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Abstract
Growing demand for Schizophyllum commune Fr. reflects its pharmaceutical and 
nutraceutical potential, although its safety profile remains underexplored despite 
long-standing traditional use. This study aimed to evaluate the in vitro cytotoxicity, 
in vivo acute and subacute oral toxicity, and mycochemical composition of the 
aqueous extract of S. commune (AESC). Cytotoxicity was assessed using the 
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay on human 
gastric adenocarcinoma (AGS) and human hepatocellular carcinoma (HepG2) cell 
lines. Acute toxicity was evaluated in Sprague-Dawley rats given a single oral dose 
of 5000 mg/kg bw, while subacute toxicity involved daily oral doses of 250, 500, 
and 1000 mg/kg bw for 28 days. Parameters including clinical signs, body weight, 
relative organ weight, food and water intake, and haematological, biochemical, and 
histopathological changes were monitored throughout the study. Mycochemical 
characterisation was performed using qualitative screening tests and liquid 
chromatography–quadrupole time-of-flight mass spectrometry (LC–QTOF–MS). The 
MTT assay indicated minimal cytotoxicity, with half-maximal inhibitory concentration 
(IC50) values exceeding 1000 µg/mL for both AGS and HepG2 cells. No mortality 
or adverse signs occurred in the acute toxicity study, indicating a median lethal 
dose (LD50) greater than 5000 mg/kg bw. Similarly, the subacute study showed 
no adverse effects at any tested dose in either sex, with a no-observed-adverse-
effect level (NOAEL) greater than 1000 mg/kg bw. Qualitative screening revealed no 
detectable levels of major secondary metabolite classes, while LC–QTOF–MS profiling 
identified amino acids, fatty acids, and low-abundance phenolic compounds as the 
predominant constituents of AESC. These findings confirm a favourable safety profile 
of AESC, supporting further evaluation for gastro- and hepato-protective applications.
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1  Introduction
Despite the growing interest in natural products and edible mushrooms, the assump-
tion that such materials are inherently safe is increasingly questioned. Adverse effects, 
including toxic reactions, allergic responses, and interactions with conventional drugs, 
have been reported for several medicinal plants and mushrooms [1–3]. Therefore, sys-
tematic toxicological evaluation is essential to establish safety margins, identify potential 
target organ toxicity, and support future pharmacological or nutraceutical development. 
Standard safety assessments typically involve in vitro cytotoxicity screening followed by 
in vivo acute and subacute toxicity studies to evaluate both short- and repeated-dose 
exposure effects [1]. Schizophyllum commune Fr. is a widely distributed basidiomycete 
mushroom found across tropical, subtropical, and temperate regions, commonly grow-
ing on decaying wood and forest substrates [4, 5]. It is particularly abundant in South-
east Asia, including Malaysia, where it is known locally as kodop in Sabah and remains 
the only wild edible mushroom widely sold in local markets [6, 7]. Owing to its availabil-
ity and long-standing dietary use, S. commune has attracted increasing scientific interest 
for its bioactive and therapeutic potential. Mycochemical investigations have shown that 
S. commune contains diverse bioactive constituents, including polysaccharides such as 
schizophyllan and secondary metabolites such as flavonoids and sesquiterpenes, which 
are associated with anti-tumour, anti-inflammatory, and anti-hyperlipidaemic activities 
[8].

Previous in vitro studies on S. commune have reported generally low cytotoxicity, 
depending on the extraction solvent. Aqueous extracts tested at 250–10,000  µg/mL 
exhibited a 50% cytotoxic concentration (CC50) greater than 10,000 µg/mL against Vero 
cells, indicating high safety [9]. Similarly, ethyl acetate extracts showed weak cytotoxicity 
at 31.25–500 µg/mL, with half-maximal inhibitory concentration (IC50) values exceeding 
500 µg/mL against several human cancer cell lines [10]. In contrast, chloroform extracts 
demonstrated higher cytotoxicity toward human hepatocellular carcinoma (HepG2) 
cells, suggesting that non-polar constituents may contribute to membrane disruption 
and oxidative stress [11, 12]. These solvent-dependent cytotoxicity profiles are consistent 
with the distribution of mycochemical classes in S. commune, where hydrophilic con-
stituents are generally associated with lower cytotoxicity, while non-polar fractions may 
contain more biologically reactive compounds [13–15].

Although pharmacological studies on S. commune are increasing, in vivo toxicological 
data remain scarce. To date, only one study has evaluated the acute toxicity of S. com-
mune mycelial liquid in mice, reporting no observable toxicity across multiple admin-
istration routes [16]. However, the safety of aqueous fruiting body extracts, particularly 
following repeated oral exposure, has not been adequately investigated. Therefore, the 
present study aims to address this gap by evaluating the toxicity of the aqueous extract of 
S. commune (AESC) through in vitro cytotoxicity assays and in vivo acute and subacute 
oral toxicity studies, followed by mycochemical characterisation, thereby providing a 
focused and comprehensive safety assessment.

2  Materials and methods
2.1  Chemicals and reagents

All chemicals and reagents used in this study were of analytical grade unless otherwise 
stated. Ham’s F-12 Nutrient Mixture, Eagle’s Minimum Essential Medium (EMEM), fetal 
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bovine serum (FBS), penicillin–streptomycin solution, and phosphate-buffered saline 
(PBS) were purchased from Gibco (Thermo Fisher Scientific, Waltham, MA, USA). Tryp-
sin–ethylenediaminetetraacetic acid (0.25% trypsin–EDTA) and 3-(4,5-dimethylthiazol-
2-yl)−2,5-diphenyltetrazolium bromide (MTT) were obtained from Sigma-Aldrich (St. 
Louis, MO, USA).

Reagents used for qualitative mycochemical screening included Liebermann–Bur-
chard reagent, ferric chloride, Dragendorff’s reagent, magnesium turnings, concentrated 
hydrochloric acid, and sodium hydroxide, all obtained from Merck (Darmstadt, Ger-
many). Formic acid, ammonium formate, and acetonitrile (LC–MS grade) used for liq-
uid chromatography–mass spectrometry (LC–MS) analysis were purchased from Merck 
(Darmstadt, Germany). All reagents and solvents were prepared using ultrapure water 
and handled according to the manufacturers’ instructions.

2.2  Sample collection and preparation

Whole S. commune samples were collected from Kampong Apin-Apin, Keningau, 
Sabah, Malaysia (5.470395° N, 116.271670° E) in September 2023 under a sampling per-
mit approved by the Sabah Biodiversity Council [Licence Ref. No.: JKM/MBS.1000-2/2 
JLD.17 (114)]. Permission for collection of the mushroom specimens from the sam-
pling site was obtained from the relevant governing authority under this permit. The 
samples were authenticated by Assoc. Prof. Dr. Jaya Seelan Sathiya Seelan, a mycologist 
at the Institute for Tropical Biology and Conservation, Universiti Malaysia Sabah, Kota 
Kinabalu, Sabah, Malaysia. A voucher specimen of the collected material was deposited 
in the BORNEENSIS Herbarium, Institute for Tropical Biology and Conservation, Uni-
versiti Malaysia Sabah, under voucher number BORH(F)03738.

The samples were thoroughly washed with distilled water to remove dirt and debris 
and oven-dried at 50  °C, a temperature commonly employed for edible and medicinal 
mushrooms to achieve effective dehydration while minimising thermal degradation of 
thermolabile bioactive constituents such as polysaccharides, amino acids, and pheno-
lic acids [17]. Drying was performed with periodic turning to ensure uniform mois-
ture removal, after which the samples were ground into coarse powder using a milling 
machine.

2.3  Sample extraction

Aqueous extraction of the dried S. commune powder was performed following a modi-
fied protocol adapted from Yim et al. [18]. A total of 10 kg of dried and powdered fruiting 
bodies was extracted by soaking in 200 L of ultrapure water, corresponding to a solid-to-
solvent ratio of 1:20 (w/v), in a water bath shaker maintained at 37  °C for 24 h. After 
extraction, the mixture was allowed to settle, and the aqueous supernatant was carefully 
decanted and sequentially filtered through a cloth filter, cotton wool, and Whatman No. 
1 filter paper to remove particulate matter. The clarified filtrate (approximately 180 L) 
was transferred into suitable containers and stored at − 80 °C for at least 48 h prior to 
freeze-drying. Lyophilisation was performed using a freeze dryer to obtain the first batch 
of dried AESC. The residual solid material was re-extracted with a fresh 200 L volume 
of ultrapure water under the same conditions for 48 h, followed by identical filtration, 
freezing, and freeze-drying procedures to obtain the second batch of dried AESC. Both 
batches were pooled to give a total yield of 13.00 ± 1.00% (w/w) of lyophilised AESC, 
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which was weighed, sealed in airtight containers, and stored at − 20 °C for a period not 
exceeding 2 months until further analysis and use in subsequent experiments. Reconsti-
tution for in vivo studies was performed immediately prior to administration to mini-
mise potential degradation during storage.

Stability of AESC during frozen storage was inferred from consistent liquid chro-
matography–quadrupole time-of-flight mass spectrometry (LC–QTOF–MS) profiles 
obtained from aliquots analysed before and after the storage period, with no qualitative 
changes observed in the major detected constituents. For in vitro assays, the lyophilised 
AESC was reconstituted in sterile ultrapure water and diluted with culture medium, 
with corresponding ultrapure water controls included. For in vivo studies, AESC was 
reconstituted in distilled water prior to oral administration, and distilled water alone was 
used as the vehicle control.

2.4  In vitro cytotoxicity assay

2.4.1  Cell culture and maintenance

Human gastric adenocarcinoma (AGS) cells (iCell Bioscience, Shanghai, China) were 
cultured in Ham’s F-12 Nutrient Mixture, whereas HepG2 cells (ATCC, Manassas, VA, 
USA) were cultured in EMEM. Both media were supplemented with 10% FBS and 1% 
penicillin–streptomycin. Cells were maintained at 37 °C in a humidified incubator with 
5% carbon dioxide (CO2) and subcultured at 70–80% confluence by washing with phos-
phate-buffered saline (PBS) followed by treatment with 0.25% trypsin–EDTA. All proce-
dures were conducted aseptically in a Class II biosafety cabinet.

2.4.2  MTT cytotoxicity assay

Cytotoxicity of AESC was evaluated using the MTT assay as described by Gavanji et al. 
[19]. Cells were seeded in 96-well plates at a density of 1 × 104 cells/well in 100 µL com-
plete medium and incubated for 24 h at 37 °C. Cells were then treated with AESC at con-
centrations ranging from 0.01 to 2.00 mg/mL and incubated for an additional 24 h, with 
ultrapure water serving as the vehicle control. Subsequently, 20 µL of MTT solution was 
added to each well and incubated for 4 h at 37 °C. The medium was removed, and 100 µL 
detergent reagent was added to dissolve the formazan crystals. Plates were incubated in 
the dark for 2 h, and absorbance was measured at 570 nm. Cell viability was calculated 
according to Eq. (1) [20]. The IC50 value was determined from the dose–response curve 
generated by plotting cell viability against sample concentration.

