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Abstract. Ulum FB, Setyati D, Oktavianawati I, Rizqoni MIA, Sari EN, Muzakhar K, Su’udi M. 2026. Bioactivities and phytochemical 

profile of Cyclosorus parasiticus from East Java, Indonesia via GC-MS and LC-MS. Biodiversitas 27 (2): d270234. 

https://doi.org/10.13057/biodiv/d270234. Cyclosorus parasiticus is a terrestrial fern abundantly distributed in the area of Gumitir 

Mountain, East Java, Indonesia. Despite its ecological abundance, its pharmacological potential remains undercharacterised, although 

leaf tissues from Gumitir populations accumulate relatively high levels of flavonoids and alkaloids. Through an integrative bioassay–

metabolomics approach, this study presents the first systematic evaluation of the antibacterial and antioxidant activities, together with 

comprehensive chemical profiling, of C. parasiticus from the Gumitir region. Metabolite annotation revealed pronounced chemical 

diversity, with 39 compounds identified by GC-MS and six dominant LC-MS features. Importantly, the diterpene euphornin and the 

alkaloids canthiumine and haplophytine were detected and are reported here for the first time in a fern, substantially expanding current 

knowledge of pteridophyte secondary metabolism and highlighting previously overlooked alkaloid diversity in fern taxa. The 

methanolic extract exhibited concentration-dependent antibacterial inhibition against Staphylococcus aureus, Kocuria rosea, 

Pseudomonas aeruginosa, and Escherichia coli, with greater susceptibility observed in Gram-positive bacteria. Antioxidant activity 

measured by the DPPH radical-scavenging assay yielded an IC50 value of 176.66±14.64 ppm, indicating moderate radical-scavenging 

capacity. Collectively, these findings establish C. parasiticus (Gumitir population) as a chemically rich fern with measurable 

antibacterial and antioxidant potential, supporting its promise as a natural source of pharmacologically relevant metabolites. 
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INTRODUCTION 

Indonesia is recognised as a global centre of plant 

diversity and represents a major reservoir of untapped 

natural products. Within this flora, ferns (pteridophytes) 

constitute an important but comparatively underexplored 

lineage, despite long-standing ethnomedicinal use for 

conditions such as fever, gastrointestinal disorders, wound 

healing, and respiratory infections (Singh et al. 2021; 

Setiawan 2022). Increasing evidence indicates that 

medicinally relevant pteridophytes possess diverse 

bioactivities, including antioxidant, antimicrobial, anti-

inflammatory, and anticancer effects, driven by secondary 

metabolites such as flavonoids, alkaloids, terpenoids, and 

phenolics (Bandyopadhyay and Dey 2022). However, for 

most species, pharmacological validation remains limited, 

and their metabolite composition remains poorly resolved, 

underscoring the need for deeper phytochemical and 

metabolomics-based investigations to support standardisation 

and bioprospecting (Sun et al. 2024). 

Among these species, Cyclosorus parasiticus (Linn.) 

Farwell emerges as a fern of notable medicinal potential, 

widely distributed in Jember, East Java, particularly in the 

Gumitir Mountain region where favourable ecological 

conditions support its growth (Rizqoni et al. 2024). Leaves 

from this population exhibit elevated flavonoid and alkaloid 

contents compared with those from other plantation areas, 

indicating locally enriched reservoir of secondary metabolites 

(Setyati et al. 2020). Phytochemical investigations have 

identified alkaloids, flavonoids, and chalcone derivatives, 

including parasitin A-C, associated with antioxidant, 

antimicrobial, immunosuppressive, and anti-inflammatory 

activities (Rudrapal et al. 2021). Bioassays further 

demonstrate significant anti-inflammatory activity in 

acetone extracts, while acute toxicity tests confirm safety at 

doses up to  2000 mg/kg (Tangavelou and Viswanathan 

2017). Nevertheless, its pharmacological profile remains 

insufficiently characterised, particularly regarding metabolite 

diversity and functional relevance. 

The need for deeper investigation is further justified by 

global health challenges. Rising oxidative stress associated 

with free radicals contributes to chronic diseases such as 

cancer, cardiovascular disorders, and neurodegenerative 

conditions, while antibiotic resistance remains a critical public 

health crisis. In Indonesia, cancer prevalence increased 

from 1.4% in 2013 to 1.49% in 2018, with breast, prostate, 

and lung cancers dominating new cases (Prihantono et al. 

2023). Moreover, Antimicrobial Resistance (AMR) caused an 

estimated 1.3 million deaths globally in 2019, surpassing 

HIV and malaria, with Escherichia coli, Klebsiella 

pneumoniae, and Staphylococcus aureus among the most 

lethal pathogens (Brüssow 2024). The emergence of biofilm 
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formation, quorum sensing, and immune evasion 

mechanisms further exacerbates their clinical impact (Qin 

et al. 2022; Ziogou et al. 2023; Alhadlaq et al. 2024; 

Touaitia et al. 2025). In this context, plants with dual 

antioxidant and antibacterial activities, such as C. 

parasiticus, represent a promising natural source for novel 

therapeutic agents. While some Gumitir species, such as 

the orchid Liparis resupinata and fern Asplenium nidus, 

have demonstrated such properties (Setyati et al. 2023; 

Ulum et al. 2023), C. parasiticus from this region remains 

largely unexplored.  
Secondary metabolites are central to the 

pharmacological activity of ferns, driving their antioxidant, 

antibacterial, and anticancer effects (Bandyopadhyay and 

Dey 2022). The ecological abundance of C. parasiticus 

further supports its potential as a bioprospecting target 

(Setyati et al. 2020). However, most studies have relied on 

basic phytochemical screening methods such as UV-Vis 

spectrophotometry, which provide limited insights into 

chemical complexity. Advanced analytical platforms such 

as Gas Chromatography-Mass Spectrometry (GC-MS) and 

Liquid Chromatography-Mass Spectrometry (LC-MS) 

provide more comprehensive metabolite profiling. GC-MS 

is particularly effective for detecting volatile and semi-

volatile compounds, while LC-MS enables the 

characterisation of larger, non-volatile metabolites, offering 

a more complete picture of chemical diversity (Farhan et al. 

