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Abstract The present study aims to reveal the antibacterial

potential of the wild mushrooms of Nepal. Despite the

recognition of the medicinal potential of the natural

resources in this country, a systematic study on the

bioactivities of the wild mushrooms is still lacking.

Therefore, in an attempt to fill this gap, ethanol extracts of

90 Nepalese wild mushroom samples were tested for

antibacterial activity against Staphylococcus aureus and

Propionibacterium acnes. Staphylococcus aureus was

comparatively more susceptible with Inonotus clemensiae

exhibiting the least minimum bactericidal concentration

(MBC) of 100 lg/mL. The major compound in I.

clemensiae was identified to be hispidin using high reso-

lution liquid chromatography–electron spray ionization

mass spectrometry (LC–ESI-MS) and nuclear magnetic

resonance (NMR) analyses. Furthermore, the minimum

inhibitory concentration (MIC) and MBC values of his-

pidin were determined to be 25 and 100 lg/mL for S.

aureus and P. acnes, respectively. These findings show that

the Nepalese wild mushrooms have the potential to be a

novel addition to the functional ingredients industry due to

their strong antibacterial potential.
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Introduction

Staphylococcus aureus and Propionibacterium acnes are

bacterial species known to have adverse effects on skin

health [1]. Colonization of these bacteria on the skin causes

the onset and pathogenesis of skin conditions like acne

vulgaris, boils, and impetigo [2]. Increasing bacterial

resistance and prevalence of side effects from currently

available treatments [3], underscores the need for alterna-

tive treatment sources. Inhibition of skin problem causing

bacteria serves as an important functional property in skin

cosmetics too [4].

The dietary and medicinal uses of mushrooms can be

traced back to ancient times. Mushrooms have proven to be

a vast reservoir of bioactive compounds, exhibiting bio-

logical activities such as antioxidant, antibacterial, antivi-

ral, anticancer, anti-obesity, and anti-inflammatory

activities [5]. Over the years, mushrooms have transcended

from being traditional remedies to bioactive ingredients in

medicines and functional foods [6, 7]. The bioactive

properties of mushrooms have found important implica-

tions in skin health and cosmetics too [8].

Several mushroom species are known to have antibac-

terial effect on S. aureus. However, the antibacterial effect

on P. acnes is much less studied. Lentinus edodes, Gano-

derma lucidum and Phellinus linteus are few examples of

mushrooms that have antibacterial effect against S. aureus

[9]. Ganoderma pfeifferi is known to have activity against
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P. acnes and other skin problem causing bacteria [5]. The

antimicrobial activity of mushrooms have been attributed

to several different compounds, ranging from low molec-

ular weight compounds such as phenolic acids, terpenes,

steroids, quinolones to high molecular weight compounds

such as peptides and proteins [9]. Desbois et al. [10]

reported the antibacterial activity of polyunsaturated fatty

acids against both S. aureus and P. acnes.

Nepal, a country located between India and China, is

gifted with a rich biodiversity due to its unique landscape

and climatic conditions. Over a 1000 species of mushrooms

have been reported from this country [11]. Despite the

diversity and huge potential, the use of mushrooms in

Nepal is limited to the consumption, and traditional

medicinal uses [12] of a few species. The exploration of the

therapeutic potential and the cultivation techniques of the

indigenous wild mushrooms could add a new dimension to

the Nepalese mushroom market and functional food

industry. However, apart from some studies on the

antioxidant activities [13, 14], other biological activities of

Nepalese mushrooms remain largely unstudied. Therefore,

in an attempt to fill this gap, the current research explores

the antibacterial property of the ethanol extracts of 90

Nepalese wild mushrooms samples against S. aureus and P.

acnes. In-depth chemical analysis of selected species elu-

cidates the nature of the compounds responsible for the

antibacterial activity. Therefore, the present study shall

elucidate the antibacterial potential and chemical compo-

nents of different wild mushroom samples of Nepal, for its

prospective use as medicinal agents and cosmeceuticals.

Materials and methods

Mushroom samples

Mushrooms which developed basidiomata were collected

from forests in Nepal. Ninety different samples were

investigated in this study. The botanical origin, location,

habitat, and identification of the samples have been

described in previously published reports [13, 14].

