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Abstract
Stahlianthus thorelii Gagnep., traditionally used for treating various ailments, is a promising source of bioactive com-
pounds. This study investigated the ethyl acetate extract of S. thorelii rhizomes for its phytochemicals, antioxidant prop-
erties, and inhibitory effects on key enzymes related to diabetes and Alzheimer’s disease. The extract contained significant 
levels of phenolic compounds such as ferulic acid, catechin, and quercetin, and its major volatile components included 
β-patchoulene, (E)-nerolidyl isobutyrate, and aristolene. The extract exhibited strong antioxidant activity (DPPH IC50 = 
86.9 μg/mL) and enzyme inhibition, including acetylcholinesterase (IC50 = 246.4 μg/mL) and α-amylase (IC50 = 789.8 μg/
mL). These findings highlight the potential of S. thorelii as a natural source for developing therapeutics targeting neuro-
degenerative and metabolic disorders, warranting further investigation into its pharmacological applications.
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1. Introduction
Stahlianthus thorelii (English name: Ginger Panax 

pseudoginseng) is a plant belonging to the family Zingib-
eraceae and has a wide distribution in Asian countries, 
including China, India, Laos, Myanmar, Sikkim, Thai-
land, Vietnam, and Cambodia.1 In Vietnam, S. thorelii 
was also known by the vernacular name “Tam thất gừng” 
and has been widely used as folk medicine to treat a wide 
range of diseases. According to traditional Vietnamese 
medicine, S. thorelii rhizomes possess a pungent charac-
teristic with a slightly bitter and warm nature and has 
traditionally been used to address hemorrhage, rheuma-
tism, irregular menstruation, digestive issues, and joint 
pain.2

Although it has been used by humans for a long time, 
indepth research on the composition and activity of S. 
thorelii has been very limited. Recently, a study has reported 
the volatile chemical composition of essential oils from the 
leaves and rhizomes of S. thorelii, revealing that the mono-
terpene group (accounting for 9.4–14.2%) and sesquiterpe-
nes (accounting for 60.0–63.9%) are the two main classes of 
volatile compounds, in which two compounds, α-copaene 
and allo-aromadendrene, are the major constituents.3 The 
rhizome essential oil showed antimicrobial activity against 
Staphylococcus aureus, Bacillus subtilis, and Aspergillus ni-
ger, with MIC ranges between 150 and 200 μg/mL. while 
the leaf essential oil was effective only against B. subtilis at 
MIC 200 μg/mL.3 In addition, isolated compounds from 
the rhizomes of S. thorelii, including thorechalcone A and 
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flavonoid derivatives, also showed antiproliferative activity, 
with IC50 values < 40 µM of inhibitory activities against co-
lon, lung, and liver cancer cell lines.4

To provide more information on the chemical com-
positions and bioactivities of this plant, in this study, we 
first analyzed the chemical constituents of the ethyl ace-
tate extract of S. thorelii rhizomes using gas chromatogra-
phy-mass spectrometry (GC-MS) and high-performance 
liquid chromatography system equipped with a diode-ar-
ray detector (HPLC-DAD). Second, we assayed its antiox-
idant and enzyme inhibition activities to evaluate its po-
tential health benefits. These findings have the potential to 
broaden the medicinal applications of S. thorelii.

2. Experimental
2. 1. Sample Collection

Fresh rhizomes of S. thorelii were collected from Kon 
Ka Kinh National Park, Kbang District, Gia Lai Province, 
Vietnam in June 2020. The identification of this plant was 
conducted by Assoc. Prof. Dr. Nguyen Hoang Tuan (Fac-
ulty of Pharmacognosy and Traditional Medicine, Hanoi 
University of Pharmacy, Vietnam). A voucher specimen 
(No. SVV-031) was deposited in the Department of Phar-
macy, Da Nang University of Medical Technology and 
Pharmacy, Danang, Vietnam.

2. 2. Chemicals
HPLC-grade extraction solvents were obtained from 

Fisher Scientific (Pennsylvania, USA). Ferulic acid, kojic 
acid, and galantamine were purchased from Sigma-Aldrich 
(Missouri, USA). Catechins and quercetin were obtained 
from Chengdu Biopurify Phytochemicals (Sichuan, Chi-
na), while kaempferol (purity > 99%) and acarbose were 
procured from the National Institute of Drug and Quality 
Control (Hanoi, Vietnam).

