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Abstract. Amalini YR, Muzakhar K, Su’udi M, Setyati D, Dwinianti EF, Ulum FB. 2025. Morphological, molecular, and phytochemical
characteristics of wild edible fern (Diplazium esculentum) from Jember, East Java, Indonesia. Biodiversitas 26: 2794-2805. Diplazium
esculentum, an edible pteridophyte with medicinal potential, exhibits morphological variation that risks improper medicinal use. This
study aimed to comprehensively characterize D. esculentum from Jember, Indonesia, through an integrative approach, including
morphological analysis, DNA barcoding, phytochemical profiling, and antioxidant activity assessment. Fifteen specimens, locally
referred to as pakis menir, were collected from a single site within a rubber-mixed coffee plantation in Panti, Jember District, East Java,
Indonesia. The examination of morphological traits, molecular identification using the rbcL marker, analysis of phytochemical profiles
through GC-MS, prediction of biological activities using PASS online, and evaluation of antioxidant activity using the DPPH assay all
pointed to the potential of D. esculentum. Morphological analysis confirmed D. esculentum's diagnostic traits, while rbcL. DNA barcoding
validated a 100% sequence match with D. esculentum (OL536867.1). GC-MS analysis of young fronds identified 25 bioactive
metabolites, including 11 phenolics, 9 terpenoids, and 5 alkaloids, with 96% exhibiting high biological activity (Pa>0.7) according to
PASS predictions. The dominant compound, 3,6-dimethylquinoline (12.38%), exhibited significant anticancer potential, while the frond
extract showed strong antioxidant activity (ICso: 91.254+7.60 ppm), reflecting its phenolic richness. These results highlight the potential
of D. esculentum's phytochemical wealth and pharmacological promise, supporting further exploration in pharmacognosy, nutraceuticals,

and bioactive compounds.
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INTRODUCTION

Diplazium esculentum (Retz.) Sw., commonly known as
a wild edible fern, is highly valued for its tender young
fronds, which are widely consumed as a traditional vegetable
across various regions of Asia (Alamsjah et al. 2024;
Kartikasari et al. 2024; Kongsung et al. 2024; Saha et al.
2024). As a key species within the genus Diplazium, which
comprises 466 accepted species (POWO 2025), D. esculentum
thrives in diverse habitats, such as riverbanks, highlands,
volcanic craters, and forest floors (Tongco et al. 2014;
Semwal et al. 2021; Watanabe et al. 2021; Hadi et al. 2022).
The species is widely distributed across tropical Asia and
Oceania (Takamiya et al. 1999) and is valued for its rich
nutritional composition, including carbohydrates, proteins,
and essential minerals (Tongco et al. 2014; Alamsjah et al.
2024; Kartikasari et al. 2024).

Beyond its nutritional benefits, D. esculentum also exhibits
considerable medicinal potential. The fern is traditionally
used to manage conditions such as hypertension, constipation,
hemoptysis, and dysentery in different regions of Asia,
including the Philippines, India, and Indonesia (Batoro and
Siswanto 2017; Semwal et al. 2021). These ethnomedicinal
uses are linked to its rich content of secondary metabolites,
including alkaloids, flavonoids, phenolics, terpenoids, and
tannins, which possess strong antioxidant and antimicrobial

activities (Tongco et al. 2014; Junejo et al. 2018; Saha et al.
2024). In addition, pharmacological studies have shown
that D. esculentum can inhibit acetylcholinesterase and
butyrylcholinesterase enzymes, suggesting its therapeutic
potential in managing neurodegenerative disorders such as
Alzheimer’s disease. These findings underscore the value
of this fern not only as a functional food but also as a
promising candidate for drug discovery and natural product
development (Kunkeaw et al. 2021; Inthachat et al. 2024).
Accurate taxonomic identification of D. esculentum
remains problematic due to its morphological resemblance
to closely related congeners. Such phenotypic overlap
frequently results in misidentification, particularly among
regionally recognized variants like mloko Jember and ayam
Banyuwangi, which differ subtly in crozier morphology
and rhizome scale features (Kartikasari et al. 2024). These
limitations underscore the need for integrative approaches
incorporating molecular techniques to resolve taxonomic
ambiguities. DNA barcoding has emerged as a powerful
and indispensable tool for precise species authentication,
particularly in ethnobotanical studies involving medicinal
plants (Yu et al. 2021). Consortium for the Barcode of Life
(CBOL) Plant Working Group recommended using the
dual-locus chloroplast DNA barcoding system comprising
rbcL (ribulose-1,5-bisphosphate carboxylase/oxygenase large
subunit) and matK (maturase K) as the standard approach
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to achieve robust and reliable molecular identification of
land plants. These markers are commonly used due to their
universality, evolutionary conservation, and amplification
efficiency (CBOL Plant Working Group 2009). In addition,
the nuclear-encoded Internal Transcribed Spacer (ITS)
region, particularly I7S2, is frequently employed as a
supplementary marker due to its high sequence variability
and superior discriminatory power at the species level,
especially among closely related or morphologically cryptic
taxa (Yao et al. 2010). Among these markers, rbcL has proven
particularly effective for D. esculentum, given its high
amplification success and consistent performance in
distinguishing closely related taxa (Wang et al. 2016;
Perwitasari et al. 2020; Su'udi et al. 2022; Rizqoni et al.
2024).