Reagents

DifcoTM Nutrient broth and agar were purchased from

Becton, Dickinson & Company, France. Gifu anaerobic

medium (GAM) broth and agar were purchased from

Nissui Pharmaceutical Co. Ltd., Japan. Anaero Pack sys-

tem was procured from Mitsubishi Gas Chemical Co. Inc.,

Japan. Benzalkonium chloride was obtained from MP

Biomedicals, LLP, France. Sorbic acid, protocatechualde-

hyde, homovanillic acid, vanillin, protocatechuic acid and

the organic solvents used for chemical characterization

were procured from Wako Pure Chemical Industries,

Japan. Hispidin was obtained from Amadis Chemicals,

China. All the chemicals and solvents used were of ana-

lytical grade with purity of at least 97%.

Extract preparation

The mushroom samples were first air dried and then dried

in an oven at 35 �C for 10 h followed by 45 �C for 1 h. The

dried samples were ground to a fine powder, and extracted

in ethanol. The extractions were performed by shake flask

method in an orbital shaker at 200 rpm, for 24 h at room

temperature. The extracts were then filtered and rotary

evaporated to dryness at 45 �C, under reduced pressure.

Antibacterial assay

The antibacterial assay for S. aureus was based on the

method described by Tanaka et al. [15]. A single colony of

S. aureus (NBRC 1273) was inoculated to 5 mL of nutrient

broth, and incubated at 37 �C at 1160 rpm for 18 h. The

bacterial concentration was adjusted to 1 9 105 colony

forming units (CFU)/mL. The mushroom extracts were

dissolved in dimethyl sulfoxide (DMSO) at the maximum

dissolved concentration (final concentration 100–400 lg/
mL). Sorbic acid (final concentration 400 lg/mL) and

DMSO were used as positive and negative controls,

respectively. In a 96-well plate, 133.5 lL of the nutrient

broth, 15 lL of the bacterial suspension, and 1.5 lL of the

sample suspension/controls were added to each well

(n = 3). Blank wells with 148.5 lL of nutrient broth and

1.5 lL of sample/controls were also included. The plate

was incubated at 37 �C, 1160 rpm for 18 h. Bacterial

growth was measured using a micro-plate reader (Biotek-

ELX800, BioTek) set at 630 nm. The antibacterial activity

was calculated as the inhibition percentage with reference

to the negative control, DMSO. The samples exhibiting

antibacterial activity greater than or equal to the positive

control were selected for the determination of Minimum

Inhibitory Concentration (MIC) and the Minimum Bacte-

ricidal Concentration (MBC). The concentration of the

samples was serially decreased, starting from the maximum

dissolved concentration, to detect the concentration which

inhibited visual growth of the bacteria, i.e., MIC. After

obtaining the MIC, the concentration of the samples were

serially increased, starting from the MIC, to obtain the

minimum concentration in which there was no colony

formation upon plating in the nutrient agar plates, i.e.,

MBC.

In case of P. acnes, the method was slightly modified.

The stock solution of P. acnes (NBRC 107605) was

retrieved from the cold storage (-80 �C) and thawed. A

50 lL of portion was added to 5 mL of GAM broth. It was
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then incubated under anaerobic condition using the Anaero

Pack jar system at 37 �C for 24 h. The concentration of the

bacterial suspension was adjusted to 1 9 105 CFU/mL.

Benzalkonium chloride (final concentration 200 lg/mL)

was used as positive control. The assay was performed in a

96-well plate following the same method as described for

S. aureus. The plates were then incubated in anaerobic

condition at 37 �C for 30 h. The absorbance was measured

at 630 nm. The MIC and MBC values were determined for

samples with the inhibition percentage greater than or

equal to the positive control.

Statistical analysis

All the assays were conducted at least 3 times, and the

results are expressed as mean ± standard deviation. Sig-

nificant differences between sample groups were analyzed

by Kruskal–Wallis test followed by Dunn–Bonferroni test.

The statistical analyses were performed using SPSS

statistics Version 23. The p value less than 0.05 were

considered statistically significant.

