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Abstract
Infectious disease is one of the major threats to humans and it is the second leading cause of death worldwide. Edible
mushrooms have many nutritional and medicinal values to human health. The medicinal properties of edible mushroom extract in inhibiting pathogenic microorganisms had advantages over the use of chemically synthetic antimicrobial compounds due to less unwanted side effects and can combat microbial resistance. This study hypothesized
that the polarity affects the extraction quality of Hericium erinaceus fruiting bodies which was prepared and subsequently affects its activity as an antimicrobial against six tested microorganisms, including MRSA, and Streptococcus
mutans, Enterobacter cloaca, Salmonella typhimurium, and Candida lipolytica; antiviral against Hepatitis A virus (HAV)
virus; antioxidant using 2,2-diphenyl-1-picrylhydrazyl (DPPH) free radical scavenging assay; and anti-inflammatory
potential. So, the mushroom was quantitatively evaluated to assess its content of flavonoids, alkaloids, tannins, saponins, carbohydrates, protein, nitrogen, and oil. The current research clarified here that aquatic extract has a significant
activity as an antioxidant (IC50 = 53.7 µg/mL) and antiviral (IC50 = 24.97 µg/mL), while ethyl acetate extract showed
a reasonable antimicrobial activity rather than all tested extract against tested microorganisms. Unfortunately, all
extracts under investigation possess low anti-inflammatory action according to the adopting protocol. The superior
results of both water and ethyl acetate extracts were later investigated by HPTLC and GC–MS for preliminary prediction of the chemical constitution of those extracts. H. erinaceus mushroom succeeded to establish promising antimicrobial, antiviral, and antioxidant activities while it has low anti-inflammatory activity. Both HPTLC and GC–MS could
identify the chemical constituents of the mushroom crude extract.
Keywords: Hericium erinaceus, Antioxidants, Antiviral, Anti-inflammatory, Antimicrobial, GC–MS

*Correspondence: dr_wbs@azhar.edu.eg
1
Botany and Microbiology Department, Faculty of Science (Boys), Al-Azhar
University, The Permanent Camp St., 6th Ward, Nasr City, 11884, Cairo, Egypt
Full list of author information is available at the end of the article

© The Author(s) 2022. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/.

Suleiman et al. Bioresources and Bioprocessing

(2022) 9:99

Page 2 of 13

Graphical Abstract

Introduction
Infectious diseases are considered a major threat to
human health, and it is the second leading cause of death
worldwide. Many of these deaths occur because patients
do not have access to life-saving antimicrobial compounds when and where these are needed (Nellums et al.
2018). Pathogenic bacteria contribute to other globally
important diseases, such as pneumonia, tetanus, typhoid
fever, diphtheria, syphilis, and leprosy foodborne illnesses, can be caused by some pathogenic bacteria, such
as Streptococcus, Clostridium, Salmonella, Corynebacterium, Treponema, Mycobacterium, Campylobacter, Shigella, Streptococcus, and Pseudomonas (Wu et al. 2013;
Gad et al. 2021).
Moreover, infections due to resistant bacteria are now
too common and some pathogens have even become
resistant to multiple types or classes of antibiotics, such
as methicillin-resistant Staphylococcus aureus (MRSA)
and vancomycin-resistant Staphylococcus aureus
(VRSA), thus resulting in losing effective antibiotics
for treatment of serious infection and can lead to death
(Shawky et al. 2021). Furthermore, fungal infection
generally presents more difficult therapeutic problems
than bacterial infections because fungi are eukaryotes
cells so compounds that can inhibit fungal growth have