Phytochemical studies have further highlighted the
bioactive potential of D. esculentum. Key secondary
metabolites, such as phenolics, terpenoids, and alkaloids,
are known to contribute to its antioxidant activity by
effectively neutralizing free radicals and mitigating
oxidative stress, which is closely linked to cellular damage
and disease progression (Nurhasnawati et al. 2019; Choi et
al. 2020; Praptiwi et al. 2021). These bioactive compounds
have also been associated with a range of pharmacological
effects, including anticancer and anti-inflammatory effects
(Junejo et al. 2018; Kongsung et al. 2024). However,
despite growing interest in its therapeutic potential,
research on the phytochemical and medicinal properties of
D. esculentum, specifically from East Java remains limited..
Therefore, this study aimed to conduct a comprehensive
analysis of the morphological characteristics, molecular
identity, phytochemical profile, and antioxidant activity of
D. esculentum from Panti, Jember District, Indonesia, and to
evaluate its medicinal potential using the Prediction of
Activity Spectra for Substances (PASS) online tool.
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MATERIALS AND METHODS

Study area

A total of 15 individual wild D. esculentum specimens
were collected from one site of a ca. 500 m? area of a
rubber-mixed coffee plantation in Suci Village, Panti Sub-
district, Jember District, East Java, Indonesia (8°05'19"S
113°37'22"E) (Figure 1). The specimen collection was
carried out together with local farmers who engaged in
harvesting the species and introduced a local name of pakis
menir. The specimens were identified, and three individuals
were deposited in the Herbarium of the Botany Laboratory
at the Universitas Jember, Jember, Indonesia, with the
Voucher Codes: JR 0000001800, JR 0000001801, and JR
0000001803. Additionally, living specimens were cultivated
in the Botany Laboratory, Faculty of Mathematics and
Natural Sciences, Universitas Jember.

Procedures
Morphological identification

Three specimens of D. esculentum were observed and
documented. Morphological description and identification
were performed by examining vegetative and generative
structures, including rhizomes, scales, stipes, frond
architecture, sterile and fertile laminae, sorus, and spores
(Sofiyanti et al. 2019). The identification process referred
to several key reference works, including Cryptogams:
Ferns and Fern Allies (de Winter and Amoroso 2003) and
Biosystematic Study of the Fern Genus Diplazium in West
Malesia (Praptosuwiryo 2008). Additionally, online resources,
such as the Global Biodiversity Information Facility (GBIF)
(https://www.gbif.org) and Pteridophyte Collections
Consortium (PCC) (https://www.pteridoportal.org), were
used for further verification.
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Figure 1. Research location at a rubber-mixed coffee plantation in Suci Village, Panti Sub-district, Jember District, East Java, Indonesia
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Molecular identification

DNA isolation: The molecular identification based on
DNA barcode was performed on one specimen of D.
esculentum (JR 00000001801) for confirmation of the
species identity, as determined through morphological
analysis. DNA isolation was carried out using the standard
CTAB method (Doyle 1991). Fresh leaves of 0.2 g were
ground into a fine powder with liquid nitrogen using a
mortar and pestle. Subsequently, 3 mL of CTAB buffer
was added to the crushed sample. The mixture was
homogenized, and 1 mL of the homogenate was transferred
to a 1.5 mL microtube. The sample was vortexed and
incubated in a thermo shaker at 65°C for 60 minutes. After
incubation, 500 pL of chloroform was added, the sample
was homogenized and then incubated at room temperature
for 5 minutes. The mixture was centrifuged at 25°C at
10,000 rpm for 15 minutes. After centrifugation, 600 pL of
the supernatant was collected and transferred to a new 1.5
mL microtube. Next, 5 pL of RNase was added to the
supernatant, which was then incubated in a thermos shaker
at 37°C for 30 minutes. After incubation, 600 uL of cold
isopropanol was added. The sample was centrifuged at 4°C
at 10,000 rpm for 11 minutes, repeated twice. Following
centrifugation, the supernatant was discarded, and the
pellet was washed with 500 pL of 70% ethanol. The
mixture was then centrifuged again at 4°C at 10,000 rpm
for 10 minutes. After the second centrifugation, the
supernatant was discarded, and the pellet was air-dried in a
desiccator for 20 minutes to remove any remaining ethanol.
Finally, 44 pL of TE buffer was added to the dried pellet,
and the sample was incubated in a thermos shaker at 55°C
for 10 minutes to resuspend the DNA in the TE buffer fully

DNA amplification and sequencing: The regions rbcL
were amplified using universal primers: rbcL F (5°-
ATGTCACCACAAACAGAGACTAAAGC-3") and rbcL R (5°-
GTAAAATCAAGTCCACCGCG-3") (Bafeel et al. 2011). PCR
(Polymerase Chain Reaction) analysis was conducted in a
20 pL reaction mixture containing 10 uL. GreenMix, 6 pL
nuclease-free water, 2 uL DNA template, and 1 pL each of
forward and reverse primers. The PCR steps included pre-
denaturation at 95°C for 5 minutes, followed by 35 cycles
of denaturation at 95°C for 30 seconds, annealing at 55°C
for 30 seconds, and a final extension at 72°C for 5 minutes.
The next step involved confirming the PCR product using
1.25% agarose gel electrophoresis and visualization under a
UV transilluminator. Next, to ensure the reliability of
amplification results, duplicate DNA samples were loaded for
each reaction. This was particularly important for the matK
and /752 markers, which exhibited poor amplification. The
PCR products were then sent to the 1st BASE (Singapore)
for purification and sequencing.

Phytochemical identification

Metabolite extraction: The crude extract of D. esculentum
was prepared by drying young fronds collected from 10
individual plants in an oven at 40°C for two days. The dried
samples were then pulverized using a commercial spice
grinder. A total of 60 g of the leaf powder was macerated
in methanol at a ratio of 1:5 for 72 hours, with the process
repeated once. The liquid extract was filtered through the
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Whatman filter paper, and the filtrate was concentrated
using a rotary evaporator, yielding D. esculentum crude
extract (Setyati et al. 2023; Ulum et al. 2023). The crude
extract was stored in a refrigerator for further analysis.

Gas Chromatography-Mass Spectrometry (GC-MS)
identification: GC-MS analysis of the crude extract of D.
esculentum was conducted at the Biosciences Laboratory of
the Politeknik Negeri Jember. The analysis was conducted
using GC-MS, a hybrid analytical technique for compound
identification. Gas chromatography separates volatile and
semi-volatile compounds, while mass spectrometry provides
detailed structural information about the detected compounds.
GC-MS analysis was performed on a Shimadzu QP2010
Plus system (Japan). A sample of 1 pl was injected into
the column under the following conditions: injector
temperature set at 290°C, MS detector at 280°C, and the
column used was an Rtx-50 (30 m length, 0.25 mm inner
diameter, 0.25 pm film thickness). The initial oven
temperature was held at 80°C for 10 minutes, then increased
to 230°C at a rate of 5°C/min and held for 10 minutes.
Helium was used as the carrier gas, flowing at 3 mL/min.
Metabolite identification was based on mass spectra
comparison using the Wiley Library 9 database (Uraku
2015; Ulum et al. 2023; Setyati et al. 2024).