Liquid chromatography–mass spectrometry

(LC–MS) analysis

High resolution LC–MS analysis was done to elucidate the

compounds present in the samples with detectable MIC and

MBC. LC–MS-IT-TOF, Shimadzu, Tokyo was fitted with

an ODS-3 column (150 mm 9 1.5 mm i.d., 5-lm particle

size). The solvent system comprised water with 0.1% for-

mic acid as solvent A and acetonitrile with 0.1% formic

acid as solvent B. The analysis was carried out at room

temperature with a flow rate of 0.2 mL/min. The gradient

flow of the mobile phase was set as: 0–10 min, 5–30% B;

10–15 min, 30–40% B; 15–30 min, 40% B; 30–60 min,

40–70% B; 60–70 min, 70–100% B; 70–80 min, 100% B;

80–85 min, 100–5% B; 85–95 min, 5% B. The LC chro-

matograms were recorded at the wavelengths of 280 and

254 nm.

For MS, electron spray ionization (ESI) source was used

in positive and negative ionization mode with m/z values of

100–1000 for MS and 50–700 for MS/MS. A probe voltage

of ±4.5 kV, nebulizer gas flow of 1.5 L/min, curved des-

olvation line (CDL) temperature of 200 �C, and heat block

temperature of 200 �C were used. The peaks obtained were

partially identified on the basis of retention time, m/z val-

ues, and comparison with standard compounds.

Nuclear magnetic resonance (NMR) analysis

The structure of some of the compounds in the bioactive

samples was confirmed by NMR analysis. Bruker DRX 600

NMR spectrometer (Bruker Daltonics Inc., MA, USA), was

used to obtain the proton (1H) and carbon-13 (13C) NMR

spectra. Tetramethylsilane (TMS) was used as an internal

standard for chemical shifts, and the chemical shifts (d)
were expressed in ppm with reference to the TMS

resonance.

Results

Percentage inhibition of S. aureus and P. acnes

The ethanol extracts of 90 mushroom samples were tested

for their activity against S. aureus and P. acnes. The

inhibition percentage of the extracts, against both bacterial

species is listed in Table 1. The samples were grouped into

four groups on the basis of their taxonomic order as

Hymenochaetales, Polyporales, Agaricales and Others.

Since the majority of the sample fell into the first three

orders, the few remaining samples were grouped together

as ‘‘Others’’. The antibacterial activity was measured using

the absorbance obtained at 630 nm, and calculated as the

percentage inhibition of the bacterial growth compared to

the negative control (DMSO). Therefore, DMSO showed

no (0%) inhibition of bacterial growth and the positive

controls showed a complete (100%) inhibition.

Overall, S. aureus was more susceptible than P. acnes

towards the antibacterial activity of the extracts. For S.

aureus, significant differences were seen between the

inhibition percentage for the groups Hymenochaetales and

Polyporales. Hymenochaetales emerged as the strongest

group, with 10 out of 20 samples showing more than 80%

inhibition of S. aureus. A closer look within the group

revealed that Inonotus andersonii, Inonotus clemensiae,

Inonotus cuticularis, Inonotus sp. 2, and Cyclomyces seti-

porus 3 exhibited the highest inhibitory effect. However,

interesting contrasts were seen in the samples belonging to

the same genera such as Inonotus sp. 1, 3 and 5, which did

not have any inhibitory effect on S. aureus. Polyporales

showed a medium to low inhibitory effect on S. aureus,

with the highest inhibitory effect reaching 73% for Laeti-

porus montanus. Almost half (48.7%) of the samples

within the group did not show any inhibition on the bac-

terial growth. Samples belonging to Ganoderma sp.

showed very low to undetectable inhibition of S. aureus.

Varying reports can be found for the antibacterial activity

of the ethanol extracts of Ganoderma sp. against S. aureus.

Quereshi et al. [16] reported a much lower inhibitory effect

of the ethanol extract of G. lucidum compared to methanol

and acetone extracts. The inhibitory activity of the Agari-

cales group also showed some variation. Only 3 samples

(Mucidula mucida, Gymnopus sp., and Pleurotus ostreatus)

out of 18 samples showed inhibition percentage greater
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Table 1 Percentage inhibition exhibited by the ethanol extracts of 90