2. 3. Preparation of Extract
Rhizomes of S. thorelii were harvested and subse-

quently dried in a desiccator (CYF EL040 model, Chin 
Ying Fa Mechanical Ind. Co., Ltd, Taiwan) at a low temper-
ature (42–45 °C) to protect bioactive constituents in plant 
materials from degradation. The dried materials were then 
ground into powder form using a grinder (DF-20 mod-
el, VINASTAR Company, Hanoi, Vietnam). The sample 
was mixed with methanol at a ratio of 1:10 (g/mL). The 
extraction was performed at room temperature using ul-
trasound-assisted method (Model STE-17CSA, Taiwan). 
After the mixture was filtered using filter paper and the 
solvent was removed under reduced pressure, a crude 
methanol extract (165.8 g) was obtained. The extract was 
resuspended in water and successively partitioned with 
n-hexane (5 times) and ethyl acetate (5 times).5 After-

wards, the ethyl acetate fraction was concentrated under 
reduced pressure, resulting in 62.1 g of an extract (EtOAc). 
The extract was kept in an amber vial at 4 °C until analysis.

2. 4. �High-performance Liquid 
Chromatography Analysis
Phenolics present in diluted solutions of the 

EtOAc extract were examined using a Shimadzu LC-
2030C high-performance liquid chromatography system 
equipped with a diode array detector (HPLC-DAD). Sepa-
ration of the analytes was carried out on an Agilent Zorbax 
Eclipse XDB-C18 column (4.6 × 150 mm, 5 μm), employ-
ing a mobile phase consisting of solvent A (0.1% formic 
acid) and solvent B (100% acetonitrile). The mobile phase 
composition underwent the following changes: 0 – 0.1 
min, 6% B; 0.1 – 5 min, 6 – 17% B; 5 – 10 min, 17 – 19% B; 
10 – 20 min, 19 – 40% B; 20 – 25 min, 40 – 60% B; 25 – 30 
min, 60 – 80% B; 30 – 33 min, 80 – 6%; 33 – 41 min, 6% 
B. Detection of phenolics was carried out at three wave-
lengths (295, 340, and 360 nm), and quantification relied 
on external standards, as previously reported.6

2. 5. �Gas chromatography-Mass Spectrometry 
(GC-MS) Analysis
The volatile constituents of the EtOAc extract of S. 

thorelii rhizomes were determined by GC-MS system. The 
GC-MS analysis was performed on Agilent 7890B GC Sys-
tem equipped with Agilent 5977B MSD model, using HP-
5MS Ultra Inert column (30 m length × 0.25 mm i.d. × 
0.25 μm film thickness, Agilent Technologies, USA). The 
carrier gas was helium and flow rate of 1.2 mL/min. A 
volume of 1.0 μL solution (1000 ppm, dissolved in EtOAc, 
Merck) was injected with a split ratio of 25:1. The temper-
ature of the inlet-F was set at 300 °C, of MS Quad was set 
at 150 °C, while the MS source was heated at 230 °C. The 
oven temperature started from 80 °C for 1 min, ramped at 
a rate of 20 °C/min to 300 °C, then kept at this point for 15 
min. The EI mass spectra (70 eV) were acquired over the 
range 50–550 amu (2 scans/s). Retention indices (RI) were 
experimentally determined as previously described.7, 8

The volatile constituents were identified via com-
parison of their RI and their mass spectra data base with 
those in the literature (NIST 17 search program and Ad-
ams data).9 Relative percentages (%) of the components 
were computed from the peak area per total area in the GC 
chromatogram.

2. 6. Antioxidant Activity
The antioxidant activity of the EtOAc extract of S. 

thorelli rhizomes was determined through ABTS and 
DPPH radical scavenging assays.10 For DPPH, three vol-
umes of a 3 mM DPPH solution were finely mixed with 
two volumes of diluted extracts. The mixtures were then 
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incubated at 37 °C in the dark before measuring absorb-
ance at 517 nm. As for the ABTS assay, ABTS solution (7 
mM) and potassium persulfate (2.45 mM) were mixed at a 
ratio of 1:1 (v/v), followed by a 12-hour incubation in the 
dark to prepare the ABTS working solution. Before test-
ing, the absorbance of the solution at 420 nm was adjusted 
to 1.70 ± 0.02 using phosphate-buffered saline (pH 7.4). 
The working solution (3 mL) was then mixed with diluted 
samples (100 µL) and incubated for 15 min before measur-
ing the absorbance at 734 nm using a spectrophotometer. 
In both assays, ascorbic acid was used as the positive con-
trol. IC50 values-the concentrations (µg/mL) at which the 
extract could scavenge 50% of the free tested radicals-were 
calculated to determine the extract's antioxidant activity.