Cell viability (%) =
Absorbance of treated cells
Absorbance of control cells

× 100� (1)

2.5  In vivo toxicity studies

2.5.1  Animal housing and husbandry

Male and female Sprague–Dawley rats (200–250 g, 8–10 weeks old) were obtained from 
Laboratory Animal Facility and Management (LAFAM), Faculty of Pharmacy, Universiti 
Teknologi MARA (UiTM). Rats were housed in individually ventilated cages with corn-
cob bedding under controlled conditions (22 ± 3  °C, 70–80% humidity, 12 h light–dark 
cycle). Standard pellet food and water were provided ad libitum. Animal handling and 
experimental procedures adhered to UiTM guidelines for investigations involving exper-
imental pain in conscious animals. All experiments were conducted between 0830 h and 
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1730  h to minimise environmental variation. The study protocol was approved by the 
UiTM Committee on Animal Research and Ethics (CARE), Department of Research and 
Innovation, UiTM, Selangor, Malaysia [Approval No.: UiTM CARE 435/2023].

2.5.2  Acute toxicity evaluation

Acute toxicity was evaluated according to the Organisation for Economic Co-operation 
and Development (OECD) Guideline 423 [21]. Adult female Sprague–Dawley rats (200–
250 g) were fasted overnight with free access to water and weighed prior to dosing. Ini-
tially, a single oral dose of 5000 mg/kg bw AESC was administered to one nulliparous, 
non-pregnant rat. Upon survival, two additional rats received the same dose. If one rat 
died, another group of three rats received the same dose; if two or more rats died, the 
dose was reduced to 2000 mg/kg bw. The control group received distilled water. After 
dosing, food was withheld for 4 h, and rats were observed for clinical signs of toxicity, 
behavioural changes, mortality, and daily body weight throughout the 14-day period at 
0 h, 0.5 h, 4 h, 24 h, and thereafter. Humane endpoints, including persistent loss of right-
ing reflex, laboured breathing, severe lethargy, or unresponsiveness, were predefined 
for early euthanasia to minimise suffering. No animals reached the predefined humane 
endpoints, and all rats survived and completed the 14-day observation period without 
adverse clinical signs.

At the end of the study, rats were euthanised by gradual-fill CO2 inhalation, and death 
was confirmed by cessation of respiration and absence of corneal and pedal reflexes 
before tissue collection. The heart, lungs, stomach, spleen, liver, and kidneys were 
then harvested. Relative organ weight (ROW) was calculated based on the final body 
weight using Eq.  (2) [22] to assess potential organ-specific toxicity. Organs were pre-
served, sectioned, and stained with haematoxylin and eosin (H&E) for histopathological 
examination, which was evaluated by Assoc. Prof. Dr. Nornazirah Azizan, Head of the 
Department of Pathology and Microbiology, Faculty of Medicine and Health Sciences, 
Universiti Malaysia Sabah, using a compound light microscope (Leica DM 5500B, Leica 
Microsystems, Wetzlar, Germany).

ROW (%) =
Organ weight (g)

Body weight of rat on sacrifice day (g)
× 100� (2)

2.5.3  Subacute toxicity evaluation

Subacute toxicity was evaluated according to OECD Guideline 407 [23]. Adult Sprague–
Dawley rats (200–250 g) were randomly assigned into four groups (five males and five 
females per group): one control group (distilled water) and three treatment groups, 
which received AESC at 250, 500, or 1000  mg/kg bw daily by oral gavage for 28 con-
secutive days. Animals were monitored weekly for body weight, food intake, and water 
intake, and observed daily for physical and behavioural changes. Humane endpoints 
were applied as in the acute study to ensure animal welfare. No animals exhibited clini-
cal signs requiring early euthanasia, and all rats completed the 28-day treatment period 
as planned. At the end of the treatment period, animals were anaesthetised by gradual-
fill CO2 inhalation, death confirmed by absence of respiration and corneal reflex, and 
blood samples were collected via cardiac puncture for haematological and serum bio-
chemical analyses.
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For haematology, whole blood was collected into EDTA tubes (purple cap), gently 
inverted eight times to ensure mixing, and analysed fresh. Parameters included red blood 
cell count (RBC), haemoglobin concentration (HGB), packed cell volume (PCV), mean 
corpuscular volume (MCV), mean corpuscular haemoglobin concentration (MCHC), 
white blood cell count (WBC), neutrophils (NEU), lymphocytes (LYM), monocytes 
(MON), eosinophils (EON), platelet count (PLT), and plasma protein (PP). Haemato-
logical parameters (except PP) were measured using a Sysmex XP-300 automated analy-
ser (Sysmex Corporation, Kobe, Japan), while PP was determined from plasma separated 
from EDTA-treated blood via microhaematocrit centrifugation using a VEE GEE STX-3 
clinical refractometer (VEE GEE Scientific, Kirkland, WA, USA). For serum biochemis-
try, blood was collected into plain tubes (red cap), allowed to clot at room temperature 
for at least 30 min, and centrifuged at 5000 rpm for 10 min. The liver panel was assessed 
by measuring alanine aminotransferase (ALT), aspartate aminotransferase (AST), and 
alkaline phosphatase (ALP), while the kidney panel was assessed by measuring serum 
creatinine, phosphate, and urea. Following blood collection, animals were euthanised by 
CO2 inhalation, and the heart, lungs, stomach, spleen, liver, and kidneys were harvested. 
ROW was calculated based on the final body weight [Eq. (2)] [22]. The organs were pre-
served, sectioned, and stained with H&E for histopathological examination, which was 
evaluated by the same pathologist using a compound light microscope.

2.6  Mycochemical analysis

2.6.1  Mycochemical screening analysis

Qualitative mycochemical screening was conducted to determine the presence of ste-
roids, flavonoids, tannins, triterpenes, alkaloids, and saponins. A total of 2 g of AESC 
was dissolved in 20 mL of distilled water and subjected to standard qualitative tests. The 
Liebermann–Burchard test was used to detect steroids and triterpenes [24], the Shinoda 
test for flavonoids [25], the ferric chloride test for tannins [26], Dragendorff’s reagent 
for alkaloids [27], and the froth test for saponins [28]. The presence of each mycochemi-
cal class was indicated by characteristic colour changes, precipitate formation, or stable 
frothing.

2.6.2  Mycochemical profiling analysis

Mycochemical profiling of AESC was performed following the method described by Jan 
Jam et al. [29] and established LC–QTOF–MS protocols [30]. Analysis was conducted 
using an LC–QTOF–MS 6520 system (Agilent Technologies, Santa Clara, CA, USA), 
operated in both positive and negative electrospray ionisation (ESI) modes. For posi-
tive ionisation, the mobile phases consisted of 0.1% formic acid in water (A) and 0.1% 
formic acid in acetonitrile (B). For negative ionisation, mobile phase A comprised 0.1% 
ammonium formate in water, while mobile phase B was acetonitrile. Data acquisition 
was performed using Agilent MassHunter Workstation Acquisition software (Version 
B.02.01), with continuous internal calibration using reference masses at m/z 121.0529 
and 922.0098 to ensure mass accuracy.

Raw data files (.d format) were processed using Agilent MassHunter Qualitative Anal-
ysis software. Molecular features were extracted using the molecular feature extrac-
tor algorithm with a mass accuracy tolerance of 15 ppm and retention time alignment 
of 0.2  min. Noise reduction was achieved by setting the absolute abundance height 
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threshold to 200 counts. Metabolite annotation was performed using the Find by For-
mula algorithm, restricting charge states to +1 in positive mode and −1 in negative 
mode, with an absolute height threshold of 100 counts. Protonated (H+) and sodium-
adduct (Na+) ions were considered in positive mode, while deprotonated (H–) ions were 
considered in negative mode. Putative metabolite identification was achieved by match-
ing accurate mass, isotope pattern, and MS/MS fragmentation data against the METLIN 
database in accordance with established metabolomics identification criteria [31].

2.7  Statistical analysis

All data are expressed as mean ± standard deviation. Descriptive statistics and bar 
graphs were generated using Microsoft Excel (2019) with the Analysis ToolPak add-in 
enabled. Statistical analyses were performed using Microsoft Excel and cross-validated 
using GraphPad Prism (Version 10) to ensure analytical reliability. Data were assessed 
for normality and homogeneity of variances prior to inferential testing. For the cell tox-
icity study, differences among groups were analysed using one-way analysis of variance 
(ANOVA) followed by Tukey’s post hoc test. For the acute and subacute toxicity studies, 
one-way ANOVA followed by Dunnett’s post hoc test was applied to evaluate treatment-
related effects on body weight, ROW, and haematological and biochemical parameters 
by comparison with the control group. In addition, two-way ANOVA was performed 
for the subacute toxicity study to assess the main effects of dose and sex, as well as their 
interaction. Differences were considered statistically significant at p < 0.05.

3  Results
3.1  Cytotoxic activity of AESC

3.1.1  Cell viability of AGS cells

The viability of AGS cells treated with AESC at different concentrations is shown in 
Fig. 1(a). Cell viability remained close to 100% at lower concentrations (0.01–0.13 mg/
mL). A concentration-dependent reduction in viability was observed at higher concen-
trations, with significant (p < 0.05) decreases from 0.50 mg/mL onwards. At 2.00 mg/mL, 
viability decreased to 81.04% ± 1.11%. The IC50 value exceeded 1000 µg/mL, indicating 
that a 50% reduction in AGS cell viability was not achieved within the tested concentra-
tion range.

Fig. 1  Cell viability of (a) AGS and (b) HepG2 cell lines. Error bars represent the standard deviation of three inde-
pendent replicates (n = 3). Different letters indicate significant differences (p < 0.05)
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3.1.2  Cell viability of HepG2 cells

Figure 1(b) shows the viability of HepG2 cells following AESC treatment at differ-
ent concentrations. A concentration-dependent reduction in viability was observed, 
with a significant (p < 0.05) decrease recorded at the highest concentration of 2.00 mg/
mL (67.94% ± 1.88%). As the concentration decreased, cell viability increased, reach-
ing a maximum at 0.01  mg/mL. At lower concentrations (0.01–0.03  mg/mL), viability 
remained close to or slightly above 100%. The IC50 value exceeded 1000 µg/mL, indicat-
ing that a 50% reduction in HepG2 cell viability was not observed within the tested con-
centration range.

3.2  Acute toxicity activity of AESC

3.2.1  Body weight changes

Figure 2 shows the body weight changes of control and AESC-treated groups (5000 mg/
kg bw) over 14 days. Both groups exhibited steady increases in body weight. No signifi-
cant differences (p > 0.05) were observed between groups, indicating comparable growth 
patterns throughout the acute toxicity study.

3.2.2  Relative organ weights

The ROW results of the heart, lungs, stomach, spleen, liver, and kidneys in control and 
AESC-treated groups (5000 mg/kg bw) are presented in Fig. 3. No significant differences 
(p > 0.05) were observed between groups, indicating that AESC did not affect organ 
weights at 5000 mg/kg bw.

3.2.3  Histopathological findings

Histopathological findings (Fig. 4) of the heart, lungs, stomach, spleen, liver, and kidneys 
showed no signs of inflammation or tissue damage in either control or AESC-treated 
groups (5000 mg/kg bw). Microscopic analysis revealed normal cellular architecture and 
an absence of inflammatory infiltration or necrosis in all examined tissues. These find-
ings suggest that the median lethal dose (LD50) of AESC exceeds 5000 mg/kg bw.

