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INTRODUCTION

Deficiencies in macro and micronutrients are common in 
unhealthy diets, which is increasingly recognized as linked to 
a broad range of  human health maladies. Such deficiencies 
have been associated with the frequency of  infectious 
diseases in developing countries (Bhutta and Salam, 2012). 
Moreover, chronic, non-communicable inflammation-
associated diseases are currently the most common 
burden in the world health (World Health Organization, 
2023). Among them are neurodegenerative diseases, type 2 
diabetes, atherosclerosis, vascular diseases, arthritis-related 
diseases, obesity, metabolic syndromes and even cancer, 
accounting for high health care costs, not only because of  
the cost of  treatments, but also of  the economic impact 
of  workhours lost to disease (Rogero and Calder, 2018; 
Center for Disease Control, 2020, Zagoskina et al 2023).

Inflammation has been implicated as a common factor 
in all these chronic disorders (Stylianou E, 2019; recently 
reviewed in Chaudhary MR et al, 2023); in consequence, 

current research efforts are focused on developing and 
improving treatments with anti-inflammatory compounds 
(Krawczyk M. et al, 2023; Tong Z et al., 2023). Accessible 
and low-cost nutritional foods are a natural source of  
micronutrients, some of  which display beneficial anti-
inflammatory properties (Gombart et al., 2020; Zhou T 
et al., 2023). A  current view of  mechanisms leading to 
inflammation is cellular damage induced by overproduction 
of  reactive oxygen (ROS) and nitrogen species (Islam MT, 
2017). The reactive species-mediated damage includes 
changes in electron transport, alterations in cellular energy 
homeostasis and general mitochondrial failure (Islam MT, 
2017). Following this line of  research, compounds able to 
limit ROS-mediated damage are a promising approach for 
inflammation control.

Interesting research advances report improved immune 
function following control of  oxidative stress after 
administration of  natural compounds (Tan et al, 2018; 
Ricordi et al, 2015). A well-investigated case is the effect 
of  phenolic compounds in controlling risk factors 
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associated with cardiovascular disease (Lutz et al, 2019). 
Another intensely studied application is the use of  phenolic 
compounds in several models of  cancer (Niedzwiecki 
et al, 2016). Mushrooms have attracted attention for 
their notorious antioxidant effects in controlling reactive 
species among numerous natural products that have 
been investigated (Sanchez, 2017; Muszyńska et al, 2018; 
reviewed in Łysakowska P, 2023). Lentinula edodes (L edodes) 
is a macro fungus of  ancestral application as nutraceutical 
in Asian cultures, which has been confirmed by more recent 
studies (Gaitan-Hernandez et al, 2019). The species is at 
present poorly known in Ecuador, although its nutritive 
and potential anti-inflammatory properties would be a 
welcome addition to the habitual diets.

Recent industrial developments have introduced local 
production of L edodes in the Ecuadorian highlands. 
Several studies elsewhere have reported variation in the 
composition de L edodes reflecting climatic changes and 
growth conditions (Pedri et al, 2015; Brienzo et al, 2007). 
Some of  these variations may result in changes among 
secondary metabolites, as already reported for several 
enzymes (Pedri et al, 2015; Silva, 2008). It is unknown 
at present what are the effects of  local environmental 
variables, including weather and substrate content, on the 
composition and biological activities of  L edodes grown 
on eucalyptus biomass (Bruhn and Mihail, 2009; Lo et al, 
2007; Brauer et al, 2002). This study was designed to verify: 
i) the anti-inflammatory properties in the locally produced 
L edodes, ii) the general chemical composition including the 
phenolic content.

MATERIALS AND METHODS

Sample Preparation
Fresh L edodes material was obtained from an organic farm 
in Tumbaco, a rural location 20 km north of  Quito, in 
February 2019 during the rainy season in the Ecuadorian 
highlands. A sample of  150 units of L edodes were selected 
for uniformity in size and weight according to the Standard 
Norm 105E. The sample was dried in a laboratory oven 
and pulverized.

Physical-chemical analysis
Portions of  the master sample batch were used for 
determination of  total humidity, total ash content, water-
soluble ashes and acid-soluble ashes applying standard 
laboratory methods (Miranda and Cuellar, 2012).

