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Abstract. Invento JB, Benida GMV, Tejano JCM, Enojales JJC, Pagente MJO, Dologan KCR, Plimaco SMY. 2026. Phytochemical
profiling, antioxidant activity, cytotoxicity and GC-MS characterization of Ganoderma applanatum. Nusantara Bioscience 18 (1):
nl180104. https://doi.org/10.13057/nusbiosci/n180104. This study investigated the medicinal potential of Ganoderma applanatum
ethanolic extracts by focusing on antioxidant capacity, cytotoxicity, and bioactive compound profiling. Samples were collected,
authenticated, and subjected to phytochemical screening, revealing the presence of flavonoids, steroids, saponins, tannins, and alkaloids.
The free-radical scavenging ability of the extracts was determined using a modified DPPH assay, where dilutions (10-1,000 pg/mL)
were mixed with 0.1 mM ethanolic DPPH, vortexed, incubated in the dark for 1 h at room temperature, and absorbance read at 517 nm
in triplicates to calculate % inhibition and IC50. The extract demonstrated a 97% inhibition at 500 pg/mL, indicating strong free radical
neutralization. GC-MS analysis identified 26 bioactive compounds, including fatty acids, hydrocarbons, phenolics, terpenoids, and
steroids, many of which are associated with antioxidant and cytotoxic effects. Cytotoxicity was evaluated via the Brine Shrimp Lethality
Test (BSLT) by the MSU-IIT Chemistry Department, exposing 10 Artemia salina nauplii per replicate to triplicate dilutions (1-10,000
pg/mL) for 24 h, and calculating % mortality. LC50 values were determined to be 37 pg/mL, signifying potent toxicity. These results
collectively highlight G. applanatum’s rich phytochemical composition and significant bioactivities, supporting its traditional medicinal
use. The evidence-based findings suggest that the ethanolic extract possesses promising antioxidant and cytotoxic properties, warranting

further investigation for therapeutic applications.
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INTRODUCTION

Mushrooms, as fruiting bodies of filamentous fungi,
represent a vast and ecologically important group within
the kingdom Fungi, primarily classified into Ascomycetes
and Basidiomycetes based on reproductive and ecological
traits (Zeid et al. 2011). They have historically been
important as both food and traditional medicine across
diverse cultures worldwide (Diansambu et al. 2015).
Despite estimates of 2.2 to 3.8 million fungal species
globally, only about 10% have been thoroughly studied,
revealing a significant knowledge gap in fungal
biodiversity and bioactivity (Hawksworth et al. 2017).
Contemporary research increasingly acknowledges their
broad medicinal potential, including antioxidant, anti-diabetic,
hypocholesterolemic, anti-tumor, immunomodulatory, and
antimicrobial activities (Barros et al. 2007). However,
conventional treatments often face limitations such as high
costs, lack of specificity, and adverse side effects due to
damage to healthy cells (Ochwang'i et al. 2004).
Consequently, mushrooms remain a valuable source for
discovering novel therapeutic agents, prompting extensive
phytochemical investigations linked to their

ethnomycological uses (Lindequist et al. 2010). However,
many species remain underexplored pharmacognostically,
particularly in specific locales such as the Philippines.

Phytochemicals, the bioactive compounds abundant in
mushrooms, represent a prolific reservoir of potential
natural therapeutics. The growing concerns over side
effects and microbial resistance associated with synthetic
drugs have intensified the search for alternative natural
antibiotics and antioxidants (Wang et al. 2022; Aljubiri et
al. 2021). Notably, many mushroom fruiting bodies exhibit
significant antioxidant properties by scavenging harmful
free radicals, underscoring their relevance in combating
oxidative stress.

Ganoderma applanatum (Pers.) Pat., a basidiomycete
widely distributed and known for its thick, corky fruiting
bodies, is traditionally used medicinally but lacks
comprehensive phytochemical and bioactivity profiling in
the Philippine context (Cor et al. 2018; Suansia and John
2021). While Ganoderma species have demonstrated
anticancer, anti-inflammatory, and antioxidant activities
globally (Barbieri et al. 2017), detailed studies on G.
applanatum’s bioactive compounds and their functional
properties remain limited.
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In the Philippines, a diverse array of mushroom species,
including G. applanatum, is traditionally utilized in
ethnomedicine for treating ailments like wounds,
infections, and inflammation, reflecting rich indigenous
knowledge systems. Ganoderma is a dark reddish-brown
basidiomycete that belongs to the Ganodermaceae family,
Aphyllophorales order, and Hymenomycetes class, that has
a distinctive spore-bearing fruiting bodies and stalks.
Numerous species of Ganoderma are found worldwide, and
they usually grow as facultative or saprophyte parasites on
the living and decomposing wood of deciduous trees (Cor
et al. 2018). Higher fungi are defined as those whose
carpophores are visible to the unaided eye, such as
Ganoderma species. They have important ecological and
economic implications (Hapuarachchi et al. 2018).
Ganoderma species are not considered edible mushrooms
since their fruiting bodies are always thick, corky, and
gritty. These species are renowned worldwide for being an
incredibly therapeutic mushrooms, even if they cannot be
eaten fresh (Priyanka et al. 2024). The therapeutic
characteristics of several species within the genus are the
subject of extensive investigation. The pharmaceutical
sector has recently shown interest in Ganoderma species'
many conventional medicinal uses (Loyd et al. 2018). A
number of research have shown that the genus Ganoderma
has anticancer, anti-inflammatory, immune-regulating,
anti-oxidation, antiviral, anti-hyperglycemic, and anti-
hyperlipidemic qualities (Wang et al. 2020).

Despite this general knowledge, there remains a
specific gap regarding the phytochemical composition and
bioactivity of G. applanatum from the Philippine region.
To address this, the present study aims to (i) conduct
qualitative phytochemical screening to identify key
secondary metabolites; (ii) quantify Total Phenolic and
Flavonoid Contents (TPC and TFC); (iii) characterize
bioactive compounds through GC-MS analysis; (iv)
evaluate antioxidant capacity using the DPPH radical
scavenging assay; and (v) assess cytotoxicity via the Brine
Shrimp Lethality Test (BSLT). These targeted methods will
provide a foundational pharmacognostic profile of G.
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applanatum, supporting its traditional medicinal claims and
guiding future biomedical research.

MATERIALS AND METHODS

Study area

Tangub City, located in the tropical province of
Misamis Occidental, Philippines, at the coordinates 8.07 N
and 123.75 E, has a diverse topography, according to the
city government's 2012 report. Approximately 40% of the
land is flat along the Panguil Bay coastline, while 6% is
rolling and hilly terrain that gradually becomes more
mountainous towards the Mt. Malindang National Forest
Reservation area. Barangay Matugnaw serves as the
sampling location because of the abundance of G.
applanatum in the area.