a higher side effect on host eukaryotic cells than antibiotics which target prokaryotic bacterial cells (Perfect 2012). In addition, fungal infections can be caused
due to a long period use of antibiotics, which results
in killing both pathogenic bacteria and healthy bacteria, and this alters the balance of microorganisms and
results in an overgrowth of fungus (Wang et al. 2014).
The continuous need for natural bioactive compounds
that combat the microbial resistance to antibiotics was
considered an admitted challenge, so many studies had
been created to present some bioactive compounds
especially from plants (Suleiman 2020) or from other
sources, like microorganisms (Soliman et al. 2022).
Many mushrooms have high-quality protein content with essential amino acids and are considered a
good source of vitamins, such as thiamine, riboflavin,
and ascorbic acid (Cardwell et al. 2018). In the last few
years, several antimicrobial and antioxidant compounds
were discovered in the fungi kingdom (Sevindik 2018).
Moreover, mushrooms have a wide range of secondary
metabolites of high therapeutic value, such as antioxidant, diabetes, antiviral, antithrombotic, anti-inflammatory, and antitumor activities (Chaturvedi et al.
2018). Biologically active compounds isolated from
mushrooms include polypeptides, polysaccharides,
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glycopeptides, ribonucleases, proteases, and lectins as
well as low molecular weight compounds, such as lactones, terpenoids, and alkaloids (Alves et al. 2012).
In general, fungi could represent sources of several
valuable compounds (Gad et al. 2022). In particular,
mushrooms could be considered a good source of antioxidants that worked as protector agents against oxidative damage such as ascorbic acid and gallic acid (Ferreira
et al. 2009). Also, many edible and wild mushrooms, such
as Pleurotus ostreatus and Laetiporus sulphureus, showed
high antimicrobial effects when extracted with polar solvents against both pathogenic bacteria and fungi (Younis et al. 2019). Hericium erinaceus, also known as Lion’s
Mane Mushroom or Hedgehog Mushroom, is an edible
mushroom with historical usage in traditional Chinese
medicine (Khan et al. 2013). Hericium erinaceus has been
used traditionally and historically in East Asia to treat
neurasthenia and general asthenia (Thongbai et al. 2015).
It also has antitumor activities against HepG-2, MCF-7,
El-4, and EC-109 (Kim et al. 2011). Additionally, H. erinaceus has other therapeutic uses and biological activities,
such as antioxidant and anti-aging (Zhang et al. 2012),
antimicrobial (Shen et al. 2015), neuroprotective activity (Zhang et al. 2016), and anti-inflammatory potential
(Chong et al. 2019).
Several mushroom species had been extracted with
polar and non-polar solvents and exhibited antimicrobial
activities against Gram-positive and Gram-negative pathogenic bacteria (Gebreyohannes et al. 2019). Both Shiitake (Lentinula edodes) and oyster (Pleurotus ostreatus)
mushrooms have antibacterial and antifungal properties.
Moreover, extracts of the Mediterranean culinary-medicinal Oyster mushrooms P. eryngii var. eryngii, P. eryngii
var. ferulae, P. eryngii var. elaeoselini, and P. nebrodensis
showed growth inhibitory activity against S. aureus A, S.
epidermidis, Pseudomonas aeruginosa, and Escherichia
coli (Schillaci et al. 2013). In addition, several researchers reported strong antioxidant activities by mushroom
extracts (Kozarski et al. 2015). Medicinal mushrooms
can be a source of phenolic compounds flavonoids and
polysaccharides, cytokines, and lentinan that can reduce
oxidation stress (Shaffique et al. 2021). In this study, we
investigated the levels of as antioxidant, anti-inflammatory, antimicrobial, and antiviral activity of Hericium
erinaceus, in addition to forecasting the chemical constituents by GC–MS and a fully automated TLC scanner.

Materials and methods
The fresh fruiting bodies of the edible mushrooms H.
erinaceus named Lion’s mane mushroom were collected
from natural growth in Richmond, Virginia, USA. Identification was done by comparing their morphological,
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anatomical, and physiological characteristics and monographs with descriptions comparing their characteristics
with authentic specimens present in Virginia State University herbarium (VR, USA) (Sharma 2012).
Fifty grams of air-dried fruiting bodies of H. erinaceus
were extracted three successive times with 80% methanol, then filtered, and the combined filtrates were concentrated under reduced pressure (0.898 bar) at 50 °C
using a rotary vacuum evaporator (HB4 basic, JANKE &
KUNKEL IKA LABORTECHNIK) for 30 min, and then
used for the following tests.
Qualitative assessment of phytochemicals in mushroom
fruiting bodies
Flavonoids

According to flavonoids Shinoda’s assay, the test was carried out by adding conc. hydrochloric acid dropwise to 1
mL of methanolic extract containing a fragment of magnesium ribbon where positive result gives pinkish color
(Jaradat et al. 2015).
Alkaloids

The dried extract of H. erinaceus was dissolved in 2 N
hydrochloric acid in a water bath, shaken, and filtered.
The obtained filtrate was extracted with chloroform to
remove the undesirable matters. The acidic aqueous layer
was adjusted to alkaline pH with ammonia, where the liberated alkaloidal bases were extracted by chloroform and
then tested by Mayer’s (Balbaa et al. 1981), and Dragendorff ’s reagents (Stahl 1969). The combined chloroform
extract was filtered over anhydrous sodium sulfate and
evaporated under vacuum (Sharma and Gupta 1994).
Test for saponins

According to Li et al. (2013), the dried extract of H. erinaceus was dissolved in 4 mL of distilled water and then
filtered. The filtrate was vigorously shaken and a voluminous froth was developed, which persists for almost one
hour.
Test for tannins

Distilled water was added to the alcohol-free extract and
filtered. Ferric chloride solution was then added to the
filtrate, where green or a bluish-black color is obtained
in the presence of tannins (Suica-Bunghez et al. 2017).
Zinc-chloro-iodine solution was prepared by adding zinc
metal to hydrochloric acid until it no longer dissolved.
It was then saturated with iodine and potassium iodide.
Few drops of this solution were added to the alcoholic
extract where the violet red color appears in the presence
of tannins (Naegli’s solution).
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Quantitative assessment for phytochemical constituents

One gram of the air-dried H. erinaceus was extracted
independently with 80% methanol three successive times.
The extracts were concentrated, and the dried matter was
then dissolved in 50 mL methanol. The alcoholic extracts
were then completed to the volume of 100 mL by adding
distilled water and used for the following determinations.
Total phenolics