2025). Despite their power, these methods have not yet 

been applied to C. parasiticus from Gumitir, representing a 

significant gap in our understanding of its phytochemical 

composition. 

Given this background, the present study was designed 

to bridge this knowledge gap by providing the first 

integrated assessment of biological activity and metabolite 

identification of C. parasiticus from Gumitir Mountain, East 

Java. Specifically, we aimed to (i) evaluate the antibacterial 

activity of its methanolic extract against clinically relevant 

pathogens and assess its antioxidant capacity using the 

DPPH assay, (ii) comprehensively profile its chemical 

constituents using complementary GC-MS and LC-MS 

platforms, and (iii) identify key metabolites and discuss 

their potential biological significance. By integrating 

metabolomic profiling with bioactivity screening, this 

study contributes novel insights into the therapeutic 

potential of C. parasiticus. It reinforces the value of ferns 

as a source of bioactive natural products for future drug 

development. 

MATERIALS AND METHODS 

Plant material 

Leaf samples of Cyclosorus parasiticus were collected 

from a pine plantation situated in the montane zone of 

Gumitir, Jember District, East Java, Indonesia. Species 

identification was initially performed in the field based on 

distinct morphological characteristics using established 

regional pteridophyte identification keys. To ensure taxonomic 

accuracy, the identification was subsequently confirmed by 

a certified pteridologist at the Purwodadi Botanical Garden, 

National Research and Innovation Agency (BRIN), under 

reference number 1206/IPH.06/HM/VII/2017, and further 

validated through DNA barcoding analysis (Rizqoni et al. 

2024). A voucher specimen was deposited in the Herbarium 

of the Biology Department at the University of Jember with 

the accession number JR 0000001801. All collection 

activities adhered to legal and ethical standards, as 

authorized by the East Java Forestry Office (Permit No. 

35X/803/PI/2017). Upon collection, leaf material was 

gently rinsed with distilled water to remove dust and 

surface contaminants without damaging tissue integrity. 

The cleaned specimens were then air-dried at ambient room 

temperature (25-27°C) for 24 hours under shaded, dust-free 

conditions to preserve phytochemical stability. The fully 

dried leaves were stored in sterile, labeled paper envelopes 

and kept in a controlled, moisture-free environment until 

further processing. 

Procedures 

Extraction procedure 

Approximately 30 g of C. parasiticus leaf material was 

macerated in 96% methanol (pro analysis grade, Merck) at 

a sample-to-solvent ratio of 1:7 (w/v). The extraction 

process was carried out over 72 hours (3 × 24 hours) at 

room temperature, with manual stirring performed every 24 

hours to enhance solvent penetration and compound 

diffusion. After the extraction period, the mixture was 

filtered through a Whatman No. 1 filter paper to remove 

particulate residues and obtain a clear extract. The resulting 

filtrate was then concentrated under reduced pressure using 

a BUCHI Rotavapor R-114 rotary evaporator at a 

controlled temperature, for approximately 15 minutes, to 

yield a viscous crude methanolic extract. The concentrated 

extract was subsequently stored in an airtight amber glass 

container at 4°C until further analysis (Amalini et al. 2025). 

Antimicrobial assay 

The antibacterial activity of C. parasiticus crude extract 

was assessed against four bacterial strains: Staphylococcus 

aureus, Kocuria rosea, Pseudomonas aeruginosa, and 

Escherichia coli. All test bacteria were laboratory isolates 

and previously used by Nugraha et al. (2020). Bacterial 

inocula were prepared from rejuvenated isolates in Nutrient 

Broth (NB), and 100 µL of each inoculum was evenly 

spread onto sterile petri dishes containing 15 mL of 

Nutrient Agar (NA). One Petri dish was divided into five 

sectors to accommodate four concentrations of the 

methanolic crude extract, i.e., 69.8 mg/mL (P1), 52.3 

mg/mL (P2), 34.9 mg/mL (P3), and 17.4 mg/mL (P4) with 

methanol serving as a negative control (K−). A second 

plate was used for the positive control (K+), comprising 10 

mg/mL chloramphenicol (Jadoun et al. 2016). Wells were 

made with a sterile cork borer, and 40 µL of extract was 

dispensed into each well. Plates were incubated at 37°C for 

24 h. Antibacterial activity was determined by measuring 

the Diameter of the Inhibition Zone (DIZ) (Ulum et al. 

2023), following the equation: 
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Where: 

D1-D4 : Inhibition-zone diameters, measured in four 

replicates 

Ds  : Well diameter 

Antibacterial potency was classified according to Davis 

and Stout (1971) as follows: weak (<5 mm), moderate (5-

10 mm), strong (10-20 mm), or very strong (>20 mm) 

(Davis and Stout 1971). 