Collection and extract preparation

Fruiting bodies of G. applanatum were sampled from a
single accession site in Barangay Matugnaw, Tangub City,
Misamis Occidental, Philippines (coordinates 8.07°N,
123.75°E; elevation ~50 m), harvesting 200 g of fresh
material from multiple fruiting bodies on decaying
hardwood hosts. No additional samples from other
locations were used in this study, limiting genetic diversity
representation. Photographs and documentation were
submitted to Dr. Jennifer M. Niem, PhD (Curator,
Mycological Herbarium, University of the Philippines Los
Baiios), confirming taxonomic identity as G. applanatum.
Samples were air-dried at room temperature (25-30°C) for
2-3 weeks until constant weight, chopped into small
fragments (~1 cm), and pulverized to fine powder (<1 mm)
using an electric grinder. Extraction involved macerating
200 g powder in 500 mL absolute ethanol (95-99.9%) with
constant agitation (orbital shaker, 150 rpm) for 7 days at
room temperature. The mixture was filtered through
Whatman No. 1 filter paper, and the filtrate concentrated
via rotary evaporation to semisolid residue. The ethanolic
extract was stored in airtight amber glass containers at 4°C
for subsequent phytochemical and bioactivity assays.
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Figure 1. Geographical location of the sampling site. The map of the Philippines is in the upper left portion, the map Barangay
Matugnaw, Tangub City, Misamis Occidental is inset in the right portion
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Phytochemical screening analysis

The qualitative evaluation of G. applanatum ethanolic
extract for phytoconstituents, including alkaloids, saponins,
flavonoids, tannins, cyanogenic glycosides, steroids, and
anthraquinones, was conducted following the standardized
procedures of the Department of Chemistry at Mindanao
State University-lligan Institute of Technology (MSU-IIT),
Philippines. The samples were sent to the MSU-IT
Chemistry laboratory for analysis, where the presence of
these compounds was assessed and recorded using a 3-
point scale (+ for turbid, ++ for moderate, and +++ for
heavy), as outlined in the Handbook of Philippine
Medicinal Plants (Pefia et al. 2019).

Determination of total flavonoids and total phenolics

The total flavonoid content of the ethanolic mushroom
extract was determined using a modified aluminum
chloride colorimetric assay based on Kumari et al. (2011).
Briefly, 10 mg of the extract was dissolved in methanol,
and 10 pL of this solution was mixed with 100 pL of 1%
aluminum nitrate and 100 pL of 1 M aqueous sodium
acetate in a test tube. The mixture was incubated at room
temperature for 40 minutes to allow the reaction to
proceed. Absorbance was then measured at 545 nm using a
spectrophotometer. Quercetin served as the standard, and
flavonoid content was expressed as milligrams of quercetin
equivalents per gram of dry weight (mg QE g! dw),
providing an accurate quantification of total flavonoids in
the extract.

Total phenolic content was assessed using the Folin-
Ciocalteu assay following the procedure described by Gan
et al. (2013). In this method, 1 mL of the ethanolic extract
was combined with 1 mL of Folin-Ciocalteu’s reagent
diluted 1:9 with distilled water. After a 5-minute reaction
period, 1 mL of 10% sodium carbonate solution was added,
and the volume was adjusted to 10 mL with distilled water.
The mixture was incubated in the dark for 90 minutes to
develop color fully, and absorbance was recorded at 663
nm. A gallic acid calibration curve was used to quantify
phenolic content, expressed as milligrams of gallic acid
equivalents per gram of dry weight (mg GAE g! dw),
ensuring a reliable estimation of total phenolics in the sample.

Gas Chromatography-Mass Spectrometry (GC-MS) analysis

The GC-MS analysis of the sample was conducted to
identify the compounds present in the ethanolic extracts of
G. applanatum. The compounds were identified by directly
comparing the mass spectrum of the analyte at a particular
retention time to that of a reference standard found in the
National Institute of Standards and Technology (NIST)
library where at least 80% similarity index was considered
significant. The mushroom ethanolic extracts was
qualitatively analyzed at the Chemistry Analytical and
Research Laboratory of the Ateneo de Davao University in
Davao City.

Network analysis

The network analysis in this study was carried out using
the Gephi software (0.10.1 202301172018 released under
the dual license CDDL and GNU General Public Version 3,
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(©2008-2023). Data is imported as edges table, separator
as comma, and graph type as directed. For statistical
description, network overview, node overview, edge
overview, and community detection were run using Gephi
software. Gephi analyzed every dataset separately. This is
because each dataset has a distinct community and network
graph (Aziz 2022). In this study, the bioactive compounds
and biological functions are nodes, and the interconnection
between are the edges. The layout of the resulting graph
was changed using the Fruchterman Reingold. The Gephi
software ran network centrality and modularity. The
resulting network was analyzed for G. applanatum
bioactive compounds identified and its biological functions
through the visualized outcomes of the network analysis.

Free-radical scavenging activity (DPPH)

The antioxidant activity of G. applanatum extracts was
evaluated by their capacity to scavenge the stable free
radical 1,1-diphenyl-2-picrylhydrazyl (DPPH). This assay
was adapted with modifications from Jacinto et al. (2011).
Various concentrations of the extract (1,000, 500, 300, 200,
100, 50, 30, 20, and 10 pg/mL) were each mixed with 3
mL of 0.1 mM ethanolic DPPH solution. The mixtures
were vortexed vigorously for 10 seconds and then
incubated in the dark at room temperature for one hour.
Absorbance was measured at 517 nm, with ethanol-DPPH
solution serving as the control. Each sample was tested in
triplicate. The degree of radical scavenging was determined
by the reduction in DPPH absorbance, calculated as the
percentage inhibition using the formula: % Inhibition =
[(Acontrol - Asample) / Acontrol] x 100. A control refers
to the absorbance values of the control, while A sample
indicates the absorbance values of the sample. The
antioxidant potency was expressed as the IC50 value,
representing the extract concentration required to inhibit
50% of the DPPH radicals.

Cytotoxicity Test using Brine Shrimp Lethality Test

MSU-IIT Chemistry Department assessed the lethality
effects on brine shrimp (Artemia salina (Linnaeus, 1758))
to evaluate the potential bioactivity of the ethanolic
extracts. Various concentrations of the extract (1, 10, 100,
500, 1000, and 10000 pg/mL) were prepared in triplicate,
and each replicate were exposed to ten (10) brine shrimp
nauplii. After 24 hours of exposure, the number of
deceased nauplii were recorded, and the percentage of
mortality were calculated. To determine the cytotoxicity
level of the extract, the LC50 were computed based on the
rating of (Alhadi et al. 2015).