Fig. 2  Weekly body weight changes of control and AESC-treated groups during the 14-day acute toxicity study. 
Error bars represent the standard deviation of three independent replicates (n = 3). No significant differences were 
observed between the control and treatment groups (p > 0.05)
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3.3  Subacute toxicity activity of AESC

3.3.1  Body weight changes

Body weight changes in (a) male and (b) female rats during the 28-day subacute toxicity 
study are shown in Fig. 5. Control and AESC-treated groups (250, 500, and 1000 mg/
kg bw) exhibited consistent and progressive weight gain throughout the study period 
in both sexes. No significant differences (p > 0.05) were observed between control and 

Fig. 5  Weekly body weight changes of (a) male and (b) female rats in control and AESC-treated groups during the 
28-day subacute toxicity study. Error bars represent the standard deviation of five independent replicates (n = 5). 
No significant differences were observed between control and treatment groups or between sexes (p > 0.05)

 

Fig. 4  Representative histological sections of key organs in control and AESC-treated groups (H&E staining, 10×). 
Control and AESC-treated groups show preserved tissue architecture with no evidence of inflammation, necrosis, 
or pathological alterations across all examined organs. AL, alveoli; AS, alveolar space; CV, central vein; SU, splenic 
unit; T, tubule

 

Fig. 3  ROWs of key organs in control and AESC-treated groups following the 14-day acute toxicity study. Error bars 
represent the standard deviation of three independent replicates (n = 3). No significant differences were observed 
between the control and treatment groups (p > 0.05)
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treated groups. Comparable body weight responses were observed between male and 
female rats, with no sex-dependent differences (p > 0.05) across dose levels.

3.3.2  Food intake

Figure 6 shows the food intake of (a) male and (b) female rats during the 28-day subacute 
toxicity study. Food intake remained stable and consistent across all groups. No differ-
ences were observed between control and AESC-treated groups, suggesting that AESC 
administration did not affect feeding behaviour.

3.3.3  Water intake

Water intake of (a) male and (b) female rats is illustrated in Fig.  7. Both control and 
AESC-treated groups maintained stable water intake throughout the study. No differ-
ences were observed between groups in either sex. However, female rats exhibited a 
slight decline in water intake from Week 3 to Week 4. Overall, AESC administration had 
no significant influence on drinking behaviour.

3.3.4  Relative organ weights

Figures 8 and 9 present ROW results for male and female rats, respectively, following the 
28-day subacute toxicity study. Analysis included the heart, lungs, stomach, spleen, liver, 
and kidneys. No significant differences (p > 0.05) were observed between control and 
AESC-treated groups for either sex. ROWs were comparable between male and female 
rats, with no sex-dependent differences (p > 0.05) across dose levels. These findings indi-
cate the absence of organ-specific toxicity following AESC administration.

Fig. 7  Weekly water intake of (a) male and (b) female rats in control and AESC-treated groups during the 28-day 
subacute toxicity study

 

Fig. 6  Weekly food intake of (a) male and (b) female rats in control and AESC-treated groups during the 28-day 
subacute toxicity study
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3.3.5  Haematological parameters

Table 1 (male rats) and Table 2 (female rats) present haematological parameters follow-
ing subacute treatment. In male rats, no significant differences (p > 0.05) were observed 
between control and AESC-treated groups for RBC, HGB, PCV, MCV, MCHC, WBC, 
NEU, LYM, MON, EON, PLT, and PP. Female rats similarly showed no significant dif-
ferences (p > 0.05). Additionally, comparison between male and female rats at equivalent 
dose levels revealed no significant differences (p > 0.05). AESC administration caused no 
notable haematological alterations in either sex during the subacute study.

3.3.6  Biochemical parameters

Biochemical parameters following subacute treatment in male and female rats are shown 
in Figs.  10 and 11, respectively. No significant differences (p > 0.05) were observed in 
hepatic enzymes (ALT, AST, and ALP) or renal markers (creatinine, phosphate, and 
urea) between control and AESC-treated groups of either sex. Comparable biochemical 

Fig. 9  ROWs of key organs of female rats in control and AESC-treated groups following the 28-day subacute 
toxicity study. Error bars represent the standard deviation of five independent replicates (n = 5). No significant dif-
ferences were observed between control and treatment groups or between sexes (p > 0.05)

 

Fig. 8  ROWs of key organs of male rats in control and AESC-treated groups following the 28-day subacute toxicity 
study. Error bars represent the standard deviation of five independent replicates (n = 5). No significant differences 
were observed between control and treatment groups or between sexes (p > 0.05)
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responses were observed between male and female rats across dose levels, with no sex-
dependent differences (p > 0.05) detected. These results indicate no biochemical altera-
tions associated with AESC administration, even at the highest dose (1000 mg/kg bw).

3.3.7  Histopathological findings

Histopathological examinations (Figs.  12 and 13) of the heart, lungs, stomach, spleen, 
liver, and kidneys from male and female rats revealed no evidence of toxicity following 
subacute AESC administration. Microscopic evaluation showed intact tissue architec-
ture without signs of inflammation, necrosis, fibrosis, or cellular degeneration. All exam-
ined tissues appeared normal and comparable to those of control groups, indicating 
absence of morphological alterations due to AESC treatment.

Table 1  Haematological parameters of male rats in control and AESC-treated groups following the 
28-day subacute toxicity study
Haemogram Groups

Normal control AESC (250 mg/kg bw) AESC (500 mg/kg bw) AESC (1000 mg/kg bw)
RBC (×1012/L) 6.62 ± 1.33 6.43 ± 1.05 6.72 ± 1.27 5.93 ± 1.79

HGB (g/L) 117.00 ± 26.67 113.40 ± 16.94 115.20 ± 22.13 108.40 ± 34.36

PCV (L/L) 0.32 ± 0.04 0.35 ± 0.06 0.35 ± 0.06 0.31 ± 0.05

MCV (fL) 49.03 ± 5.92 54.27 ± 5.51 51.86 ± 3.39 53.17 ± 7.05

MCHC (g/L) 364.10 ± 52.99 327.95 ± 29.21 331.41 ± 23.42 348.65 ± 56.87

WBC (×109/L) 6.66 ± 1.81 5.73 ± 2.44 7.32 ± 6.08 11.85 ± 5.38

NEU (×109/L) 0.96 ± 0.87 0.43 ± 0.40 1.21 ± 1.82 1.89 ± 1.63

LYM (×109/L) 5.45 ± 2.18 5.08 ± 1.89 5.90 ± 4.03 9.47 ± 3.90

MON (×109/L) 0.17 ± 0.13 0.16 ± 0.11 0.17 ± 0.21 0.27 ± 0.15

EON (×109/L) 0.08 ± 0.06 0.06 ± 0.08 0.04 ± 0.08 0.22 ± 0.13

PLT (×109/L) 256.80 ± 126.39 352.00 ± 204.20 445.00 ± 287.07 662.00 ± 427.92

PP (g/L) 84.40 ± 5.55 76.00 ± 1.41 75.00 ± 5.29 78.80 ± 14.46
Error bars represent the standard deviation of five independent replicates (n = 5). No significant differences were observed 
between control and treatment groups or between sexes (p > 0.05)

Table 2  Haematological parameters of female rats in control and AESC-treated groups following 
the 28-day subacute toxicity study
Haemogram Groups

Normal control AESC (250 mg/kg bw) AESC (500 mg/kg bw) AESC (1000 mg/kg bw)
RBC (×1012/L) 8.70 ± 0.52 8.21 ± 0.47 7.99 ± 0.36 8.72 ± 0.63

HGB (g/L) 162.50 ± 14.76 155.40 ± 6.58 154.60 ± 4.98 162.00 ± 6.75

PCV (L/L) 0.51 ± 0.05 0.48 ± 0.02 0.46 ± 0.05 0.47 ± 0.03

MCV (fL) 58.99 ± 2.26 58.10 ± 3.29 57.91 ± 4.75 55.36 ± 0.98

MCHC (g/L) 316.64 ± 10.66 326.48 ± 9.07 336.58 ± 36.97 339.64 ± 12.96

WBC (×109/L) 5.51 ± 3.19 6.50 ± 0.56 5.53 ± 1.32 6.56 ± 2.27

NEU (×109/L) 0.52 ± 0.22 0.32 ± 0.09 0.54 ± 0.53 0.77 ± 0.24

LYM (×109/L) 4.66 ± 2.90 5.85 ± 0.43 4.72 ± 1.53 5.56 ± 2.16

MON (×109/L) 0.27 ± 0.19 0.27 ± 0.13 0.22 ± 0.10 0.14 ± 0.09

EON (×109/L) 0.06 ± 0.06 0.05 ± 0.06 0.04 ± 0.07 0.10 ± 0.06

PLT (×109/L) 1038.80 ± 2.83 889.40 ± 90.53 873.00 ± 255.85 928.20 ± 153.48

PP (g/L) 84.00 ± 2.83 82.40 ± 4.98 84.00 ± 8.00 84.80 ± 4.15
Error bars represent the standard deviation of five independent replicates (n = 5). No significant differences were observed 
between control and treatment groups or between sexes (p > 0.05)
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3.4  Mycochemical analysis of AESC

3.4.1  Qualitative screening

Qualitative mycochemical screening of AESC revealed the absence of all tested major 
classes of secondary metabolites, including steroids, flavonoids, tannins, triterpenes, 
alkaloids, and saponins, as shown in Table 3. These findings indicate that AESC did not 
contain detectable levels of these common mycochemical groups based on standard 
chemical screening tests.

3.4.2  Qualitative profiling

 Based on Table S1 (Supplementary Material), a total of 68 compounds were detected 
in AESC under positive ionisation mode. As summarised in Table  4, purine was the 
most abundant compound (7.93%), followed by docosanedioic acid (1.10%) and tri-
methylolpropane triacrylate (0.80%). Only two compounds exceeded the 1% abundance 
threshold, while the remaining detected compounds were present at levels below 1%. 

Fig. 11  Biochemical parameters of female rats in control and AESC-treated groups following the 28-day subacute 
toxicity study. Error bars represent the standard deviation of five independent replicates (n = 5). No significant dif-
ferences were observed between control and treatment groups or between sexes (p > 0.05)

 

Fig. 10  Biochemical parameters of male rats in control and AESC-treated groups following the 28-day subacute 
toxicity study. Error bars represent the standard deviation of five independent replicates (n = 5). No significant dif-
ferences were observed between control and treatment groups or between sexes (p > 0.05)
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Table 3  Qualitative mycochemical screening of AESC
Compound class Score
Steroids –

Flavonoids –

Tannins –

Triterpenes –

Alkaloids –

Saponins –
(–): absent; 1+: negligible amount; 2+: small amount; 3+: abundant amount

Fig. 13  Representative histological sections of key organs in control and AESC-treated groups in female rats (H&E 
staining, 10×). Control and AESC-treated groups (250, 500, and 1000 mg/kg bw) show preserved tissue architecture 
with no evidence of inflammation, necrosis, or pathological alterations across all examined organs. AL, alveoli; AS, 
alveolar space; CV, central vein; SU, splenic unit; T, tubule

 

Fig. 12  Representative histological sections of key organs in control and AESC-treated groups in male rats (H&E 
staining, 10×). Control and AESC-treated groups (250, 500, and 1000 mg/kg bw) show preserved tissue architecture 
with no evidence of inflammation, necrosis, or pathological alterations across all examined organs. AL, alveoli; AS, 
alveolar space; CV, central vein; SU, splenic unit; T, tubule
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Approximately 84.03% of the total ion signal was classified as not detected. The corre-
sponding chromatographic profile is presented in Fig. 14.