Antioxidant activity assay 

The antioxidant activity of C. parasiticus crude extract 

was evaluated using the 2,2-diphenyl-1-picrylhydrazyl 

(DPPH) free radical scavenging assay. The samples tested 

included a positive control (vitamin C) and the crude 

extract of C. parasiticus. Four serial concentrations of the 

positive control and the extract were prepared to assess 

dose-dependent antioxidant activity. Briefly, 0.3 mL of 

extract was mixed with 1.3 mL of 0.1 mM DPPH in 

methanol and incubated in the dark at room temperature for 

30 min. Absorbance was measured at 517 nm using a UV-

Vis spectrophotometer (Amalini et al. 2025). Radical-

scavenging activity was expressed as percentage inhibition 

using the equation as follows: 

 

The IC50 value was estimated from the inhibition-

concentration relationship by linear regression (y = bx + a), 

where IC50 = (50 − a)/b. Antioxidant strength was classified 

as very strong (<50 ppm), strong (50-100 ppm), moderate 

(101-250 ppm), weak (251-500 ppm), or inactive (>500 

ppm) following Manurung et al. (2022). 

Determination of phytochemical composition via GC-MS 

and LC-MS analysis 

The phytochemical composition of C. parasiticus was 

investigated using both Gas Chromatography-Mass 

Spectrometry (GC-MS) and Liquid Chromatography-Mass 

Spectrometry (LC-MS) to capture volatile and non-volatile 

metabolites. To ensure methodological consistency and 

enable cross-species comparison within our ongoing Gumitir 

medicinal plant metabolomics programme, the GC-MS and 

LC-MS analytical conditions were maintained identically 

to those previously optimised and published by our group 

and collaborators (Ulum et al. 2023, 2025; Oktavianawati 

et al. 2024; Farhan et al. 2025). 

GC-MS analysis was performed on a Shimadzu GC-

MS-QP 2010 Plus system. The crude extract was filtered 

through a sterile 0.22 µm syringe filter to remove 

particulate matter. 1 µL of the filtrate was injected into the 

GC system using the split injection method (split ratio 

1:10), which ensured accurate dosing and prevented column 

overloading (Choudhury et al. 2021). Chromatographic 

separation was carried out on an Rtx-50 capillary column 

(30 m × 0.25 mm i.d., 0.25 µm film thickness) under the 

following temperature program: an initial temperature of 

80°C held for 10 min, increased at 5°C/min and maintained 

at 230°C for 10 min. The injector and detector were set at 

290°C and 280°C, respectively. High-purity helium was 

used as the carrier gas at a constant flow rate of 3.0 

mL/min. For metabolite profiling, chromatograms were 

evaluated based on retention time, peak area, abundance, 

and mass spectral features (molecular weight and predicted 

formula). Compound identification was performed by 

matching mass spectra against the Wiley 9 library, and only 

hits with a similarity score ≥90% were accepted as putative 

annotations (Farhan et al. 2025). 

LC-MS analysis was conducted to characterize non-

volatile secondary metabolites. The assay was performed at 

the Research Excellence Laboratory, Institut Pertanian 

Bogor (Bogor, Indonesia), using a UHPLC Vanquish 

system coupled with a Q Exactive Plus Orbitrap HRMS 

(Thermo Scientific). Sample preparation was performed by 

dissolving 5 mg of crude extract in 2 mL methanol 

(MeOH), then filtering through a 0.2 µm nylon membrane. 

A 2 µL aliquot of the filtrate was injected into the LC-MS 

system. Separation was achieved using an Accucore C18 

column (100 × 2.1 mm, 1.5 µm; Thermo Scientific) 

maintained at 30°C. The mobile phases consisted of solvent 

A (water with 0.1% formic acid) and solvent B (acetonitrile 

with 0.1% formic acid), delivered at a flow rate of 0.2 

mL/min. A gradient program was applied as follows: 0-1 

min, 5% B; 1-25 min, 5-95% B; 25-28 min, 95% B; and 

28-33 min, 5% B. Detection was performed in positive 

Electrospray Ionization (ESI⁺) mode across a mass range of 

100-1500 m/z. The MS/MS acquisition was set with a 

capillary temperature of 320°C, spray voltage of 3.8 kV, 

sheath gas and auxiliary gas at 15 and 3 arbitrary units, 

respectively, and resolving power of 70,000 FWHM. 

Metabolite features were evaluated based on mass-to-

charge (m/z) values and fragmentation patterns. Putative 

identification was facilitated through library-based matching 

and annotation workflows in Compound Discoverer 3.2 

(Thermo Scientific), including spectral selection, retention-

time alignment, feature detection and grouping, composition 

prediction, mass-list searching, gap filling, area normalisation, 

and background compound marking (Oktavianawati et al. 

2024; Septaningsih et al. 2024). 

Data analysis 

The data integrated the antioxidant and antibacterial 

assay outputs with secondary metabolite profiling of C. 

parasiticus. Putatively annotated metabolites were curated 

through a targeted literature survey to (i) assign each 

compound to a major phytochemical class (e.g., flavonoids, 

phenolics, terpenoids, alkaloids) and (ii) summarise 

reported biological activities relevant to this study, 

particularly antioxidant and antibacterial effects, and where 

available, anticancer potential. The resulting dataset was 

compiled into tables linking metabolite identity, detection 

platform (GC-MS or LC-MS), and literature-supported 

bioactivity to facilitate interpretation of the observed 

bioassay responses (Farhan et al. 2025). 
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RESULTS AND DISCUSSION 

Antimicrobial activity 

The qualitative antimicrobial assay demonstrated that 

C. parasiticus exhibits inhibitory activity against S. aureus, 

K. rosea, P. aeruginosa, and E. coli, as evidenced by 

inhibitory zones around the agar wells (Figure 1). A 

concentration-dependent antibacterial response was 

observed, with higher extract concentrations yielding greater 

activity, as indicated by inhibition zones categories (Table 

1). The highest concentration (69.8 mg/mL) possessed 

moderate inhibition against all four bacterial strains. 

