 

Conversely, excessive power can damage the sample's 
cell walls, reducing yield. The optimal result was 
achieved at 600 watts, yielding 0.41%, but declined at 
800 watts. In addition, the highest phenolic and terpe-
noid contents were also obtained at 600 watts, amount-
ing to 17.1453 mg GAE/g and 4975.5382 mg UAE/g, 
as shown in Table 7. 

These findings indicate that microwave power is di-
rectly proportional to system temperature, enhancing 
compound concentration to an optimal point but de-
creasing it once the temperature becomes too high. 

Influence of solid-liquid ratio on TTC and TPC 

The ratio of material to solvent is a critical factor in 
optimizing essential oil yield, where excessive solvent 
use can reduce extraction efficiency, while insufficient 

https://jppres.com/


Masfria et al. Cyperus rotundus essential oil optimization 

 

https://jppres.com  J Pharm Pharmacogn Res (2026) 14(5): 13 

 

solvent volume may lead to suboptimal yields. Varia-
tions in the ratio from 1:3 to 1:7 g/mL showed an in-
creasing trend in yield, with the highest yield of 0.38% 
v/w at 1:7 g/mL. However, further increasing to 1:9 
g/mL resulted in a lower yield due to solvent satura-
tion. At the same ratio (1:7 g/mL), the highest total 
phenolic and terpenoid contents were obtained, 
amounting to 8.2188 mg GAE/g and 5452.4206 mg 
UAE/g, as shown in Table 7. These results indicate that 
an appropriate material-to-solvent ratio can enhance 
the solubility and extraction efficiency of the target 
compounds. 

Influence of extraction time on TTC and TPC 

Extraction time is a crucial factor in determining the 
effectiveness of the extraction process. In general, 
longer extraction times tend to increase the yield; how-
ever, excessively prolonged durations can lead to com-
pound degradation, thereby reducing both yield and 
compound concentration. Time variation experiments 
showed that the maximum yield of 0.36% was obtained 
at 60 minutes, followed by a decline at 90 minutes. A 
similar trend was observed in total phenolic and terpe-
noid contents, with the highest values recorded at 60 
minutes—13.5263 mg GAE/g and 5254.2402 mg 
UAE/g, as shown in Table 7. Optimal extraction time 
maximizes the release of active compounds, whereas 
durations beyond this point may damage compound 
structures and reduce their activity. Therefore, precise 
time control is essential to achieve efficient extraction 
outcomes. 

Validation of models 

The experimental data were fitted to a second-order 
polynomial mathematical model. The regression equa-
tion was evaluated using analysis of variance 
(ANOVA), and the significance of the coefficient was 
assessed at a 95% confidence level. The F-test data re-
vealed the significance of each coefficient factor, and p-
values were used to determine the significance of var-
iable interactions. Model significance was assessed us-
ing F-values and p-values. A model was deemed sta-
tistically significant if its p-value was less than 0.05. 
The observed values for Y1 (F-value = 89.80; p<0.05), Y2 
(F-value = 66.50; p<0.05), and Y3 (F-value = 153.36; 
p<0.05) (Table 8) substantiated the statistical signifi-
cance of the models. The adequacy and fitness of the 
models were further evaluated by the significance of 
the lack-of-fit test and the correlation coefficient (R2). 

Consequently, the multiple regression model 
shown in Table 8, the coefficient of determination (R2) 
of yield (Y1) was 99.14%, the total phenolic content re-
sponse (Y2) was 98.84%, and the total terpenoid content 

response (Y3) was 99.50%, demonstrated a strong rela-
tionship between the relative factors and the intended 
responses, indicating that the model can be used in a 
design space. According to Le Man et al. (2010) and 
Kunjiappan et al. (2020), the model is deemed adequate 
when R2 exceeds 0.7. Furthermore, the adjusted coeffi-
cient of determination (adjusted-R2) for the three re-
sponses exceeded 97%, substantiating the model's ad-
equacy. Additionally, the lack of fit for the three re-
sponses was non-significant. For the statistical fit tests 
for yield response, total phenol content, and total ter-
penoid content, we obtained the adjusted R2 and pre-
dicted R2 values (Table 8). The resulting difference 
among the three was less than 0.2, which is well within 
the range suggested by the system (less than 0.2). This 
finding indicates that the model fits well. 