 Under negative ionisation mode, a total of 189 compounds were detected in AESC in 
Table S2 (Supplementary Material). As shown in Table 5, aminocaproic acid exhibited 
the highest relative abundance (18.20%), followed by 2-hexyl-decanoic acid (13.41%), 
carboxymethyloxysuccinate (6.35%), L-glutamate (2.36%), and 4-methylaminobutyr-
ate (2.12%). In total, 18 compounds exceeded the 1% threshold, while the majority were 
present at lower relative abundances. Approximately 11.96% of the total ion signal was 
categorised as not detected. The chromatographic profile is shown in Fig. 15.

4  Discussion
The MTT assay was conducted as a preliminary step to evaluate the cytotoxicity of AESC 
in AGS and HepG2 cell lines, primarily to determine safe concentrations for subsequent 
analyses, particularly for assessing endogenous antioxidant enzyme activities [32]. The 
assay measures cellular metabolic activity, providing direct evidence of cell viability and 
potential toxicity following treatment exposure. The findings demonstrated minimal 
cytotoxic effects, with cell viability ranging from 68% to 81% in both cell lines, reflecting 
low cytotoxicity towards these cancer-derived models. AGS and HepG2 cell lines served 
as relevant models for gastric and hepatic tissues, respectively, selected to establish non-
toxic concentrations for antioxidant enzyme assays rather than to evaluate anticancer 
potency, as both are well characterised for antioxidant activity [33, 34]. The observed 
low toxicity may partly result from the high antioxidant content of AESC, which could 
mitigate oxidative stress and preserve cellular integrity by reducing non-specific oxida-
tive damage [35]. These results are consistent with previous reports where extracts of S. 
commune demonstrated similarly low cytotoxicity and preserved cellular functionality 
[9, 10]. Selecting appropriate, non-toxic concentrations is crucial for subsequent anti-
oxidant enzyme analyses, as excessive cytotoxicity could impair cellular metabolism and 
confound enzyme activity measurements [36]. Maintaining high cell viability ensures 
that observed antioxidant effects directly reflect AESC treatment rather than non-
specific cellular injury or stress responses [33, 34, 37]. In line with standard practices 

Table 4  LC–MS profile of selected compounds in AESC under positive ionisation mode
Peak RT m/z Mass 

(observed)
Mass 
(DB)

Score 
(DB)

Diff 
(DB, 
ppm)

Compound name Com-
pound 
class

Vol. 
(%)

45 1.124 121.0509 120.0437 120.0436 97.78 –0.75 Purine Other 7.84

54 1.488 121.0509 120.0443 120.0436 59.29 –5.82 Purine Other 0.09

79 4.879 297.1329 296.1256 296.1260 99.02 1.17 Trimethylolpro-
pane triacrylate

Other 0.80

186 25.336 409.2728 370.3093 370.3083 91.75 –2.7 Docosanedioic 
acid

Fatty acid 1.10

Fig. 14  Chromatogram of AESC based on positive ionisation
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in antioxidant research, sub-toxic concentrations were selected to optimise biologi-
cal responsiveness without compromising cellular integrity. Typically, biological effects 
are concentration-dependent, with increasing concentrations enhancing responses up 
to a safe threshold [38, 39]. Therefore, the observed high viability across both AGS and 
HepG2 cells confirms the suitability of the selected AESC concentrations, supporting 
their use in future studies examining cellular antioxidant defence mechanisms, including 
endogenous antioxidant enzymes and oxidative stress responses.

Animal models serve as essential tools for preclinical drug screening, providing critical 
data on safety, toxicity, and efficacy before human application [40]. Among laboratory 
animals, Sprague–Dawley rats are frequently employed due to their well-characterised 

Table 5  LC–MS profile of selected compounds in AESC under negative ionisation mode
Peak RT m/z Mass 

(observed)
Mass 
(DB)

Score 
(DB)

Diff 
(DB, 
ppm)

Compound name Com-
pound 
class

Vol. 
(%)

11 0.913 117.0194 118.0267 118.0266 87.36 –0.51 Methylmalonic acid Fatty 
acid

2.02

17 0.928 191.0203 192.0276 192.0270 97.20 –3.18 Carboxymethyloxysuc-
cinate

Fatty 
acid

6.35

23 0.930 146.0459 147.0532 147.0532 47.62 –0.12 L-Glutamate Amino 
acid

2.36

24 0.931 132.0301 133.0371 133.0375 91.53 2.74 D-Aspartic acid Amino 
acid

1.63

57 0.999 217.0123 172.0138 172.0137 81.01 –0.59 D-Glycerol 1-phosphate Other 1.32

71 1.008 241.0933 182.0795 182.0790 46.67 –2.35 D-Sorbitol Other 1.07

85 1.015 154.0618 155.069 155.0695 84.72 3.29 L-2-Amino-3-(1-pyrazolyl)
propanoic acid

Amino 
acid

1.07

105 1.039 116.0717 117.0785 117.0790 74.50 4.37 4-Methylaminobutyrate Amino 
acid

2.12

134 1.112 111.0198 112.0271 112.0273 87.26 1.16 Uracil Other 1.30

137 1.119 135.0309 136.0381 136.0385 86.99 2.85 Hypoxanthine Other 1.08

140 1.125 151.0262 152.0335 152.0334 99.74 –0.32 Xanthine Other 2.10

148 1.170 130.0877 131.0948 131.0946 97.83 –1.63 Aminocaproic acid Amino 
acid

18.20

165 1.301 131.0715 132.0788 132.0786 99.71 –0.96 5R-Hydroxy-hexanoic acid Fatty 
acid

1.88

179 5.003 341.125 342.1321 342.1315 96.79 –1.88 4-Hydroxy-3-(2-hydroxy-
ethyl)acetophenone 
4-glucoside

Phe-
nolic

1.91

180 5.003 331.0956 296.1261 296.1260 98.10 –0.43 Trimethylolpropane 
triacrylate

Other 1.22

236 22.136 255.2342 256.2413 256.2402 91.73 –4.23 2-Hexyl-decanoic acid Fatty 
acid

13.41

270 23.564 367.3573 368.3645 368.3654 90.41 2.50 20-Tetracosene-1,18-diol Fatty 
acid

1.02

277 24.45 283.2646 284.2717 284.2715 98.52 –0.54 14-Methylheptadecanoic 
acid

Fatty 
acid

1.84

Fig. 15  Chromatogram of AESC based on negative ionisation

 



Page 17 of 23Zakaria et al. Discover Food           (2026) 6:237 

physiology, ease of handling, and high sensitivity to toxicological effects, making them an 
established model for systemic toxicity evaluation [41–43]. In this study, AESC admin-
istration at a single oral dose of 5000 mg/kg bw did not result in mortality or observable 
toxic signs during the 14-day observation period. Body weight increased steadily in both 
control and AESC-treated groups without significant differences, indicating no adverse 
impact on growth. ROW analysis showed no significant differences or organ enlarge-
ment in the heart, lungs, stomach, spleen, liver, or kidneys. These findings were corrob-
orated by histopathological examination, which revealed no inflammation, necrosis, or 
tissue injury in either control or treated groups. Collectively, these results confirm that 
AESC is non-toxic at the administered dose of 5000 mg/kg bw. Consequently, the LD50 
of AESC exceeds 5000 mg/kg bw, categorising it as non-toxic according to OECD Guide-
line 423 [21]. This classification aligns with the Globally Harmonised System (GHS), 
where substances with an LD50 greater than 5000  mg/kg bw are considered Category 
5 or “unclassified” for acute toxicity. Comparable outcomes were reported for aqueous 
mushroom extracts of Lentinus squarrosulus and Coriolus versicolor, which exhibited no 
observable toxicity at similar dosages [44, 45]. The absence of toxicity may also be attrib-
uted to the water-based extraction process, which generally excludes harmful organic 
solvents and reduces potentially toxic constituents [46]. Furthermore, the antioxidant-
rich composition of AESC could have contributed to reduced oxidative stress, thereby 
protecting organs and reinforcing the observed safety profile [47, 48]. Overall, these 
findings substantiate the favourable acute toxicity profile of AESC, supporting its further 
evaluation in subacute toxicity studies.

The subacute toxicity results indicate that administration of AESC at doses of 250, 500, 
and 1000 mg/kg bw for 28 days caused no significant toxicological effects in either male 
or female Sprague–Dawley rats. These findings were supported by normal body weight 
progression, consistent food and water intake, and stable haematological and biochemi-
cal parameters relative to control animals. These physiological and metabolic indicators 
are standard measures of systemic toxicity, and their stability implies that AESC did not 
adversely affect general health or metabolic functions [49, 50]. Responses to AESC were 
comparable between male and female rats at the same dose levels, with no evidence of 
sex-dependent differences across the assessed endpoints, supporting a consistent safety 
profile irrespective of sex. Nevertheless, a slight decrease in water intake observed in 
female rats between Week 3 and Week 4 may reflect natural fluctuations in voluntary 
consumption rather than treatment-related toxicity, as female rats often exhibit such 
variations without compromising overall health [51]. Histopathological analysis of 
vital organs, including the heart, lungs, stomach, spleen, liver, and kidneys, revealed no 
inflammation, necrosis, or structural abnormalities in any group, further confirming the 
absence of organ-specific toxicity. These results align with previous reports showing low 
toxicity of mushroom aqueous extracts from Lignosus tigris and Ophiocordyceps sinen-
sis following similar exposure periods [52, 53]. The favourable safety profile observed 
in this study may be attributed to the water-based extraction, which typically removes 
harmful constituents, and to the antioxidant-rich composition of AESC, which likely 
protected organs from oxidative damage [46, 48]. The absence of dose-dependent tox-
icity supports the identification of a no-observed-adverse-effect level (NOAEL) greater 
than 1000 mg/kg bw. According to OECD Guideline 407, NOAEL represents the highest 
dose that causes no detectable clinical, biochemical, or histopathological changes [23, 



Page 18 of 23Zakaria et al. Discover Food           (2026) 6:237 

54]. Establishing NOAEL is essential for guiding clinical dose selection and evaluating 
the potential severity of adverse effects [54]. Inclusion of both sexes further enhances 
the reliability and general applicability of these findings, aligning with current regulatory 
recommendations [23, 55, 56]. Taken together, these findings provide robust preclini-
cal safety evidence supporting the continued development of AESC for pharmacological 
and therapeutic applications. The consistent tolerability observed across all tested doses 
suggests a broad safety margin, justifying future studies at these concentrations.