Concentration of 52.3 mg/mL results in moderate activity 

against K. rosea, and weak activity against S. aureus, P. 

aeruginosa, and E. coli. Lower concentrations (34.9 and 

17.4 mg/mL) showed uniformly weak or no activity, with 

no detectable inhibition of E. coli at the lowest concentration. 

The result showed that the C. parasiticus extract was 

more sensitive against Gram-positive bacteria, particularly 

S. aureus and K. rosea, as indicated by wider inhibition 

zones than those observed with Gram-negative strains. It 

showed that Gram-positive bacteria are more susceptible to 

plant-derived antimicrobial agents because they lack an 

outer lipopolysaccharide layer, which restricts the penetration 

of antimicrobial agents. Moderate inhibition was observed 

only at comparatively high extract concentrations. The 

Minimum Inhibitory Concentrations (MICs) of the extracts 

were not determined, so the antimicrobial potential of C. 

parasiticus can not be quantified. Nevertheless, the 

detection of reproducible bioactivity indicates that the 

crude extract likely contains antibacterial constituents that 

merit further investigation through activity-guided 

fractionation and compound isolation; subsequent work can 

then evaluate potency more rigorously and explore 

optimisation or combination-based applications (e.g., 

antibiotic potentiation) using standard MIC- and synergy-

based frameworks (Binzet et al. 2025). 

The present findings align with previous reports on the 

antimicrobial activity of other orchid and fern species. L. 

resupinata inhibits S. aureus, S. typhi, and E. coli, while A. 

nidus inhibits the growth of S. aureus and E. coli (Setyati et 

al. 2023; Ulum et al. 2023). These parallels underscore the 

antimicrobial promise of historically underexplored plant 

lineages, orchids included, which are increasingly 

recognised as reservoirs of structurally diverse secondary 

metabolites with antibacterial and antioxidant activities. 

With multidrug-resistant pathogens becoming increasingly 

prevalent worldwide (Qin et al. 2022; Ziogou et al. 2023; 

Alhadlaq et al. 2024; Touaitia et al. 2025), the moderate 

but broad-spectrum activity of C. parasiticus suggests that 

it may provide useful antimicrobial scaffolds. It warrants 

deeper phytochemical profiling and bioassay-guided 

fractionation, followed by mechanistic studies to isolate 

and identify the metabolites underpinning the observed 

effects. 

Antioxidant activity 

The crude extract of C. parasiticus had an IC₅₀ value of 

176.66±14.64 ppm (Table 2), indicating that the extract 

was capable of scavenging 50% of DPPH free radicals at 

176.66 ppm. In antioxidant assays, lower IC₅₀ values 

indicate stronger radical-scavenging efficacy. The IC50 of 

C. parasiticus was classified as moderate antioxidant 

activity (Manurung et al. 2022). The antioxidant activity of 

C. parasiticus is substantially higher than that of other fern 

species, such as Equisetum debile from Bali (IC50 = 1,604 

ppm) and Plagiogyria glauca from Kalimantan (IC50 = 995 

ppm), which are categorized as inactive (Suryaningrum et 

al. 2017; Nurhasnawati et al. 2019). However, the 

antioxidant capacity of C. parasiticus remains significantly 

lower than that of vitamin C, which demonstrated a 

remarkably strong activity with an IC50 value of 2.58±1.24 

ppm (Table 2). This difference is expected, given that 

vitamin C is a pure reference compound with well-

established efficacy. In contrast, the antioxidant activity of 

C. parasiticus may be attributed to the presence of phenolic 

acids and flavonoids identified in the extract, which are 

known for their radical-scavenging properties, albeit 

typically with lower activity than synthetic standards 

(Gęgotek and Skrzydlewska 2022). 

Several fern species exhibit strong antioxidant-related 

bioactivity. For example, Osmunda japonica root extract 

suppressed interleukin-1β (IL-1β) expression (IC50 = 17.8 

µg/mL), a key pro-inflammatory cytokine whose upregulation 

is commonly triggered by oxidative stress; thus, reduced 

IL-1β signalling is often interpreted as an indirect marker 

of antioxidant-mediated attenuation of oxidative-inflammatory 

responses. By comparison, Matteuccia orientalis fronds 

showed moderate activity at 50.0 µg/mL. 
 