Metabolite potencies based on PASS online: The GC-
MS-detected metabolites of D. esculentum were identified
through a comprehensive review of scientific literature,
with an emphasis on those demonstrating potential medicinal
applications. Following identification, these metabolites
underwent further analysis to predict their bioactivity
(Abdul-Hammed et al. 2022; Amalini and Afidah 2023;
Sururin and Khafiyya 2024). This involved comparing the
Pa (probability of being active) and Pi (probability of being
inactive) values of the metabolites.

Antioxidant activity measurement: The antioxidant
activity of D. esculentum leaves was evaluated using the
2,2-diphenyl-1-picrylhydrazyl (DPPH) assay, following the
method of Baliyan et al. (2022). A total of 10 mg of D.
esculentum crude extract was dissolved in 10 mL of methanol.
Ascorbic acid (I mg/mL) was used as the standard.
Methanol was employed as the solvent to prepare a series
of concentrations of 20, 40, 60, 80, and 100 ppm. DPPH
solution (0.1 mM) was prepared by dissolving 2 mg of
DPPH in 50 mL of methanol. The assay was performed
using a 96-well plate, where 100 pL of each test sample
was added to 100 pL of DPPH solution. The mixture was
incubated for 30 minutes at room temperature in the dark.
After incubation, absorbance was measured at 517 nm
using a microplate reader. Methanol was used as the blank
control. The percentage of scavenging activity was calculated.
All tests were conducted in triplicate. The concentration of
the samples required to achieve 50% inhibition of DPPH
(ICso value) was calculated (Praptiwi et al. 2021; Manurung
et al. 2022; Kurniawan et al. 2023).

Data analysis

Morphological characters were assessed based on organ
shape, dimensions, coloration, and organ count. DNA
sequencing data were processed using BioEdit and aligned
through the Basic Local Alignment Search Tool (BLAST)
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to confirm species identity. Verified sequences were submitted
to GenBank. Phylogenetic analysis was conducted using
MEGA XI software (Tamura et al. 2021), applying the
Neighbor-Joining method with 1000 bootstrap replicates.
Phytochemical structures were retrieved in Canonical
Simplified Molecular Input Line Entry System (SMILES)
format from the PubChem database (http://pubchem.ncbi.
nlm.nih.gov/) and SpectraBase (https://spectrabase.com/).
These SMILES strings were then analyzed using the
Prediction of Activity Spectra for Substances (PASS) online
platform to estimate the bioactivity profiles of each
compound. Predicted activities were represented by Pa
(probability of activity) and Pi (probability of inactivity)
values, which served as the basis for bioactivity interpretation
in subsequent analyses.

RESULTS AND DISCUSSION

Morphological characteristics

The specimens of D. esculentum were confirmed based
on diagnostic morphological characters consistent with the
taxonomic treatment by de Winter and Amoroso (2003).
Field observations revealed that the species occurred in a
wild state, with no evidence of cultivation, indicating its
native occurrence in the region. The population was
moderately abundant, primarily distributed along shaded
streambanks in secondary forest fragments. The examined
specimens were terrestrial in habit, with frond lengths
ranging from 51 to 68 cm (Figure 2.A). The rhizome is
erect with a diameter of ca. 40.06 cm. The stipe is brown to
green, 14 cm long. Leaves were clustered at the apex of the
rhizome. The petiole is 50-70 cm long, black, with brown
scales at the base. Lamina are ovate-lanceolate, 54 cm long
and 20.5 cm wide (Figure 2.B-C). The pinnae are green, 1-
pinnate-bipinnate. The 1-pinnate type consists of 15-16 pairs,
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and the bipinnate type consists of 12-13 pairs. At the apex
is a terminal pinna. The terminal pinna has an acute apex.
The pinnules are linear-lanceolate and gradually smaller
toward the base, having serrated edges, 11 cm long and 2.2
cm wide. The pinule consists of 11-12 pairs (Figure 2.C-
D). The sori are elongated and occupy almost the whole
length of the veins and are protected by a narrow scarious
indusium (Figure 2.E). Scales on the stipe are dark brown
latticed, 3.3 mm long and 0.7 mm wide, long, acuminate
tip, and denticulate edge (Figure 2.F). Spores are monolate
with a size of 30 pm x 20 pm (Figure 2.G).

The local harvester introduced D. esculentum with the
local name of pakis menir. It was distinguished by its
smaller croziers and lighter frond color. A study on edible
ferns from regions near Jember District reported putative
D. esculentum under three local names: mloko Jember, air
Jember, and ayam Banyuwangi (Kartikasari et al. 2024).
The distinct characteristics of D. esculentum pakis menir
set it apart from D. esculentum (air Jember), which possessed
larger croziers and exhibited dark green young fronds. In
contrast, D. esculentum (ayam Banyuwangi) was notable
for the absence of rolled croziers. The morphology of D.
esculentum (mloko Jember) showed high similarity to our
sample. Further investigation with local harvesters and
market suppliers confirmed that both terminologies referred
to D. esculentum, which displayed the bright frond color
observed in our research specimens. A comparison of the
morphological characteristics of specimens collected from
Panti reveals the bright green young fronds to those of D.
esculentum from Japan (Watanabe et al. 2021). The spore
structure of our specimen closely resembled the typical
characteristics of spores in the genus Diplazium, displaying
the ellipsoid monolete form described by Mynssen and
Sylvestre (2019). The morphological identification of D.
esculentum is further validated by molecular analysis,
providing robust support for species confirmation.