wild mushroom samples on Staphylococcus aureus and Propioni-

bacterium acnes

Order

Scientific name

S. aureus P. acnes

Hymenochaetales a a

Inonotus andersonii 102.0 ± 0.7 94.3 ± 4.6

Inonotus clemensiae 100.3 ± 0.1 107.2 ± 8.4

Inonotus cuticularis 98.8 ± 1.3 83.2 ± 3.3

Inonotus sp. 1 nd 31.7 ± 3.2

Inonotus sp. 2 102.0 ± 7.9 28.4 ± 4.2

Inonotus sp. 3 nd 19.2 ± 9.4

Inonotus sp. 4 92.2 ± 12.0 27.2 ± 5.2

Inonotus sp. 5 nd 42.4 ± 7.6

Phellinus gilvus 25.8 ± 1.8 53.7 ± 7.5

Phellinus conchatus 1 9.8 ± 1.7 26.9 ± 7.5

Phellinus conchatus 2 7.9 ± 2.8 38.9 ± 1.3

Phellinus sp. 1 82.8 ± 10.2 60.1 ± 7.6

Phellinus sp. 2 22.0 ± 9.3 nd

Phellinus adamantinus 83.3 ± 1.7 25.4 ± 3.8

Cyclomyces setiporus 1 93.7 ± 12.6 73.1 ± 10.2

Cyclomyces setiporus 2 28.1 ± 4.3 34.8 ± 5.3

Cyclomyces setiporus 3 103.9 ± 0.1 54.1 ± 4.2

Cyclomyces setiporus 4 86.3 ± 3.6 nd

Cyclomyces setiporus 5 59.5 ± 8.4 nd

Oxyporus sp. nd nd

Polyporales b b

Ganoderma australe 1 nd 11.5 ± 9.7

Ganoderma australe 2 nd nd

Ganoderma australe 3 nd 19.3 ± 7.1

Ganoderma australe 4 nd nd

Ganoderma lingzhi 1 51.8 ± 10.5 nd

Ganoderma lingzhi 2 nd 48.3 ± 9.8

Ganoderma lingzhi 3 nd 6.4 ± 5.5

Ganoderma endochroum nd 88.0 ± 3.4

Ganoderma multipileum 18.4 ± 5.3 nd

Ganoderma carnosum* nd 5.1 ± 1.9

Ganoderma sp. 1 38.6 ± 14.1 14.2 ± 11.8

Ganoderma sp. 2 16.2 ± 9.8 18.8 ± 5.7

Amauroderma calcigenum 12.6 ± 2.6 1.7 ± 2.4

Trichaptum biforme nd 3.3 ± 1.4

Trichaptum abietinum 25.0 ± 4.2 nd

Trametes versicolor 1 1.6 ± 2.1 nd

Trametes versicolor 2 3.5 ± 2.6 16.1 ± 2.1

Trametes versicolor 3 13.0 ± 1.3 35.6 ± 1.7

Trametes versicolor 4 nd nd

Trametes versicolor 5 nd nd

Microporus xanthopus 1 nd 5.09 ± 9.7

Microporus xanthopus 2 15.4 ± 1.1 nd

Polyporus arcularius 19.3 ± 4.0 58.7 ± 6.1

Postia stiptica nd 109.0 ± 1.0

Phlebia tremellosa 1 nd nd

Phlebia tremellosa 2 3.3 ± 0.1 57.4 ± 5.1

Lenzites betulina nd 3.4 ± 3.5

Rigidoporus sp. nd nd

Table 1 continued

Order

Scientific name
S. aureus P. acnes

Laetiporus versisporus 1 11.8 ± 2.0 8.0 ± 5.1

Laetiporus versisporus 2 67.2 ± 1.9 nd

Laetiporus montanus 73.0 ± 12.8 nd

Mycorrhaphium sp.** nd nd

Grifola frondosa 67.2 ± 15.4 nd

Lentinus sp.** 49.7 ± 1.7 nd

Bjerkandera adusta 71.9 ± 4.7 nd

Antrodiella zonata 1 nd 32.2 ± 7.7

Antrodiella zonata 2 10.9 ± 4.9 nd

Fomes fomentarius nd nd

Abortiporus biennis 35.2 ± 5.6 54.3 ± 3.4

Agaricales ab ab

Lentinula edodes 1 nd nd

Lentinula edodes 2 21.3 ± 8.3 2.1 ± 4.2

Pleurotus ostreatus 1* 7.4 ± 0.7 12.4 ± 2.0

Pleurotus ostreatus 2* 84.7 ± 14.3 16.3 ± 4.2

Pleurotus ostreatus 3* 28.2 ± 5.9 13.6 ± 5.8

Pleurotus ostreatus 4 11.5 ± 0.8 22.0 ± 10.4

Pholiota nameko 1 44.6 ± 8.6 nd

Pholiota nameko 2 10.2 ± 0.5 11.4 ± 1.8

Marasmius mavium 24.3 ± 6.05 89.4 ± 1.2