One mL of the prepared extract was completed to the
volume of 10 mL by adding distilled water; then 1 mL
of Folin-Ciocalteu reagent was added. The latter mixture was shaken vigorously and after 5 min 10 mL of
70%Na2CO3 w/v was added and diluted immediately to
25 mL by adding distilled water. The latter mixture was
incubated for 90 min at 25 °C. The absorbance was measured at 750 nm against the reagent used as a blank. A
standard calibration plot was generated at 750 nm using
known concentrations of gallic acid. The concentration
of phenols in the tested samples was calculated from the
calibration plot and is expressed as mg gallic acid equivalent of phenol/g of sample (Singleton and Rossi 1965).
Total flavonoids

One mL of the prepared extract was completed to the
volume of 5 mL by adding distilled water. Immediately
0.3 mL 5% NaNO2 was added and the mixture was then
left for 5 min. 0.3 mL 10% AlCl3 and 2 mL 1 M NaOH
were added, respectively. The mixture was then diluted to
a volume of 10 mL with distilled water and the formed
pink color was measured at 550 nm against the reagent
used as blank. A standard calibration plot was generated
at 550 nm using known concentrations of rutin. The concentration of flavonoids in the tested samples was calculated from the calibration plot and is expressed as mg
quercetin equivalent of flavonoids/g of sample (Moniruzzaman et al. 2014).
Total saponins

One gm of each H. erinaceus was dispersed in 10 mL of
20% ethanol. The suspension was heated over a hot water
bath for 4 h with continuous stirring at about 55 °C. The
mixture was filtered, and the residue was re-extracted
with another 10 mL of 20% ethanol. The combined
extracts were reduced to 2 mL over a water bath at about
90 °C. The concentrate was transferred into a 250 mL
separator funnel and 5 mL of diethyl ether was added and
shaken vigorously. The aqueous layer was recovered while
the ether layer was discarded. The purification process
was repeated. 15 mL of n-butanol was added. The combined n-butanol extracts were washed twice with 10 mL
of 5% aqueous sodium chloride. The remaining solution
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was heated in a water bath. After evaporation, the samples were dried in the oven to a constant weight. The saponin content was calculated in percentage (Li et al. 2013).
Total soluble carbohydrates

Extraction According to the described method by
Pedras et al. (2017). One gram of H. erinaceus extract was
put in a 100 mL capacity conical flask, to which 5 mL of
2% phenol water and 10 mL of 30% trichloroacetic acid
were added. The mixture was shaken and kept overnight
before being filtered; the filtrate was made up to 50 mL.
Estimation Contents of total soluble carbohydrates
were determined using the anthrone technique according to Hansen and Møller (1975). The developed color
was measured using an electric colorimeter at 620 nm. A
blank mixture containing distilled water and reagent was
used to set up the apparatus at zero optical density.
Total water‑soluble proteins

Extraction In this regard, one gram of air-dried H. erinaceus fruiting bodies was extracted (in a 250 mL conical
flask) at 60 °C using a mixture of 10 mL distilled water
and 5 mL of 2% phenol solution. The contents of the flasks
were shaken well and kept overnight before being filtered,
and then they were used for the estimation of soluble proteins (Mohd Rosni et al. 2015).
Determination This assay was accomplished by the
method described by Lowry’s method (Waterborg 2009).
The optical density of the resulted color was then read at
the wavelength of 750 nm. The concentration of soluble
protein present in the sample was then calculated by making use of the constructed standard curve of proteins.
Extraction of the bioactive crude extract by different
solvents

The powder of fruiting bodies of H. erinaceus was
extracted by 6 different solvents with a variable polar gradient: water, ethanol, acetonitrile, acetone, chloroform,
and ethyl acetate. A known constant ratio of 10/100 (w/v)
was used for this extraction protocol. All 6 extracts had
been passed to estimate their antioxidant, antimicrobial,
antiviral, and anti-inflammatory activities.
Antioxidant assay

The antioxidant activity of the crude extract was determined by the DPPH free radical scavenging assay in triplicate and average values were considered. According to
(Yen et al. 2002), a freshly prepared (0.004% w/v) methanol solution of 2,2-diphenyl-1-picrylhydrazyl (DPPH)
radical was prepared and stored at 10 °C in the dark. A
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methanol solution of the test compound was prepared.
A 40 µL aliquot of the methanol solution was added to
3 mL of DPPH solution. Absorbance measurements were
recorded immediately with a UV–visible spectrophotometer (Milton Roy, Spectronic 1201). The decrease in
absorbance at 515 nm was determined continuously, with
data being recorded at 1 min intervals until the absorbance stabilized (16 min). This assay was proceeded in corresponding to ascorbic acid as a reference standard (Ali
et al. 2022).
Anti‑inflammatory assay

Screening for the anti-inflammatory activity was carried
out by using the simple economical assay: in vitro inhibition of albumin denaturation technique (Rahman et al.
2015) in corresponding to sodium diclofenac as a positive
control (50 µg/mL).
Antimicrobial assay

Agar well diffusion method was applied to determine the
antimicrobial activity of five extracts against 6 pathogenic
microorganisms; the first two belonged to Gram-positive
bacteria (MRSA and Streptococcus mutans), the next two
belonged to Gram-negative bacteria (Enterobacter cloaca
and Salmonella typhimurium), and the last one is Candida lipolytica as a yeast species. This assay was done in
corresponding to gentamycin as a positive control antibacterial and ketoconazole as a positive control antifungal (Kamel et al. 2022; El-Naggar et al. 2022).
Antiviral assay