Figure 2. Morphology of D. esculentum: A. Habitus, B. Fertile fronds with sori, C. Adaxial fronds, D. Abaxial pinnules, E. Sori with
inducium, F. Scale (40x magnification), G. Spore (400 x magnification)
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Molecular characteristics

The PCR results revealed successful amplification only
of the partial rbcL gene from the plastid DNA of D.
esculentum, producing a band size of 514 bp. Of the three
standard DNA barcoding markers (vbcL, matK, and ITS2)
(CBOL Plant Working Group 2009), only rbcL was
successfully amplified and sequenced in this study.
Amplification attempts using matK and ITS2 primers failed
to produce viable PCR products, indicating their limited
utility for this species under the current experimental
conditions (Figure 3). This aligns with the findings that
rbeL consistently exhibits the highest amplification success
rate in ferns. For instance, studies by Wang et al. (2016)
reported a 94.33% success rate in the genus Adiantum from
China, and Trujillo-Argueta et al. (2021) observed a 96.77%
success rate in tropical Mexican ferns. In contrast, matK
demonstrated substantially lower amplification efficiency,
with 0.00% success in Trujillo-Argueta et al. (2021) and
only 33.33% in Wang et al. (2016), while /752 amplification
remained below 50% in both studies. The poor performance
of matK in ferns is primarily attributed to structural
rearrangements in the chloroplast genome, particularly the
evolutionary loss of conserved #nK exons that in angiosperms
flank matK and serve as primer binding sites (Nitta and
Chambers 2022). The absence of these exons in ferns leads
to primer mismatch and significantly limits the universality
of standard matK primers across leptosporangiate fern
lineages. Although lineage-specific primers have been
developed to improve matK amplification in certain groups,
their application remains narrow and not broadly transferable.
Likewise, the use of I7S2 in fern barcoding is hindered by
the presence of multiple paralogous copies due to gene
duplication, hybridization, and incomplete concerted
evolution, often resulting in non-specific amplification and
unreadable sequences (Wang et al. 2016). Thus, rbcL
remains the most reliable marker for DNA barcoding in D.
esculentum and other pteridophytes.

The BLAST analysis of the rbcL sequence from D.
esculentum collected in Panti Sub-district confirmed a close
genetic relationship with other accession D. esculentum
sequences. We presented the BLAST sequence indicating
the data of species name, accession number, percent
identity, query cover, E-value, and sample origin (source)
(Table 1). The highest sequence similarity (100% identity)
was observed with accession OL536867.1 from the USA.
Additionally, sequences from the Philippines (MZ501576.1)
and Japan (AB042736.1, U05619.1) exhibited high homology,
with percent identity values greater than 99%. The value of
percent identity approaching 100% reflects the percentage
similarity of the sequence between D. esculentum from
Panti Sub-district and the four accessions of that D.
esculentum. It should be regarded as the same species, as
reported in the study of Cosmos caudatus (Purnobasuki et
al. 2022). Moreover, the sequence similarity was also
supported by the value of query cover and E-value. The
query cover values among four accessions (>91%) indicated
a high percentage of nucleotide sequence similarity
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between the sample D. esculentum Panti Sub-district and
the sequences of four D. esculentum accessions in the
GenBank database (Purnobasuki et al. 2022). An E-value
of 0 indicated the similarity of the gene sequence of the
sample and those from GenBank (Stover and Cavalcanti
2017). As no rbcL barcode data for D. esculentum from
Indonesia is currently available (National Library of Medicine
2024), this study serves as a representative contribution to
the DNA barcode research for this species using Indonesian
samples.

The phylogenetic analysis using the Neighbor-Joining
method based on rbcL sequences of D. esculentum samples
from Panti and other D. esculentum accessions revealed the
formation of a single clade. To further assess the robustness
of the rbcL marker for phylogenetic studies of Diplazium,
additional sequence data were incorporated, including more
species from the genus (Diplazium ceratolepis, Diplazium
proliferum, Diplazium sandwichianum, and Diplazium
dilatatum) and an outgroup (Athyrium microphyllum)
(Figure 4). The bootstrap value for the D. esculentum clade
was 74, reflecting strong statistical support, as values above
70 are considered indicative of robust clade confidence
(Russo and Selvatti 2018; Kapli et al. 2020). Additionally,
the bootstrap analysis of six other Diplazium species and the
outgroup demonstrated that the rbcL sequences corroborate
the formation of distinct clades for each species.

rbel rbel ITS2 ITS2 matK matK

Marker

Figure 3. Amplification results of PCR products of Diplazium
esculentum using primers rbcL, matK, and ITS2

Table 1. BLAST result of Diplazium esculentum with rbcL

. Per. Query
Name ‘:c:ﬁls;l;n ident cover v:i:le Source
) (%)
D. esculentum OL536867.1 100 96 0.0 USA
D. esculentum MZ501576.1 99.68 98 0.0 Philippines
D. esculentum AB042736.1 99.64 93 0.0 Japan
D. esculentum U05619.1 99.63 91 0 Japan
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OL536867.1:1-553 Diplazium esculenfum
PV506376. 1:1-514 Diplazium esculentum
OL536867.1:1-502 Diplazium esculenfum

R

MZ501576.1:1-574 Diplazium esculentum

74

MZ501576.1:7-514 Diplazium esculentum

62

AB042736 1:1-484 Diplazium esculentum

15

AB042736.1:1-556 Diplazium esculenfum
— MW138189.1:1-574 Diplazium ceratolepis

58 —— MW138189.1:1-502 Diplazium ceratolepis
—— EF463315.1:1-573 Diplazium proliferum
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QDI:

85 —— EF463315 1-1-501 Diplazium prolfiferum
MT657458.1:1-574 Diplazium sandwichianum
MT657458.1:1-502 Diplazium sandwichianum
i': NC 035850.1.52411-53010 Diplazium difatatum
NC 035850.1:52431-52938 Diplazium difatatum
_|: NMNG23359.1:52282-526881 Diplazium maximum
93 NMNG23359.1:52302-52809 Diplazium maximum
—— MT216019.1:1-574 Diplazium proliferum