Marasmius sp. 3.1 ± 0.5 nd

Panellus edulis 18.6 ± 8.3 nd

Panellus sp. nd 16.4 ± 0.2

Inocybe sp. 1 nd 23.9 ± 6.4

Inocybe sp. 2 nd 24.8 ± 1.2

Collybia peronata nd 44.5 ± 1.8

Tricholoma caligatum nd 26.6 ± 0.9

Mucidula mucida* 113.1 ± 1.8 75.7 ± 2.9

Gymnopus sp. 113.7 ± 1.2 nd

Others ab ab

Heterobasidion linzhiense 1 nd 40.4 ± 6.3

Heterobasidion linzhiense 2 nd 59.2 ± 0.6

Lactarius hatsutake nd 15.7 ± 4.0

Lactarius sp.** 36.3 ± 7.3 nd

Russula brevipes 28.8 ± 1.3 nd

Engleromyces goetzii nd 4.6 ± 3.6

Neolentinus lepideus nd nd

Xylobolus princeps 1 76.5 ± 7.6 15.6 ± 3.9

Xylobolus princeps 2 105.7 ± 11.2 27.9 ± 5.7

Xylobolus princeps 3 100.1 ± 8.7 9.4 ± 0.9

Xylobolus princeps 4 96.1 ± 1.7 nd

Pseudomerulius curtisii 102.1 ± 0.9 105.6 ± 1.3

Cantharellus ferruginascens 132.9 ± 2.0 nd

S. aureus is Staphylococcus aureus and P. acnes is Propionibacterium

acnes. The values are expressed as ‘‘average ± standard deviation’’,

and n = 3. nd means that there was no detectable inhibition of bac-

terial growth. Difference in letters in each column means that there is

a statistical difference between groups at a significance level of

p\ 0.05. The names of the mushrooms marked with double asterisk

were tested at 100 lg/mL, and those marked with asterisk were tested

at 200 lg/mL, and the remaining samples were tested at 400 lg/mL
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than 80%. The Others group contained a mixture of low,

medium and very high antibacterial samples. Xylobolus

princeps (2–4), Pseudomerulius curtisii, and Cantharellus

ferruginascens showed the strongest inhibitory effects of

more than 90%. Bala et al. [17] also found a strong

antibacterial activity of the ethanol and water extracts of

Cantharellus sp. against S. aureus.

Similar to S. aureus, P. acnes also showed a significant

difference between groups for Hymenochaetales and

Polyporales. Although Hymenochaetales prevailed as the

strongest group; relatively fewer sample showed high

inhibition percentage. Only, 3 samples (I. andersonii, I.

clemensiae, and I. cuticularis) out of 20 samples showed

inhibition percentage above 80%. For Polyporales, almost

half of the samples (48.7%) within the group did not have

any inhibitory effect on the bacterial growth. However,

complete inhibition of bacterial growth was seen for Postia

stiptica; and Ganoderma endochroum showed 88% inhi-

bition of bacterial growth. Agaricales was limited to an

undetectable to medium inhibitory effect with only one of

the samples, Maramius mavium, showing inhibition per-

centage above 80%. In the Others group, the only promi-

nent sample that showed complete inhibition of the

bacterial growth was Pseudomerulius curtisii.