The system generates optimal conditions from 
model predictions using Design Expert software. The 
objective of this optimization process is to minimize 
the necessary effort or operations while maximizing 
the desired outcomes. The optimal point can be deter-
mined from the resulting desirability value. Desirabil-
ity indicates the program's capacity to achieve values 
closest to 1, indicating the appropriateness of the opti-
mal optimization process for the desired variable. 

Optimum conditions were determined using De-
sign-Expert software version 13 by setting several de-
sired criteria for the response. The predetermined cri-
teria for variables and responses are presented in Table 
9. 

For optimization, microwave power was set to 600 
W, the solvent-to-sample ratio to 1:7 g/mL, and the ex-
traction time to 30–60 minutes. Yield, total phenolic 
content, and total terpenoid content were optimized to 
reach maximum values. The power was fixed due to 
equipment limitations: the available microwave lacked 
adjustable settings within 450–600 W. Setting the 
power within the range would result in values that 
could not be applied. The 1:7 g/mL ratio was chosen 
for its practicality and reproducibility, avoiding frac-
tional values typically generated by in-range settings, 
and ensuring sufficient solvent volume without excess. 

As shown in Table 10, the optimal point was se-
lected from 62 solutions generated by the system, with 
a power of 600 watts, a solid-liquid ratio of 1:7, and an 
extraction time of 47.4108 minutes, yielding a desira-
bility value of 1. Optimal results were predicted to 
yield 0.2697% of the total phenol content (11.1022) and 
5558.39 of the total terpenoid content.  

The system's optimal solution is then validated 
against its prediction, which is conducted in triplicate. 
The validation results are presented in Table 10.  
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Table 8. Analysis of variance (ANOVA) for quadratic models of responses. 

Factor/interaction df 
Sum square Mean square F-value p-value 

Y1 Y2 Y3 Y1 Y2 Y3 Y1 Y2 Y3 Y1 Y2 Y3 

Model 9 0.0722 109.96 4190E+06 0.0080 12.22 4655E+05 89.80 66.50 153.36 p<0.0001* p<0.0001* p<0.0001* 

Quadratic 3 0.0304 49.96 5258E+05 0.0101 16.65 1753E+05 113.64 90.66 57.74 p<0.0001* p<0.0001* p<0.0001* 

linear  0.1196 50.58 3621E+06 0.1196 50.58 3621E+06 423.08 275.33 1193.31 p<0.0001 p<0.0001 p<0.0001 

X1 1 0.0220 24.50 1465E+06 0.0220 24.50 1465E+06 246.96 133.36 482.73 p<0.0001* p<0.0001* p<0.0001* 

X2 1 0.0091 14.39 1347E+06 0.0091 14.39 1347E+06 102.06 78.34 443.88 p<0.0001* p<0.0001* p<0.0001* 

X3 1 0.0066 11.69 8095E+05 0.0066 11.69 8095E+05 74.06 63.63 266.70 p<0.0001* p<0.0001* p<0.0001* 

Two-way interaction 3 0.0039 9.41 41605.37 0.0039 9.41 41605.37 44.24 51.25 13.71 0.1651 0.0144 0.5193 

X1X2 1 0.0012 3.22 31648.41 0.0012 3.22 31648.41 13.72 17.54 10.43 0.0076* 0.0041* 0.0145* 

X1X3 1 0.0002 2.54 3552.16 0.0002 2.54 3552.16 2.52 13.85 1.17 0.1564 0.0074* 0.3152 

X2X3 1 0.0025 3.65 6404.80 0.0025 3.65 6404.80 28.00 19.86 2.11 0.0011* 0.0029* 0.1896 

Square 3 0.0275 44.87 3840E+05 0.0275 44.87 3840E+05 308.29 244.23 155.83 0.0006 0.0002 0.0012 