RESULTS AND DISCUSSION

Numerous secondary metabolites were found in the
current study's G. applanatum ethanolic extracts after
phytochemical profiling with ethanol as the solvent. Based
on the phytochemical components of G. applanatum's
secondary metabolites, high concentrations of antioxidant
chemicals, including flavonoids and saponins, were found
in the extracts. Furthermore, there were trace levels of
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alkaloids, steroids, and tannins but none of anthraquinone
and cyanogenic glycosides (Table 1). Other researchers
(Poojah et al. 2014; Wood et al. 2021; Ihayere and
Okhuoya 2022) have also reported the existence of these
chemicals in members of the Ganodermataceae family,
with a few minor deviations. The current findings are
consistent with their findings. These phytochemicals are
thought to be responsible of the therapeutic and medicinal
qualities of mushrooms.

The ethanolic extract of G. applanatum was examined
for its major components, specifically phenolics and
flavonoids (Table 2). The total phenolic content was
calculated at 41.34 + 0.26 pg/g, which is comparable to the
standard reference of gallic acid. As well, the total
flavonoid content was measured at 4.87 + 0.11 mg/g,
expressed as quercetin equivalents. These results highlight
the substantial presence of bioactive compounds in G.
applanatum, which may aid to its potential health benefits
and therapeutic applications. The quantification of these
phytochemicals is fundamental, as both phenolics and
flavonoids are recognized for their antioxidant properties
and may hold a function in the mushroom's anticancer
effects. Further research is necessary to discover the exact
mechanisms beyond which these compounds exert their
biological activities.

Flavonoids were one of the phytochemical substances
that Mohammadifar et al. (2020) found to be relatively
abundant in the ethanolic extracts of Ganoderma lucidum
(Curtis) P.Karst. and G. applanatum. This finding is
consistent with a prior examination that contrasted G.
lucidum with G. applanatum. Flavonoids have been
connected to a wide range of pharmacological and
therapeutic actions, such as antiviral, antibacterial,
anticancer, and antioxidant properties (Ullah et al. 2020).
The biochemical and antioxidant characteristics of
flavonoids have been connected to a number of diseases,
including atherosclerosis, cancer, and Alzheimer's Disease
(AD) (Lee et al. 2009). Furthermore, the capacity of these
flavonoids to scavenge and block potentially harmful free
radicals has drawn the most significant attention to their
antioxidant activity. This prevents oxidative stress and
lowers the incidence of heart attacks and cardiovascular
disease (Sharma et al. 2021). Future research into the
pharmacological characteristics of flavonoids might lay the
groundwork for the development of powerful medications.

One of the secondary metabolites found in G.
applanatum extract is saponin, and it has a wide variety of
antioxidant properties. According to Lee et al. (2012),
mushroom  glycosides, such as saponins, have
pharmacological properties that include antiviral, anti-
inflammatory, and anticarcinogenic activities. Saponins
have anticancer characteristics that include inhibiting tumor
development, metastasis, and angiogenesis, as well as
reversing multidrug resistance (MDR). These include bile
acid binding, immune modulatory effects, apoptosis
induction, cell differentiation promotion, and suppression
of carcinogen-induced cell proliferation (Xu 2016). In
addition to their variety of biological activities, saponins
have been shown to have anti-diabetic qualities (El Barky
et al. 2017). Because of this, saponins are now regarded as
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promising compounds that may be used to create novel
anti-diabetes drugs.

Steroids are present in G. applanatum extracts, which is
noteworthy as they have been shown to alleviate
inflammation, cure a number of autoimmune diseases, and
produce anesthesia. Because of their wide range of effects
on several physiological systems, steroids are being
employed in current anesthetic therapy (Shaikh et al. 2012).
This diversity of effects may account for the remarkable
efficacy of steroids in treating chronic inflammatory
disorders, such as rheumatoid arthritis and asthma (Barnes
2006).

Alkaloids were also detected as a phytochemical
compound (Kaur and Arora 2015). Alkaloids are necessary
for maintaining human health as well as an organism's
natural defenses. Numerous pharmacological actions are
exhibited by alkaloids, such as anticancer, hypnotic,
psychotropic, antibacterial, antimitotic, antimalarial, anti-
inflammatory, and antiviral properties (Hossen et al. 2022).
Well-known alkaloids, including morphine, narceine,
strychnine, quinine, ephedrine, and nicotine, are used in
therapeutic settings. Two analgesic alkaloids are morphine
and narceine; narceine is used to alleviate congestion,
whereas morphine may be used to ease pain (Tadeusz
2007).

Tannins can increase glucose absorption and decrease
adipogenesis by boosting the pathological oxidative state of
a diabetic condition, making them suitable therapeutic
agents for the management of Non-Insulin-Dependent
Diabetes Mellitus (NIDDM) (Kumari and Jain 2012).
Because of their astringent qualities, tannins are useful in
medicine for treating frostbite, minor burns, varicose
ulcers, hemorrhoids, and gum irritation. They also
encourage the formation of new tissues and the quick
healing of injuries and inflammatory mucosa (Soliman and
Barreda 2022).

Table 1. Phytoconstituents profile of the ethanolic extracts of
Ganoderma applanatum

Phytoconstituents Interference
Flavonoids +++
Steroids ++
Saponins +++
Tannins +
Alkaloids ++
Cyanogenic glycosides -
Anthraquinone -

Note: “+” indicates present: “+” turbid, “++” moderate, “+++”
heavy; “-*’ indicates absent

Table 2. The total flavonoids content and total phenolic content
of the ethanolic of Ganoderma applanatum

Total flavonoids

content Total phenolic content

Sample (mg Quercetin per (ng Gallic acid per
gram extract)
gram of extract)
Ganoderma 4.87+0.11 41.34+0.26

applanatum
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A phytochemical study of many wild mushroom
extracts obtained from different solvents produced the
following findings. Phytochemical screening of G.
applanatum in related research by Manasseh et al. (2012)
showed the presence of steroids, flavonoids, heart
glycosides, and saponins, but no measurable amounts of
anthraquinone, alkaloids, or tannins in the aqueous extracts
of the mushroom. Using methanol as the extraction solvent,
Islam et al. (2015) investigated the secondary metabolite
components of G. lucidum mushrooms. The fruiting body
extracts included eleven different phytochemicals, with
polyphenols, flavonoids, tannins, coumarins, vitamin C,
and anthocyanins present in more significant amounts.
Ganoderma  Ilucidum samples were subjected to
phytochemical examination, which identified the presence
of triterpenoids, glycosides, carbohydrates, and phenolic
compounds. Methanol and methanol ethyl acetate separate
the most active ingredients with the least amount of
polarity, as Modi et al. (2014) showed.

Depending on the extraction solvent, the secondary
metabolites of mushrooms with bioactive characteristics
might have different characteristics. Different solvents can
extract different phytochemical constituents based on how
polar or soluble they are in the solvent (Nagaraj et al.
2013). These findings were corroborated by a study
conducted by Thapa et al. (2022), in which the
phytochemical constituents of various extracts in various
solvents yielded varying results. The affinity between the
polarity of the solvent and the compounds utilized has a
significant effect on the extraction procedure, which
explains why the ethanolic extracts of G. lucidum have a
low overall yield. The nature of the compounds to be
isolated determines the appropriate solvent.