MIC and MBC

The MIC and MBC were determined for extracts showing

inhibition percentage greater or equivalent to the positive

control. The MIC and MBC of 11 samples for S. aureus and

4 samples for P. acnes, and their respective positive controls

are shown in Table 2. Around 40% of the samples tested

belonged to the Hymenochaetaceae family of the Hyme-

nochaetales group. The MBC could not be detected for 6 out

of 12 samples tested for S. aureus, whereas for P. acnes all 4

samples had detectable MBC values. I. clemensiae extract

required the least concentration of 100 lg/mL to achieve the

MIC and MBC for S. aureus; and in the case of P. acnes,

both I. clemensiae and P. stiptica had the least MIC and

MBC of 100 and 200 lg/mL, respectively. Although reports

could not be found for I. clemensiae, Glamočlija et al. [18]

reported the MIC and MBC values of ethanol extracts from

Inonotus obliquus from Russia as 300 and 1500 lg/mL,

respectively, for S. aureus; where MIC was estimated as the

lowest concentration of extract that showed no visible

growth, and was not able to reduce 2-(p-iodophenyl)-3-(p-

nitrophenyl)-5- phenyl tetrazolium chloride (INT), whereas

the MBC was determined as the lowest concentration of the

serial sub-culture that showed no visible growth. Apart from

I. clemensiae, I. andersonii and Pseudomerulius curtisii

were also able to show good inhibitory and bactericidal

effects against both S. aureus and P. acnes. P. stiptica was

the only sample that had detectable MIC and MBC values

specifically for P. acnes. The positive control for S. aureus,

sorbic acid, showed anMIC value of 350 lg/mL, which was

higher than most of the samples tested. However, the posi-

tive control for P. acnes, benzalkonium chloride, required

only 10 and 20 lg/mL to achieve the MIC and MBC values,

respectively.

Partial chemical characterization by LC–MS

analysis

LC–MS analysis was performed to elucidate the com-

pounds present in the samples exhibiting detectable MIC

and MBC. The retention time and the m/z values of the

molecular ion and the main fragments are shown in

Table 3. The LC chromatograms are provided as online

resource in Fig. S1 (a–l). Tentative identification of some

of the compounds present in the extracts was done on the

basis of the m/z values of the molecular ions and the major

fragments. The major compound that was common to I.

andersonii, I. clemensiae, and I. cuticularis showed

molecular ion peaks with m/z values of 247.0467,

247.0437, and 247.0442 in positive mode and 245.0497,

245.0303, and 245.0334 in negative mode, respectively.

The latter two species also showed an [2 M - H]- ion of

491.0730 and 491.0694, respectively. The compound was

speculated to be hispidin (exact mass 246.0528 g/mol).

Furthermore, the retention time and ultraviolet–visible

(UV–Vis) spectrum were compared with the commercially

available standard compound too. However, its presence

was not seen in Inonotus sp. 2. The biosynthesis of hispidin

analogs in Inonotus obliquus is known to be regulated by

exposure to light and presence of fungal elicitors [19].

These factors could be the reason for its absence in

Inonotus sp. 2.

Cyclomyces setiporus 3 showed the presence of com-

pounds with molecular ion peaks having m/z values of

182.9373, 139.0481, 155.0094, and 153.0496, respectively,

in positive mode; and 181.0792, 137.0034, 153.0040, and

151.1258, respectively, in negative mode. Therefore, the

presence of homovanillic acid (exact mass 182.1733 g/mol),

protocatechualdehyde (exact mass 138.1207 g/mol), proto-

catechuic acid (exact mass 154.1201 g/mol), and vanillin

(exact mass 152.0473 g/mol) were predicted. Further com-

parisons with the respective standard compounds were also

done. Although the molecular ion peaks and some main

fragments could be determined, the complete identity of the

compounds remained elusive for P. stiptica, M. mucida,

Gymnopus sp., Xylobolus princeps 2 and 3, Pseudomerulius

curtisii, and C. ferruginascens.
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NMR analysis

The structure of the major compounds present in I.

clemensiae and C. setiporus were confirmed to be hispidin

and protocatechualdehyde, respectively, with the help of
1H and 13C NMR analyses, followed by heteronuclear

multiple bond correlation (HMBC) and heteronuclear sin-

gle quantum correlation (HSQC) experiments; and also by

comparison to previously reported spectral data for his-

pidin [20, 21] and protocatechualdehyde [22, 23]. The

details of the NMR analysis are provided as supplementary

information SI 1, SI 2, Table S1, and Table S2.