𝑋1
2X₁² 1 0.0127 16.93 89102.98 0.0127 16.93 89102.98 142.65 92.14 29.35 p<0.0001* p<0.0001* 0.0010* 

𝑋2
2X₂² 1 0.0032 8.88 2335E+05 0.0032 8.88 2335E+05 35.66 48.35 76.91 0.0006* 0.0002* p<0.0001* 

𝑋3
2X₃² 1 0.0116 19.06 1505E+05 0.0116 19.06 1505E+05 129.98 103.74 49.57 p<0.0001* p<0.0001* 0.0002* 

R2  0.9914 0.9884 0.9950  

R2 adjusted  0.9804 0.9736 0.9885  

R2 predicted  0.8626 0.8150 0.9367  

Lack of fit 3 0.25 3.33 16166.26 0.083 1.11 5388.75 0.48 4.42 4.24 0.7285# 0.1898# 0.0983# 

Pure error 4 0.34 0.25 5081.72 0.172 0.25 1270.43  

total 16 0.6622 113.54 4211E+06  

Note: X₁, microwave power; X₂, solid-to-liquid ratio; X₃, extraction time; Y₁, essential-oil yield; Y₂, total phenolic content; Y₃, total terpenoid content. Values of p <0.05 were considered statistically significant. Software-generated values of 0.0000 

were reported as p<0.0001. NE: not estimable. 
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Table 9. Criteria of optimization. 

Criteria Goal Lower Upper 

Microwave power (Watts) Is target = 600 300 600 

Solid-liquid ratio (g/mL) Is target = 1:7 1:3 1:7 

Extraction time (minutes) Is in range 30 60 

Yield (%v/w) Maximize 0.07 0.27 

Total phenolic content (mg GAE/g) Maximize 4.35 10.79 

Total terpenoid content (mg UAE/g) Maximize 3815 5555 

 

Table 10. Validation results of predicted and actual data. 

Results X1 (Watt) X2 (g/mL) X3 (Min) Y1 (%v/w) Y2 (mg GAE/g) Y3 (mg UAE/g) Desirability 

Predicted 600 1:7 47.4108 0.2697 11.1022 5558.39 1.0000 

Actual 600 1:7 47.5 0.27 11.13 5547.52  

Validation 

Analysis Predicted 

mean 
Std. dev SE. pred 95% PI low Data mean 95% PI high  

Y1 (%v/w) 0.2697 0.0009 0.0009 0.2463 0.27 0.2930  

Y2 (mg GAE/g) 11.1022 0.4286 0.4481 10.0426 11.13 12.1619  

Y3 (mg UAE/g) 5558.39 55.0947 57.6042 5422.18 5547.52 5694.6  

Note: Validation was performed in triplicate (n = 3). The model was considered valid when the experimental mean was within the 95% prediction 

interval (PI). 

 
A comparison of the validated data with the sys-

tem's predictions reveals that the data means for yield, 
TPC, and TTC fall within the 95% prediction interval 
(PI), indicating that the model can be applied. The PI is 
the range that indicates the uncertainty in the measure-
ment results or the expected next response under the 
same conditions. The response value for the selected 
combination, along with the response within the pre-
diction interval, indicates that the model can be ap-
plied. 

Pareto chart analysis 

The Pareto chart is a graphical representation of the 
importance of different variables in a phenomenon. In 
the present study, the effects of three parameters (mi-
crowave power, liquid-to-solid ratio, and extraction 
time) and their interactions on yield, total phenolic 
content (TPC), and total terpenoid content (TTC) were 
investigated. The vertical lines shown in the Pareto 
chart indicate the effects that were statistically signifi-
cant at the chosen significance level. 