Extract preparation and phytochemical screening
Extracts were prepared by successive extraction with 
solvents of  increasing polarity: ethylic ether, ethanol, and 
water. Briefly, 30 g dry and pulverized L edodes material was 

resuspended in 90-150 ml ethylic ether for 48 h at 25ºC. 
The solid phase after the first extraction was treated with 
3x its weight of  ethanol for 48 h. The solid phase after 
the ethanolic extraction was added 3x its weight of  sterile 
distilled water for 48 h. The ether extract was tested for 
alkaloids, lactones & coumarins, triterpenes and oil content 
(Supplemental Materials-Table S1). Catechins, resins, 
reducing sugars, lactones, triterpenes, saponins, phenolic 
compounds, quinones, flavonoids and amino acids were 
assayed in the ethanolic extract. Alkaloids, reducing sugars, 
tannins, saponins and mucilages were assayed in the aqueous 
extract. Detailed procedures for the phytochemical screening 
were done as published earlier (Manzano et al, 2017).

Sample silanization
2 mg of  dry L edodes were derivatized with 120 µl of  BSTFA (bis 
[trimetylsilyl]-trifluorocetamide, Sigma-Aldrich) and maintained 
at 80oC for 2 h as described before (Merchant et al, 2010).

Analysis by gas chromatography/mass spectrometry
The silanized samples were analyzed by gas chromatography/
mass spectrometry (GC/MS) as reported before (Cevallos-
Cevallos and Danyluk, 2011). The details on instrument 
preparation, analysis and mass spectra identification were 
as published elsewhere (Manzano, et al., 2017).

Total polyphenols
Total content of  polyphenols was determined by the 
Folin-Ciocalteu method using gallic acid (Sigma Aldrich) 
as a positive control. Results were expressed as mg gallic 
acid equivalent (GAE)/100  g sample (Singleton and 
Rossi, 1965).

In vitro analysis of antioxidant activity
Previous studies highlighted the advantage of  methanol 
to extract secondary metabolites from vegetal species, due 
to its small molecular size and the easiness to remove it 
for downstream applications. The antioxidant activity of  
methanolic extracts was evaluated by the DPPH method as 
described earlier (Klaus et al, 2013). Briefly, 1,1-diphenyl-
2-picrylhydrazyl (DPPH*, 7.9  mg in 100  ml methanol) 
was used as stock reagent. For each assay reaction, 2.9 ml 
of  DPPH sol were mixed with 0.1  ml sample extract. 
Absorbance was determined at 517  nm after 30  min 
incubation at 25ºC in the dark. Trolox (6-hidroxi-2, 5, 7, 
8-tetrametilcroman-2-carboxílic acid, Sigma-Aldrich) was 
used for the preparation of  quantification standards (0.13-
0.79 μmol Eq Trolox/ml). Inhibition of  free radical by 
DPPH was calculated by the following equation:

DPPH scavenging effect (%) = [(A0 – A1/A0) x 100]

Where A0 = absorbance of  the control reaction, A1 = 
absorbance of  the sample reaction.
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The IC50 values were calculated by linear regression 
analysis from a graph of  scavenging activity plotted against 
concentration.

In vivo assay for inflammation control
A topical model applying xylene was used to induce chemical 
inflammation for evaluating the anti-inflammatory capacity 
of  aqueous and ethanolic L edodes extracts, as described 
before (Oh et al, 2018; Hosseinzadeh, 2002). Briefly, 8 g 
of  dry sample were dissolved in 30 ml sterile water and 
maintained for 2 h at room temperature before filtration. 
For the ethanolic extract, 8 g sample were mixed with 30 ml 
ethanol and maintained for 24 h before filtration; the liquid 
phase was dried to remove the solvent. The extracts were 
reconstituted in 20 ml sterile water before administration 
to mice. CD1 mice at 22  g ± 2  g weight were housed 
in controlled laboratory conditions (22 ± 3oC, relative 
humidity 50-55%, 12 h light/dark cycles) with free access 
to water and standard animal food. Animals were restricted 
on food for the last 12 h before assays. Bio models were 
weighted and assigned to groups of  homogeneous average 
weight with 5 animals each. The ethanolic and the aqueous 
extract were administered at 500 mg/kg or 1000 mg/kg. 
Dexamethasone (Caplin Point Laboratories, 10 mg/kg) was 
used as positive control of  anti-inflammation. A negative 
control group received sterile water only. Treatments were 
orally administered at a volume of  400 µl/mouse. Edema 
was induced on the right ear of  each mouse 30 minutes after 
oral administration of  dexamethasone or E. edodes extracts 
by topical xylene application (40 µl xylene on both internal 
and external sides of  the right ear, Sigma Aldrich). The left 
ear was left untreated as an internal control of  inflammation 
in each mouse. Xylene-induced edema was determined 
by the weight difference between the left and right ears 
30 min after xylene application. Animal management was 
performed according to the guidelines of  the European 
Union for handling of  experimental animals (European 
Commission, 2010).