Assessment of antiviral activities of the ethanolic extract
of fennel was achieved stepwise by detecting the maximum non-toxic concentration (MNTC) of the extract on
the Vero cell line (ATCC CCL-81™) by the same MTT
protocol mentioned previously, while the second step
dealing with testing the effect of MNTC against Hepatitis A virus (HAV). Antiviral activities assessment was
performed as follows: transferring 200 µL media into
each well in a 96 well ELISA plate, adding 1 04 cells corresponding to blank and control; incubation at 37 °C, 5%
CO2 overnight; mixing of MNTC and viral suspension in
a ratio of 1:1; and incubating this mixture for 1 h, adding
100 µL of this mixture into the wells, shaking at 150 rpm
for 5 min, and incubating at 37 °C, 5% CO2 for 24 h.
20 µL MTT solution was added to each well, shaking at
150 rpm for 5 min, incubating at 37 °C, 5% C
 O2 for up to
5 h. Throwing out the fluids by a clean towel, formazan
was resuspended in 200 µL DMSO, shaking at 150 rpm
for 5 min, and optical density was read at 560 nm (Suleiman and Helal 2022). All data were obtained by measuring the mean through three replicates, and the elevated
values were cleansed.
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Chromatographic purification of active metabolites

All six extracts were air-dried and their residues were
then resuspended in methanol to be ready for applying onto thin layer chromatography (TLC) plate
(10 × 10 cm Merck aluminum sheet, silica gel 60, layer
thickness 0.2 mm). Chromatographic bands were
examined by a fully automated HPTLC instrument
(CAMAG––Switzerland). The first unit is an automatic
applicator (Linomate5) by which the crude extracts
were loaded onto a TLC plate in a form of bands against
Griseofulvin as an authentic marker. TLC plate was
then transferred into an automated development chamber (ADC2 CAMAG) using toluene–ethyl acetate–
formic acid 5:4:1 (v/v/v) as an elution buffer, followed
by UV scanning via UV chamber unit at visible light,
long UV wavelength (365 nm), short UV wavelength
(254 nm), and long UV wavelength (365 nm). TLC plate
was then sprayed with p-anisaldehyde 0.5% in (Conc.
H2SO4–acetic acid–acetone 5:10:85) and then oven
heated at (105 °C) for 10 min. Data obtained (color, Rf,
and the shape of bands) were analyzed according to
Paterson and Bridge (1994).
GC–MS for prediction of subcomponents

Both water and ethyl acetate extracts that exhibited
higher activity were firstly dried in the air under aseptic
conditions and then analyzed by gas chromatography
GC–MS (Shimadzu 2010 system, Japan) using RTX2330 (fused silica) 30 m capillary column of 0.25 µm
internal diameter and df (µm) 0.20 µm. The column was
operated at an initial temperature of 160–250 °C at the
rate of 5 °C /min. and was held for 30 min. The injector and detector temperatures were 240 °C and 250 °C,
respectively. Carrier gas (nitrogen) was supplied at a
total flow rate of 50 mL/min with a split ratio of 20:0

Table 1 Quantitative assay of H. erinaceus powder for its
phytochemical compounds
Test

Value

Total phenolic acid (mg eq./gm gallic acid)

248.8

Total flavonoids (mg eq./gm rutin)

309.8

Total carbohydrate (mg/g)

1.83

Total nitrogen (mg/g)

21.96

Total protein (mg/g)

14.64

Total alkaloids (mg/g)

0.0121

Total tannins (mg/g)

0.043

Total saponins (mg/g)

0.021

Total oil (mg/g)

0.002
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and subcomponents were identified by comparison
with linked library (Sigma) (Abdel-Razek et al. 2020).

Results and discussion
Phytochemical screening

Phytochemical screening (Table 1) refers to a high content of flavonoids and phenolics with high percentage
of protein and nitrogen; on the other hand, moderate
amounts of tannins and saponins were determined as
well as the presence of little amounts of carbohydrates,
alkaloids, and oils. It is suggested that phenolic and flavonoid compounds have inhibitory effects on mutagenesis and carcinogenesis in humans when up to 1.0 g are
ingested daily from a diet rich in fruits and vegetables
(Mujić et al. 2011).
In addition, H. erinaceus mushroom showed a high
nutritional value due to the presence of fats, proteins,
crude fibers, and carbohydrates as well as high content
of folic acid, flavonoids, phenolics compounds, tannins,
and saponins (Egwim et al. 2011). A Mixture of Ginkgo
biloba L. Leaf and H. erinaceus fruit extract was phytochemically evaluated and proved the existence of some
active phytochemical compounds that attenuate scopolamine-induced memory impairments in mice (Hong
et al. 2022).