Numerous phytochemicals, including flavonoids,
saponins, alkaloids, steroids, and tannins, are present in the
ethanolic extracts of G. applanatum and may be separated
and examined for a range of biological activities. These
secondary metabolites are physiologically active and play
significant roles in the bioactivity of medicinal mushrooms
because of their medicinal properties.  These
phytochemicals affect the human body in a unique and
particular way. Researchers are becoming increasingly
interested in isolating and determining the structures of
phytochemicals because they can be used to create new
pharmaceuticals that are less harmful to humans and have
fewer side effects, in addition to being used to treat various
diseases directly. The antioxidant, antimicrobial, anti-
inflammatory, and anticancer properties of G. applanatum
in relation to their reported ethnomycological and
therapeutic applications are supported by the results of the
phytochemical screening of the extract in the present study.

Gas Chromatography-Mass Spectrometry analysis

Gas Chromatography-Mass Spectrometry (GC-MS) was
chosen over Liquid Chromatography-Mass Spectrometry (LC-
MS) for evaluating the ethanolic extract attributable to its
suitability for volatile, non-polar, and thermally stable
compounds usually found in fungal extracts. Unlike LC-MS,
which focuses in separating polar or larger biomolecules
(e.g., proteins or hydrophilic metabolites) in aqueous
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matrices, GC-MS provides exceptional resolution for
small-molecule volatiles over vaporization and capillary
column separation, allowing precise identification of
bioactive components like terpenes and fatty acids. This
selection supports with the extract's composition, as
demonstrated by the 26 identified compounds, enhancing
sensitivity and efficacy for qualitative profiling without the
need for extensive sample preparation typical in LC-MS
workflows. Table 3 showed the bioactive compounds that
were identified qualitatively through GC-MS analysis; it
includes its molecular weight, Similarity Index, Retention
time, molecular formula, and the reported biological
activities from the ethanolic extracts of G. applanatum.

The 9-Octadecane, Phenol, 3,5-bis(1,1-dimethylethyl),
Butric acid, 4-tridecyl ester, Heneicosane, 7,9-di-tert-butyl-
1-oxaspiro(4,5)deca-6,9-diene-2,8-dione, Ethyl Oleate,
Octadenoic Acid, and Ethyl Ester were the most common
compounds that possessed antimicrobial properties.
Generally, other identified biological activities found in the
mushroom extract were anesthetic agent, antifungal,
antibacterial, antioxidant, anti-cancer, insecticidal role,
anti-inflammatory, analgesic effects, hemolytic,
hypocholesterolemic, flavor, nematicide, anti-androgenic,
antifouling, anti-neuroinflammatory, antiasthma, and
diuretic properties, and an anti-HIV compound used to
prevent the HIV virus. However, the identified compounds
with no reported bioactivity included 1s,4R,7R11R-1,3,4,7-
Tetramethyltricyclo, 1H-Pyrrolo[2,3-f] quinolin-9-
ol,1,2,3,5,7-pentamethyl, Hexadecanoic acid, ethyl ester, 1-
Norvaline, N-(2-methoxyethoxycarbonyl)-hexyl ester,
Linoleic acid ethyl ester, 2H-1-benzopyran,33,4a,5,6,8a-
hexahydro-2,5,5,8a-tetramethyl-(2.alpha,4a.alpha,
8a.alpha.) and 9,19-Cyclolanostan-3-ol, 24-methylene-,(3-
beta) as shown in the table below.

Ganoderma applanatum’s therapeutic effects are
derived from a variety of bioactive components such as
fatty acids, hydrocarbons, phenolic compounds, terpenoids,
triterpenoids, polysaccharides, and steroids, found in their
fruiting body, spores, and mycelium. These substances
have been linked to the mushroom's pharmacological
qualities (Cor et al. 2018). In addition, considering the
proved ethnomycological and therapeutic applications of G.
applanatum, the findings from the GC-MS analysis of the
extract in this study supported the mushroom's antioxidant,
antibacterial, anti-inflammatory, and anticancer properties.

One of the substances found in this study, ergosterol, is
the most common sterol found in the cell membranes of
fungi, including edible mushrooms. Like cholesterol in
mammal cell membranes, it maintains the integrity of
fungal cell membranes. The composition and operation of
cell plasma membranes depend on steroids. Ergosterol has
been shown in earlier studies to have antioxidant properties
that protect yeast from the free radicals produced by tert-
butyl hydroperoxide (Dupont et al. 2021). Furthermore,
from the lipid-enriched fraction of G. lucidum, fourteen
ergosterol derivatives were identified and purified. These
substances showed anti-angiogenesis and anti-tumor effects
on HepG2, MDA-MB231, and HUVEC cells. None of the
chemicals had any effect on normal cells (Chen et al.
2017).
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Table 3. Bioactive compounds qualitatively isolated from the ethanolic extracts of G. applanatum through GC-MS analysis

Compound name

Mol.
formula

SI?

Mol.
Wt.b

Retention
time (min)

Biological properties with reference

Cyclopropane, nonyl-

Hexadecane

9-Octadecene, €-

1s,4R,7R,11R-1,3,4,7-
Tetramethyltricyclo[5.3.1.0(4
,11)Jundec-2-en-8-one
Phenol, 3,5-bis (1,1-
dimethylethyl)-

Butyric acid, 4-tridecyl ester
Heneicosane

1H-Pyrrolo[2,3-f]quinolin-9-
ol, 1,2,3,5,7pentamethyl-
Docosanoic acid, ethyl ester

Bicyclo[4.1.0]hepta-2,4-
diene, 2,3,4,5-tetracthyl-7,7-
diphenyl-
1,2-Benzenedicarboxylic
acid, bis(2-methylpropyl)
ester

7,9-Di-tert-butyl-1-
oxaspiro(4,5)deca-6,9-diene-
2,8-dione

Dibutyl phthalate

Ci2H24

Ci6H34

CisH3e

C15sH220

C14H220

C17H3402
C21Ha4

Ci6H1sN2
O
C24Ha02

Ca7H32

Ci16H2204

C17H2403

Ci16H2204

95

93

95

77

91

87
91

66

88

56

95

89

96

168

226

252

218

206

270
296

254

368

356

278

276

278

5.660

6.190

6.995

7.795

8.050

8.880
10.185

11.010

11.405

12.340

12.415

13.115

13.825

Antiproliferative (Al-Mansoub et al. 2021, Mostofa et al.
2021); Antioxidant (Al-Mansoub et al. 2021); Cytotoxic
(Mostofa et al. 2021), Anethetic agent (Mary and Giri
2017); Antibacterial (Okwu and Ighodaro 2009);
Antibacterial (Hsouna et al. 2011; Yogeswari et al. 2012;
Arora et al. 2017; Nyalo et al. 2023); Antioxidant (Hsouna
et al. 2011; Aziz et al. 2022; Chen et al. 2022); Enzyme
inhibition (Aziz et al. 2022); Antimicrobial (Khan et al.
2016; Teoh et al. 2021); Anticancer (Khan et al. 2016;
Arora et al. 2017; Kim et al. 2020; Teoh et al. 2021);
Antifungal (Hsouna et al. 2011; Arora et al. 2017)
Antioxidant (Matthew et al. 2021; Raslan et al. 2022);
(Lee et al. 2007; Mishra and Shree 2007); Cytotoxic
(Raslan et al. 2022); Antibacterial (Rouis-Soussi et al.
2014; Karanja et al. 2021); Anticancer and Antimicrobial;
(Lee et al. 2007; Mishra and Shree 2007)