Statistical Analysis
Data from the GC/MS chromatograms were analyzed 
using the INFOSTAT software. Data from chemical assays 
and bioassays were analyzed applying the statistical software 
capability of  Excel, Microsoft package. Values at p<0.05 
in two-tailed pair-wise comparisons were considered 
statistically significant.

RESULTS

Physical chemical analysis
The physical chemical analysis indicated a residual humidity 
of  7.48 ± 0.37 % in the pulverized sample of  L edodes. 
Analysis of  the ash content indicated 6.12 ± 0.41 % for 

water-soluble ashes, 5.66 ± 0.04 % for acid-soluble ashes 
and 7.30 ± 0.31 % for total ashes (Table 1).

Phytochemical screening
Testing for phytochemical screening was performed 
in parallel, in ether-based, ethanol-based, and water-
based extracts (Table  2). Both the ether and ethanolic 
extracts gave strong positive reactions to alkaloids by the 
Dragendorff  and the Wagner assays. The Mayer assay 
gave weak positive reactions for the ethanolic and aqueous 
extracts. Strong positive reactions were observed for amino 
acids in the ethanolic extract and for oils in the ether extract. 
Flavonoids and phenols gave weak positive reactions in the 
ethanolic and aqueous extracts. The reaction for resins was 
weak positive in the ethanolic extract, whereas triterpenes 
and steroids were weakly positive in the ether and ethanol 
extracts but negative in the aqueous extract. The assays for 
catechins, anthocyanidins, lactones/coumarins, quinones, 
saponins and reducing sugars were negative.

Chromatographic analyses
The GM/MS analysis of  dehydrated and pulverized 
L edodes was performed using a silanized sample. Overall, 
55 compounds were detected in a total run of  49 min. 
The most abundant compounds detected were: galactitol 
(44.43 ± 0.63 % AUC), trehalose (11.30 ± 1.57 % AUC), 
xylitol (9.25 ± 0.13 % AUC), phosphoric acid (3.76 ± 
0.16 % AUC), octadecanoic acid (2.28 ± 0.09 % AUC), 
9,12-octadecadienoic acid (1.76 ± 0.04 % AUC) and 
hexadecenoic acid (1.21 ± 0.09 % AUC) (Table  3 and 
Fig. 1). All other peaks detected represented concentrations 

Table 1: Characteristics of residual humidity, total ashes, 
water‑soluble ashes, and acid‑soluble ashes in the dried and 
pulverized sample of L edodes.
Variable Average (%) SD
Residual humidity 7.48 ± 0.37
Total ashes 7.30 ± 0.31
Water‑soluble ashes 6.12 ± 0.41
Acid‑soluble ashes 5.66 ± 0.04

Table 2: Qualitative results of the phytochemical analyses on 
L edodes extracts
Chemical structure Ether Ethanol Aqueous
Alkaloids‑Dragerndorf +* +++ +
Alkaloids‑Wagner +++ +++ ++
Alkaloids‑Mayer ‑ + +
Amino acids n/a +++ n/a
Flavonoids n/a + +
Mucilage ‑ ‑ ‑
Oils +++ n/a n/a
Phenols & tannins n/a + +
Resins n/a + n/a
Triterpenes & steroids + + ‑
*+Weak positive; ++clear positive reaction; +++very positive reaction; ‑ 
negative reaction; n/a not applicable
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below 1 % AUC (Supplemental Table S2). Among 
detected compounds, 10 were amino acids, 9 were sugars, 
6 were short chain fatty acids (succinic acid, glyceric acid, 
fumaric acid, maleic acid, malic acid, 2-hydroxyglutaric 
acid), 4 were medium chain fatty acids (dodecanoic 
acid, 3-deoxy-D-arabinohexonic acid 1,4-lactone, azelaic 
acid, gluconic acid), 7 were long chain fatty acids 
(tetradecanoic acid, hexadecanoic acid, heptadecanoic acid, 
9,12-octadecadienoic acid, oleic acid, 11-cis-octadecenoic 
acid, octadecanoic acid). There were also 2 ergosterols: 
ergosta-7-en-3-beta-ol and ergosta-7,22-dien-3-beta-ol and 
2 nucleosides: uridine and adenosine.