Table 2 Scavenging activity of H. erinaceus extracts with
different solvents according to DPPH technique
Extracts

Relative polarity gradient

IC50 (µg/mL)

Ascorbic acid

Positive control

27.2

Water

1

35.7

Ethanol

0.654

399.3

Acetonitrile

0.46

490.8

Acetone

0.355

396

Chloroform

0.259

206.8

Ethyl acetate

0.228

284.8
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Estimation of the antioxidant activities of the crude
extracts

Table 2 reveals that the aquatic extract showed the highest potentiality as an antioxidant followed by chloroform
and ethyl acetate extracts. While acetonitrile extract had
the least antioxidant activity. On the other side, ascorbic
acid as a positive control exhibited 27.2 µg/mL as I C50.
These results demonstrated that the H. erinaceus
extracts can be used to overcome oxidative stress where
the excess of reactive oxygen species (ROS) showed significant effects on human health including metabolic
disease, heart disease, and cancer (Chandrasekaran et al.
2016). In this study, the aquatic H. erinaceus extract
showed a high antioxidant effect allowing using this
extract as a treatment against the harmful effect of free
radical toxicity as an exogenous antioxidant defense
to overcome the insufficient endogenous antioxidant
defense system to prevent damage and risk of oxidative
stress completely (Simioni et al. 2018).
In addition, it was reported that water extract of H erinaceus polysaccharides extracted by water display strong
antioxidant activity and can decrease ischemia reperfusion induced by oxidative injury in experimental animals’
kidneys (Han et al. 2013). Also, H. erinaceus is a good
source of exogenous antioxidants that has been traditionally used in China for the treatment of oxidative stressassociated disease (Jiang et al. 2014). The anhydrous
ethanol extracts of H. erinaceus were reported to have
significant levels of antioxidant compounds with strong
reducing power, high scavenging rates against DPPH and
superoxide anion-free radicals, and high inhibition rates
on lipid peroxidation (Jiang et al. 2016).
Assessment of anti‑inflammatory activities of the crude
extracts

Table 3 shows low anti-inflammatory activity of H. erinaceus extracts, in which the percentage of protein inhibition ranged from 0% to 6.55% against 68.47% as an

Table 3 Assessment of anti-inflammatory activity of H. erinaceus extracts
Extract

Conc. (µg/mL)

Abs. (255 nm)

Inhibition
of protein
denaturation (%)

Negative control (DMSO)

–

1.497

–

Water

500

1.433

4.28

Ethanol

400

1.467

2

Acetone

500

1.484

0.87

Acetonitrile

200

1.502

0

Chloroform

300

1.446

3.41

Ethyl acetate

300

1.399

6.55

Diclofenac Na

50

0.472

68.47
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inhibition percentage of the positive control (sodium
diclofenac), where acetonitrile extract showed no effect,
while ethyl acetate extract showed the highest inhibition
with 6.55%. In contrast, several mushroom species have
been studied for anti-inflammatory activity (Zuo et al.
2021). Also, H. erinaceus mycelium could act as an antiinflammatory agent to bring about neuroprotection,
including the prevention of ischemic injury to neurons
(Lee et al. 2014). Anti-inflammatory activity of n-hexane, chloroform, ethyl acetate, and methanol extracts of
mycelia in submerged culture from 5 commercially available medicinal mushrooms, namely, Coprinus sinensis,
Cordyceps mortierella, Hericium erinaceus, G. lucidum,
and Armillaria mellea, indicated that theses extracts
from medicinal mushrooms exhibited anti-inflammatory
activity that might be attributable to the inhibition of
nitrous oxide (NO) generation and can therefore be considered a useful therapeutic and preventive approach to
various inflammation-related diseases (Elkhateeb et al.
2019). Our results showed low anti-inflammatory effect
ranged between 0 and 6.5%; this due to the method used
in the extraction may affect the anti-inflammatory compound in the H. erinaceus which when compared with
other scientific paper showed higher anti-inflammatory
activity.
Evaluation of the antimicrobial activities of the crude
extracts

All six extracts were tested for their antimicrobial activities against five different species of indicator microorganisms as listed in Table 4. Enterobacter cloaca is the most
susceptible bacteria followed by Streptococcus mutans
then Salmonella typhimurium. MRSA is the most resistant to all extracts except acetone extract had a weak
effect on it. Yeast also had a significant resistance for all
investigated mushroom extracts excluding acetone and
ethyl acetate that possessed moderate antifungal activity
according to CLSI guidelines (Humphries et al. 2018).

Ethyl acetate extract relatively had the most effective
antimicrobial activity followed by acetone, chloroform,
and acetonitrile, all of which belong to non-polar solvents, while water and ethanol which represent the polar
solvents had not only a very narrow-spectrum antimicrobial activity but also their effects ranged from weak to
moderate. This result is contrary to results reported by
Sridhar et al. (2011) that methanol and aqueous extract of
mushroom fruit bodies showed high antimicrobial activity against Salmonella typhi and S. aureus. Also, Jonathan
and Awotona (2010) reported that in vitro antagonistic
effect of the ethanol, methanol, and water extracts of G.
lucidum, G. applanatum, and G. australe against some
pathogenic microorganisms. There are few reports available on the possible use of H. erinaceus for the management of diseases. Therefore, in the present investigation,
H. erinaceus was evaluated for its antimicrobial potential.
In contrast, studies on the antimicrobial activity of P.
ostreatus using solvents with different polarities found
that non-polar solvents, like petroleum ether extracts
of P. ostreatus had a stronger inhibition activity on both
Gram-positive and Gram-negative bacteria but with
varying degrees of intensity (Pauliuc and Botau 2013).
Also, Nehra et al. (2012) found that organic solvents consistently displayed better antimicrobial activity than the
aqueous extract.
In this study, values of bacterial and fungal growth
inhibition by the different mushrooms’ extracts were variable. This may be due to the use of different solvents and
test microorganisms. The changeable antimicrobial activity of different extracts may be indicating the presence
of different broad-spectrum antimicrobial compounds
in the mushroom. Similar reports by other researchers
return the variable of antimicrobial activity of mushroom extracts may arise from the genetic structure of
mushroom species, physical, biochemical constituents,
chemical differences of mushroom extracts, solvents, and
test microorganisms that used when its antimicrobial