 

 

  

  
 

 

Figure 1. Antibacterial activity of Cyclosorus parasiticus extract 

by agar well diffusion. A. S. aureus, B. K. rosea, C. P. 

aeruginosa, D. E. coli. P1: 69.8 mg/mL, P2: 52.3 mg/mL, P3: 

34.9 mg/mL, P4: 17.4 mg/mL, K: Methanol 

A B 

C D 
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Table 1. The antibacterial activity of Cyclosorus parasiticus was assessed using the agar well diffusion method 

 

Concentration 
Gram-positive Gram-negative 

Staphylococcus aureus Kocuria rosea Pseudomonas auregunosa Escherichia coli 

69.8 mg/mL 6.53++ 6.65++ 6.13++ 5.09++ 

52.3 mg/mL 4.92+ 5.36++ 4.78+ 4.18+ 

34.9 mg/mL 4.51+ 4.93+ 4.05+ 0.38 

17.4 mg/mL 2.84+ 0.41+ 2.89+ 0.00 

Metanol 0.00 0.00 0.00 0.00 

Cholamphenicol 14.11++ 14.65++ 22.16+++ 21.16+++ 

Note: Inhibition zones were categorized as follows: +: Weak, ++: Moderate, +++: Strong, ++++: Very strong (Davis and Stout 1971) 

 

 

 

Table 2. Antioxidant activity of Cyclosorus parasiticus extract by 

the DPPH radical scavenging assay 

 

Sampel 
IC50 (ppm) 

Mean±SD Category 
1 2 3 

Cyclosorus 

parasiticus  

190.89 179.05 161.9 176.66±14.64 Moderate 

Vitamin C 1.40 3.89 2.47 2.58±1.24 Very strong 

Note: Antioxidant activity classification based on IC50 values 

(Manurung et al. 2022): (Weak, 251-500 ppm); (Moderate, 101-

250 ppm); (Strong, 50-100 ppm); (Very strong, <50 ppm) 

 

 

 

In a direct radical-scavenging assay, Stenochlaena 

palustris displayed high antioxidant capacity alongside a 

total polyphenol content of 51.69 mg/g, and Pteridium 

aquilinum achieved a DPPH IC50 of <30 µg/mL in DPPH 

assays and ORAC values >0.5 g Trolox equivalents/g dry 

weight, supporting its potential nutraceutical relevance 

(Moussa et al. 2024). The moderate antioxidant activity of 

C. parasiticus suggests the presence of bioactive 

constituents capable of neutralizing free radicals such as 

DPPH. These compounds are likely secondary metabolites, 

specifically terpenoids, phenolics, and alkaloids, which 

have been widely reported to exhibit antioxidant properties 

(Hilal et al. 2024; Khan et al. 2025). These chemical 

groups are known to act primarily via the Hydrogen-Atom 

Transfer (HAT) mechanism, donating a hydrogen atom to 

stabilize DPPH radicals (Gülçin and Alwasel 2023). The 

findings support the pharmacological relevance of C. 

parasiticus as a potential source of natural antioxidants and 

provide a biochemical basis for its traditional medicinal use. 

Secondary metabolite profile and pharmacological 

potential 

The methanolic extract of C. parasiticus leaves was 

subjected to metabolite profiling using both Gas 

Chromatography-Mass Spectrometry (GC-MS) and Liquid 

Chromatography-Mass Spectrometry (LC-MS). GC-MS 

analysis was used to identify volatile constituents, while 

LC-MS detected both volatile and non-volatile metabolites 

based on their chromatographic interactions with the 

stationary phase and elution gradients (Table 3). The GC-

MS chromatogram revealed 39 distinct peaks, corresponding 

to 39 identified compounds (Figure 2), while LC-MS 

analysis provided complementary information on additional 

secondary metabolites that are less volatile or thermally 

stable.  

A total of 37 bioactive compounds were confidently 

identified from the combined GC-MS and LC-MS datasets, 

representing a broad spectrum of structural classes 

including furan derivatives, aromatics, terpenoids, alkaloids, 

steroids, phenylpropanoids, and miscellaneous metabolites. 

This high level of chemical diversity reflects the species’ 

sophisticated secondary metabolic capacity and highlights 

its ecological adaptation to diverse environmental conditions. 

Among the identified compounds, phenol was the most 

abundant, constituting 15.66% of the total metabolite profile. 

Phenol and its derivatives serve as precursors for a wide 

range of polyphenolic compounds, including flavonoids, 

phenolic acids, lignins, and tannins, which are widely 

recognised for their roles in plant defence against oxidative 

stress, pathogen attack, and environmental challenges 

(Chen et al. 2020). 

The chemical composition of C. parasiticus underscores 

its potential as a rich source of pharmacologically active 

molecules. The identified metabolites exhibited 

multifunctional biological activities, notably Antioxidant 

(AO), Antibacterial (AB), and Anticancer (AK) properties. 

Furan derivatives and aromatic compounds are primarily 

associated with free-radical scavenging and redox regulation, 

while terpenoids and alkaloids contribute significantly to 

antimicrobial and cytotoxic activities (Alizadeh et al. 

2020). Steroidal constituents and phenylpropanoids further 

enhance the pharmacological complexity, potentially offering 

synergistic therapeutic effects (Sun and Shahrajabian 

2025).  

The second major compound was pyrocatechol (7.89%), 

typically derived from catechin degradation. Pyrocatechol 

functions as a biosynthetic precursor for other natural 

products such as chalcones, which have been reported in C. 

parasiticus (Wei et al. 2013). In addition, furan derivatives, 

including furfural, furfuryl alcohol, furanone, butyrolactone, 

methyl furoate, isosorbide, and hydroxymethylfurfural, 

were collectively abundant, accounting for 21.66% of the 

total metabolite content. Notably, coumarin derivatives 

containing a furan ring have also been identified in related 

ferns such as Cyclosorus interruptus (Quadri-Spinelli et al. 