The absence of detectable levels of major mycochemical classes in AESC, including 
steroids, flavonoids, tannins, triterpenes, alkaloids, and saponins, as revealed by stan-
dard qualitative screening, is consistent with the LC–MS profiling results. Although 
LC–MS detected compounds structurally related to some of these classes, their signal 
intensities were below the detection limits of conventional qualitative tests, indicating 
genuinely low abundance rather than methodological failure. The use of water as the 
extraction solvent may further explain this profile, as it preferentially solubilises polar 
compounds while limiting extraction of less polar or structurally complex bioactives [57, 
58]. LC–QTOF–MS analysis revealed distinct chemical profiles under positive and neg-
ative ionisation modes. Under positive ionisation, 68 compounds were detected, with 
purine representing the most abundant component (7.93%), followed by docosanedioic 
acid (1.10%) and trimethylolpropane triacrylate (0.80%). Only two compounds exceeded 
the 1% threshold, while most were present at trace levels. In contrast, negative ionisa-
tion mode detected a broader spectrum of compounds (189 in total), with aminocaproic 
acid (18.20%), 2-hexyl-decanoic acid (13.41%), carboxymethyloxysuccinate (6.35%), 
L-glutamate (2.36%), and 4-methylaminobutyrate (2.12%) showing the highest relative 
abundances. These differences reflect the fundamental characteristics of the two ioni-
sation modes. Positive ionisation enhances detection of basic or proton-affinitive mol-
ecules, whereas negative ionisation favours acidic or electronegative compounds that 
readily form negatively charged ions [59]. Negative ionisation is generally less suscep-
tible to matrix-induced suppression and provides improved sensitivity for polar metabo-
lites, consistent with comparative evaluations of ionisation efficiency across compound 
classes [60, 61]. The predominance of detected metabolites under negative ionisation 
therefore suggests closer alignment between the chemical characteristics of AESC and 
this ionisation mode. A substantial fraction of the total ion signal was classified as not 
detected, accounting for 84.03% in positive mode and 11.96% in negative mode. This 
observation may be attributed to limited ionisation efficiency, suppression effects, or 
incomplete spectral coverage in the METLIN database, particularly for uncommon or 
mushroom-specific metabolites [62]. Nevertheless, the overall profile indicates that 
AESC predominantly contains polar, acidic, or electronegative constituents, notably 
amino acids and organic acid derivatives. Although several compound classes associated 
with biological activity were detected at low abundance, including steroids, flavonoids, 
terpenoids, alkaloids, saponins, and phenolics, most were present below 1%.

The toxicological outcomes of this study complement existing ethnomycological 
knowledge of S. commune, which has long been consumed by the Kadazan-Dusun com-
munity in Sabah, Malaysia [6, 7]. Ethnomycological evidence recognises this species 
for its cultural, nutritional, and potential medicinal value, with traditional harvesting 
guided by indigenous ecological knowledge and preparation commonly involving boil-
ing or cooking in water-based dishes [6, 8, 63]. Water, widely recognised as a safe and 
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environmentally friendly polar solvent [57], has been consistently employed in ethno-
mycological practices, particularly in decoctions and infusions used to extract medicinal 
compounds from mushrooms [64]. This long-established practice supports the effec-
tive solubilisation of hydrophilic bioactive constituents such as polysaccharides, amino 
acids, and phenolic acids [13–15], and remains prevalent across various indigenous 
communities due to accessibility, non-toxic nature, and cultural familiarity [64]. Despite 
this long history of use, systematic toxicological evaluations of S. commune have been 
limited, emphasising the importance of the present scientific validation, as traditional 
consumption alone cannot substitute for empirical safety assessment [65]. Beyond its 
cultural context, S. commune continues to attract global attention for its bioactive com-
position, particularly amino acids, fatty acids, and phenolic compounds associated with 
antioxidant and anti-inflammatory activities [47]. In the present study, amino acids and 
fatty acids constituted the most abundant metabolite groups, with compounds such as 
aminocaproic acid, glutamate, and aspartate potentially contributing indirectly to gas-
tro- and hepato-protective effects through support of glutathione synthesis, mucosal 
defence, and epithelial integrity [66, 67], while fatty acids such as 2-hexyl-decanoic acid 
have been reported to modulate inflammatory pathways and hepatic lipid metabolism 
[68, 69]. The phenolic compound 4-hydroxy-3-(2-hydroxyethyl)acetophenone 4-gluco-
side, although detected at low abundance, may further contribute to protective effects 
through established antioxidant and anti-inflammatory mechanisms [70–72]. The pre-
dominance of these hydrophilic metabolites reflects the use of water as the extraction 
solvent, which preferentially extracts polar constituents [15, 73], while the detection of 
some fatty acids may result from membrane disruption or matrix-assisted solubilisa-
tion during extraction [74, 75]. In summary, these findings highlight the convergence of 
indigenous knowledge and modern toxicological science, supporting biocultural conser-
vation and responsible bioprospecting [76], while providing a scientific foundation for 
the development of S. commune-based functional foods or natural therapeutic products, 
albeit with further targeted studies required to characterise less polar bioactives [57, 58].

5  Conclusions
This study provides clear toxicological evidence supporting the safety of AESC based on 
combined in vitro and in vivo evaluations, together with complementary mycochemi-
cal characterisation. While AESC demonstrated acceptable cytocompatibility at lower 
concentrations, a reduction in cell viability was observed in HepG2 cells at the high-
est tested concentration, indicating concentration-dependent cytotoxicity. In contrast, 
in vivo acute and subacute oral toxicity studies showed no mortality, clinical toxicity, or 
organ damage, indicating a wide safety margin for oral exposure in both sexes. Myco-
chemical analysis revealed the absence of detectable levels of major secondary metab-
olite classes by qualitative screening, while LC–QTOF–MS profiling identified amino 
acids, fatty acids, and low-abundance phenolic compounds as the predominant constitu-
ents of AESC, consistent with extraction using water as a polar solvent. These findings 
are particularly relevant for public health, as they support the safety of traditional dietary 
consumption and local medicinal use of S. commune in Sabah when AESC is used within 
appropriate exposure limits. Importantly, the established safety profile and chemical 
composition suggest that beneficial biological effects observed at non-cytotoxic concen-
trations are unlikely to be confounded by nonspecific toxicity. Overall, the data provide 
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a scientific basis for the continued traditional use of S. commune and support its further 
development for gastro- and hepato-protective applications, with due consideration of 
dose-dependent effects.

Supplementary Information
The online version contains supplementary material available at https://doi.org/10.1007/s44187-026-00941-w.

Supplementary Material 1.

Acknowledgements
The authors thank the staff of the Faculty of Pharmacy, UiTM, and the Institute for Medical Research, National Institutes 
of Health, for their valuable consultations and for generously providing time, facilities, and laboratory consumables that 
contributed to the completion of this research.

Author contributions
Zainul Amiruddin Zakaria: Conceptualization, Methodology, Resources, Writing – review & editing, Visualization, 
Supervision, Project administration, Funding acquisition. Mohammad Amil Zulhilmi Benjamin: Software, Formal analysis, 
Investigation, Data curation, Writing – original draft. Nur Liana Md Nasir: Validation, Resources, Visualization, Supervision. 
Hussin Muhammad: Resources, Supervision. Lilis Sulistyorini: Validation, Writing – review & editing, Visualization. 
Roro Azizah: Validation, Writing – review & editing, Visualization. Gurmeet Kaur Surindar Singh: Validation, Resources, 
Visualization, Supervision. Meor Mohd Redzuan Meor Mohd Affandi: Resources, Supervision. Nornazirah Azizan: Formal 
analysis, Investigation, Writing – review & editing. Azmahani Abdullah: Validation, Writing – review & editing, Visualization. 
Muhammad Nazrul Hakim Abdullah: Validation, Writing – review & editing, Visualization.

Funding
This work was supported by Universiti Malaysia Sabah through the Skim Dana Strategik (DKS2304-2023; Ref. No.: UMS/
PPI1.3.2/800-4/22) and the Geran Bantuan Penyelidikan Pascasiswazah [UMSGreat] (GUG0654-2/2023; Ref. No.: UMS/
PPI1.3.2/800-4/25/654).

Data availability
Data will be made available on request.

Declarations

Ethics approval and consent to participate
Wild fruiting bodies of S. commune used in this study were collected in accordance with local biodiversity regulations 
under a sampling permit issued by the Sabah Biodiversity Council [Licence Ref. No.: JKM/MBS.1000-2/2 JLD.17 (114)]. 
The mushroom specimen used in this study was taxonomically identified by Assoc. Prof. Dr. Jaya Seelan Sathiya Seelan, 
a mycologist at the Institute for Tropical Biology and Conservation, Universiti Malaysia Sabah, and a voucher specimen 
[BORH(F)03738] was deposited at BORNEENSIS Herbarium, Institute for Tropical Biology and Conservation, Universiti 
Malaysia Sabah. All experimental procedures involving animals were conducted in accordance with institutional and 
international guidelines for the care and use of laboratory animals. The study protocol was reviewed and approved by 
the UiTM CARE, Department of Research and Innovation, UiTM, Selangor, Malaysia (Approval No.: UiTM CARE 435/2023).

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details
1Borneo Research on Algesia, Inflammation and Neurodegeneration (BRAIN) Group, Faculty of Medicine and Health 
Sciences, Universiti Malaysia Sabah, Jalan UMS, Kota Kinabalu 88400, Sabah, Malaysia
2Department of Environmental Health, Faculty of Public Health, Universitas Airlangga, Kampus C, Jl. Dr. Ir. H. 
Soekarno, Surabaya 60115, East Java, Indonesia
3Department of Nutrition, Faculty of Health Sciences, Universitas Brawijaya, Malang 65151, East Java, Indonesia
4Institute for Tropical Biology and Conservation, Universiti Malaysia Sabah, Jalan UMS, Kota Kinabalu 88400, Sabah, 
Malaysia
5Herbal Medicine Research Centre, Institute for Medical Research, National Institutes of Health, Jalan Setia Murni 
U13/52, Setia Alam, Shah Alam 40170, Selangor, Malaysia
6Department of Pharmacology and Life Sciences, Faculty of Pharmacy, Universiti Teknologi MARA (UiTM), Selangor 
Branch, Puncak Alam Campus, Bandar Puncak Alam 42300, Selangor, Malaysia
7Department of Pharmaceutics, Faculty of Pharmacy, Universiti Teknologi MARA (UiTM), Selangor Branch, Puncak 
Alam Campus, Bandar Puncak Alam 42300, Selangor, Malaysia
8Department of Pathology and Microbiology, Faculty of Medicine and Health Sciences, Universiti Malaysia Sabah, 
Jalan UMS, Kota Kinabalu 88400, Sabah, Malaysia
9School of Biomedicine, Faculty of Health Sciences, Universiti Sultan Zainal Abidin, Gong Badak Campus,  
Kuala Nerus 21300, Terengganu, Malaysia
10Department of Biomedical Science, Faculty of Medicine and Health Sciences, Universiti Putra Malaysia,  
Serdang 43400, Selangor, Malaysia

https://doi.org/10.1007/s44187-026-00941-w


Page 21 of 23Zakaria et al. Discover Food           (2026) 6:237 

Received: 11 November 2025 / Accepted: 14 March 2026

References
1.	 Jităreanu A, Trifan A, Vieriu M, Caba I-C, Mârțu I, Agoroaei L. Current trends in toxicity assessment of herbal medicines: a 

narrative review. Processes. 2023;11(1):83. https://doi.org/10.3390/pr11010083.
2.	 Rusli RNM, Naomi R, Yazid MD, Embong H, Perumal K, Othman F, et al. Phytochemical analysis and toxicity assessment of 

Bouea macrophylla yoghurt. Toxins (Basel). 2023;15(2):125. https://doi.org/10.3390/toxins15020125.
3.	 Tuğcan MO, Akpınar AA. Mushroom poisoning: an updated review. Turk J Emerg Med. 2025;25(1):10–6. ​h​t​t​p​s​:​/​/​d​o​i​.​o​r​g​/​1​0​.​

4​1​0​3​/​t​j​e​m​.​t​j​e​m​_​1​2​9​_​2​4​​​​​.​​​
4.	 Kantarcioglu AS. Cladosporium spp., Bipolaris spp., Schizophyllum commune, and Scedosporium apiospermum. In: Turgut M, 

Challa S, Akhaddar A, editors. Fungal infections of the central nervous system. Cham: Springer; 2019. p. 205–33. ​h​t​t​p​s​:​/​/​d​o​i​
.​o​r​g​/​1​0​.​1​0​0​7​/​9​7​8​-​3​-​0​3​0​-​0​6​0​8​8​-​6​_​1​5​​​​​.​​​

5.	 Desiderio A, Goppa L, Santambrogio C, Brocca S, Buratti S, Girometta CE, et al. Improving the proteome-mining of Schizo-
phyllum commune to enhance medicinal mushroom applications. J Fungi. 2025;11(2):120. ​h​t​t​p​s​:​/​/​d​o​i​.​o​r​g​/​1​0​.​3​3​9​0​/​j​o​f​1​1​0​2​
0​1​2​0​​​​​.​​​

6.	 Fui FS, Saikim FH, Kulip J, Sathiya Seelan JS. Distribution and ethnomycological knowledge of wild edible mushrooms in 
Sabah (Northern Borneo), Malaysia. J Trop Biol Conserv. 2018;15:203–22. https://doi.org/10.51200/jtbc.v15i0.1494.