Total Polyphenol content
Analysis of  polyphenol content gave higher values for 
the combinations with higher water ratio: 61.9, 72.3 
and 77.3 mg GAE/100 g for the 50:50, 70:30 and 90:10 
respectively (Fig.  2). The results, run in triplicate, were 
statistically significant (p< 0.001).

Antioxidant activity in vitro
The antioxidant activity of  methanolic extracts of  L edodes 
was evaluated by the DPPH method. The extracts were 
adjusted at three aqueous combinations: 50:50, 70:30 and 
90:10, and at 33, 50 and 100  mg/ml concentration. At 
all three concentrations, the 90:10 combination gave the 
highest DPPH reducing values (321-331 μmol TE/g). The 
50:50 combination gave increasing DPPH reducing values 
as the concentration augmented (72, 106 and 221 μmol 
TE/g at 33, 50 and 100 mg/ml respectively). Similarly, the 
combination 70:30 gave DPPH reducing values according 
to the concentration (120, 138 and 221 μmol TE/g at 33, 
50 and 100 mg/ml respectively). For each concentration, 
the determinations were statistically significant between 
the different combinations, except for the 50:50 and 70:30 
ratios at the 100 mg/ml concentration (Fig. 3a).

Values from the DPPH reduction assay were plotted against 
concentration, and IC50 values were determined by linear 
regression analysis. The IC50 correlated inversely with the 
solvent concentration. Thus, the extract prepared with the 
water: methanol solvent ratio 90:10 was the most potent 
(28.8 mg/mL), whereas the extract 70:30 and the extract 
50:50 required higher concentration to reach the IC50 (79.1 
and 92.5 mg/mL respectively, Fig. 3b).

Effect of E edodes extracts on inflammation
Local inflammation was induced in groups of  mice by 
xylene application on their right ear. Orally administered 
aqueous and ethanolic L edodes extracts were evaluated for 
their anti-inflammatory activity at 497.5 mg/mouse (500 µl) 
or 995  mg/mouse (1000 µl). The difference in weight 
between the treated (right) ear and the untreated left ear 
of  each mouse after 2 h of  treatment was determined. The 
aqueous L edodes extract at the 500 µl dose was the most 
efficient in local anti-inflammatory effect (6.0 mg difference 
compared to 2.3  mg difference for the dexamethasone 
positive control). The higher L edodes aqueous extract and 
the two ethanolic extract did not generated any substantial 
inflammation control (Fig. 4).

DISCUSSION

Assays for the antioxidant activity in vitro in the L edodes 
extracts detected a robust signal in the DPPH scavenging 
assay. This activity was stronger in the preparations 
with higher water content, suggesting that the relevant 
metabolites were water-soluble. The observation was 
verified by the IC50 calculation, where the preparations 
with higher water content relative to the solvent methanol 
(90:10) gave the lowest IC50 values. The total phenolic 
content of  the preparations followed a similar relation 
with the water content, with higher mg GAE values in 
combination with more aqueous content. Overall, our 
results agree with previous studies indicating substantial 
antioxidant activity in L edodes extracts (Poniedzialek et al, 
2019); Chowdhury et al, 2015; Kozarski et al, 2012).

The in vivo assay to evaluate anti-inflammatory activity 
detected an interesting activity with 497.5  mg (500 µl) 
dose of  aqueous extract, but not at a higher dose or in 
ethanolic extracts of  either low or high dose. Data from 
the scavenging DPPH assay as well as the phenolic content 
correlate well with results from the anti-inflammatory 
activity in vivo using the aqueous extract. Although our 
values were less pronounced than the positive drug control, 
they agree with previous studies reporting control of  
inflammation by L edodes in other in vivo models. Chemically 
induced colitis in mice was alleviated by L edodes glucans, 
likely associated with reduced expression of  IL8 mRNA 