2. 7. �Anti-acetyl Cholinesterase (AChE) 
Activity
This assay followed the a previously described method, 

which relies on AChE acting as a catalyst for the hydrolysis of 
acetylthiocholine iodide (ACTI), producing thiocholine.11 
Thiocholine then reacts with DTNB (5,5'-dithiobis-2-ni-
trobenzoic acid) to form a yellow-colored compound, 
5-thio-2-nitrobenzoic acid. The generation of this colored 
compound directly correlates with AchE activity. In de-
tail, the samples were initially dissolved in 100% DMSO 
and subsequently diluted to various concentrations using 
ion-deionized water. Experimental wells were prepared with 
a mixture consisting of 140 µL of phosphate buffer (pH: 8), 
20 µL of test samples at different concentrations, and 20 µL 
of 0.25 IU/mL AChE. This mixture was thoroughly mixed 
and incubated at 25 °C for 15 minutes. Subsequently, 10 µL 
of 2.5 mM DTNB and 10 µL of 2.5 mM ACTI were added 
to the wells and further incubated at 25 °C for 10 minutes. 
Following this, the absorbance of the solution was measured 
at 405 nm (with a reference wavelength of 412 nm). Galan-
tamine was used as the positive control. The blank well did 
not contain the enzyme, whereas the negative control well 
did not include the test sample. The percentage inhibition of 
AChE activity was calculated using the formula:

Percentage of inhibition (%) = [1 – At/Ac] × 100 (%)

where: Ac denotes the absorbance of the control sample 
(without 20 µL of the test solution) minus the absorbance 
of the blank well; At represents the absorbance of the test 
sample minus the absorbance of the blank well.

2. 8. Anti-α-amylase Activity
The experiment followed a previously described meth-

od with minor modifications.12 A diluted EtOAc extract was 
mixed with 10 µL of α-amylase solution (0.14 U/mL) in phos-
phate buffer (pH 6.9) and incubated for 15 min at 37 °C. The 
reaction was initiated by adding starch solution (0.25%), fol-
lowed by another 15-min incubation at 37 °C. A blank sample 

underwent the same steps without the inclusion of α-amylase. 
To stop the reaction, 50 µL of 1 M HCl was added, followed 
by 100 µL of KI3 solution. Absorbance was measured at 595 
nm using a spectrophotometer. The percentage of enzymatic 
activity inhibition was calculated using the formula:

Percentage of inhibition (%) = [1 – As/Ab] × 100 (%)

where, As and Ab represent the absorbance of the sample 
and blank, respectively. Acarbose was employed as the ref-
erence standard. IC50 values (μg/mL) were used to evaluate 
the EtOAc extract's activity. Concentrations of the EtOAc 
extract tested ranged from 0 to 500 µg/mL.

2. 9. Anti-α-glucosidase Activity
Firstly, 50 µL volume of EtOAc extract, diluted in 5% 

DMSO, was mixed with 40 µL of α-glucosidase (0.05 U) 
in phosphate buffer (pH 6.8), and then incubated at 37°C 
for 20 minutes. Subsequently, 40 µL of 5 mM 4-nitrophe-
nyl-β-D-glucopyranoside (p-NPG) was added to the mix-
ture, which underwent another 20-minute incubation at 
37 °C. To stop the reaction, 130 µL of 0.2 M sodium car-
bonate solution was used, and the changes in absorbance 
were measured at 405 nm. Acarbose was used as the refer-
ence standard in this assay, while the concentrations of the 
EtOAc extract employed ranged from 0 to 2000 µg/mL.13

2. 10. Antityrosinase Activity
The tyrosinase inhibitory potential of the EtOAc ex-

tract was evaluated using the previously described meth-
od.5 Different concentrations of diluted EtOAc extract 
(125, 250, and 500 µg/mL) were combined with tyrosinase 
(80 U/mL) and 2 mM L-DOPA at a 5:2:2 (v/v/v) ratio. This 
mixture was then incubated at 37 °C for 20 minutes, and 
the absorbance was recorded at 490 nm. Kojic acid was 
used as the reference standard in this experiment.

2. 11. Statistical Analysis
All experiments were carried out in triplicate. The 

data are shown as mean ± standard deviation (n = 3). Mi-
crosoft Excel was used to calculate IC50 values. Analysis 
of variance (ANOVA) was used to statistically process the 
data and determine the significance level (p < 0.05). Minit-
ab 19 (Pennsylvania, USA) was employed for data analysis.