Table 4 Evaluation of the antagonistic effect of the different mushroom extracts against the indicator microorganisms
Test organism

Inhibition zone diameter (mm)
Water

Ethanol

Acetonitrile

Acetone

Chloroform

Ethyl acetate

Gram-negative bacterium Gentamycin 4 µg (positive control)
Enterobacter cloaca

15

15

12

13

17

16

S. typhimurium

10

–

9

–

11

12

Gram-positive bacterium Gentamycin 4 µg (positive control)
MRSA

–

–

–

8

–

–

S. mutans

–

8

10

9

11

12

–

–

9

–

10

Yeast Ketoconazole 100 µg (positive control)
Candida lipolytica

–
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properties compared to the other mushroom species
(Shah et al. 2014; Smolskaitė et al. 2015).
Antiviral activity determination

This experiment was performed in two steps; the first was
designed to determine the maximum non-toxic concentration of tested extracts against a normal Vero cell line.
This step showed that aquatic and ethyl acetate extracts
exhibited no toxicity starting from 80 to 4.88 µg/mL,
respectively, where aquatic extract showed 50% cytotoxic
concentration CC50 of 111 µg/mL, while ethyl acetate
extract showed CC50 of 26 µg/mL, which indicated that
ethyl acetate has less toxicity than water extract against
Vero cell line (Table 5). The second step involved the

Page 8 of 13

determination of IC50 for both non-toxic concentrations
of water and ethyl acetate extracts (Table 6).
Table 6 shows that the non-toxic concentrations
of ethyl acetate had no antiviral activity against HAV
in vitro, but water extract had a good opportunity to be
a useful agent with antiviral activity and its I C50 is 25 µg/
mL which is completely non-toxic for a normal cell line
that reflects safety use.
These results demonstrated the ability of H. erinaceus extracts to be used as a source for antiviral drugs
and it has resembled many researchers showed the ability of mushroom extracts to have an antiviral effect
(Seo and Choi 2021). It was reported that both aqueous and ethanol extracts of L. edodes showed a high

Table 5 Detection of maximum non-toxic concentration of the mushroom extracts against Vero cell (cytotoxicity)
ID

Conc. (µg/mL)

Vero
Ethyl acetate extract

Water extract

Mean OD

Viability %

Toxicity %

SE

CC50

0.132

100

0

0.009

µg/mL

2500

0.014

10.6

89.4

0.003

26

1250

0.0153

11.6

88.4

0.0003

625

0.0147

11

89

0.0008

312.5

0.015

11.3

88.7

0.001

156.25

0.0167

12.6

87.4

0.0007

78.12

0.014

10.6

89.4

0.0005

39.06

0.0293

22.2

77.8

0.0024

19.53

0.0883

67

33

0.0013

9.76

0.1037

78.5

21.5

0.0034

4.88

0.125

99.7

0.3

0.0051

2.44

0.131

99.8

0.2

0.0015

1.22

0.134

101.5

0

0.002

1280

0.0133

10

90

0.0003

640

0.015

11.4

88.6

0.0021

320

0.0207

15.7

84.3

0.000882

160

0.037

28

72

0.002517

80

0.122

92.4

7.6

0.003606

40

0.1327

100

0

0.001202

20

0.133

101

0

0.002186

10

0.133

101

0

0.000333

111

Table 6 Detection of antiviral activity for MNTC of mushroom extracts
Test

Conc (µg/mL)

Mean
O. D

Viability %

Toxicity %

Vero

0.132

100

0

HAV

0.0887

67.2

Viral activity%

Antiviral
effect %

32.8

100

0

Ethyl acetate

4.88

0.0877

66.4

33.6

102.3

0

Water

80

0.13

98.5

1.5

4.6

95.4

40

0.1257

95

5

14.6

85.4

20

0.105

79.5

20.5

62.3

37.7

10

0.087

66

34

103.8

0

IC50 µg/mL

25
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antiviral activity on the replication of poliovirus type 1
and bovine herpesvirus type 1 (Rincão et al. 2012). Also,
lentinan was purified and showed antiviral activity from
shiitake Lentinula edodes, which can suppress the surface
expression of HIV (Seo and Choi 2021).
Furthermore, H. erinaceus aqueous extracts and other
aqueous extracts of other mushrooms exhibited low toxicities on Vero cells with promising antiviral activities
against DENV2 (Ellan et al. 2019); arboviruses were also
antagonized by H. erinaceus extracts (Goh et al. 2020).
Also, H. erinaceus inhibited the progression of HSV and
HIV (Chun et al. 2021; Choengpanya et al. 2021).
Prediction of the chemical composition of mushroom
extracts using a fully automated TLC scanner