7.	 John OD, Surugau N, Kansedo J, Panchal SK, Brown L. Plant-based functional foods from Borneo. Nutrients. 2025;17(2):200. 
https://doi.org/10.3390/nu17020200.

8.	 Dasgupta D, Basu P, Paul A, Acharya K, Chakraborty N. Schizophyllum commune, an underrated edible and medicinal 
mushroom: farm to industry. Stud Fungi. 2025;10(1):e004. https://doi.org/10.48130/sif-0025-0003.

9.	 Ellan K, Thayan R, Raman J, Hidari KIPJ, Ismail N, Sabaratnam V. Anti-viral activity of culinary and medicinal mushroom 
extracts against dengue virus serotype 2: an in-vitro study. BMC Complement Altern Med. 2019;19(1):260. ​h​t​t​p​s​:​/​/​d​o​i​.​o​r​g​/​
1​0​.​1​1​8​6​/​s​1​2​9​0​6​-​0​1​9​-​2​6​2​9​-​y​​​​​.​​​

10.	 Romadhonsyah F, Gemantari BM, Nurrochmad A, Wahyuono S, Astuti P. Antioxidant, cytotoxic activities and characteriza-
tion of secondary metabolites of endophytic fungus Schizophyllum commune isolated from Coleus amboinicus (Lour.) 
leaves. Res J Pharm Technol. 2022;15(1):357–64. ​h​t​t​p​s​:​​/​/​d​o​i​​.​o​r​g​/​1​​0​.​5​2​​7​1​1​/​0​​9​7​4​-​3​​6​0​X​.​2​0​​2​2​.​0​​0​0​5​8.

11.	 Emsen B, Kocabas A, Kaya A, Cinar S, Aasim M, Sadi G. In vitro cytotoxicity, antibacterial and antioxidant properties of vari-
ous extracts from Schizophyllum commune Fr. Fresenius Environ Bull. 2017;26(1):1144–53.

12.	 Sun Q, Zhang X, Lim V, Fang L. Multiplatform metabolomics and chemometrics reveals anticancer metabolites in Clinacan-
thus nutans against nasopharyngeal carcinoma. Ind Crops Prod. 2025;236:121905. ​h​t​t​p​s​:​​/​/​d​o​i​​.​o​r​g​/​1​​0​.​1​0​​1​6​/​j​.​​i​n​d​c​r​​o​p​.​2​0​2​​5​.​1​
2​​1​9​0​5.

13.	 Wang W, Tan J, Nima L, Sang Y, Cai X, Xue H. Polysaccharides from fungi: a review on their extraction, purification, structural 
features, and biological activities. Food Chem X. 2022;15:100414. https://doi.org/10.1016/j.fochx.2022.100414.

14.	 Kumar A, Nirmal P, Kumar M, Jose A, Tomer V, Oz E, et al. Major phytochemicals: recent advances in health benefits and 
extraction method. Molecules. 2023;28(2):887. https://doi.org/10.3390/molecules28020887.

15.	 Ketemepi HK, Awang MA, Seelan JSS, Mohd Noor NQI. Extraction process and applications of mushroom-derived protein 
hydrolysate: a comprehensive review. Futur Foods. 2024;9:100359. https://doi.org/10.1016/j.fufo.2024.100359.

16.	 Sherqulova J, Eshonkulov E, Qo’ziboev X. Evaluation of the safety and acute toxicity of strains of the medicinal Schizophyl-
lum commune Fr. fungus. BIO Web Conf. 2024;95:01004. https://doi.org/10.1051/bioconf/20249501004.

17.	 Moutia I, Lakatos E, Kovács AJ. Impact of dehydration techniques on the nutritional and microbial profiles of dried mush-
rooms. Foods. 2024;13(20):3245. https://doi.org/10.3390/foods13203245.

18.	 Yim HS, Chye FY, Rao V, Low JY, Matanjun P, How SE, et al. Optimization of extraction time and temperature on anti-
oxidant activity of Schizophyllum commune aqueous extract using response surface methodology. J Food Sci Technol. 
2013;50(2):275–83. https://doi.org/10.1007/s13197-011-0349-5.

19.	 Gavanji S, Bakhtari A, Famurewa AC, Othman EM. Cytotoxic activity of herbal medicines as assessed in vitro: a review. 
Chem Biodivers. 2023;20(2):e202201098. https://doi.org/10.1002/cbdv.202201098.

20.	 Kamiloglu S, Sari G, Ozdal T, Capanoglu E. Guidelines for cell viability assays. Food Front. 2020;1(3):332–49. ​h​t​t​p​s​:​/​/​d​o​i​.​o​r​g​/​1​
0​.​1​0​0​2​/​f​f​t​2​.​4​4​​​​​.​​​

21.	 OECD. Test no. 423: acute oral toxicity – acute toxic class method, OECD guidelines for the testing of chemicals, Sect. 4. 
OECD Publ. Paris. 2001. https://doi.org/10.1787/9789264071001-en

22.	 Nguenang GS, Ntyam ASM, Kuete V. Acute and subacute toxicity profiles of the methanol extract of Lycopersicon escul-
entum L. leaves (tomato), a botanical with promising in vitro anticancer potential. Evid Based Complement Alternat Med. 
2020;2020:8935897. https://doi.org/10.1155/2020/8935897.

23.	 OECD, Test. no. 407: repeated dose 28-day oral toxicity study in rodents, OECD guidelines for the testing of chemicals, 
Sect. 4. OECD Publ. Paris, France; 2008. https://doi.org/10.1787/9789264070684-en

24.	 Nath MC, Chakravorty MK, Chowdhury SR. Liebermann-burchard reaction for steroids. Nature. 1946;157(3978):103–4. 
https://doi.org/10.1038/157103b0.

25.	 Iinuma M, Tanaka T, Hamada K, Mizuno M, Asai F. Flavonoids syntheses. VI.1) Synthesis and spectral properties of 4-arylcou-
marins (neoflavones). Chem Pharm Bull. 1987;35(9):3909–13. https://doi.org/10.1248/cpb.35.3909.

26.	 Pizzolato P, Lillie RD. Mayer’s tannic acid-ferric chloride stain for mucins. J Histochem Cytochem. 1973;21(1):56–64. ​h​t​t​p​s​:​/​/​
d​o​i​.​o​r​g​/​1​0​.​1​1​7​7​/​2​1​.​1​.​5​6​​​​​.​​​

27.	 Yoder LR, Mahlberg PG. Reactions of alkaloid and histochemical indicators in laticifers and specialized parenchyma cells of 
Catharanthus roseus (Apocynaceae). Am J Bot. 1976;63(9):1167–73. ​h​t​t​p​s​:​​/​/​d​o​i​​.​o​r​g​/​1​​0​.​1​0​​0​2​/​j​.​​1​5​3​7​-​​2​1​9​7​.​1​​9​7​6​.​​t​b​1​3​2​0​2​.​x.

28.	 Yoon KR, Wrolstad RE. Investigation of Marion blackberry, strawberry, and plum fruit for the presence of saponins. J Agric 
Food Chem. 1984;32(3):691–3. https://doi.org/10.1021/jf00123a069.

29.	 Jan Jam MZ, Mohd Samsudin NS, Amir Fuzil AAR, Mohd Aziz K, Abdullah MA, Rofiee MS, et al. Metabolite profiles of the 
fertile and non-fertile soils for the planting of Mangifera indica L. GADING J Sci Technol. 2023;6(1):1–12.

https://doi.org/10.3390/pr11010083
https://doi.org/10.3390/toxins15020125
https://doi.org/10.4103/tjem.tjem_129_24
https://doi.org/10.4103/tjem.tjem_129_24
https://doi.org/10.1007/978-3-030-06088-6_15
https://doi.org/10.1007/978-3-030-06088-6_15
https://doi.org/10.3390/jof11020120
https://doi.org/10.3390/jof11020120
https://doi.org/10.51200/jtbc.v15i0.1494
https://doi.org/10.3390/nu17020200
https://doi.org/10.48130/sif-0025-0003
https://doi.org/10.1186/s12906-019-2629-y
https://doi.org/10.1186/s12906-019-2629-y
https://doi.org/10.52711/0974-360X.2022.00058
https://doi.org/10.1016/j.indcrop.2025.121905
https://doi.org/10.1016/j.indcrop.2025.121905
https://doi.org/10.1016/j.fochx.2022.100414
https://doi.org/10.3390/molecules28020887
https://doi.org/10.1016/j.fufo.2024.100359
https://doi.org/10.1051/bioconf/20249501004
https://doi.org/10.3390/foods13203245
https://doi.org/10.1007/s13197-011-0349-5
https://doi.org/10.1002/cbdv.202201098
https://doi.org/10.1002/fft2.44
https://doi.org/10.1002/fft2.44
https://doi.org/10.1787/9789264071001-en
https://doi.org/10.1155/2020/8935897
https://doi.org/10.1787/9789264070684-en
https://doi.org/10.1038/157103b0
https://doi.org/10.1248/cpb.35.3909
https://doi.org/10.1177/21.1.56
https://doi.org/10.1177/21.1.56
https://doi.org/10.1002/j.1537-2197.1976.tb13202.x
https://doi.org/10.1021/jf00123a069


Page 22 of 23Zakaria et al. Discover Food           (2026) 6:237 

30.	 Cajka T, Fiehn O. Toward merging untargeted and targeted methods in mass spectrometry-based metabolomics and 
lipidomics. Anal Chem. 2016;88(1):524–45. https://doi.org/10.1021/acs.analchem.5b04491.

31.	 Sumner LW, Amberg A, Barrett D, Beale MH, Beger R, Daykin CA, et al. Proposed minimum reporting standards for 
chemical analysis: Chemical Analysis Working Group (CAWG) Metabolomics Standards Initiative (MSI). Metabolomics. 
2007;3(3):211–21. https://doi.org/10.1007/s11306-007-0082-2.