3. Results and Discussion
3. 1. �Phenolics and Volatile Organic 

Compounds of the EtOAc Extract

In the present study, a total of six compounds (No. 
1–6) were found to be present in the EtOAc extract of S. 
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thorelli rhizomes (Figure 1, Table 1) by using an HPLC-
DAD analysis. Ferulic acid was found at an average con-
centration of 14.7 µg/g, and it was the only phenolic acid 
detected. Three catechins, namely catechin, epicatechin, 
and epigallocatechin gallate (EGCG), were found in the S. 
thorelli extract, with average levels ranging from 169.3 to 
2449.6 µg/g. Other flavonoids detected in the S. thorelli ex-
tract are quercetin and kaempferol, with much lower con-
centrations than catechins. No study has reported the pres-
ence of these flavonoids in Stahlianthus species. Previously, 
one study reported this compound was also identified in 
Stahlianthus involucratus through use of high resolution 
mass spectrometry.14 However, they were found in rhi-
zome extracts of species in the Zingiberaceae family, such 
as Zingiber roseum, Z. officinale, Z. Zerumbet and Curcu-
ma longa.15–18 Interestingly, catechins were also identified 
as major constituents in these Zingiber plants. Phenolics 
are known as contributors to a variety of potential health 
benefits of plants, such as antioxidant, anti-inflammatory, 
antidiabetic, and anticancer properties.19–21 Investigating 
the phenolic content in S. thorelli as part of this study will 
give an initial insight into the potential applications of this 
plant for preventing and treating diseases.

Based on GC-MS analysis (Figure 2), a total of 16 
volatile compounds (No. 1–16) (representing 68.3% of its 
composition) in the EtOAc extract of Stahlianthus thorelii 
rhizomes were identified and are presented in Table 2. Of 
these volatile components, β-patchoulene (23.1%), (E)-ne-
rolidyl isobutyrate (11.9%) and aristolene (10.8%) were 
present in significant amounts. Among the volatile organic 
compounds detected, β-patchoulene (9) has been widely 
used in traditional Chinese medicine for treatment of in-
flammatory diseases.22 Meanwhile, the essential oil from 
Croton heliotropiifolius leaves, with its main component 
being aristolene at 22.43%, demonstrates significant cyto-

toxic activity against all tested cancer cell lines, including 
HL-60 (leukemia), HCT-116 (colon), MDA-MB435 (mel-
anoma), and SF295 (glioblastoma).23

Table 1. Phenolic contents in the EtOAc extract of Stahlianthus 
thorelii rhizomes 

No.	 Retention time	 Phenolics	 Concentrations, µg/g

1	 9.59	 Catechin	 467.0 ± 12.1
2	 11.52	 Epicatechin	 2450 ± 40
3	 11.98	 EGCG	 169.3 ± 12.2
4	 17.07	 Ferulic acid	 14.7 ± 0.6
5	 22.65	 Quercetin	 14.7 ± 0.6
6	 25.09	 Kaempferol	 75.1 ± 1.0

EGCG: epigallocatechin gallate

3. 2. Antioxidant Activity of the Extract
Natural antioxidant compounds are important as 

they can stabilize free radicals, thus protecting cells and 
maintaining physiological functions of the body.24 In this 
study, we first determined the antioxidant activities of S. 
thorelii by DPPH and ABTS free radical scavenging assays. 
The results are presented in Table 3. The extract demon-
strated scavenging activity against both DPPH and ABTS 
free radicals; however, its effectiveness varied significantly 
between the two assays. In the ABTS assay, the extract ex-
hibited only weak activity, with no measurable inhibition 
observed at lower concentrations (15.6–62.5 μg/mL). Ac-
tivity increased steadily at higher concentrations, result-
ing in an IC50 of approximately 743.6 μg/mL. The extract 
showed moderate antioxidant activity in the DPPH assay, 
with an IC50 of approximately 86.9 μg/mL. Despite its ac-

Figure 1. HPLC-DAD chromatogram of the phenolics detected in the extract
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tivity in both assays, the extract's scavenging power was 
consistently lower than that of ascorbic acid, highlight-
ing its relatively moderate antioxidant potential. The dif-
ference in antioxidant activity measured by two different 
methods may be attributed to its different solubility in the 
reaction medium, leading to an alteration in their capa-

bility to donate electrons. However, taken together, these 
findings confirmed the antioxidant capacity of the studied 
extract. There has been limited research on the antioxidant 
activity of Stahlianthus species. Recently, the aqueous and 
methanol extracts of S. involucratus were reported to pos-
sess free radical scavenging activities.14 The antioxidant 