Table 3: Main compound peaks detected by GC/MS in samples of L edodes
Peak Compound Formula Retention time (min) Concentration (% AUC±SD)
1 Phosphoric acid H3PO4 12.780 3.76±0.16
2 Xylitol C5H12O5 23.803 9.25±0.13
3 Galactitol C6H14O6 28,235 44.43±0.63
4  Hexadecenoic acid C16H32O2 30.313 1.21±0.09
5 9,12‑octadecadienoic acid C18H32O2 33.251 1.76±0.04
6  Octadecanoic acid C18H36O2 33.880 2.28±0.09
7 Trehalose C12H22O11 41.672 11.30±1.57
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in intestinal tissues (Shi et al, 2016; Nishitani et al, 2013). 
A model of  LPS-mediated lung injury was associated with 
limited cytokine secretion (TNFα, IL6 and IL1β) and 
reduced oxidative state in mice (Ren et al, 2018). Some 
previous studies identified the effect of  L edodes glucans 
on the MAPK pathway while others reported reduced NO 
production as a mechanism of  protection (Shi et al, 2016; 
Liu et al, 2016; Gunawardena et al, 2014; Pacheco-Sanchez 
et al, 2006). Our study aimed to verify an anti-inflammatory 
effect following ingestion of  L edodes extract, as the oral 
is the most common route of  use in the local population. 
The observed inflammation reducing effect appears to 
be mediated by water-soluble components, of  which 
the lentinan may be the most likely mediator. Regarding 
inflammation, our observations are also in agreement with 
recent studies (Morales et al, 2020; Kupcova et al, 2018).

The analysis by GC/MS detected a significant level of  
sugars, including galactitol, trehalose and xylitol, accounting 
for almost 70% of  all compounds detected. The abundance 
of  carbohydrates has been reported before, and recent 
studies by GC/MS confirm the overall dominance of  
sugars/glycols, organic acids, and amino acids (Zhao 
et al, 2019; Reis et al, 2012). Our analysis detected a high 
content of  the hexose galactitol. An earlier and detailed 
study of  methylated and acetylated exopolysaccharides 
in L edodes preparations indicated a significant content of  
glucose, mannose, xylose, galactose, fucose, rhamnose 
and arabinose (Lo et al, 2007). Method differences during 
sample preparation prior to GC/MS analysis may explain 
the dissimilar results.

Among carbohydrates, trehalose is recognized for its role 
not only as an efficient energy source but also in protecting 
cells from stress damage (Benaroudj et al, 2001). Interesting 
in our data, trehalose had a significant level of  11.3 % ACU, 
and continuation studies may focus on its potential role 
in a human diet. Another significant observation was the 
presence of  fatty acids: octadecanoic, 9,12-octadecadienoic 

Fig 2. Total phenolic content in L edodes extracts at three ratios water: 
methanol. Results are expressed as mg GAE/100 g (mg Gallic Acid 
Equivalent/100 g) extract. All comparisons were statistically significant 
(** p< 0.001).

Fig 3. (a) Antioxidant activity in L edodes extracts. Results are expressed as µmol TE/g (Trolox Equivalent/g) determined in water: methanol 
extracts, containing 33, 50 or 100 mg/ml of L edodes pulverized material. All comparisons were statistically significant (** p < 0.001) except in 
the100 mg/ml group for the ratios 50:50 and 70:30. (b) IC50 values for L edodes extracts in three combinations of water: methanol. The combination 
90:10 gave the lowest value for IC50 (28.8 µg/ml), compared to the ratios 50:50 (92.5 µg/ml) and 70:30 (79.1 µg/ml).

a b

Fig  1. Gas chromatograph of the dehydrated pulverized sample 
of L edodes. The most abundant components detected were 
phosphoric acid (1), xylitol (2), galactitol (3), hexadecenoic acid (4), 
9,12-octadecadienoic acid (5), octadecanoic acid (6) and trehalose (7).
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and hexadecanoic acids. This type of  lipid exerts interesting 
biological properties in the control of  inflammation and 
associated pathologies (DiNicolantonio and O’Keefe, 
2017; Astudillo et al, 2018). All other lipid components 
were detected at concentrations below 1%. Among those 
were several fatty acids (dodecanoic acid, heptadecanoic 
acid, tetra decanoic acid, oleic acid, and 11-cis-octadecenoic 
acid).

The polysaccharide lentinan is one of  the best studied 
metabolites in L edodes. Several biological effects, 
including anti-inflammatory and anticancer properties, 
have been investigated in different models (Gaitan-
Hernandez et al, 2019; Xu et al, 2014; Bisen et al, 2010). 
Our results confirm the substantial levels of  antioxidant 
components in L edodes grown in the Ecuadorian 
highlands, and their anti-inf lammation effect in 
laboratory animals. Further studies may clarify whether 
this effect is mediated solely by lentinan, and the role of  
fatty acids. Previous studies detected significant effects 
of  growing conditions in the chemical composition 
of  L edodes, thus it was relevant to verify the effect 
of  the local environmental conditions on the fungal 
components and potential anti-inflammatory effects 
(Reis et al, 2012; Manzi et al, 1999).