As shown in Fig. 2, these effects were statistically 
significant. The length of each bar is proportional to the 
value of the calculated statistic for the associated effect. 
All bars extending beyond the vertical line are statisti-
cally significant at the chosen significance level. In the 
present study, three primary parameters                           

(A: microwave power, B: liquid-to-solid ratio, and C: 
extraction time), three interactions (AB, AC, and BC), 
and squared parameters were examined. As shown in 
Fig. 2A, all linear and squared factors significantly in-
fluenced yield. Among the two-way interactions, AB 
(microwave power × solvent-to-material ratio) and BC 
(solvent-to-material ratio × extraction time) were sta-
tistically significant, whereas the AC interaction (mi-
crowave power × extraction time) was not. As shown 
in Fig. 2B, all linear, squared, and two-way interactions 
were statistically significant for total phenolic content. 
As shown in Fig. 2C, linear and quadratic factors were 
statistically significant for total terpenoid content. The 
AC and BC interactions were not statistically signifi-
cant, whereas the AB interaction was significant. 

Efficiency of extraction subjected to the influence of 
analytical factors 

Multiple factors, including particle size, solvent 
type, temperature, and liquid-to-solid ratio, have been 
shown to significantly influence the extraction effi-
ciency of phenolic and terpenoid compounds when as-
sisted by microwave radiation. Consequently, it is im-
perative to investigate how these variables influence 
the extraction of target bioactive compounds. The 
MAHD method is recognized for its simplicity, speed, 
efficacy, and ease of use.  
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Figure 2. Pareto charts of the standardized effects of microwave 
power (X₁), liquid-to-solid ratio (X₂), extraction time (X₃), interaction 

terms, and quadratic terms on (A) essential-oil yield, (B) total phenolic 

content, and (C) total terpenoid content. 

Note: The vertical reference line indicates the significance threshold at α = 0.05. 

 
Among the numerous variables to be considered 

during the process, microwave power, solid-liquid ra-
tio, and extraction time are particularly significant and 
require precise regulation, as they have been shown to 
influence the phenolic and terpenoid content of the ex-
tract and its antidiabetic and anti-inflammatory activi-
ties. It is therefore essential to develop methodologies 
that enhance yield and phenolic and terpenoid content 
while preserving the bioactivity of target compounds. 

 Changing microwave power influenced the responses 

The fitted response surface followed a quadratic 
model, where the maximum value is located on the red 
surface. The curve image is in the form of an inverted 
parabola, or an open downward shape, indicating that 
yield and total phenol content peak before decreasing. 
The minimum yield position is defined by the blue sur-
face, which is lower than the others. 

The maximum yield of phenolic and terpenoid 
compounds extracted by MAHD (0.27% v/w; 10.79 mg 
GAE/g; and 5555 mg UAE/g) was obtained at a micro-
wave power of 600 W, an extraction time of 45 minutes, 
and a solid-liquid ratio of 1:7 g/mL. The results 
showed that increasing microwave power from 300 to 
600 W substantially affected the content. An increase in 
temperature above 600 W led to higher responses, as 
the lowest responses for yield (0.07%), total phenolic 
content (4.35 mg GAE/g), and total terpenoid content 

(3.815 mg UAE/g) were recorded at 300 W. As demon-
strated in Fig. 3A–C, the influence of microwave power 
was found to be significantly more pronounced than 
that of other factors. 