2000). Diterpenes were also prominent in the extract, with 

neophytadiene representing 9.12% of the profile. This 

compound is known for diverse biological activities, 

including anti-inflammatory, antioxidant, and neuroprotective 

effects. Previous studies have likewise reported neophytadiene 

as a significant phytochemical in the acetone extracts of 

Nephrolepis cordifolia and Nephrolepis exaltata (Rukmini 

and Suvarnalatha Devi 2014; Sharma et al. 2021). In 
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addition, alkaloids accounted for 11.6% of the extract, 

including 2,4-dimethylimidazole, ethyl cyanoacetate, N-

acetylpyrrolidone, and piperidine propanoic acid. 

LC-MS analysis of the methanolic extract of C. 

parasiticus revealed six significant peaks, of which three 

major metabolites were identified as the macrocyclic 

diterpene euphornin and the alkaloids canthiumine and 

haplophytine, while the remaining peaks corresponded to 

minor or unidentified compounds (Figure 3). Notably, 

euphornin was the most abundant feature and is reported 

here for the first time in a fern, extending the taxonomic 

distribution of this diterpene beyond its previously 

recognised association with Euphorbia species (Chen et al. 

2012; Li et al. 2018; Salehi et al. 2019). Euphornin has 

been shown to have antitumour potential (Chen et al. 2012; 

Li et al. 2018). In addition, canthiumine from Canthium spp., 

and haplophytine, previously identified in Haplophyllum/ 

Haplophyton, are known for their insecticidal activity 

(Mroue et al. 1996; Ali et al. 2001; Patro et al. 2014; 

Mohammadhosseini et al. 2021). These compounds are 

reported for the first time in a fern in this study. The 

findings of this study broadened current knowledge of fern 

secondary metabolism and suggest that C. parasiticus may 

harbour previously overlooked diterpene-alkaloid diversity. 

Further activity-guided fractionation, structural confirmation, 

and in vivo validation are required to establish the 

biological significance and therapeutic relevance of these 

metabolites. 
 

 

 

 

 
 

Figure 2. GC-MS chromatogram of the methanolic leaf extract of Cyclosorus parasiticus 

 

 

 

 

 
 

Figure 3. LC-MS chromatogram of the methanolic leaf extract of Cyclosorus parasiticus 
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Table 3. Pharmacological potential of secondary metabolites of Cyclosorus parasiticus identified by GC-MS and LC-MS 

 

Compound name Detection Class 

Pharmacological 

potential Reference 

AO AB AK 

Furanmethanol (C5H6O2) GC/MS Furan √   Kang et al. (2020) 

1 Octen 3 Ol (C8H16O) GC/MS Misc  √  Xiong et al. (2017) 

Cyclohexanedione (C6H8O2) GC/MS Misc  √  Wagh et al. (2023) 

9-Oxabicyclo (C8H12O2) GC/MS Misc  √  Grabarczyk et al. (2015) 

Furancarboxylic (C6H6O3) GC/MS Furan √ √  Fagbemi et al. (2022) 

Benzeneethanol (C8H10O) GC/MS Aromatics √   Rumjuankiat et al. (2018) 

Naphthalene (C13H16) GC/MS Aromatics √   Özen et al. (2018) 

Acetylpropanoate (C10H18O3) GC/MS Misc   √ Liu et al. (2011) 

Neophytadiene (C20H38) GC/MS Terpen   √ Selmy et al. (2023) 

2-Furancarboxaldehyde (C5H4O2) GC/MS Furan √ √  Fagbemi et al. (2022) 

Hexanoic Acid (C8H16O2) GC/MS Misc √   Fu et al. (2011) 

alpha-springene (C20H32) GC/MS Terpen √   Safavi et al. (2021) 

Curcumene (C15H22) LC/MS Terpen  √  da Silva et al. (2015) 

Octadecanediol (C18H38O2) LC/MS Misc   √ Tan et al. (2010) 

Fucosterolepoxide (C29H48O2) LC/MS Steroid √ √  Meinita et al. (2021) 

Bis2-ethylhexyl phtalate (C24H38O4) LC/MS Misc  √  Herwin et al. (2020) 

Echinenone (C40H54O) LC/MS Terpen √   Matsuura et al. (2012) 

Euphornin (C33H44O9) LC/MS Terpen √  √ Li et al. (2018); Mustafa et al. 

2021) 

Antheraxanthin (C40H56O3) LC/MS Terpen √   Shimode et al. (2018) 

Imidazole-2,4-Dimethyl (C5H8N2) GC/MS Alkaloid  √  Abbood et al. (2021) 

Benzimidazole Carboxaldehyde (C8H6N2O) GC/MS Alkaloid  √  Abbood et al. (2021) 

Acetylpyrrolidine (C6H9NO2) GC/MS Alkaloid √   Hussain et al. (2019) 

Choline (C5H13NO) LC/MS Alkaloid √ √  Ivanović et al. (2022) 

Fluoro-α-pyrrolidinobutiophenone (C14H18FNO) LC/MS Alkaloid √   Hussain et al. (2019) 

Haplophytine (C37H40N4O7) LC/MS Alkaloid √  √ Galasso (2010; Won et al. (2010) 

Galagine (C6H13N3) LC/MS Alkaloid  √ √ Coqueiro et al. (2014); Arjmand 

et al. (2022) 

Pyrrolidin-1-yl-5-(trifluoromethyl)phenyl]-2,3-

dihydro-1-benzofuran-5-carboxamide (C20H19F3N2O2) 

LC/MS Alkaloid √   Hussain et al. (2019) 

Pheophorbide A (C35H36N4O5) LC/MS Alkaloid √   Kandagatla et al. (2019) 

Canthiumine (C33H36N4O4) LC/MS Alkaloid √ √  Amalraj et al. (2021) 

Furancarboxaldehyde (C5H4O2) GC/MS Furan  √  Rodrigues et al. (2020) 

Furanone, Dihydro (C4 H6O2) GC/MS Furan √ √  Youssef et al. (2023) 

2,5 Furanone (C4H4O2) GC/MS Furan √ √  Youssef et al. (2023) 

Phenol (CAS) Izal $$ Monophenol (C6H6O) GC/MS Aromatics √ √ √ Godlewska-Żyłkiewicz et al. 