Table 2. Identification of the volatile constituents the EtOAc extract of Stahlianthus thorelii rhizomes using GC-MS analysis

No.	 RT	 Compounds	 RIa	 RIb	 Formula	 Percentage (%)

1	 8.711	 3-Bornanone	 1154	 1149	 C10H16O	 1.9
2	 8.985	 Isoborneol	 1165	 1160	 C10H18O	 0.2
3	 13.446	 β-Patchoulene	 1384	 1381	 C15H24	 23.1
4	 14.931	 Aristolene	 1453	 1453	 C15H24	 10.8
5	 15.157	 Alloaromadendrene	 1463	 1461	 C15H24	 1.7
6	 15.786	 Germacrene D	 1487	 1481	 C15H24	 0.6
7	 15.896	 β-Guaiene	 1493	 1490	 C15H24	 3.5
8	 16.874	 Viridiflorol	 1592	 1591	 C15H26O	 3.9
9	 17.182	 Zingiberenol	 1617	 1616	 C15H26O	 1.1
10	 17.264	 Eudesm-4(14)-en-6α-ol	 1623	 1617	 C15H26O	 1.8
11	 17.935	 10-Hydroxycalamene, cis-	 1670	 1666	 C15H22O	 0.9
12	 18.071	 10-Hydroxycalamenene, trans-	 1679	 1676	 C15H22O	 0.4
13	 18.147	 Cedr-8-en-15-ol	 1685	 1682	 C15H24O	 2.7
14	 18.797	 Oplopanone	 1732	 1730	 C15H26O2	 1.0
15	 20.069	 (E)-Nerolidyl isobutyrate	 1827	 1825	 C19H32O2	 11.9
16	 21.109	 Myrrhanolide C 	 1908	 1904	 C15H18O4	 2.8
		  Total identified	  	 		  68.3

Abbreviations: RT: Retention time (min); RIa: Retention indices on HP-5MS Ultra Inert column; RIb: Retention indices in literature.

Figure 2. Total ion chromatogram of the EtOAc extract of Stahlianthus thorelii rhizomes
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activity depended on the solvent used for extraction; the 
methanolic extract resulted in higher antioxidant activi-
ty than the aqueous extract. The DPPH and ABTS for the 
methanolic extract of S. involucratus were 21.09 and 89.62 
mg Trolox equivalent/g dried extract, higher than those of 
the aqueous extract, with activities of 6.86 and 67.58 mg 
Trolox equivalent/g, respectively. It is widely known that 
antioxidant activity is mostly associated with the content 
of phenolic groups. In this study, we determined the ma-
jor proportion of flavonoids in the extract (Table 2). These 
compounds could partly contribute to the antioxidant ac-
tivity of the extract.

3. 3. �Enzyme Inhibitory Activities of The 
Extract
The EtOAc extract of S. thorelli rhizomes exhibits 

moderate inhibition against AChE and α-amylase with IC50 
values of 246.4 ± 11.4 μg/mL and 789.8 ± 8.3 μg/mL, respec-
tively, as shown in Table 4. It can be observed that the AChE 
inhibitory activity is the strongest and approximately three 
times stronger than the α-amylase inhibitory activity for this 
extract. Additionally, tests on α-glucosidase and tyrosinase 
enzymes for the EtOAc extract of S. thorelli were also con-
ducted but showed no activity on these tested enzymes.

Table 3. Antioxidant activity of the EtOAc extract of Stahlianthus 
thorelii rhizomes and ascorbic acid

Concentra-	                  DPPH		                         ABTS	
tions, 	 Extract	 Ascorbic acid	 Extract	 Ascorbic acid
µg/mL	               	Percentage of inhibition, %

15.63	 16.3 ± 0.6	 n.a.	 n.i.	 n.a.
31.25	 21.6 ± 1.6	 n.a.	 n.i.	 n.a.
62.5	 40.5 ± 1.4	 n.a.	 n.i.	 n.a.
125	 64.7 ± 0.9	 n.a.	 6.7 ± 1.1	 n.a.
250	 94.1 ± 0.3	 n.a.	 17.8 ± 1.3	 n.a.
500	 95.5 ± 0.6	 n.a.	 37.6 ± 1.1	 n.a.
1000	 96.0 ± 0.6	 n.a.	 60.1 ± 0.5	 n.a.
IC50 (µg/mL)	86.9 ± 2.9 a	10.1 ± 0.4 b	743.6 ± 56.5 a	55.3 ± 2.4 b