32.	 Ghasemi M, Turnbull T, Sebastian S, Kempson I. The MTT assay: utility, limitations, pitfalls, and interpretation in bulk and 
single-cell analysis. Int J Mol Sci. 2021;22(23):12827. https://doi.org/10.3390/ijms222312827.

33.	 González LT, Minsky NW, Espinosa LEM, Aranda RS, Meseguer JP, Pérez PC. In vitro assessment of hepatoprotective agents 
against damage induced by acetaminophen and CCl4. BMC Complement Altern Med. 2017;17(1):39. ​h​t​t​p​s​:​/​/​d​o​i​.​o​r​g​/​1​0​.​1​1​
8​6​/​s​1​2​9​0​6​-​0​1​6​-​1​5​0​6​-​1​​​​​.​​​

34.	 Theoduloz C, Burgos-Edwards A, Schmeda-Hirschmann G, Jiménez-Aspee F. Effect of polyphenols from wild Chilean cur-
rants (Ribes spp.) on the activity of intracellular antioxidant enzymes in human gastric AGS cells. Food Biosci. 2018;24:80–8. 
https://doi.org/10.1016/j.fbio.2018.06.003.

35.	 Pizzuti V, Paris F, Marrazzo P, Bonsi L, Alviano F. Mitigating oxidative stress in perinatal cells: a critical step toward an optimal 
therapeutic use in regenerative medicine. Biomolecules. 2023;13(6):971. https://doi.org/10.3390/biom13060971.

36.	 Awashra M, Młynarz P. The toxicity of nanoparticles and their interaction with cells: an in vitro metabolomic perspective. 
Nanoscale Adv. 2023;5(10):2674–723. https://doi.org/10.1039/d2na00534d.

37.	 López-Alarcón C, Denicola A. Evaluating the antioxidant capacity of natural products: a review on chemical and cellular-
based assays. Anal Chim Acta. 2013;763:1–10. https://doi.org/10.1016/j.aca.2012.11.051.

38.	 Madorran E, Stožer A, Bevc S, Maver U. In vitro toxicity model: upgrades to bridge the gap between preclinical and clinical 
research. Bosn J Basic Med Sci. 2020;20(2):157–68. https://doi.org/10.17305/bjbms.2019.4378.

39.	 Yarley OPN, Kojo AB, Zhou C, Yu X, Gideon A, Kwadwo HH, et al. Reviews on mechanisms of in vitro antioxidant, antibacte-
rial and anticancer activities of water-soluble plant polysaccharides. Int J Biol Macromol. 2021;183:2262–71. ​h​t​t​p​s​:​​/​/​d​o​i​​.​o​r​g​
/​1​​0​.​1​0​​1​6​/​j​.​​i​j​b​i​o​​m​a​c​.​2​0​​2​1​.​0​​5​.​1​8​1.

40.	 Mukherjee P, Roy S, Ghosh D, Nandi SK. Role of animal models in biomedical research: a review. Lab Anim Res. 
2022;38(1):18. https://doi.org/10.1186/s42826-022-00128-1.

41.	 Keenan KP, Ballam GC, Dixit R, Soper KA, Laroque P, Mattson BA, et al. The effects of diet, overfeeding and moderate dietary 
restriction on Sprague-Dawley rat survival, disease and toxicology. J Nutr. 1997;127(5):851S-856S. ​h​t​t​p​s​:​/​/​d​o​i​.​o​r​g​/​1​0​.​1​0​9​3​/​j​
n​/​1​2​7​.​5​.​8​5​1​s​​​​​.​​​

42.	 Hisamuddin AS, Naomi R, Manan KA, Bahari H, Yazid MD, Othman F, et al. Phytochemical component and toxicological 
evaluation of purple sweet potato leaf extract in male Sprague–Dawley rats. Front Pharmacol. 2023;14:1132087. ​h​t​t​p​s​:​/​/​d​o​
i​.​o​r​g​/​1​0​.​3​3​8​9​/​f​p​h​a​r​.​2​0​2​3​.​1​1​3​2​0​8​7​​​​​.​​​

43.	 Boamah B, Siciliano S, Hogan N, Hecker M, Hanson M, Campbell P, et al. Target organ toxicity in Sprague Dawley rats fol-
lowing oral exposure to complex groundwater mixture: assessment of dose-response relationships using histopathologi-
cal and biochemical alterations. Regul Toxicol Pharmacol. 2024;154:105744. https://doi.org/10.1016/j.yrtph.2024.105744.

44.	 Hor SY, Ahmad M, Farsi E, Lim CP, Asmawi MZ, Yam MF. Acute and subchronic oral toxicity of Coriolus versicolor standard-
ized water extract in Sprague-Dawley rats. J Ethnopharmacol. 2011;137(3):1067–76. ​h​t​t​p​s​:​/​/​d​o​i​.​o​r​g​/​1​0​.​1​0​1​6​/​j​.​j​e​p​.​2​0​1​1​.​0​7​.​0​
0​7​​​​​.​​​

45.	 Ugbogu EA, Akubugwo IE, Ude VC, Gilbert J, Ekeanyanwu B. Toxicological evaluation of phytochemical characterized 
aqueous extract of wild dried Lentinus squarrosulus (Mont.) mushroom in rats. Toxicol Res. 2019;35(2):181–90. ​h​t​t​p​s​:​/​/​d​o​i​.​o​r​
g​/​1​0​.​5​4​8​7​/​T​R​.​2​0​1​9​.​3​5​.​2​.​1​8​1​​​​​.​​​

46.	 Plaskova A, Mlcek J. New insights of the application of water or ethanol-water plant extract rich in active compounds in 
food. Front Nutr. 2023;10:1118761. https://doi.org/10.3389/fnut.2023.1118761.

47.	 Abd Razak DL, Abd Ghani A, Mohd Lazim MI, Khulidin KA, Shahidi F, Ismail A. Schizophyllum commune (Fries) mush-
room: a review on its nutritional components, antioxidative, and anti-inflammatory properties. Curr Opin Food Sci. 
2024;56:101129. https://doi.org/10.1016/j.cofs.2024.101129.

48.	 Goshtasbi H, Hashemzadeh N, Fathi M, Movafeghi A, Barar J, Omidi Y. Mitigating oxidative stress toxicities of environmental 
pollutants by antioxidant nanoformulations. Nano TransMed. 2025;4:100087. https://doi.org/10.1016/j.ntm.2025.100087.

49.	 Kaid F, Alabsi AM, Alafifi N, Ali-Saeed R, Ameen Al-Koshab M, Ramanathan A, et al. Histological, biochemical, and hemato-
logical effects of goniothalamin on selective internal organs of male Sprague-Dawley rats. J Toxicol. 2019;2019:6493286. 
https://doi.org/10.1155/2019/6493286.

50.	 Olayode OA, Daniyan MO, Olayiwola G. Biochemical, hematological and histopathological evaluation of the toxicity 
potential of the leaf extract of Stachytarpheta cayennensis in rats. J Tradit Complement Med. 2020;10(6):544–54. ​h​t​t​p​s​:​/​/​d​o​i​.​
o​r​g​/​1​0​.​1​0​1​6​/​j​.​j​t​c​m​e​.​2​0​1​9​.​0​5​.​0​0​1​​​​​.​​​

51.	 Reinagel P. Training rats using water rewards without water restriction. Front Behav Neurosci. 2018;12:84. ​h​t​t​p​s​:​/​/​d​o​i​.​o​r​g​/​1​
0​.​3​3​8​9​/​f​n​b​e​h​.​2​0​1​8​.​0​0​0​8​4​​​​​.​​​

52.	 Kong B-H, Tan N-H, Fung S-Y, Pailoor J. Sub-acute toxicity study of tiger milk mushroom Lignosus tigris Chon S. Tan cultivar 
E sclerotium in Sprague Dawley rats. Front Pharmacol. 2016;7:246. https://doi.org/10.3389/fphar.2016.00246.

53.	 Sharma P, Tulsawani R. Efficacy of aqueous extract of Chinese caterpillar mushroom Ophiocordyceps sinensis (Ascomycota) 
against simulated altitude stress and subacute toxicity studies. Int J Med Mushrooms. 2022;24(11):21–34. ​h​t​t​p​s​:​​/​/​d​o​i​​.​o​r​g​/​1​​
0​.​1​6​​1​5​/​I​n​​t​J​M​e​d​​M​u​s​h​r​o​​o​m​s​.​​2​0​2​2​0​4​5​1​9​4.

54.	 Kale VP, Bebenek I, Ghantous H, Kapeghian J, Singh BP, Thomas LJ. Practical considerations in determining adversity and 
the no-observed-adverse-effect-level (NOAEL) in nonclinical safety studies: challenges, perspectives and case studies. Int J 
Toxicol. 2022;41(2):143–62. https://doi.org/10.1177/10915818211073047.

55.	 Beery AK. Inclusion of females does not increase variability in rodent research studies. Curr Opin Behav Sci. 2018;23:143–9. 
https://doi.org/10.1016/j.cobeha.2018.06.016.

56.	 Faraji J, Ambeskovic M, Sauter N, Toly J, Whitten K, Lopes NA, et al. Sex-specific stress and biobehavioral responses to 
human experimenters in rats. Front Neurosci. 2022;16:965500. https://doi.org/10.3389/fnins.2022.965500.

57.	 Lajoie L, Fabiano-Tixier AS, Chemat F. Water as green solvent: methods of solubilisation and extraction of natural prod-
ucts—past, present and future solutions. Pharmaceuticals. 2022;15(12):1507. https://doi.org/10.3390/ph15121507.

https://doi.org/10.1021/acs.analchem.5b04491
https://doi.org/10.1007/s11306-007-0082-2
https://doi.org/10.3390/ijms222312827
https://doi.org/10.1186/s12906-016-1506-1
https://doi.org/10.1186/s12906-016-1506-1
https://doi.org/10.1016/j.fbio.2018.06.003
https://doi.org/10.3390/biom13060971
https://doi.org/10.1039/d2na00534d
https://doi.org/10.1016/j.aca.2012.11.051
https://doi.org/10.17305/bjbms.2019.4378
https://doi.org/10.1016/j.ijbiomac.2021.05.181
https://doi.org/10.1016/j.ijbiomac.2021.05.181
https://doi.org/10.1186/s42826-022-00128-1
https://doi.org/10.1093/jn/127.5.851s
https://doi.org/10.1093/jn/127.5.851s
https://doi.org/10.3389/fphar.2023.1132087
https://doi.org/10.3389/fphar.2023.1132087
https://doi.org/10.1016/j.yrtph.2024.105744
https://doi.org/10.1016/j.jep.2011.07.007
https://doi.org/10.1016/j.jep.2011.07.007
https://doi.org/10.5487/TR.2019.35.2.181
https://doi.org/10.5487/TR.2019.35.2.181
https://doi.org/10.3389/fnut.2023.1118761
https://doi.org/10.1016/j.cofs.2024.101129
https://doi.org/10.1016/j.ntm.2025.100087
https://doi.org/10.1155/2019/6493286
https://doi.org/10.1016/j.jtcme.2019.05.001
https://doi.org/10.1016/j.jtcme.2019.05.001
https://doi.org/10.3389/fnbeh.2018.00084
https://doi.org/10.3389/fnbeh.2018.00084
https://doi.org/10.3389/fphar.2016.00246
https://doi.org/10.1615/IntJMedMushrooms.2022045194
https://doi.org/10.1615/IntJMedMushrooms.2022045194
https://doi.org/10.1177/10915818211073047
https://doi.org/10.1016/j.cobeha.2018.06.016
https://doi.org/10.3389/fnins.2022.965500
https://doi.org/10.3390/ph15121507


Page 23 of 23Zakaria et al. Discover Food           (2026) 6:237 

58.	 Zarrinmehr MJ, Daneshvar E, Nigam S, Gopinath KP, Biswas JK, Kwon EE, et al. The effect of solvents polarity and extraction 
conditions on the microalgal lipids yield, fatty acids profile, and biodiesel properties. Bioresour Technol. 2022;344:126303. ​
h​t​t​p​s​:​​/​/​d​o​i​​.​o​r​g​/​1​​0​.​1​0​​1​6​/​j​.​​b​i​o​r​t​​e​c​h​.​2​0​​2​1​.​1​​2​6​3​0​3.