97 L—— MT216019.1-1-502 Diplazium profiferum
—— MT657453.1:1-574 Diplazium harpeodes

100

Figure 4. Phylogeny tree of Diplazium esculentum from rbcL sequ

52 L—— MT657453.1:1-502 Diplazium harpeodes

i': MT657451.1:1-573 Athyrium microphyfium
MT6E57451.1:1-502 Athyrium microphyfium
1

MTE57450.1:1-573 Athyrium microphyflum
MTE57450.1:1-502 Athyrium microphyflum
ences. The sample obtained in this study is highlighted in the box
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Figure 5. The GC-MS chromatogram illustrates the separation
Diplazium esculentum

Phytochemical profile
Gas Chromatography-Mass Spectrometry (GC-MS)
identification

The GC-MS analysis of the metabolites in the extract of
D. esculentum yielded a chromatogram identifying a total
of 25 compounds (Figure 5). These bioactive compounds
were categorized according to their molecular weight
(Table 2). The data outlined the names of the compounds,
along with the percentage area they occupied, reflecting
their relative concentrations in the sample. The predominant

of phytochemical compounds from the methanolic leaf extract of

compound identified was 3,6-dimethylquinoline, accounting
for the largest percentage area at 12.38%. This percentage
area reflected the relative abundance of the compound in
the sample. Consequently, the concentration of 3,6-
dimethylquinoline in the young leaves exceeded 10%. The
25 compounds identified from the D. esculentum sample
were grouped into three categories: phenols, terpenes, and
alkaloids. The phenol group consists of 11 compounds
(44%), terpenes 9 compounds (36%), and alkaloids 5
compounds (20%) (Table 2).
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The plants synthesize phenols, terpenes, and alkaloids
as key secondary metabolites, primarily as a defense
mechanism against biotic and abiotic stress. These metabolites
had been extracted by humans for medicinal purposes,
owing to their potent biological activities. The study
confirmed that these compounds had exhibited a range of
biological properties, including antimicrobial, anticancer,
antioxidant, and anti-inflammatory effects, all of which had
been well-documented in previous studies, such as Sun and
Shahrajabian (2023). The comparative analysis of the
compounds from putative D. esculentum (moko Jember)
(fresh, steamed, and dried) (Kartikasari et al. 2024) and
Menir revealed several similarities in their chemical profiles.
Notably, ethyl 1-hexyl-4-hydroxy-2(1h)-oxo0-3-quinoline
carboxylate was identified in both the fresh and dried moko
Jember fern samples, as well as in the Menir sample,
indicating its consistent presence across different processing
stages. Additionally, acetic acid was found in all three
threatened samples of mLoko Jember (fresh, steamed, and
dried) and in D. esculentum menir, suggesting its stability
and persistence regardless of treatment. Methyl-d3 1-
Dideuterio-2-propenyl Ether, another shared compound,
was present in both the dried mLoko Jember fern and pakis
menir samples. At the same time, methoxy, phenyl-, oxime
appeared in the dried putative D. esculentum mLoko
Jember and pakis menir. These shared compounds point to
a degree of chemical consistency between the two ferns,
suggesting that despite differences in origin or processing,
there are notable similarities in their metabolite profiles,
which may be linked to comparable biological activities
and therapeutic potentials.

Metabolite potencies based on PASS online

The biological activities of the identified compounds
were evaluated using the structure-based bioactivity prediction
tool, Prediction of Activity Spectra for Substances (PASS).
The fresh leaf extract of D. esculentum in this study yielded
over 96% of the metabolites (24 compounds). It demonstrated
high biological activity (Pa > 0.7), while the remaining
compound was not represented in the PASS database (Table
2). A Pa score exceeding 0.7 indicated strong biological
activity (Zeb et al. 2021; Amalini and Afidah 2023).

D. esculentum contains high amounts of phenolic
compounds. A study from the Philippines reported a total
phenol content ranging from 11 to 125.6 mg per 100 g of
the sample (Tongco et al. 2014). In this study, we present a
total of 11 phenolic compounds identified through GC-MS
analysis of D. esculentum. The leaf samples revealed a
substantial presence of phenolic compounds, further
highlighting the biological activities, yielding a total of
1,526 predicted activities. Ethyl benzoate exhibited the
highest biological activity, with a total of 225, indicating its
broad potential across various biological processes.
Pyruvaldehyde and 1,2,3-Propanetriol monoacetate followed
closely, displaying 176 and 172 activities, respectively,
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suggesting significant involvement in diverse bioactive
pathways. 1,2-Cyclohexanedione and Benzeneacetaldehyde
(Hyacinthin) demonstrated notable biological activities with
totals of 162 and 123, respectively. Compounds such as
3,6-Dimethylquinoline and Tetradecamethylcyclo-
heptasiloxane showed fewer predicted activities, with 49
and 76, but still contributed to the overall biological
potential of the sample. As a member of the quinoline
alkaloids group, 3,6-dimethylquinoline with the molecular
formula CiiHuN has been recognized for its significance in
medicinal research. Quinoline has gained considerable
interest due to its diverse pharmacological activities,
particularly for its potential as an anticancer agent, owing
to its ability to target various cancer cell lines
(Ilakiyalakshmi and Napoleon 2022). Matada et al. (2021)
highlighted the diverse medicinal properties of quinoline,
including its potent antibacterial, antifungal, antiviral,
antimycobacterial, antiprotozoal, and antimalarial activities.
Additionally, quinoline has demonstrated significant effects
on cardiovascular health and the central nervous system,
functioning as an antioxidant, anticonvulsant, analgesic,
anti-inflammatory, and anthelmintic agent, further
emphasizing its versatility in pharmaceutical applications.
The phenolic compound from D. esculentum primarily
acted as an enzyme inhibitor across various metabolic
pathways, suggesting potential therapeutic applications
(Rahman et al. 2021). Antioxidant and anti-inflammatory
properties were observed, with compounds inhibiting enzymes
like 3-hydroxybenzoate 6-monooxygenase and superoxide
dismutase, thus indicating capabilities for reducing oxidative
stress and inflammation (Sun and Shahrajabian 2023).
Additionally, the anticancer potential was highlighted
through inhibitors targeting BRAF expression, enhancing
TP53 expression, and modulating Myc activity, suggesting
possible impacts on tumor suppression (Shan et al. 2024).
The extract also demonstrated antimicrobial and antiviral
properties, with inhibitors effective against enzymes such
as arylsulfate sulfotransferase and choline dehydrogenase,
as well as compounds active against picornavirus and
rhinovirus (Bajaj and Sakhuja 2016). Neuroprotective and
anxiolytic effects emerged through beta-adrenergic receptor
kinase inhibitors and imidazoline receptor agonists, indicating
potential benefits for neurotransmitter regulation and mood
stability (Bousquet et al. 2020). Cardiovascular support and
metabolic modulation were inferred from inhibitors of
ADP-thymidine kinase and cholesterol antagonists, which
may aid in cholesterol regulation and heart health (Michaeli
et al. 2023). Additionally, the extract contained compounds
with insecticidal and antiparasitic properties, suggesting
utility in agricultural applications (Sridhar 2023). Overall,
this analysis confirmed that the phenolic compounds in the
plant extract exhibited a broad range of biological activities,
positioning the extract as a promising candidate for
pharmaceutical, nutraceutical, and agricultural uses.
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Table 2. Phytochemical profile of Diplazium esculentum based on GC-MS and its medicinal potential based on the PASS website