MIC and MBC of pure compounds

The compounds identified in the bioactive extracts, were

checked again for the MIC and MBC values, to confirm the

source of antibacterial activity in the extracts. Table 4

shows the MIC and MBC exhibited by the pure com-

pounds. Also, the structure of the compounds investigated

for MIC and MBC values are shown in Fig. 1. Hispidin

showed an MIC and MBC value of 25 lg/mL for S. aur-

eus; and an MIC and MBC value of 100 lg/mL for P.

acnes. However, the extracts of I. andersonii and I.

clemensiae exhibited the same MIC value for both bacterial

species. This could be due to the presence of some minor

compounds in the extracts which enhanced the antibacterial

effect towards P. acnes. Protocatechualdehyde exhibited an

MIC value of 400 lg/mL for S. aureus and the MBC was

not detected up to the maximum tested concentration of

400 lg/mL. Also, the MIC and MBC could not be detected

for other compounds in C. setiporus such as homovanillic

acid, protocatechuic acid, and vanillin at the maximum

tested concentration of 400 lg/mL.

Discussion

The bacterial species S. aureus and P. acnes are known to

be opportunistic pathogens capable of causing severe

infections [24, 25]. Ethanol extracts of various wild

mushrooms of Nepal, especially those belonging to the

group Hymenochaetales, showed promising antibacterial

activity. The MIC and MBC values could be detected

against both S. aureus and P. acnes for the extracts of I.

clemensiae, I. andersonii from Hymenochaetales and

Pseudomerulius curtisii from the Others group. Very few

studies could be found on the antibacterial activity of

mushroom extracts on P. acnes [26]. Therefore, the present

study shall be an important addition in this field.

Phenolic compounds are an important group of com-

pounds responsible for the antibacterial activity of mush-

rooms [27]. Previous investigations of the total phenolic

content of the ethanol extracts of Nepalese wild mush-

rooms [13, 14] showed very high phenolic content in I.

clemensiae, I. andersonii, I. cuticularis, C. setiporus and

Pseudomerulius curtisii. However, the very low phenolic

content in P. stiptica, M. mucida, Gymnopus sp. and C.

ferruginascens indicates the presence of other equally

potent antibacterial compounds. The oily nature of the

Table 2 Minimum inhibitory

concentration (MIC) and

minimum bactericidal

concentration (MBC) of the

ethanol extracts exhibiting the

highest inhibition percentage

Scientific name S. aureus P. acnes

MIC (lg/mL) MBC (lg/mL) MIC (lg/mL) MBC (lg/mL)

Inonotus andersonii 200 200 200 200

Inonotus clemensiae 100 100 100 200

Inonotus cuticularis 200 200 – –

Inonotus sp. 2 400 nd – –

Cyclomyces setiporus 3 400 nd – –

Postia stiptica – – 100 200

Mucidula mucida. 250 400 – –

Gymnopus sp. 200 nd – –

Xylobolus princeps 2 200 nd – –

Xylobolus princeps 3 400 nd – –

Pseudomerulius curtisii 100 200 200 400

Cantharellus ferruginascens 100 400 – –

Sorbic acid 350 nd – –

Benzalkonium chloride – – 10 20

S. aureus, Staphylococcus aureus; P. acnes, Propionibacterium acnes; MIC, minimum inhibitory con-

centration; MBC, minimum bactericidal concentration; nd, MBC was not detected; –, MIC and MBC were

not investigated for the particular bacterial species
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ethanolic extracts of M. mucida and C. ferruginascens

indicate the presence of unsaturated fatty acids. Unsatu-

rated fatty acids with a length of more than 14 carbons,

bearing specific functional groups are known to have strong

bactericidal effect [28]. Mucidula mucida is better known

for the presence of antifungal compounds such as strobil-

urins and oudemansins [29]. A class of compounds known

as p-terphenyls exhibiting antifungal and antibacterial

activities has been isolated from Pseudomerulius curtisii

[30, 31]. Kozarski et al. [32] have attributed several

bioactive properties, including antibacterial activity of the

methanolic extract of Cantharellus cibarius to the phenolic

content. However, C. ferruginascens used in this study had

very low phenolic content [14]. Although reports about the

Table 3 Retention time (Rt) and m/z values of the liquid chromatog-

raphy–mass spectrometry (LC–MS) detectable compounds in the

ethanol extracts of mushrooms showing Minimum inhibitory

concentration (MIC) and minimum bactericidal concentration

(MBC) values against Staphylococcus aureus and/or Propionibac-

terium acnes

Scientific name Rt

(min)