59.	 Harrieder E-M, Kretschmer F, Böcker S, Witting M. Current state-of-the-art of separation methods used in LC-MS based 
metabolomics and lipidomics. J Chromatogr B. 2022;1188:123069. ​h​t​t​p​s​:​​/​/​d​o​i​​.​o​r​g​/​1​​0​.​1​0​​1​6​/​j​.​​j​c​h​r​o​​m​b​.​2​0​2​​1​.​1​2​​3​0​6​9.

60.	 Liigand P, Kaupmees K, Haav K, Liigand J, Leito I, Girod M, et al. Think negative: finding the best electrospray ionization/MS 
mode for your analyte. Anal Chem. 2017;89(11):5665–8. https://doi.org/10.1021/acs.analchem.7b00096.

61.	 Zapata Flores E, Herodes K, Leito I. Comparison of the ionisation mode in the determination of free amino acids in beers 
by liquid chromatography tandem mass spectrometry. J Chromatogr A. 2022;1677:463320. ​h​t​t​p​s​:​/​/​d​o​i​.​o​r​g​/​1​0​.​1​0​1​6​/​j​.​c​h​r​o​
m​a​.​2​0​2​2​.​4​6​3​3​2​0​​​​​.​​​

62.	 Gharat SA, Tamhane VA, Giri AP, Aharoni A. Navigating the challenges of engineering composite specialized metabolite 
pathways in plants. Plant J. 2025;121(6):e70100. https://doi.org/10.1111/tpj.70100.

63.	 Ayu KK, Alona CL, Mohd Ahmad A, Patahayah M, Mohd Salleh S, Mohamed M, et al. Documentation of macrofungi 
traditionally used by Jakun people in Johor, Malaysia in treatment of various illnesses. IOP Conf Ser Earth Environ Sci. 
2019;269(1):012013. ​h​t​t​p​s​:​​/​/​d​o​i​​.​o​r​g​/​1​​0​.​1​0​​8​8​/​1​7​​5​5​-​1​3​​1​5​/​2​6​9​​/​1​/​0​​1​2​0​1​3.

64.	 Gafforov Y, Rašeta M, Rapior S, Yarasheva M, Wang X, Zhou L, et al. Macrofungi as medicinal resources in Uzbekistan: biodi-
versity, ethnomycology, and ethnomedicinal practices. J Fungi. 2023;9(9):922. https://doi.org/10.3390/jof9090922.

65.	 Ramírez-Terrazo A, Adriana Montoya E, Garibay-Orijel R, Caballero-Nieto J, Kong-Luz A, Méndez-Espinoza C. Breaking the 
paradigms of residual categories and neglectable importance of non-used resources: the “vital” traditional knowledge of 
non-edible mushrooms and their substantive cultural significance. J Ethnobiol Ethnomed. 2021;17(1):28. ​h​t​t​p​s​:​/​/​d​o​i​.​o​r​g​/​1​
0​.​1​1​8​6​/​s​1​3​0​0​2​-​0​2​1​-​0​0​4​5​0​-​3​​​​​.​​​

66.	 Cruzat V, Rogero MM, Keane KN, Curi R, Newsholme P. Glutamine: metabolism and immune function, supplementation 
and clinical translation. Nutrients. 2018;10(11):1564. https://doi.org/10.3390/nu10111564.

67.	 Lee D-Y, Kim E-H. Therapeutic effects of amino acids in liver diseases: current studies and future perspectives. J Cancer 
Prev. 2019;24(2):72–8. https://doi.org/10.15430/jcp.2019.24.2.72.

68.	 Liu Y. Fatty acids, inflammation and intestinal health in pigs. J Anim Sci Biotechnol. 2015;6(1):41. ​h​t​t​p​s​:​/​/​d​o​i​.​o​r​g​/​1​0​.​1​1​8​6​/​s​4​
0​1​0​4​-​0​1​5​-​0​0​4​0​-​1​​​​​.​​​

69.	 Liu P, Wang Y, Yang G, Zhang Q, Meng L, Xin Y, et al. The role of short-chain fatty acids in intestinal barrier function, inflam-
mation, oxidative stress, and colonic carcinogenesis. Pharmacol Res. 2021;165:105420. ​h​t​t​p​s​:​/​/​d​o​i​.​o​r​g​/​1​0​.​1​0​1​6​/​j​.​p​h​r​s​.​2​0​2​1​.​
1​0​5​4​2​0​​​​​.​​​

70.	 Rahman I, Biswas SK, Kirkham PA. Regulation of inflammation and redox signaling by dietary polyphenols. Biochem Phar-
macol. 2006;72(11):1439–52. https://doi.org/10.1016/j.bcp.2006.07.004.

71.	 Farzaei MH, Abdollahi M, Rahimi R. Role of dietary polyphenols in the management of peptic ulcer. World J Gastroenterol. 
2015;21(21):6499–517. https://doi.org/10.3748/wjg.v21.i21.6499.

72.	 Rocchetti G, Gregorio RP, Lorenzo JM, Barba FJ, Oliveira PG, Prieto MA, et al. Functional implications of bound phenolic 
compounds and phenolics–food interaction: a review. Compr Rev Food Sci Food Saf. 2022;21(2):811–42. ​h​t​t​p​s​:​/​/​d​o​i​.​o​r​g​/​1​
0​.​1​1​1​1​/​1​5​4​1​-​4​3​3​7​.​1​2​9​2​1​​​​​.​​​

73.	 Qing R, Hao S, Smorodina E, Jin D, Zalevsky A, Zhang S. Protein design: from the aspect of water solubility and stability. 
Chem Rev. 2022;122(18):14085–179. https://doi.org/10.1021/acs.chemrev.1c00757.

74.	 Cauchie G, Delfau-Bonnet G, Caulier G, Hantson A-L, Renault J-H, Gerbaux P. Comprehensive lipid profiling of Microchlo-
ropsis gaditana by liquid chromatography - (tandem) mass spectrometry: bead milling and extraction solvent effects. 
Algal Res. 2021;58:102388. https://doi.org/10.1016/j.algal.2021.102388.

75.	 Toh CJY, Bi X, Lee HW, Yeo MTY, Henry CJ. Is mushroom polysaccharide extract a better fat replacer than dried mushroom 
powder for food applications? Front Nutr. 2023;10:1111955. https://doi.org/10.3389/fnut.2023.1111955.

76.	 Wang H, Chen Y, Wang L, Liu Q, Yang S, Wang C. Advancing herbal medicine: enhancing product quality and safety 
through robust quality control practices. Front Pharmacol. 2023;14:1265178. https://doi.org/10.3389/fphar.2023.1265178.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.1016/j.biortech.2021.126303
https://doi.org/10.1016/j.biortech.2021.126303
https://doi.org/10.1016/j.jchromb.2021.123069
https://doi.org/10.1021/acs.analchem.7b00096
https://doi.org/10.1016/j.chroma.2022.463320
https://doi.org/10.1016/j.chroma.2022.463320
https://doi.org/10.1111/tpj.70100
https://doi.org/10.1088/1755-1315/269/1/012013
https://doi.org/10.3390/jof9090922
https://doi.org/10.1186/s13002-021-00450-3
https://doi.org/10.1186/s13002-021-00450-3
https://doi.org/10.3390/nu10111564
https://doi.org/10.15430/jcp.2019.24.2.72
https://doi.org/10.1186/s40104-015-0040-1
https://doi.org/10.1186/s40104-015-0040-1
https://doi.org/10.1016/j.phrs.2021.105420
https://doi.org/10.1016/j.phrs.2021.105420
https://doi.org/10.1016/j.bcp.2006.07.004
https://doi.org/10.3748/wjg.v21.i21.6499
https://doi.org/10.1111/1541-4337.12921
https://doi.org/10.1111/1541-4337.12921
https://doi.org/10.1021/acs.chemrev.1c00757
https://doi.org/10.1016/j.algal.2021.102388
https://doi.org/10.3389/fnut.2023.1111955
https://doi.org/10.3389/fphar.2023.1265178

	﻿Toxicological evaluation and mycochemical characterisation of aqueous extract of ﻿Schizophyllum commune﻿
	﻿Abstract﻿
	﻿1﻿ ﻿Introduction
	﻿2﻿ ﻿Materials and methods
	﻿2.1﻿ ﻿Chemicals and reagents
	﻿2.2﻿ ﻿Sample collection and preparation
	﻿2.3﻿ ﻿Sample extraction
	﻿2.4﻿ ﻿In vitro cytotoxicity assay
	﻿2.4.1﻿ ﻿Cell culture and maintenance
	﻿2.4.2﻿ ﻿MTT cytotoxicity assay


	﻿2.5﻿ ﻿In vivo toxicity studies
	﻿2.5.1﻿ ﻿Animal housing and husbandry
	﻿2.5.2﻿ ﻿Acute toxicity evaluation
	﻿2.5.3﻿ ﻿Subacute toxicity evaluation

	﻿2.6﻿ ﻿Mycochemical analysis
	﻿2.6.1﻿ ﻿Mycochemical screening analysis
	﻿2.6.2﻿ ﻿Mycochemical profiling analysis

	﻿2.7﻿ ﻿Statistical analysis
	﻿3﻿ ﻿Results
	﻿3.1﻿ ﻿Cytotoxic activity of AESC
	﻿3.1.1﻿ ﻿Cell viability of AGS cells
	﻿3.1.2﻿ ﻿Cell viability of HepG2 cells


	﻿3.2﻿ ﻿Acute toxicity activity of AESC
	﻿3.2.1﻿ ﻿Body weight changes
	﻿3.2.2﻿ ﻿Relative organ weights
	﻿3.2.3﻿ ﻿Histopathological findings

	﻿3.3﻿ ﻿Subacute toxicity activity of AESC
	﻿3.3.1﻿ ﻿Body weight changes
	﻿3.3.2﻿ ﻿Food intake
	﻿3.3.3﻿ ﻿Water intake
	﻿3.3.4﻿ ﻿Relative organ weights
	﻿3.3.5﻿ ﻿Haematological parameters
	﻿3.3.6﻿ ﻿Biochemical parameters
	﻿3.3.7﻿ ﻿Histopathological findings

	﻿3.4﻿ ﻿Mycochemical analysis of AESC
	﻿3.4.1﻿ ﻿Qualitative screening
	﻿3.4.2﻿ ﻿Qualitative profiling

	﻿4﻿ ﻿Discussion
	﻿5﻿ ﻿Conclusions
	﻿References﻿