(2020); Menshchikova et al. 

(2023) 

2-Tert-Butyl-4-Methyl-5-Oxo (C9H14O5) GC/MS Misc √   Chen et al. (2020) 

2-Benzenediol (CAS) Pyrocatechol (C6H6O2) GC/MS Aromatics √ √ √ Kosanić et al. (2012) 

Methyl-3-3,5-Ditertbutyl-4-Hydroxyphenyl-

Propionate (C18H28O3) 

GC/MS Phenyl 

propanoid 

√   Mayer et al. (2023) 

3beta-hydroxy-4beta-methyl-5alpha-cholest-7-ene-

4alpha-carboxylic acid (C29H48O3) 

LC/MS Steroid √   Godlewska-Żyłkiewicz et al. 

(2020) 

Acetyl hexamethyl tetralin (C18H26O) LC/MS Aromatics √   Wu et al. (2022) 

4-[(2E)-3,7-dimethyl-2,6-octadien-1-yl]-2-formyl-3-

hydroxy-5- methoxybenzylstearate (C37H60O5) 

LC/MS Misc √   Chen et al. (2020) 

Note: AO: Antioxidant, AB: Antibacterial, AC: Anticancer 

 

 

 

The phytochemical screening of C. parasiticus revealed 

a diverse array of secondary metabolites with 

pharmacological relevance, highlighting its potential as a 

medicinal fern. Among the identified compounds, several 

furan derivatives such as furanmethanol, furancarboxylic 

acid, 2-furancarboxaldehyde, furanone, and 2,5-furanone 

were among the dominant constituents of the C. parasiticus 

extract (Kang et al. 2020; Rodrigues et al. 2020; Fagbemi 

et al. 2022; Youssef et al. 2023). These compounds are 

well known for their potent radical-scavenging activity, 

which plays a central role in mitigating oxidative stress, a 

major pathogenic factor linked to cancer, cardiovascular 

disorders, neurodegeneration, and other chronic diseases 

(Godlewska-Żyłkiewicz et al. 2020). In particular, 

furancarboxylic acid and 2-furancarboxaldehyde displayed 

dual antioxidant and antibacterial properties, demonstrating 

their capacity to neutralise free radicals while 

simultaneously disrupting microbial growth. The detection 

of furanone derivatives, reported to interfere with microbial 

quorum sensing and prevent oxidative damage, further 
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indicates that C. parasiticus metabolites may act through 

multiple complementary mechanisms. In addition to furans, 

the antioxidant profile of the extract was enriched by 

aromatic compounds such as benzeneethanol and naphthalene, 

which have also been reported to possess strong radical-

scavenging capacity (Özen et al. 2018; Rumjuankiat et al. 

2018).  

Aromatic compounds formed another major group of 

bioactives, including benzeneethanol, naphthalene, phenol, 

pyrocatechol, and acetyl hexamethyl tetralin (Kosanić et al. 

2012; Özen et al. 2018; Rumjuankiat et al. 2018; Godlewska-

Żyłkiewicz et al. 2020; Wu et al. 2022). These molecules 

are characterised by their strong electron-donating ability, 

which enables them to stabilise reactive oxygen species and 

prevent oxidative damage at the cellular level. Particularly, 

phenol and pyrocatechol exhibited broad pharmacological 

potential, contributing to antioxidant, antibacterial, and 

anticancer activities (Menshchikova et al. 2023). Their 

roles in regulating oxidative signalling pathways and 

inducing apoptosis in cancer cells highlight their potential 

as lead molecules for therapeutic development. Additionally, 

lipophilic aromatics such as methyl-3,3,5-ditertbutyl-4-

hydroxyphenyl-propionate enhance the bioavailability of 

antioxidant molecules, suggesting a synergistic effect 

within the extract’s metabolite matrix (Mayer et al. 2023). 

Terpenoids were also abundantly represented and 

contributed significantly to the extract's pharmacological 

profile. Identified compounds such as neophytadiene, α-

springene, curcumene, echinenone, antheraxanthin, and 

euphornin are known for their wide-ranging biological 

activities, including anti-inflammatory, antioxidant, and 

anticancer properties (Matsuura et al. 2012; da Silva et al. 

2015; Li et al. 2018; Shimode et al. 2018; Safavi et al. 

2021; Selmy et al. 2023). Euphornin, reported here for the 

first time in C. parasiticus, is particularly notable for its 

dual antioxidant and cytotoxic potential, positioning it as a 

promising candidate for anticancer drug development 

(Mustafa et al. 2021). Carotenoid-derived terpenes such as 

echinenone and antheraxanthin contribute to the neutralisation 

of Reactive Oxygen Species (ROS), while neophytadiene 

and curcumene have demonstrated antiproliferative activity 

against tumour cells, suggesting multiple mechanisms of 

action. 