Retention %

Peak . Compound name Group Pa Biological activity
time Area
1 4.357 0.31 Alpha-d4-hexamethylene oxide Phenol  0.924 -
5.269 5.26 Propanal, 2-oxo- (CAS) Pyruvaldehyde Phenol  0.975 Advanced glycation end products
(AGE?s) inhibitor
3 5.792 313  Ethanol, 2-(dimethylamino)- (CAS) N, N- Alkaloids 0.954 Glycosylphosphatidylinositol
Dimethylethanolamine phospholipase D inhibitor
4 10.020 0.05 1,3,5,7-cyclooctatetraene (CAS) cyclooctatetraene  Terpene  0.948 Aspulvinone
dimethylallyltransferase inhibitor
5 11.313 2.02 1,5-heptadiene, 2-ethyl-6-methyl- Terpene  0.928 Mucous membrane protector
Aspulvinone
6 13.329 0.38  2.4,6-tris(allyloxy)-s-triazine Alkaloids 0.888 Aspulvinone
dimethylallyltransferase inhibitor
7 14.125 0.45 Butanoyl chloride, 4-chloro- (CAS). Gamma. - Terpene 0.864 2-Hydroxymuconate-semialdehyde
Chlorobutyryl hydrolase inhibitor
8 14.676 0.63 Pyrazine, trimethyl- (CAS) Trimethylpyrazine Alkaloids 0.843 Taurine dehydrogenase inhibitor
9 15.638 1.10 1,2-cyclohexanedione (CAS) 1,2-dioxocyclohexane Phenol  0.934 Testosterone 17 beta-dehydrogenase
(NADP+) inhibitor
10 16.467 4.20 1-Hexadecanol, 2-methyl- (CAS) 2- Terpene  0.940 Ubiquinol-cytochrome-c reductase
methylhexadecanol inhibitor
11 17.06 5.37 Benzeneacetaldehyde (CAS) hyacinthin Phenol  0.937 Breast cancer treatment
12 18.505 8.46 Benzoic acid, phenyl ester (CAS), Phenyl benzoate Phenol  0.919 -
13 19.233 1.93  Phenol, 2-methoxy- (CAS) Guaiacol Phenol  0.965 Bone loss disease inhibitor
14 19.767 2.65 Benzoic acid, ethyl ester (CAS), Ethyl benzoate Phenol  0.954 Antibacterial and antifungal
15 20.346 9.18 Hexadecane, 1-chloro- (CAS) 1-Chlorohexadecane Terpene 0.943 Polyporopepsin inhibitor
16 21.339 4.79 Tetradecamethylcycloheptasiloxane Phenol  0.998 -
17 23.644 3.20 Trans-7-tetradecene Terpene 0.954 Anti-eczema
18 24.519 5.61 1,2,3-Propanetriol, monoacetate Phenol 0.943 Cerebrovascular disease treatment
19 25.495 3.74 1,2,3-Propanetriol, triacetate Phenol  0.953 All-trans-retinyl-palmitate
hydrolase inhibitor
20 26.603 4.61 Pyridinium, 1-hexadecyl-, chloride, monohydrate Alkaloids - -
(CAS) Cetylpyridinium chloride monohydrate
21 27.799 4.77 1,1'-biphenyl (CAS) biphenyl Terpene  0.955 Aspulvinone
dimethylallyltransferase inhibitor
22 29.319 2.08 Hexadecane, 1-(ethenyloxy)- Terpene 0.964 Alkanal monooxygenase inhibitor
23 31.881 3.31 Phosphonic acid, dioctadecyl ester (CAS) Di(n- Phenol - -
octadecyl) phosphite
24 355.013 12.38 3,6-dimethylquinoline Alkaloids 0.875 Anticancer, antimicobe, antioxidant,
anticonvulsan
25 36.385 10.4 2-Heptanone, 7-phenyl- (CAS) 7-Phenyl-2- Terpene  0.947 Mucous membrane protector

heptanone

Note: A total of 2,897 biological activities were recorded in PASS online (supplementary data)