All six extracts of H. erinaceus were applied onto a TLC
plate and allowed to flow using a certain mobile phase
against Griseofulvin as authentic; the analyzed tracks
were visualized by UV at two different wavelengths 254
and 365 nm, and all resulting peaks are reported with
their Rf in Table 7. Table 7 reveals the presence of ten different compounds with different Rf values, and it is clear
to observe that water extract is the least successful one
to be separated by the selected mobile phase which only
exhibited the presence of only three peaks followed by
ethanolic extracts in which only 4 peaks were detected,
while acetonitrile and acetone extracts exhibited the
most successful separation followed by chloroform and
ethyl acetate extracts which exhibited the presence of 6
and 5 peaks, respectively.
GC–MS to preliminary identify mushroom extracts

As a result of antimicrobial and anti-inflammatory activities evaluation, ethyl acetate extract gave superior results
to the other selected solvents. On the other hand, aquatic
extract gave superior results as an antioxidant and

antiviral active extract. Subsequently, those two extracts
were selected to be analyzed by GC–MS as an attempt to
preliminary identify their subcomponents in addition to
the results of HPTLC.
Table 8 reveals the presence of a total of 16 different compounds, 13 out of 16 belong to ethyl acetate
extract, while 6 out of 16 belong to aquatic extract. Both
Quercetin/derivative and Lucenin-2 are common in both
extracts, both are considered important flavonol (flavonoid compounds), and also they have a wide spectrum of
biological activities as antibacterial, antiviral, anti-inflammatory, etc. (Kim and Park 2018; Kim et al. 2016a). As
for the HPTLC results that revealed the presence of 10
different significant peaks, GC–MS exhibited a higher
sensitivity that could detect 16 peaks in only two selected
solvents. In addition, four and five peaks were detected
by HPTLC for water and ethyl acetate extracts, respectively. While, GC–MS detected 6 and 13 peaks for water
and ethyl acetate extracts, respectively.
Water extract of H. erinaceus contained 5-Methyldelphinidin (pulchellidin) is considered as one of the
methylated anthocyanidins which exert some of their
activities through their binding to the plasma membrane
receptors and activating important signaling pathways
without entering the cell (Jiménez et al. 2010). The rest
of the other subcomponents belong to long-chain hydrocarbons, alcohols, oleic acid ester which is considered a
polyunsaturated fatty acid PUFA (Hashem et al. 2022),
and isochiapin B which is considered an essential oil
(Değirmenci and Erkurt 2020).

Conclusion
The discovery of new antimicrobial compounds is therefore
becoming ever important. The fact that edible mushrooms
are non-toxic and contain various compounds beneficial
to human health, encouraged us to study the mushroom’s

Table 7 Preliminary identification and distribution of the subcomponents of the crude extracts by a fully automated HPTTLC scanner
Seq

Rf

1

15

2

20

3

31

4

42

5

45

6

48

7

60

8

70

9

77

10

86

Mushroom extracts
Water

Ethanol

Acetonitrile

Acetone

Chloroform

Ethyl acetate

−

+

−

−

−

−

+

+

+

+

−

+

+

−

−

−

+

−

−

+

+

+

−

+

+

−

−

−

+

−

+

+

+

+

−

−

−

−

+

+

+

+

+

−

−

−

+

−

+

+

+

+

−

−

+

+

+

+

−

−
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Table 8 Preliminary identification and distribution of the subcomponents of the aquatic and ethyl acetate extracts by GC–MS
Compound predicted

RT (min) MW Molecular formula Ethyl acetate Area
%

Water Area
%

Application

2-amino-3-phenyl-6-nitroindole 13.73

253

C14H11N3O2

−

0

+

18

Anaphylactic reactions in animals
(Grinev et al. 1983)

Quercetin

28.08

344

C18H16O7

+

12

+

10

Treatment of Gastrointestinal Cancers
(Mirazimi et al. 2022)

1-hexadecanol,2-methyl

29.66

256

C17H36O

+

2.5

−

0

Antioxidant, antimicrobial, hemolytic
(Ouyang et al. 2012)

1-Eicosanol

29.79

298

C20H42O

+

18

−

0

Antioxidant, antimicrobial (Chatterjee
et al. 2018)

Quercetin-7,3,4-trimethoxy

30.21

344

C18H16O7

+

1

+

6

Antioxidant, antimicrobial (Materska
2008)

Isochiapin B

30.79

346

C19H22O6

+

1

−

0

Anti-insect, antimicrobial, antioxidant,
and anticancer activities (Elkhateeb
et al. 2020)

17-pentatriacetontene

32.08

490

C35H70

+

1

−

0

Anti-inflammatory Anticancer Antibacterial Antiarthritic (Kumar et al.
2018)

Oleic acid ester

32.96

610

C39H76O3

+

3

−

0

Antioxidant, antiproliferative (Elagbar
et al. 2016)