Linear regression of the gallic acid calibration data 
(Supplementary Table S1; assay described in Methods) 
gave Y = 0.0109X + 0.0173 (r = 0.9985; R² = 0.9970), with 
a limit of detection (LOD, 3.3×Sy/x/slope) of 4.39 
µg/mL and a limit of quantification (LOQ, 
10×Sy/x/slope) of 13.31 µg/mL gallic acid equiva-
lents. On this basis, the TPC values reported here fall 
within a linear, quantitatively calibrated range of 
13.31–60 µg/mL gallic acid equivalents. Linear regres-
sion of the ursolic acid calibration data (Supplemen-
tary Table S2) gave Y = 0.000306X + 0.0109 (r = 0.9980; 
R² = 0.9961), with an LOD of 114.9 µg/mL and an LOQ 
of 348.3 µg/mL ursolic acid equivalents, indicating 
that the TTC values reported here fall within a linear, 
quantitatively calibrated range of 348.3–1400 µg/mL 
ursolic acid equivalents. Because intra-day precision, 
inter-day precision, and spike-recovery data for both 
the TPC and TTC assays remain to be generated, and 
because Folin–Ciocalteu and vanillin–acetic acid chem-
istries are inherently nonspecific, both the TPC and 
TTC values in this study should still be read as sup-
portive, nonspecific screening indices rather than fully 
validated quantitative measures. 
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Figure 3. The effect of combined factors X1: microwave power, X2: 

liquid-solid ratio, and X3: Extraction time on the yield (A-C), total 

phenolic content (D-F), and total terpenoid content (G-I). 

 
An increase in microwave power leads to a rapid 

extraction rate because the higher kinetic energy re-
sults in more collisions between molecules, thereby 
transferring energy to heat. This heat then causes a 
phase change from liquid to gas, leading to distillate 
collection. However, an increase in microwave power 
also decreases the response results. This is attributable 
to compounds that are not heat-resistant for a given pe-
riod, leading to their degradation and a subsequent de-
crease in yield, total phenolic, and terpenoid content. 

Effect of solid-liquid ratio on responses 

As shown in Fig. 3A–I, yield and bioactive constit-
uent contents increased with increasing solvent-to-ma-
terial ratios until a saturation point was reached. The 
average responses declined beyond a 7:1 mL/g ratio, 
indicating that the solvent had reached its extraction 
capacity. Once saturated, additional solvent did not 
further improve the extraction of metabolites from the 
plant material. 

Effect of extraction time on responses 

As shown in Fig. 3A–I, the average responses de-
creased after exceeding 60 minutes. Generally, an in-
crease in extraction time corresponds to greater extrac-
tion of compounds. However, once the optimal point 

is reached, the number of dissolved compounds begins 
to decrease. This phenomenon is attributed to the finite 
number of compounds present in the material, which 
are saturated by the solvent, resulting in a maximum 
dissolution. It is noteworthy that if the extraction pro-
cess is prolonged beyond a certain threshold, the resid-
ual compounds become inaccessible to extraction, 
leading to a decline in yield (El Harsal et al., 2018). 

α-Glucosidase inhibitory activity  

In this study, the α-glucosidase inhibitory activity 
of the optimized essential oil was evaluated using an 
α-glucosidase inhibition assay employing α-gluco-
sidase isolated from Saccharomyces cerevisiae, with acar-
bose used as the reference inhibitor. The regression 
equation for the optimized sample was y = 0.2842x + 
1.147 (R² = 0.9956), whereas that for acarbose was y = 
0.1769x + 0.8967 (R² = 0.994), as shown in Fig. 4A. Based 
on the regression analysis, the IC50 values of the opti-
mized sample and acarbose were 171.89 ± 0.0087 
μg/mL (95 CI: 171.86-171.91 μg/mL) and 277.57 ± 
0.0059 μg/mL (95 CI: 277.55–277.58 μg/mL), respec-
tively (Fig. 4B). Under the present assay conditions, the 
optimized essential oil produced a lower IC50 than 
acarbose against yeast α-glucosidase. However, be-
cause the oil is a complex mixture and enzyme kinetic 
analysis was not performed, this finding should not be 
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interpreted as evidence of superior pharmacological 
potency (Situmorang et al., 2026). 

Similar findings were reported by Elbashir et al. 
(2018), who found that a 70% ethanol extract of C. ro-
tundus exhibited an IC50 value of 118.92 ± 1.01 μg/mL, 
whereas acarbose showed an IC50 value of 240.00 ± 0.50 
μg/mL in the same assay system. Although direct 
comparisons between studies should be interpreted 
cautiously due to differences in extraction methods, 
phytochemical composition, and experimental condi-
tions, these findings suggest that C. rotundus contains 
constituents that inhibit α-glucosidase activity in vitro. 