CONCLUSIONS

L. edodes grown on eucalyptus biomass presents significant 
antioxidant activity in vitro. Thus, the local environment 
and substrate do not affect the content of  antioxidant 
components. The significance of  this activity was 
confirmed by the anti-inflammatory activity in vivo, both 
in water-soluble extracts. Finally, the data validate that the 
phenolic content and the chemical composition in the local 
L. edodes is in general agreement with the reported literature.
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Table S1: Components of L edodes detected by GC/MS 
analysis

Time (s) Name % AUC ± SE
1 8.299 alanine 0.43 0.13
2 9.251 2‑pyrrolidinone 0.06 0.01
3 12.4 urea 0.02 0
4 12.78 phosphoric acid 3.76 0.16
5 12.865 glycerol 0.85 0.04
6 13.848 succinic acid 0.07 0.01
7 14.309 glyceric acid 0.03 0.01
8 14.773 fumaric acid 0.04 0
9 14.864 maleic acid 0.22 0.01
10 15.1 serine 0.17 0.01
11 15.749 threonine 0.17 0.01
12 17.447 2‑piperidone 0.05 0.01
13 18.383 malic acid 0.98 0.03
14 18.688 erythrose 0.06 0
15 19.038 pyroglutamic acid 0.96 0.05
16 19.114 aspartic acid 0.09 0
17 20.281 dodecanol 0.07 0.01
18 20.444 2‑hydroxyglutaric acid 0.05 0
19 20.756 2,4,6‑tri‑tert‑butylphenol 0.25 0.02
20 21.354 ornithine 0.34 0.01
21 21.47 glutamic acid 0.24 0.01
22 22.185 dodecanoic acid 0.05 0
23 22.543 asparagine 0.1 0.01
24 23.421 lysine 0.12 0.01
25 23.803 xylitol 9.25 0.13
26 24.63 glycerophosphoglycerol 0.71 0.01
27 24.849 glutamine 0.75 0.01
28 24.91 1,4 lactone of 

3‑deoxy‑D‑arabinohexonic acid
0.08 0

29 25.103 terepthalic acid 0.02 0
30 25.321 azelaic acid 0.02 0.01
31 25.502 fructofuranose 0.08 0.01
32 25.807 citric acid 0.58 0.01
33 26.411 tetradecanoic acid 0.13 0.01
34 26.8 3‑deoxyhexitol 0.94 0.07
35 28.235 dulcitol 44.43 0.63
36 28.282 glucitol 0.16 0.01
37 29.071 galactose 0.04 0
38 29.162 pantothenic acid 0.04 0.03
39 29.357 gluconic acid 0.24 0
40 29.44 allofuranose 0.02 0.01
41 30.313 hexadecanoic acid 1.21 0.09
42 31.018 inositol 0.07 0.01
43 31.895 heptadecanoic acid 0.09 0.01
44 33.136 tryptophan 0.02 0
45 33.251 9,12‑octadecadienoic acid 1.76 0.04
46 33.333 oleic acid 0.09 0.02
47 33.441 11‑cis‑octadecenoic acid 0.03 0.01
48 33.88 octadecanoic acid 2.28 0.09
49 35.558 mannitol 0.13 0.01
50 37.074 uridine 0.16 0
51 37.609 isatine 0.17 0.01
52 39.988 adenosine 0.24 0.01
53 41.672 trehalose 11.3 1.57
54 48.068 ergosta‑7,22‑dien‑3‑beta‑ol 0.05 0.03
55 48.869 ergosta‑7‑en‑3‑beta‑ol 0.09 0.01

Supplemental Table S1: Assays included in the 
phytochemical analysis of L edodes extracts
Chemical Group Assay
alkaloids Dragerndorf, Mayer & Wagner
amino acids ninhydrin
anthocyanidins
catechins
flavonoids Shinoda
foam saponins
lactones & coumarins Baljet
mucilage
oils Sudan
phenols & tannins Ferric chloride
quinones Borntrager
reducing sugars Fehling
resins
triterpenes & steroids Lieberman‑Buchard
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