[M ? H]? Main fragments [M - H]- Main fragments Identified compounds

Inonotus andersonii 12.59 247.0467 245.0497 Hispidin (std)

Inonotus

clemensiae

12.70 247.0437 245.0303 491.0730 (2M - H)- Hispidin (NMR)

Inonotus cuticularis 11.97 330.0516 313.1009, 285.0553 328.1289 NI

12.61 247.0442 229.6337, 212.5372,

163.0358

245.0334 491.0694 (2M - H)- Hispidin (std)

Inonotus sp. 2 28.80 189.0609 NI

Cyclomyces

setiporus 3

6.63 182.9373 181.0792 Homovanillic acid

(std)

8.07 139.0481 137.0034 Protocatechualdehyde

(NMR)

9.28 155.0094 153.0040 Protocatechuic acid

(std)

10.98 153.0496 151.1258 Vanillin (std)

Postia stiptica 14.01 277.2020 253.1551, 239.1103 275.3043 NI

48.41 631.3535 483.3416 NI

49.80 629.3742 NI

71.46 453.3076 435.3409, 284.2561 451.3297 NI

Mucidula mucida 55.75 459.2670 413.2928, 279.2006 NI

68.71 415.3021 394.2878, 384.2462,

357.3313, 339.2486

413.3745 392.3676, 347.2119,

325.2103, 299.2541

NI

Gymnopus sp. 53.93 295.2167 277.2201 293.1744 NI

55.363 295.2121 293.2052 NI

Xylobolus princeps

2

19.30 318.2628 289.0561 NI

Xylobolus princeps

3

22.77 235.0845 191.0667 NI

28.51 189.0691 NI

Pseudomerulius

curtisii

12.92 497.1496 NI

13.98 453.0995 429.2301, 324.0877 NI

15.91 411.0475 363.2784, 266.0553, 409.0760 323.0709 NI

21.32 545.1939 543.1415 NI

46.66 591.1802 589.1289 531.2800 NI

Cantharellus

ferruginascens

45.86 275.1962 198.1015, 177.6052 273.1675 NI

52.20 291.1368 273.1826 289.1754 NI

53.33 295.2618 277.1925 293.1787 NI

54.26 295.2367 277.2015 293.1874 NI

NI means not identified, standard (std) means that the identity of the compounds were confirmed by comparing with the retention time and

ultraviolet–visible (UV–Vis) spectra of standard compounds, and nuclear magnetic resonance (NMR) means that the compounds were confirmed

by proton (1H) and carbon-13 (13C) NMR analysis, followed by heteronuclear multiple bond correlation (HMBC) and heteronuclear single

quantum correlation (HSQC) experiments

J Wood Sci (2017) 63:379–387 385

123



extensive chemical characterization of P. stiptica could not

be found, the cultured mycelia are known to produce

organic acids such as oxalic acid [33]. The bioactive

compounds of natural products, including mushrooms, are

known to be influenced by several factors including growth

stage [34], season, and abiotic stress [35], to name a few.

The variations can be observed within population groups of

the same species too, as demonstrated by Cirak et al. [36].

In their study, the chemical diversity in the Hypericum

populations was attributed to changes in geographic loca-

tions, and the phenotypic plasticity of the plant to the

varying environmental conditions.

Hispidin, the major phenolic compound in both I.

clemensiae and I. andersonii, was capable of imparting

very strong antibacterial activity to the mushrooms. It is a

styrylpyrone class compound renowned for its antioxidant

properties [37], anti-inflammatory and anticancer proper-

ties [38]. Protocatechualdehyde in C. setiporus was also

capable of contributing for moderate activity against S.

aureus. This compound has also been reported from other

mushroom species such as Phellinus gilvus [39], which

belongs to the same family as C. setiporus.

The present study reports the antibacterial activity of a

large number of Nepalese mushrooms against S. aureus

and P. acnes for the first time. Very few studies have

reported the inhibitory activity of mushrooms against P.

acnes. These findings pave the way for potential use of

Nepalese mushrooms as functional ingredients, especially

for skin health products. Further investigation of the

mechanism of the antibacterial activity shall contribute

for the expansion of their use in other therapeutic areas

too.
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helha RC, Ferreira ICFR, Soković M, Griensven LJLDV (2015)
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