Propanal, 2-oxo- (CAS), also known as pyruvaldehyde
or methylglyoxal, accounted for a percentage area of 5.26
and had a Pa-value of 0.975. This suggests its potential for
tumor treatment through the inhibition of advanced glycation
end products (AGEs) (Bellier et al. 2019). The compound
phenol, 2-methoxy- (guaiacol), registered a percentage area
of 1.93 with a Pa-value of 0.965, serving as an inhibited
RANKL-induced osteoclastogenesis and prevented bone
loss (Zhi et al. 2020) and potential medicine for Adult
Polyglucosan Body Disease (APBD) (Kakhlon et al. 2018).
Ethyl benzoate, identified as benzoic acid ethyl ester, showed
a percentage area of 2.65 and a Pa-value of 0.954, acting as
antibacterial and antifungal (Del Olmo et al. 2017). 1,2,3-
propanetriol, monoacetate, or acetin was noted for its
significant percentage area of 5.61 and a Pa-value of 0.943,
marking it for the treatment of cerebrovascular disease
(Durlak et al. 2019). Lastly, benzeneacetaldehyde exhibited

a percentage area of 5.37 and a Pa-value of 0.937, which
was reported for breast cancer treatment (Choi et al. 2020).
Terpenes include monoterpenes, sesquiterpenes,
diterpenes, and isoprene. Isoprene is the basic structural
unit of terpenoid hydrocarbons, which are widely found in
plants (Fan et al. 2023). Terpenes in ferns exhibit significant
medicinal potential, particularly for their antimicrobial,
antioxidant, and anti-inflammatory activities (Lima et al.
2024). Among these, sesquiterpenes stand out for their
pronounced therapeutic properties (Lima et al. 2024). In
this study, D. esculentum was found to contain nine distinct
terpenes. This aligns with the findings of Essien et al. (2019),
who reported that terpenes constitute approximately 97.7%
of the essential oil composition in D. esculentum,
underscoring their dominant role in the plant's bioactive
profile. The predicted biological activities of the terpenes
in this study were evaluated, yielding a cumulative total of
1,142 activities. 1,3,5,7-Cyclooctatetraene demonstrated the
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highest level of biological activity, with a total of 361,
suggesting its potential significance across a wide range of
bioactive processes. 1,1'-Biphenyl exhibited substantial
biological activity with 194 predicted functions, further
supporting its relevance in multiple biological roles.
Similarly, trans-7-Tetradecene displayed notable bioactivity
with 180 predicted activities. Moderate activity levels were
observed for 1-Hexadecanol, 2-methyl-, and Hexadecane,
1-chloro-, with 111 and 101 activities, respectively, indicating
their potential involvement in diverse biochemical pathways.
In contrast, compounds such as 1,5-Heptadiene, 2-ethyl-6-
methyl-, and Butanoyl chloride, 4-chloro- showed lower
predicted biological activities, with 39 and 32, respectively.

The biological activities of the terpenes were thoroughly
evaluated, revealing significant inhibitory effects on key
enzymes, such as (R)-6-Hydroxynicotine oxidase, S-
hydroxynicotine oxidase, Aldehyde dehydrogenase, and
Alkanal monooxygenase. These enzymes are known to
play crucial roles in metabolic pathways, including nicotine
metabolism and detoxification processes (Yildiz and Yildiz
2021). Additionally, several compounds demonstrated
inhibitory effects on enzymes such as Phospholipid-
translocating ATPase, suggesting potential involvement in
regulating lipid metabolism and membrane transport
(Rosas-Rodriguez et al. 2017). The predicted bioactivities
also suggested potential therapeutic applications of these
terpenes as anesthetics, anti-inflammatory agents, and
angiogenesis stimulants, underlining their relevance in the
management of pain, inflammation, and wound healing.
Moreover, several compounds were predicted to possess
antineoplastic and antiviral activities, with specific efficacy
against viruses such as rhinovirus, indicating their potential
utility in cancer and antiviral treatment strategies.
Furthermore, a subset of compounds was identified with
potential therapeutic roles in addressing dermatological
conditions (e.g., antiseborrheic), mucositis, and dyskinesia,
further demonstrating a wide spectrum of medicinal
applications (Mustafa et al. 2023). These findings emphasize
the diverse biological activities of the terpenes, offering
promising avenues for future research in drug development
and therapeutic applications.

The PASS analysis of the alkaloid compounds of D.
esculentum used in the study revealed a diverse range of
biological activities. Among the compounds, ethanol, 2-
(dimethylamino)- (CAS) N,N-Dimethylethanolamine exhibited
the highest number of biological activities, with a total of
148. Pyrazine, trimethyl- (CAS) Trimethylpyrazine, followed
with 57 biological activities, while 2,4,6-tris(allyloxy)-s-
triazine demonstrated 23 activities. The compound
Pyridinium, 1-hexadecyl-, chloride, monohydrate (CAS),
Cetylpyridinium chloride monohydrate, was associated
with just 1 biological activity. In total, these alkaloid
compounds accounted for 229 distinct biological activities,
indicating a broad spectrum of potential pharmacological
applications.

Alkaloids are organic chemical compounds with cyclic
ring structures containing one or more basic nitrogen
atoms. Alkaloids can be found as secondary metabolites in
plants and animals (Heinrich et al. 2021). They exhibit
activities such as antihypertensive, analgesic, Alzheimer's,
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and malaria (Amirkia and Heinrich 2014), as well as
antiviral, anticancer, and antioxidant properties (Dey et al.
2020). The leaf extract of D. esculentum used in the study
revealed a complex array of alkaloid compounds, each
associated with various biological activities. The identified
compounds demonstrated inhibitory effects on numerous
enzymatic pathways, with notable examples being (S)-6-
hydroxynicotine oxidase and 2-hydroxy-3-oxoadipate
synthase inhibitors, which suggested the potential to
modulate oxidative stress-related processes (Boiangiu et al.
2023). Inhibition of metabolic enzymes such as aldose
reductase, creatinine kinase, and beta-adrenergic receptor
kinase pointed to possible applications in managing
metabolic disorders like diabetes and cardiovascular
conditions (Bellier et al. 2019). Additionally, the presence
of betaine-aldehyde dehydrogenase and carnitine amidase
inhibitors indicated potential roles in lipid metabolism and
energy homeostasis (Rosas-Rodriguez et al. 2017). Several
compounds exhibited anesthetic, antieczematic, antihypoxic,
and antineurotic activities, suggesting the extract's broad
therapeutic potential in pain management, dermatological
conditions, respiratory issues, and neurological disorders.
Furthermore, the identification of choline kinase and
choline-phosphate cytidylyltransferase inhibitors highlighted
the extract's potential to affect cellular signaling and
membrane integrity, possibly impacting drug resistance
mechanisms in cancer therapy (Inthachat et al. 2024).
Alkaloids related to nervous system function, such as
neurotransmitter uptake inhibitors and nicotinic receptor
antagonists, suggested a role in neurodegenerative disease
treatment and mood regulation (Wei et al. 2022).
Antioxidant properties were also observed, with NADPH
peroxidase inhibitors and oxygen scavenger compounds
contributing to the protection against oxidative damage
(Reis et al. 2020). Finally, the presence of vasoprotective
and vasodilatory compounds, such as vasoprotective and
testosterone 17 beta-dehydrogenase inhibitors, indicated
potential applications in maintaining vascular health and
managing hormonal imbalances (Poirier 2024). Overall, the
alkaloid compounds identified in the plant extract
demonstrated a wide range of biological activities,
emphasizing their potential in pharmaceutical and
therapeutic developments.