Antioxidant (Chen et al. 2022); Antimicrobial (Eltayeib
and Ismaeel 2014)

Antibacterial (Lalthanpuii and Lalchhandama 2019; Addai
et al. 2022; Nyalo et al. 2023); Antimicrobial (Dhanya et
al. 2016; Das et al. 2018; Teoh et al. 2021; Trivedi and
Thumar 2021; Vega-Portalatino et al. 2023); Antioxidant
(Kim et al. 2020; Addai et al. 2022; Chen et al. 2022;
Raslan et al. 2022); Cytotoxic (Al-Shwyeh Hussah
Abdullah et al. 2011; Mostofa et al. 2021; Raslan et al.
2022); Anti-diabetic (George et al. 2018); Anticancer
(Mostofa et al. 2021; Teoh et al. 2021); Antiparasitic
(Lalthanpuii and Lalchhandama 2019)

Antimicrobial and Antifungal (Suerbaev et al. 2014)
Antibacterial (Nyalo et al. 2023; Aljubiri et al. 2021);
(Vanitha et al. 2020); Antioxidant (Aziz et al. 2022);
Enzyme inhibition (Aziz et al. 2022); Antimicrobial
(Kawuri and Daramaysa 2019; Abu ElKhair et al. 2020;
Ghavam et al. 2021; Trivedi and Thumar 2021);
Antifungal (Teoh et al. 2021); Anticancer (Teoh et al.
2021); Cytotoxicity (Aljubiri et al. 2021); Anti-
inflammatory and Analgesic (Okechukwu 2020); Anti-
diabetic (George et al. 2018); Insecticidal role
(Seenivasagan et al. 2009; Bhutia et al. 2010)

No known activity

Antioxidant and Antimicrobial (Almalki et al. 2022);
Hemolytic, Hypocholesterolemic, Flavor, Nematicide,
Anti-androgenic (Mohan et al. 2012)

Antioxidant and Insecticidal effect (Al-Harbi et al. 2021)

Antimicrobial (Kandagalla and Krishnappa 2019); Cytotoxic
activity (Kandagalla and Krishnappa 2019); Antifouling
(Kandagalla and Krishnappa 2019); Anticancer activity
activity (Shobi and Viswanathan 2018); Antibacterial
(Sivakumar et al. 2014; Arora et al. 2017; Shobi and
Viswanathan 2018); (Sivakumar et al. 2014)

Antioxidant (Arora et al. 2017; Kim et al. 2020; Aziz et

al. 2022); Enzyme inhibition (Aziz et al. 2022);
Anticancer (Teoh et al. 2021); Antimicrobial (Arora et al.
2017; Teoh et al. 2021); Antibacterial (Arora et al. 2017)
Antimicrobial (Jemimma et al. 2017; Beulah et al. 2018;
Das et al. 2018; Trivedi and Thumar 2021 ; Almalki et al.
2022); Antioxidant (Arora et al. 2017; Almalki et al.
2022); Antibacterial (Arora et al. 2017; Kandagalla and
Krishnappa 2019); Cytotoxicity (Kandagalla and
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Hexadecanoic acid, ethyl
ester

1-Norvaline, N-(2-
methoxyethoxycarbonyll)-,
hexyl ester

Linoleic acid ethyl ester
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Octadecanoic acid, ethyl ester
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Ergosterol

2H-1-Benzopyran,
3,4,4a,5,6,8a-hexahydro-
2,5,5,8a-tetramethyl-
(2.alpha.,4a.alpha.,8a.alpha.)-
9,19-Cyclolanostan-3-ol, 24-
methylene-, (3.beta.)-

Ergosta-7,22-dien-3-ol,
(3.beta.,5.alpha.,22E)-

9,19-Cyclolanostan-3-ol, 24-
methylene-, (3.beta.)-

Ethyl iso-allocholate

7,22-Ergostadienone

Ci1sH3602

CisH29NOs
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C2sH440

C13H220
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CasHa60O

C31Hs520

C26H440s5

CosHa4O

94

79

93

93

92

92

91

61

88

91

91

79

77

284

303
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312

402

396
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440

398

440

436

396

14.340

16.475

16.870

16.970

17.360

18.120

19.120

19.430

19.965

20.290

21.210

21.650

21.650

Krishnappa 2019); Antifouling (Beulah et al. 2018);
Antifungal (Arora et al. 2017)

Antibacterial (Okwu and Ighodaro 2009; Arora et al.
2017; Lalthanpuii and Lalchhandama 2019; Diep et al.
2021; Addai et al. 2022; Nyalo et al. 2023); Antioxidant
(Rouis-Soussi et al. 2014; Khan et al. 2016; Arora et al.
2017; Kim et al. 2020; No and Kampus 2020; Al-
Mansoub et al. 2021; Addai et al. 2022; Almalki et al.
2022); Antimicrobial (Jemimma et al. 2017; Prayitno et
al. 2021); Antiproliferative (Al-Mansoub et al. 2012);
Hypocholesterolemic (Chukwu et al. 2020; Prayitno et al.
2021); Antifungal (Rouis-Soussi et al. 2014; Khan et al.
2016; Arora et al. 2017); Antiparasitic (Lalthanpuii and
Lalchhandama 2019); Anti-diabetic (George et al. 2018)
No known activity

Antibacterial (Hasan et al. 2014; Nyalo et al. 2023);
Antimicrobial (Khan et al. 2016; Prayitno et al. 2021);
Hypocholesterolemic (Prayitno et al. 2021); Antioxidant
(Al-Mansoub et al. 2012; Kim et al. 2020);
Antiproliferative (Al-Mansoub et al. 2012)
Antibacterial (Diep et al. 2021); Antioxidant (Kim et al.
2020); Antimicrobial (Akin-Osanaiye et al. 2011;
Jemimma et al. 2017)

Antimicrobial (Teoh et al. 2021; Almalki et al. 2022);
(Abubakar and Majinda 2016); Anticancer (Teoh et al.
2021); Antioxidant (Almalki et al. 2022; Kim et al. 2020;
Arora et al. 2017) Antiparasitic (Lalthanpuii and
Lalchhandama 2019); Antibacterial (Okwu and Ighodaro
2009; Arora et al. 2017; Lalthanpuii and Lalchhandama
2019); Antifungal (Arora et al. 2017); Anti-diabetic
(George et al. 2018)