Values are shown as mean of triplicate experiments ± standard de-
viation. Different letters (a, b) indicate statistically significant differ-
ences in antioxidant activity between the extract and reference 
standard.    n.a.: not available     n.i.: no inhibition

In chemical analysis, major phenolic compounds 
were detected using HPLC-DAD analysis, specifically 
ferulic acid, catechin, epicatechin, EGCG, quercetin, and 
kaempferol, which may contribute significantly to the ob-
served AChE and α-amylase inhibitory activities. Among 
the detected compounds, quercetin and catechin, known 
flavonoids found in Eugenia dysenterica, exhibit effective 
AChE inhibitory activity with IC50 values of 46.6 µg/mL 
and 42.4 µg/mL, respectively, as reported previously by 
Gasca and colleagues.25 Another flavonoid, EGCG, found 
in tea, demonstrates outstanding AChE inhibitory activity 
with an IC50 value of 4.4 µg/mL.26 Regarding α-amylase, 
kaempferol isolated from the leaves of Cassia bakeriana 
shows potent α-amylase inhibitory activity with an IC50 
value of 1.5 ± 0.1 μg/mL.27 Additionally, ferulic acid has 
been reported to significantly inhibit α-amylase with an 
IC50 value of 622 µg/mL. To our knowledge, there have 
been no reports on the anti-AChE and anti-α-amylase ac-
tivities of Stahlianthus species extracts and chemical con-
stituents. However, within the Zingiberaceae family, there 
are several reports demonstrating inhibitory activities. For 
example, extracts from two Aframomum species, A. meleg-
ueta and A. danielli show significant AChE activity with 
IC50 values of 373.3 μg/mL and 417.1 μg/mL, respective-
ly.28 The dichloromethane extract of Curcuma aromatica 
exhibits notable α-amylase inhibitory activity (IC50 = 9.0 
± 0.3 µg/mL).29 In summary, the EtOAc extract obtained 
from S. thorelli demonstrates significant AChE and α-am-
ylase inhibitory activities, and the main phenolics may 
play a crucial role in these enzyme inhibitory activities.

4. Conclusion
The study e described the characteristics of the 

EtOAc extract of Stahlianthus thorelii concerning its chem-
ical composition and biological activity. The non-volatile 
fraction of this extract was found to contain phenolic com-
pounds such as ferulic acid, catechin, epicatechin, epigal-
locatechin gallate, quercetin, and kaempferol. The volatile 
fraction, on the other hand, was dominated by β-patch-
oulene, (E)-nerolidyl isobutyrate, and aristolene as ma-
jor components. Additionally, the extract demonstrated 

Table 4. Enzyme inhibition of the EtOAc extract of Stahlianthus thorelii rhizomes 

Samples		                                      IC50 (µg/mL)
	 Anti-AChE	 Anti-α-amylase	 Anti-α-glucosidase	 Anti-tyrosinase
	 activity	 activity	 activity	 activity

EtOAc extract	 246.4 ± 11.4 a	 789.8 ± 8.3 a	 n.a.	 n.a.
Galantamine	 1.7 ± 0.1 b	 n.t.	 n.t.	 n.t.
Acarbose 	 n.t.	 88.8 ± 1.8 b	 72.0 ± 8.4	 n.t.
Kojic acid	 n.t.	 n.t.	 n.t.	 62.0 ± 1.3

Values are shown as mean of triplicate experiments ± standard deviation. Different letters (a, b) indicate 
statistically significant differences in antioxidant activity between the extract and reference standards.
n.a.: not available    n.t.: not tested.
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moderate antioxidant activity, as measured by DPPH and 
ABTS assays, and inhibitory effects on two enzymes, ace-
tylcholinesterase (AChE) and α-amylase. These findings 
suggest that S. thorelii could serve as a valuable source of 
bioactive phytochemicals and holds potential for further 
exploration as a therapeutic candidate for managing dia-
betes and Alzheimer's-related conditions in humans.

Conflict of interest
The authors declare that there are no conflicts of in-

terest regarding the publication of this manuscript.

5. References
  1.	� �N.Q. Binh. Flora of Vietnam, vol. 21: Zingiberaceae Lindl. 

Publishing House for Science and Technology, 2017, pp. 
306–318.