Previous work by Tran et al. (2014) isolated several 
compounds from methanolic extracts of C. rotundus 
and evaluated their inhibitory activity against α-gluco-
sidase. Among the isolated compounds, scirpusin A 
and scirpusin B exhibited IC50 values of 168.1 ± 12.5 μM 
and 94.3 ± 6.8 μM, respectively. As these compounds 
belong to the polyphenol class, polyphenolic constitu-
ents may contribute, at least in part, to the α-gluco-
sidase inhibitory activity observed in C. rotundus. 
However, the active constituents responsible for the es-
sential oil's activity evaluated in the present study re-
main to be elucidated. 

It should also be noted that the present findings 
were obtained using α-glucosidase isolated from Sac-
charomyces cerevisiae. Therefore, the observed inhibi-
tory activity may not directly reflect activity against 
mammalian intestinal α-glucosidase, and further stud-
ies using mammalian enzyme systems and in vivo 
models are required to confirm the α-glucosidase 

inhibitory activity of the essential oil under physiolog-
ically relevant conditions. 

Protein-denaturation inhibitory activity 

The BSA denaturation assay was used as a prelimi-
nary in vitro screening method to evaluate inhibition of 
thermally induced protein denaturation. This assay 
does not identify a specific inflammatory target or 
pathway and should not be interpreted as mechanistic 
evidence of anti-inflammatory activity. This assay is 
used as a preliminary alternative to reduce reliance on 
animal-based screening (Bindu et al., 2020). Upon heat-
ing, BSA undergoes denaturation; compounds that sta-
bilize proteins against this process may therefore ex-
hibit anti-inflammatory properties. The interaction be-
tween BSA and active compounds involves bond for-
mation with amino acid residues such as tyrosine, thre-
onine, and lysine. If a compound fails to bind ade-
quately, BSA denaturation will nonetheless occur. In 
the present study, the essential oil derived from the tu-
bers of C. rotundus was evaluated alongside sodium di-
clofenac as the reference standard. 

As shown in Fig. 4C-D, the essential oil derived 
from C. rotundus tubers showed lower inhibitory activ-
ity than sodium diclofenac. This difference may be at-
tributed to the mechanism of action of sodium diclo-
fenac. Sodium diclofenac is a potent COX inhibitor that 
suppresses prostaglandin formation, thereby reducing 
pain and inflammation, and lowers free arachidonic 
acid levels in leukocytes by regulating fatty acid re-
lease and uptake (Bindu et al., 2020).

 

A B  

  

Figure 4. Concentration–response curves 
and IC₅₀ values for (A, B) α-glucosidase 

inhibition by the optimized essential oil 

and acarbose and (C, D) protein-

denaturation inhibition by the optimized 

essential oil and sodium diclofenac.  

Note: Data are presented as mean ± SD from 

three independent experiments (n = 3), with 

each concentration measured in triplicate. IC50 

values for α-glucosidase inhibition (A, B) are 

reported as mean ± SD (n = 3) and 95% 

confidence intervals.  
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As shown in Fig. 4D, the IC50 of sodium diclofenac 
was 9.14 ± 0.06 µg/mL (95% CI: 8.98–9.30 µg/mL), 
compared with 109.19 ± 0.43 µg/mL (95% CI: 108.12–
110.26 µg/mL) for the essential oil derived from the tu-
bers of C. rotundus. The regression curves for both com-
pounds are presented in Fig. 4C. Based on an IC50 
range of 101–250 µg/mL, the essential oil was classi-
fied as showing moderate protein-denaturation inhib-
itory activity under the present assay conditions. So-
dium diclofenac, in contrast, exhibited an IC50 below 50 
µg/mL, indicating stronger inhibitory activity in this 
assay. These findings represent screening-level evi-
dence of protein-denaturation inhibition and should 
not be interpreted as confirmation of anti-inflamma-
tory pharmacological efficacy. 