Antibacterial (Nyalo et al. 2023); Antimicrobial (Abu
ElKhair et al. 2020); Antifungal (Pefia et al. 2019; Hadi
and Hussein 2016)

Antibacterial (Kandagalla and Krishnappa 2019);
Cytotoxicity (Kandagalla and Krishnappa 2019); Anti-
neuro inflammatory (Kushairi et al. 2020); Anticancer
(Hapuarachchi et al. 2017; Ikarashi et al. 2020)
Antimicrobial (Balla et al. 2017; Sharma et al. 2021)

Antifungal (Khan et al. 2016; Sobhy et al. 2023);
Antibacterial (Hasan et al. 2014; Aljubiri et al. 2021);
Cytotoxicity (Aljubiri et al. 2021); Antioxidant (Khan et
al. 2016; No and Kampus 2020); Anti-HIV compound
used to prevent the HIV virus (Arora et al. 2017)
Antimicrobial (Khan et al. 2016); Antilisterial activity
(Penduka et al. 2014)

Antibacterial (Zhu et al. 2017; Kandagalla and
Krishnappa 2019). Cytotoxicity (Hapuarachchi et al.
2017; Kandagalla and Krishnappa 2019; Settu and
Arunachalam 2020); Anti-hypercholesterolemia (Chukwu
et al. 2020); Anti-fungal (Zhu et al. 2017).

Antifungal (Sobhy et al. 2023); Antibacterial (Hasan et al.
2014; Aljubiri et al. 2021); Cytotoxicity (Aljubiri et al.
2021); Antioxidant (Khan et al. 2016; No and Kampus
2020); Antimicrobial (Khan et al. 2016); Antilisterial
activity (Penduka et al. 2014)

Antioxidant (Addai et al. 2022; Almalki et al. 2022);
Antimicrobial (Halliwell 1995; Huang et al. 2005; Addai
et al. 2022; Almalki et al. 2022); Anti-inflammatory,
anticancer, antimicrobial, antiasthma and diuretic
properties (Halliwell 1995; Huang et al. 2005)

No known activity
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The potential as anticancer agents has been
demonstrated by the specific activity of the seven most
common bioactive components of G. lucidum extract
against several human cancer cell types (solid and blood
malignancies), Inflammatory Breast Tumors (IBC), and
triple-negative breast cancers (TNBC). Three of the seven
substances that showed significant in vitro anticancer
effects were ergosterol, 5,6-dehydroergosterol, and
ergosterol peroxide (Martinez-Montemayor et al. 2019).

Fatty acids not only provide a significant energy source
but also have a important biological effect on the
specialized functions that cells and tissues play throughout
life. The fatty acids found in the ethanolic extract of G.
applanatum included butyric acid, 4-tridecyl ester,
docosanoic acid, hexadecanoic acid, ethyl ester, linoleic
acid, ethyl ester, ethyl oleate, and octadecanoic acid. These
findings confirmed prior research indicating extensive fatty
acid contents in a number of mushroom species, mainly
linoleic acid (Giinc Ergoniil et al. 2013). Extracts from G.
lucidum spores incorporated a considerable number of fatty
acids, such as oleic and palmitic acids, concurrent to
Salvatore et al. (2020). Furthermore, Taskin et al. (2013)
found that G. lucidum samples included hexadecanoic acid,
benzenedicarboxylic acid, and octadecanoic acid, with the
most prevalent compound being hexadecanoic acid.
Various researches on the properties of these fatty acid-rich
oils in the remedy of inflammatory, autoimmune, and
cancer-related conditions have proved the theory that they
employ a varied range of biological properties.

The current analysis has also identified 3,5-bis (1,1-
dimethylethyl) phenol as a prospective inhibitor of the
polo-like kinases-1 enzyme, with anticancer properties
based on Ki and G values (Rizvi et al. 2014). The phenol
was prior acquired from a methanolic extract of Ageratum
houstonianum Mill. leaves. Utilizing three definite solvent
fractions prepared in n-hexane (PSHE), diethyl ether
(PSDE), and Persicaria strigosa (R.Br.) Nakai ethyl
acetate (PSEE), Swargiary et al. (2023) also examined the
phytochemical  constituents, antiproliferative,  and
apoptosis-inducing properties of P. strigosa methanolic
extract (PSME). Subsequent to the study, all solvent
fractions exhibited dose-dependent mortality of Dalton's
lymphoma cells. While PSEE displayed the maximum
cytotoxicity, PSHE demonstrated the minimum activity.
From the ethyl acetate extract, 12 compounds were
extracted for the analysis. Of these, 3,5-bis (1,1-
dimethylethyl) phenol proved the highest binding affinity
with every protein and drug-like potential in accordance
with the Lipinski rule, indicating the compound's potential
to treat cancer.

Tributyl acetyl citrate was found in the ethanolic
extracts of G. applanatum in the present study. The root
extract of Lobularia maritima (L.) Desv., a perennial plant
species significantly exploited in conventional medicine
and recognized as sweet alyssum, was observed to inhibit
the excessive concentration of this bioactive component.
The study found that the ethyl acetate fraction from the
roots was the most potent extract, with an EC50 value of
0.08 mg/mL, extensively unique from the EC50 values of
the flower, leaf, and stem fractions. The roots of L.
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maritima displayed remarkable antiradical activity against
DPPH free radicals in comparison to the BHA standard,
implying its intriguing potential as an antioxidant extract in
nutritional, medicinal, and biocosmetic formulations
(Kouidhi et al. 2021).

The present study has also found heneicosane
compound that presented important antibacterial activity
against Streptococcus pneumoniae and Aspergillus
fumigatus, showing its promise as a probable antimicrobial
or therapeutic agent. Research classified itself by
separating and recognizing a bioactive molecule from a
natural basis (Vanitha et al. 2020). In a rat model,
heneicosane, along with other n-alkanes, showed analgesic
influences, theoretically via inflammation suppression
(Okechukwu 2020). These compounds promise for
producing innovative analgesic or anti-inflammatory
medications. The stem extract of Dendrobium crepidatum
Lindl. & Paxton includes triacontane, a main source of its
detected cytotoxic action. The study assessed the cytotoxic
impacts on HeLa and U251 cancer cell lines. Results
implied that the chloroform extract was most efficient in
lowering HeLa cell production, while the hexane extract
displayed the effective inhibitory result on U251 cell
growth.