  2.	� T. P. H. Hoang, H. Q. Nguyen, T. H. Dao, Vietnam Med. J. 
2021, 501, 136–139.   DOI:10.51298/vmj.v501i1.447

  3.	� N. H. Tuan, L. V. Quang, N. T. Tung, N. B. Ngoc, P. N. Khanh, 
L. V. Averyanov, J. Essent. Oil-Bear. Plants. 2021, 24, 1365–
1372.   DOI:10.1080/0972060X.2021.2020689

  4.	� N.-L. Nguyen, T.-H. Vo, Y.-C. Lin, C.-C. Liaw, Z.-H. Lin, M.-
C. Chen, Y.-H. Kuo, Molecules 2020, 25, 551.

	 DOI:10.3390/molecules25030551
  5.	� D. Vu, Trop. J. Nat. Prod. Res. 2022, 6(4), 558–562.
	 DOI: 10.26538/tjnpr/v6i4.166.	�
  6.	� T. H. Nguyen, D. C. Vu, N. T. Ngan, H. Tran-Trung, V. S. 

Dang, Anal. Lett. 2023, 1–12.   DOI:10.1080/00032719.2023.
2264422

  7.	� H. Tran-Trung, L. D. Giang, D. X. Duc, N. T. Giang An, D. 
Van Son, D. C. Vu, N. T. Kim Anh, H. Nguyen-Thi-Thu, K. 
T. Tam, T. H. D. Nguyen, J. Biol. Act. Prod. Nat. 2023, 13, 
145–155.   DOI:10.1080/22311866.2023.2224286

  8.	� H. Tran-Trung, L. D. Giang, D. T. H. Trang, N. T. G. An, N. N. 
Hieu, D. C. Vu, T. H. D. Nguyen, H. Nguyen-Thi-Thu, H. Van 
Trung, J. Biol. Act. Prod. 2023, 13, 68–75.

	 DOI:10.1080/22311866.2023.2192523
  9.	� R. P. Adams, Identification of essential oil components by gas 

chromatography/quadrupole mass spectroscopy. 2007, Carol 
Stream, IL, USA.: Allured Publishing Corporation.

10.	�T. H. D. Nguyen, D. C. Vu, S. Alvarez, K. D. Nguyen, T. L. T. 
Nguyen, N. N. Tuan, N. T. Minh-Nguyet, L. N. Tam, T. L. Ho, 
X. T. Vo, Horticulturae. 2022, 8, 521.

	 DOI:10.3390/horticulturae8060521
11.	�G. L. Ellman, K. D. Courtney, V. Andres Jr, R. M. Feather-

stone, Biochemical pharmacology. 1961, 7, 88–95.
	 DOI:10.1016/0006-2952(61)90145-9
12.	�G. Zengin, K. I. Sinan, M. F. Mahomoodally, S. Angeloni, A. 

M. Mustafa, S. Vittori, F. Maggi, G. Caprioli, Foods. 2020, 9, 
713.   DOI:10.3390/foods9060713

13.	�T. Nguyen, N. L. Lien, N. Nguyet, Trop. J. Nat. Prod. Res. 
2023, 7(5), 2992–2995.   DOI:10.26538/tjnpr/v7i5.22 B. Wu, 
Y. Wang, Y. Lin, L. An, G. Zhang, BioMed Res. Int. 2021, 2021, 

9490162.   DOI:10.1155/2021/9490162
15.	�A. Ghasemzadeh, H. Z. E. Jaafar, S. Ashkani, A. Rahmat, A. S. 

Juraimi, A. Puteh, M. T. Muda Mohamed, BMC Complement. 
Altern. Med. 2016, 16(104), 1–10. 

	 DOI:10.1186/s12906-016-1072-6
16.	�K. Ghafoor, F. Al Juhaimi, M. M. Özcan, N. Uslu, E. E. Babik-

er, I. A. M. Ahmed, LWT. 2020, 126, 109354. 
	 DOI:10.1016/j.lwt.2020.109354
17.	�Q.-Q. Yang, L.-Z. Cheng, T. Zhang, S. Yaron, H.-X. Jiang, Z.-

Q. Sui, H. Corke, Ind. Crops Prod. 2020, 152, 112561.
	 DOI:10.1016/j.indcrop.2020.112561
18.	�M. Amanat, M. S. Reza, M. S. R. Shuvo, K. S. Ahmed, H. Hos-

sain, M. Tawhid, M. Saifuzzaman, M. S. Islam, T. Mazumder, 
M. A. Islam, Biomed. Pharmacother. 2021, 139, 111673.