Alkaloids were among the most pharmacologically 

versatile groups among the identified compounds. This class 

included imidazole derivatives, benzimidazole carboxaldehyde, 

haplophytine, canthiumine, choline, galagine, and several 

pyrrolidine-based molecules (Galasso 2010; Won et al. 

2010; Coqueiro et al. 2014; Abbood et al. 2021; Ivanović et 

al. 2022). Many of these alkaloids displayed dual or triple 

bioactivities, functioning as antioxidants, antimicrobials, 

and anticancer agents. Haplophytine and canthiumine, in 

particular, are cytotoxic alkaloids with documented anticancer 

potential and serve as scaffolds for antitumour drug 

development (Amalraj et al. 2021). Choline contributes to 

membrane integrity and antioxidant defence, indicating 

possible neuroprotective roles (Ivanović et al. 2022). The 

antibacterial activities of galagine and pyrrolidine 

derivatives, which target bacterial DNA replication and cell 

wall biosynthesis, further underscore the therapeutic relevance 

of this chemical class (Arjmand et al. 2022). 

In addition to these major groups, steroids and other 

miscellaneous compounds added further bioactivity diversity. 

Steroidal metabolites such as fucosterol epoxide and 3β-

hydroxy-4β-methyl-5α-cholest-7-ene-4α-carboxylic acid 

showed antioxidant and antimicrobial properties and are 

known to enhance membrane permeability, facilitating the 

bioactivity of other compounds (Godlewska-Żyłkiewicz et 

al. 2020; Meinita et al. 2021). Miscellaneous metabolites, 

such as octadecanediol and acetylpropanoate, exhibited 

anticancer potential, possibly through the induction of 

apoptosis and modulation of cell membrane dynamics (Tan 

et al. 2010; Liu et al. 2011). 

The antibacterial potential of C. parasiticus was equally 

pronounced. Compounds such as 1-octen-3-ol, 

cyclohexanedione, and 9-oxabicyclo structures demonstrated 

significant inhibitory effects on bacterial growth. These 

findings align with previous reports that octenol derivatives 

exhibit antimicrobial effects against both Gram-positive 

and Gram-negative bacteria (Xiong et al. 2017). Moreover, 

furan derivatives, including furancarboxylic acid and 2-

furancarboxaldehyde, exhibit dual antioxidant and 

antibacterial properties (Fagbemi et al. 2022), indicating 

their multifunctional therapeutic potential. Such dual-action 

metabolites are particularly valuable in the management of 

infections where oxidative stress amplifies tissue damage, 

positioning C. parasiticus as a promising candidate for 

integrated antimicrobial therapies. 

The anticancer potential of C. parasiticus was supported 

by the detection of acetylpropanoate and neophytadiene, 

both known for their chemopreventive and cytotoxic 

activities. Neophytadiene, a diterpene hydrocarbon, has been 

widely reported to exhibit anti-inflammatory, antioxidant, 

and anticancer effects (Selmy et al. 2023). Its identification 

in C. parasiticus underscores the fern’s potential as a natural 

chemotherapeutic reservoir. Similarly, acetylpropanoate has 

been associated with apoptosis induction and inhibition of 

cancer cell proliferation (Liu et al. 2011). The co-occurrence 

of these metabolites with potent antioxidant compounds 

suggests a synergistic mechanism by which the fern may 

prevent oxidative DNA damage while inhibiting tumor 

progression. 

This study presents the first integrative pharmacological 

and metabolomic characterisation of C. parasiticus from 

Gumitir Mountain, East Java, revealing its unique bioactive 

potential and chemical diversity. The crude extract exhibited 

concentration-dependent antibacterial activity, with notably 

greater sensitivity against Gram-positive bacteria (S. aureus 

and K. rosea) than against Gram-negative bacteria, consistent 

with differences in cell envelope structure and permeability 

barriers between the groups. Although the overall 

antibacterial and antioxidant activities were moderate, the 

results indicate that C. parasiticus contains bioactive 

compounds that warrant further investigation. Importantly, 

because crude extracts represent complex metabolite 

mixtures, the observed activities may reflect additive or 

synergistic interactions and may mask the contribution of 

individual active compounds. Therefore, activity-guided 

fractionation and isolation of the most active constituents 



ULUM et al. – Bioactivity and phytochemical profile of Cyclosorus 

 

9/11 

are necessary for further study to confirm bioactivity at the 

compound level and to identify specific metabolite markers 

responsible for the observed effects. Likewise, any future 

consideration of structural optimisation or combination-

based applications should be supported by purified-

compound testing and synergism assays (e.g., MIC-based 

combination analysis), rather than being inferred from 

crude-extract potency alone (Nugraha et al. 2020). Its 

moderate antioxidant activity (IC50 = 176.66±14.64 ppm), 

surpassing that of several other ferns, further indicates the 

presence of terpenoids, phenolics, and alkaloids with potent 

radical-scavenging properties. 

In conclusion, the integrated bioassay-metabolomics 

approach revealed a chemically rich profile in C. 

parasiticus from Gumitir Mountain and documented the 

first fern record of the diterpene euphornin and the 

alkaloids canthiumine and haplophytine, underscoring the 

novelty of this study. Collectively, these results establish C. 

parasiticus as a promising natural source of antioxidant, 

antibacterial, and potentially anticancer agents. Future 

research should focus on the isolation and structural 

elucidation of individual bioactive compounds, mechanistic 

studies to define their pharmacological modes of action, 

and conservation strategies to safeguard this species as a 

valuable reservoir for natural product-based drug discovery. 
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