The evaluation uncovered a compound known as 2H-1-
Benzopyran, 3,4,4a,5,6,8a-hexahydro-2,5,5,8a-tetramethyl-
(2.alpha.,4a.alpha.,8a.alpha.), which is documented for its
effective antimicrobial properties (Sharma et al. 2021;
Balla et al. 2017). This compound belongs to the class of
benzopyrans, which are distinguished for their varied
healing treatments. Benzopyran derivatives are found in
several natural products, involving flavonoids and
tocopherols. Corresponding to Tiwari and Singh (2023),
the benzopyran compound 2H-1-Benzopyran,
3.4,4a,5,6,8a-hexahydro-2,5,5,8a-tetramethyl-
(2.alpha.,4a.alpha.,8a.alpha.) is valuable for ailments linked
to oxidative stress, such as cardiovascular and cerebral
vascular diseases. Reports by Sebille et al. (2005)
emphasized the capability of this compound not only in
healing oxidative stress-related illnesses but also in
pharmaceutical formulations for antiviral and antitumor
therapies. The growing attention in novel drugs,
predominantly benzopyran compounds, is essential to
existing and forthcoming innovations and beneficial
approaches, as deliberated in the review “New Insights into
the Origin and Therapeutic Implications of Benzopyran and
Their Derivatives” (2023).

As well, the compound 23,9,19-Cyclolanostan-3-ol, 24-
methylene-, (3.beta.), for which the Table 1 is represented,
has been reported to obtain the following supplementary
activities involving antimicrobial activity (Khan et al.
2016); anti-fungal activity (Khan et al. 2016; Sobhy et al.
2023); antioxidant activity (Khan et al. 2016; No and
Kampus 2020); anticoccal activity (Hasan et al. 2014;
Aljubiri et al. 2021); cytotoxic activity (Aljubiri et al.
2021) and anti listerial activity (Penduka et al. 2014). The
work of Ralf and Maria (2003) also highlighted variety of
triterpene compounds and their potential exploitation as
they show the structural features of some steroid
derivatives, including 3-methylene steroid derivatives.
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Furthermore, Yulin et al. (2017) noted that the so far
described novel drugs of the lanostane type triterpene series
have a distinct healing effect on the inhibition of osteoclast
cells which possibly will offer the opportunity for new
treatment alongside bone illnesses. The study of these
compounds sets them in the focus of their attention in
biological as well as chemical production.

Moreover, ergosta-7,22-dien-3-ol was found in the
assays as a sterol class compound, which is remarkable due
to its potential medical applications and bioactive qualities,
specifically its anti-inflammatory effects. Isolated from
marine species like Marthasterias glacialis, this compound
regulates key inflammatory mediators like COX-2 and NF-
kB, reducing inflammation pathways (Pereira et al. 2014).
Also, Lindequist (2017) showed that ergosta-7,22-dien-3-ol
was structurally linked to other ergosterol derivatives found
in medicinal mushrooms, which have been confirmed to
have a variety of health benefits, with cytotoxic and
antimicrobial properties. Present research on the synthesis
and biological assessment of ergosterol derivatives, such as
ergosta-5,7,22-trien-3-ol, also contributes credence to this
idea (Hu et al. 2014; Zhang et al. 2016).

The research revealed that the compound 9,19-
Cyclolanostan-3-o0l, 24-methylene-, (3.beta.)- is a type of
triterpenoid known as lanostane and established for its
pointed biological activities, particularly its anti-
inflammatory effects. Studies have revealed that lanostane
triterpenoids, comprising this specific compound, can
influence key inflammatory pathways, making them
possible candidates for therapeutic application in situations
considered by chronic inflammation, such as rheumatoid
arthritis and neurodegenerative diseases (Yang et al. 2020).
The structural alterations of lanostanes, particularly the
presence of specific functional groups, are helpful in
influencing their pharmacological properties, thus
enhancing their beneficial efficiency (Dembitsky 2024).
Additionally, Sidjui et al. (2017) determined that
compounds derived from lanostanes have showed cytotoxic
properties against a range of cancer cell lines, implying
their possible role in cancer therapy. According to Wal et
al. (2011), the varied biological activities of 9,19-
Cyclolanostan-3-o0l, 24-methylene-, and (3.beta.)- pointed
out their importance in medicinal chemistry and drug
advancement.

Also, the current study detected Ethyl iso-allocholate, a
bioactive compound known for its significant antimicrobial
and antifungal properties and found in various plants.
Studies have revealed its capability to prevent
dihydropteroate synthase, which is a vital target in fighting
antibiotic resistance, mostly in Escherichia coli, as it shows
a vital part in bacterial folate synthesis, hence contributing
a new approach to address antibiotic resistance (Malathi et
al. 2017). In laboratory experiments, it has been exhibited
to successfully hinder several fungi, such as Curvularia
lunata and Microsporum canis, underlining its widespread
antifungal activity. Ethyl iso-allocholate has proven to be
efficient in the study of (Abubacker and Palaniyappan
2013) against both plant and human pathogenic fungi,
indicating to its probable use in herbal antifungal
formulations.
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The findings of this report suggest that there may be a
biochemical substance for the traditional medicinal uses of
G. applanatum, incorporating the therapy of diseases and
its use as an antioxidant and anticancer agent. For further
investigation, the above-mentioned bioactive compounds
that have not described biological activities ought to be
considered and discovered; henceforth, they can boost our
knowledge concerning their biological uses and can
influence a possible detection of their therapeutic practice
in the field of medicine. Moreover, the result of this study
should be a basis for further examination concerning its
biological make up and usage.

The figure above represents the interconnectedness of
the scientific properties of the 27 distinct bioactive
compounds identified in the ethanolic extracts of G.
applanatum. Gephi analysis showed that a total of 53 nodes
corresponding to biological features or individual bioactive
molecules, and 128 edges displaying the relationship
among each bioactive molecule and the associated
biological feature were identified (Figure 2). The mean
degree, m, that represents the average connectivity of the
network is estimated as 2.24, using the statistical properties
of the network. Degree is the total number of interactions a
node has. This value indicates that, on average, each node
within the network is linked to two other nodes. As per
Figure 2 the prominent therapeutic role in the network are
antimicrobial  properties, which are followed by
antibacterial and antioxidant. In this network, core node has
a prominent centrality, indicating its rich information
across multiple bioactive compounds. Figure 3 showed the
mass peak of the bioactive compounds against its retention
time

DPPH radical scavenging method

This study employs the DPPH radical scavenging
method, which is a wvaluable assay for predicting
antioxidant activity by inhibiting lipid oxidation. DPPH
radical scavenging determines the amount of free radicals
that have been scavenged. Table 4 displays the outcome of
G. applanatum ethanolic extracts' inhibition of the DPPH
radical's scavenging activity. In the current investigation,
the scavenging abilities of the extracts were concentration-
dependent; their activity increased as the concentration
increased.