	 DOI:10.1016/j.biopha.2021.111673
19.	�F. Shahidi, J. Yeo, Int. J. Mol. Sci. 2018, 19, 1573.
	 DOI:10.3390/ijms19061573
20.	�D. C. Vu, P. H. Vo, M. V. Coggeshall, C.-H. Lin, J. Agric. Food 

Chem. 2018, 66, 4503–4511.
	 DOI:10.1021/acs.jafc.8b01181
21.	�T. H. D. Nguyen, D. C. Vu, Food Rev. Int. 2023, 39, 397–423.
	 DOI:10.1080/87559129.2021.1912084
22.	�Z. Zhang, X. Chen, H. Chen, L. Wang, J. Liang, D. Luo, Y. Liu, 

H. Yang, Y. Li, J. Xie, Eur. J. Pharmacol. 2016, 781, 229–238.
	 DOI:10.1016/j.ejphar.2016.04.028
23.	�B. C. Cavalcanti, I. L. Magalhães, D. D. Rocha, F. Stefânio 

Barreto, J. B. de Andrade Neto, H. I. F. Magalhães, C. C. Dos 
Santos, M. O. de Moraes, J. Toxicol. Environ. Health Part A 
2024, 87, 91–107.   DOI:10.1080/15287394.2023.2276894

24.	�P. Poprac, K. Jomova, M. Simunkova, V. Kollar, C. J. Rhodes, 
M. Valko, Trends Pharmacol. Sci. 2017, 38, 592–607.

	 DOI:10.1016/j.tips.2017.04.005
25.	�C. A. Gasca, W. O. Castillo, C. S. Takahashi, C. W. Fagg, P. 

O. Magalhães, Y. M. Fonseca-Bazzo, D. Silveira, Food Chem. 
Toxicol. 2017, 109, 996–1002.   DOI:10.1016/j.fct.2017.02.032

26.	�E. J. Okello, R. Leylabi, G. J. McDougall, Food Funct. 2012, 3, 
651–661.   DOI:10.1039/c2fo10174b

27.	�T. da Costa Silva, A. B. Justino, D. G. Prado, G. A. Koch, M. 
M. Martins, P. de Souza Santos, S. A. L. de Morais, L. R. Gou-
lart, L. C. S. Cunha, R. M. F. de Sousa, Ind. Crops Prod. 2019, 
140, 111641.   DOI:10.1016/j.indcrop.2019.111641

28.	�S. A. Adefegha, G. Oboh, J. Basic Clin. Physiol. Pharmacol. 
2012, 23, 153–161.   DOI:10.1515/jbcpp-2012-0029

29.	�Y. Zheng, J. Tian, W. Yang, S. Chen, D. Liu, H. Fang, H. Zhang, 
X. Ye, Food Chem. 2020, 317, 126346.

	 DOI:10.1016/j.foodchem.2020.126346



70 Acta Chim. Slov. 2025, 72, 63–70

Tuan et al.: Phytochemical Composition, Antioxidant and     ...

Except when otherwise noted, articles in this journal are published under the terms and conditions of the  
Creative Commons Attribution 4.0 International License

Povzetek
Stahlianthus thorelii Gagnep., ki se tradicionalno uporablja za zdravljenje različnih bolezni, je obetaven vir bioaktivnih 
spojin. V tej študiji smo proučevali etil acetatni izvleček koreninic S. thorelii z vidika fitokemikalij, antioksidativnih last-
nosti in zaviralnih učinkov na ključne encime, povezane z diabetesom in Alzheimerjevo boleznijo. Izvleček je vseboval 
znatne količine fenolnih spojin, kot so ferulna kislina, katehin in kvercetin, njegove glavne hlapne sestavine pa so bile 
β-pačulen, (E)-nerolidil isobutirat in aristolen. Izvleček je imel močno antioksidativno aktivnost (DPPH IC50 = 86,9 μg/
ml) in je inhibiral encime, vključno z acetilholinesterazo (IC50 = 246,4 μg/ml) in α-amilazo (IC50 = 789,8 μg/ml). Te 
ugotovitve poudarjajo potencial S. thorelii kot naravnega vira za razvoj terapevtikov, usmerjenih v nevrodegenerativne in 
presnovne motnje, ter upravičujejo nadaljnje raziskave njegove farmakološke uporabe.
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