Study limitations 

A limitation of this study was that toluene was used 
as a post-distillation recovery aid. Although the same 
recovery procedure was applied to all samples, resid-
ual toluene analysis, recovery-efficiency validation, 
and toluene-processed blanks were not performed. 
Therefore, possible volatile loss or residual-solvent ef-
fects on GC–MS profiling and bioassays could not be 
excluded. Similarly, the TPC and TTC assays used in 
this study are nonspecific colorimetric methods whose 
precision and recovery were not validated, so the re-
sulting values should be regarded as supportive 
screening indices rather than fully validated quantita-
tive measurements. 

CONCLUSION 

This study optimized the extraction conditions for 
essential oil from Cyperus rotundus tubers and evalu-
ated the inhibitory activity of the optimized oil against 
α-glucosidase and protein denaturation. The optimum 
extraction conditions were 600 W microwave power, a 
solid-to-liquid ratio of 1:7 g/mL, and an extraction 
time of 47.41 min. Under these conditions, the opti-
mized essential oil showed preliminary in vitro α-glu-
cosidase inhibitory activity and moderate inhibition of 
protein denaturation. These findings should be inter-
preted as preliminary screening results and should not 
be considered evidence of therapeutic or disease-man-
agement efficacy. Further chemical characterization, 
mechanistic biological assays, safety evaluation, and in 
vivo validation are required to confirm the pharmaco-
logical relevance of the optimized essential oil. 
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Supplementary data 

 

Supplementary Table S1. Calibration data for the gallic acid standard curve used to 

determine total phenolic content (TPC). 

Concentration (µg/mL) Absorbance 

0 0.0000 

20 0.2502 

30 0.3578 

40 0.4587 

50 0.5635 

60 0.6599 

Note: Linear regression equation: y = 0.0109x + 0.0171 with R² = 0.9969. TPC, total phenolic content.  

 

 

Supplementary Table S2. Calibration data for the ursolic acid 

standard curve used to determine total terpenoid content (TTC). 

Concentration (µg/mL) Mean absorbance 

0 0 

600 0.2083 

800 0.2610 

1000 0.3210 

1200 0.3770 

1400 0.4293 

Note: Linear regression equation: y = 0.000306x + 0.0109; R² = 0.9961. TTC, 

total terpenoid content. 

 

 

Supplementary Table S3. Protein targets and docking parameters used for exploratory molecular docking. 

Target PDB ID 
Co-crystallized 

ligand 
Resolution (Å) Grid-center definition 

Grid-box 

dimensions 
Role in this study 

DPP-4 4A5S N7F 1.62 Centered on the co-crystallized-

ligand binding site 

40 × 40 × 40 Å Broader glucose-regulation-

related target 

PPAR-γ 3CS8 BRL 2.30 Centered on the co-crystallized-

ligand binding site 

40 × 40 × 40 Å Broader glucose-regulation-

related target 

Glucokinase 1V4S MRK 2.30 Centered on the co-crystallized-

ligand binding site 

40 × 40 × 40 Å Broader glucose-regulation-

related target 

COX-2 5KIR Rofecoxib (COH) 2.70 Centered on the co-crystallized-

ligand binding site 

40 × 40 × 40 Å Inflammation-related target 

TNF-α 2AZ5 307 2.10 Centered on the co-crystallized-

ligand binding site 

40 × 40 × 40 Å Inflammation-related target 

Note: Redocking of the co-crystallized ligand produced an RMSD value of 1.20 Å, which met the predefined acceptance criterion of ≤2.0 Å. The redocked native ligand 

interacted with Pro321 and Lys317 in chain A, and these residues were used as reference contacts when evaluating the interaction patterns of the selected test 

compounds. The docking targets were used only for exploratory computational analysis and did not directly correspond to the yeast α-glucosidase or BSA protein-

denaturation assays. 
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