Antioxidant activity

The antioxidant activity test of D. esculentum methanol
leaf extract yielded an average ICso value of 91.25+7.60
ppm, while Vitamin C, used as a control, exhibited an ICso
value of 2.58+1.24 ppm. A lower ICso value indicates
stronger antioxidant activity, and the concentration of
91.25 ppm falls within the strong antioxidant category.
This result demonstrates that D. esculentum leaf extract at
91.25 ppm effectively neutralized 50% of DPPH free
radicals. According to Molyneux (2004), an ICso value of
between 50 and 100 ppm falls under the strong category,
further highlighting the potent antioxidant activity of this
extract. However, Junejo et al. (2018) reported that D.
esculentum from India exhibited slightly lower antioxidant
activity compared to ascorbic acid, as measured by the
DPPH method. The ICso value for D. esculentum was 138.8



AMALINI et al. — Morphological, molecular, and phytochemical characteristics of wild edible ferns

pg/mL, while ascorbic acid had an ICso of 125.2 pg/mL.
Additionally, a comprehensive literature review indicated
that the antioxidant activity of D. esculentum leaves varied
from weak to strong, depending on the origin of the sample
(Semwal et al. 2021). The high antioxidant activity is
closely related to the presence of secondary metabolites,
particularly phenolic compounds. Phenolic compounds are
one of the primary contributors to the radical scavenging
properties of plant extracts (Junejo et al. 2018; Nurhasnawati
et al. 2019). Our findings, which identified 11 phenolic
compounds, are consistent with several studies that
demonstrate a strong positive correlation between high
phenolic content and the antioxidant activity of plants
(Tongco et al. 2014; Nurhasnawati et al. 2019; Praptiwi et
al. 2021; Manurung et al. 2022). These phenolics are
capable of donating hydrogen atoms to the DPPH solution,
forming a stable reduced DPPH (DPPH-H), thereby
confirming the extract's potential as a natural antioxidant
source (Nurhasnawati et al. 2019).

The comparative significance of our research lies in its
integrated approach, which combines morphological
analysis, molecular validation via DNA barcoding, and a
comprehensive phytochemical assessment supported by
PASS online analysis. Unlike studies conducted in other
regions that might focus on isolated aspects, such as
morphology or molecular profiling alone (Junejo et al.
2018; Alamsjah et al. 2024), our study provides a holistic
understanding of D. esculentum from the Jember region.
This combined methodology not only validates the taxonomic
identity of the species with precision but also reveals its
rich phytochemical profile and associated bioactive
potentials. The PASS online data offers extensive insight
into possible pharmacological applications, significantly
expanding the scope for its utilization in developing
nutraceuticals and therapeutic agents. The combined
morphological and molecular identification, utilizing the
rbcL marker, confirmed that the edible fern sample pakis
menir from Panti Sub-district, Jember District, was indeed
D. esculentum, showing a 100% sequence identity with D.
esculentum (OL536867.1) from the USA. GC-MS analysis
of young fronds identified 25 bioactive metabolites,
including 11 phenolics, 9 terpenoids, and 5 alkaloids, all
contributing to a wide range of biological activities. The
comprehensive PASS online analysis revealed a
comprehensive spectrum of 2,897 predicted biological
activities across the major classes of metabolites. Phenolic
compounds accounted for the largest share, with 1,526
predicted activities, followed by 1,142 activities attributed
to terpenoids and 229 to alkaloids. Key bioactive compounds
included ethyl benzoate with 225 activities, pyruvaldehyde
with 176, and 1,3,5,7-cyclooctatetraene with 361 activities,
showcasing diverse biochemical potential. The alkaloid
fraction further contributed 229 activities, led by N,N-
Dimethylethanolamine (148 activities), supporting the
pharmacological relevance of these compounds. The
antioxidant assay classified the frond extract's activity as
strong, with an ICsy of 91.25+7.60 ppm, correlating well
with the high bioactivity of its phenolic compounds. These
findings collectively highlight the distinct morphological
and molecular characteristics of D. esculentum from the
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Jember region, alongside its rich biochemical profile. This
underscores the species' significant potential in pharmacology,
nutraceuticals, and bioactive compound discovery, paving
the way for further research into its therapeutic applications.

In conclusion, this study provides a comprehensive
investigation into the morphological, molecular, and
phytochemical characteristics of D. esculentum, solidifying
its classification and emphasizing its pharmacological
potential. The morphological analysis confirmed the species'
diagnostic traits, while molecular analysis using the rbcL
marker confirmed its taxonomic identity with 100% sequence
similarity to reference data. Phytochemical profiling revealed
25 bioactive metabolites, including phenolics, terpenoids,
and alkaloids, with the majority exhibiting high biological
activity. The dominant compound, 3,6-dimethylquinoline,
demonstrated significant anticancer potential. The frond
extract, on the other hand, exhibited robust antioxidant
activity, which could potentially lead to the development of
new health supplements, further underscoring the species'
medicinal and nutraceutical value.
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