Table 4. DPPH radical scavenging activity of the ethanolic
extracts of Ganoderma applanatum

Ganoderma applanatum

Concentration (pg/mL) % Inhibition
10 12.43
20 22.09
30 23.87
50 35.11
100 53.35
200 83.63
300 94.77
500 95.07
1000 94.67
IC50 97 ug/mL
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Figure 3. The mass peak of the bioactive compounds against its retention time
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The phytochemical screening revealed that G.
applanatum has secondary metabolites, including
flavonoids, steroids, saponins, tannins, and alkaloids,
according to the findings of this study. It is believed that
these compounds are responsible for the antioxidant
activity of mushrooms. Several bioactive components, each
with specific biological effects, are responsible for the
antioxidant properties of the mushroom extract used
(Wasser 2010). Various ganoderma extracts have
reportedly demonstrated scavenging properties. Four
ganoderma species collected from diverse Indian forests
exhibited DPPH free radical scavenging capacities ranging
from 91.64 to 95.51 percent. Ganoderma tsugae Murrill
(95.51%) and Ganoderma sp. (94.43%) exhibited the
highest levels of radical scavenging activity at IC50 values
of 12 and 10 mg/mL, respectively (Rajoriya et al. 2015).
According to Bristy et al. (2022), G. lucidum extracts had
the greatest scavenging potential, with 93% scavenging
activity at a concentration of 500 g/mL and the lowest IC50
value of 40 g/mL among the mushroom extracts studied.
Variations in scavenging activity may be attributable to
geographical origin, environmental growing conditions,
and extraction solvent type.

Nagaraj et al. (2014) discovered that extracting G.
applanatum with various solvents such as methanol,
chloroform, and petroleum ether resulted in varying levels
of free radical scavenging efficiency. The methanol extract
had the highest amount of free radical scavenging activity
and the lowest IC50 values when compared to the other
solvent extracts, suggesting stronger free radical
scavenging activity. This study found that the geographic
location of the species affects G. applanatum's capacity to
scavenge free radicals even when employing ethanol
extracts. Popovych et al. (2019) confirmed that optimal
moisture and temperature conditions increased the
production of mushroom fruiting bodies. There are
numerous options for antioxidant analysis, one of which is
the 2,2-Diphenyl-1-picrylhydrazyl (DPPH) test, which uses
the IC50 value to determine the concentration of extracts
required to inhibit 50% of radicals.

At a concentration of 500 g/mL, the antioxidant activity
of the ethanolic extract inhibited DPPH by as much as
95.07%. According to Pefia et al. (2019), compounds with
80% inhibition are regarded as potent antioxidants,
moderate antioxidants with 50-80% inhibition, and weak
antioxidants with less than 50% inhibition. The half-
maximal inhibitory concentration measures the ability of a
substance to interfere with biological function. A sample
with an IC50 value of less than 50 ppm is considered to be
a powerful antioxidant, 50-100 ppm as a strong antioxidant,
101-150 ppm as a medium antioxidant, and greater than
150 ppm as a feeble antioxidant (Abdulaziz et al. 2019).
Olugbami et al. (2014) found that the lower the IC50 value,
the greater the antioxidant activity of the extracts, and the
more effective a substance is at scavenging DPPH. The fact
that the extract achieved an IC50 value of 97 ppm
demonstrates conclusively that it possesses powerful
antioxidant properties. The results of this study imply that
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there may be a biochemical foundation for the traditional
medicinal uses of G. applanatum, including the treatment
of infections and its use as an antioxidant and anticancer
agent.

Cytotoxity using Brine Shrimp Lethality Test

The Brine Shrimp Lethality Test (BSLT) is an essential
method utilized for assessing the lethal properties of
diverse chemical substances. The test measures the
mortality rates of brine shrimp larvae during a specific
interval in order to assess the potential toxicity of
substances. The lethality test findings for brine shrimp
offers significant information about the intriguing
properties of the substances under consideration; higher
fatality rates imply higher levels of toxicity. Table 5
showed that within 24 hours, the mortality rates of brine
shrimp larvae exposed to G. applanatum ethanolic extracts
presented a concentration-dependent pattern. The results
emphasized the extracts' potential toxic properties by
showing that higher extract concentrations had a more
evident effect on brine shrimp larvae mortality.

The Brine Shrimp Lethality Test is utilized to evaluate
the toxicity of ethanolic extracts, showing significant toxic
properties. It often has a strong association with cytotoxic
and anti-tumor properties (Baravalia 2012; Hasan et al.
2023; Syamsurizal et al. 2024). BSLT has also been
recommended for screening pharmacological activities in
various extracts and is used to verify the LC50 value of the
active compound (Carballo et al. 2002; Astuti et al. 2005).
In addition, the study of Krishnaraju et al. (2005) has
shown the efficiency of the brine shrimp lethality test as a
method in detecting fungal toxins and the evaluation of
mushroom extract toxicity.

This test was used to evaluate the toxicity of the
ethanolic extract of G. applanatum. The significant toxicity
of the ethanolic extract as evidenced by the increase in
mortality of brine shrimp larvae over a 24-hour period with
the increasing concentration was highlighted. The outcome
revealed a pronounced increase in lethality, with 30, 70,
and 83% of deaths at 10, 100, and 1000 pg/mL,
respectively. LC50 is an important marker in toxicology
which means the concentration of a substance that kills
50% of a test population, usually aquatic organisms. LC50
values are needed for monitoring purposes and are used for
evaluating and permitting the classification of chemicals
into toxicity categories according to their lethal
concentrations (Pillai 2023). Ganoderma applantum extract
was at a concentration of 37 (ug/mL) (ppm).

Table S. Brine Shrimp Lethality Test of the ethanolic extract of
Ganoderma applanatum

Concentration Mortality rate (%) LC50
(pg/mL) 24 hours exposure (pg/mL)
10 30
100 70 37
1000 83
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This classification considers their LC50 values, which
range from 0 to 100 g/mL (extremely toxic); from 100 to
500 g/mL (medium toxic); from 500 to 1000 g/mL (low
toxic). Yurasbe et al. (2023) define non-toxic substances as
having LC50 values > 1000 g/mL. Ganoderma
applanatum extract was determined to be highly toxic to
this organism (LC50 = 37 ppm, for 24h), showing a high
toxicity for this organism.

In conclusion, through an in-depth analysis of ethanolic
extracts, significant insights into the cytotoxic
characteristics and identified bioactive compounds of
Ganoderma applanatum have been revealed. A total of 26
bioactive compounds were identified by GC-MS analysis
performed in this research, which comprises fatty acids,
hydrocarbons, phenolic compounds, terpenoids,
triterpenoids, and steroids. These compounds exhibitsmajor
biological activitiess, such as antimicrobial, antioxidant,
and anticancer activities, which makes them useful for
medicinal purposes. Moreover, the Brine Shrimp Lethality
Test showed that the extract proved to be highly toxic with
an LC50 value of 37 ppm. Furthermore, the results
revealed that, the total phenolics was 41.32 = 0.26 pg/mg
expressed as gallic acid equivalents and the total flavonoid
content was 4.87 = 0.11 mg/g expressed as quercetin
equivalents, this extract exhibits significant antioxidant
activity, making it a promising natural remedy for
oxidative stress-related diseases. Additionally, these
findings emphasize the rich composition of bioactive
components in G. applanatum and their potential
contribution to the health benefits and therapeutic
properties associated with this species.
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