Lucenin-2

33.01

610

C27H30O16

10-Nonadecanone

35.97

282

C19H38O

Hexadecanoic acid, methyl ester 36.98

270

C17H34O2

1-Eicosanol

38.28

298

1-Tricosanol

41.90

Oleic acid, eicosyl ester

42.64

Total

14

+

2

7

Anti-inflammatory (Kim et al. 2016b)

−

0

Not available

−

0

Antioxidants, hypocholesterolemia,
nematicide, and pesticide (Siswadi
and Saragih 2021)

11

−

0

Antibacterial, antitumor (Chatterjee
et al. 2018)

5

−

0

Antimicrobial (Tayade et al. 2013)

2

Larvicidal (Gurunathan et al. 2016)

+

6

+

7

C20H42O

+

340

C23H48O

562

C38H74O2

+

activities as a source of antimicrobial drugs. H. erinaceus
crude extracts showed a noticeable effect against the tested
microorganisms, including MRSA, and Streptococcus
mutans, Enterobacter cloaca, Salmonella typhimurium, and
Candida lipolytica, demonstrated the ability of using theses
extracts as antimicrobial agent topically or orally and may
have synergetic effect when combined with the commercial antibiotics to overcome the drug resistance bacteria;
this needs further investigation and testing in combination
with other drugs. Also, promising antioxidant and antiviral activities of the aquatic mushroom extract encourage
us to recommend using this mushroom as antioxidant and
antiviral supplements. Thus, H. erinaceus could represent
an essential part of human meals every day to protect him
against either oxidative stress or viral attack. The highly
nutritious and antioxidant values of H. erinaceus may also
be potentially an added benefit to the patients. In addition, GC–MS analysis reported the presence of different
components with variable biological activities, for example, quercetin/derivative and Lucenin-2 in the H. erinaceus
extracts demonstrated the ability of theses extracts to be
used for medical treatment of inflammation, and bacterial

−

12

0

+

+
5

and viral infection as they both considered flavonoid compounds and have antibacterial, antiviral, anti-inflammatory
effect. More studies will be needed to isolate and identify
the pure active compounds as well as determination of
the mode of action of these antimicrobial compounds, we
believe that it is worthwhile to exploit the potential of these
antimicrobial compounds in treating the infectious bacterial and fungal diseases.
Acknowledgements
The authors would be grateful to the department of botany and microbiology, faculty of science, Al-Azhar university as well as the regional center for
mycology and biotechnology, Al-Azhar university for providing lab facilities
and equipment.
Author contributions
WBS and AMY wrote the manuscript text, WBS prepared all figures and tables,
RMS and WBS performed all experimental work and interpretation, AMY
provide the mushroom type and identify it, and all authors reviewed the
manuscript. All authors read and approved the final manuscript.
Funding
Open access funding provided by The Science, Technology & Innovation
Funding Authority (STDF) in cooperation with The Egyptian Knowledge Bank
(EKB). The authors declare that they did not receive any funds from any funding agency.

Suleiman et al. Bioresources and Bioprocessing

(2022) 9:99

Availability of data and materials
All data generated or analyzed during this study are included in this published
article.

Declarations
Ethics approval and consent to participate
Not applicable.
Consent for publication
Not applicable.
Competing interests
The authors declare that they have no known competing financial interests
or personal relationships that could have appeared to influence the work
reported in this paper.
Author details
1
Botany and Microbiology Department, Faculty of Science (Boys), Al-Azhar
University, The Permanent Camp St., 6th Ward, Nasr City, 11884, Cairo, Egypt.
2
The Regional Center for Mycology and Biotechnology (RCMB), Al-Azhar
University, Cairo, Egypt.
Received: 24 May 2022 Accepted: 5 September 2022

References
Abdel-Razek A, El-Sheikh H, Suleiman W, Taha TH, Mohamed M (2020) Bioelimination of phenanthrene using degrading bacteria isolated from
petroleum soil: safe approach. Desalin Water Treat 181:131–140
Ali OM, Hasanin MS, Suleiman WB, Helal EE, Hashem AH (2022) Green
biosynthesis of titanium dioxide quantum dots using watermelon peel
waste: antimicrobial, antioxidant, and anticancer activities. Biomass
Convers Biorefin 12:1–12
Alves MJ, Ferreira IC, Dias J, Teixeira V, Martins A, Pintado M (2012) A review
on antimicrobial activity of mushroom (Basidiomycetes) extracts and
isolated compounds. Planta Med 78(16):1707–1718
Balbaa S, Halim A, Halaweish F (1981) Constituents of the Aerial Parts of
Ethulia conyzoides. Fitoterapia
Cardwell G, Bornman JF, James AP, Black LJ (2018) A review of mushrooms
as a potential source of dietary vitamin D. Nutrients 10(10):1498
Chandrasekaran A, del Pilar Sosa M, Idelchik J (2016) Redox control of senescence and age-related
Chatterjee S, Karmakar A, Azmi SA, Barik A Antibacterial activity of longchain primary alcohols from Solena amplexicaulis leaves. In: Proceedings of the Zoological Society, 2018. vol 4. Springer, pp 313–319
Chaturvedi V, Agarwal S, Gupta K, Ramteke P, Singh M (2018) Medicinal
mushroom: boon for therapeutic applications. 3 Biotech. 8:334
Choengpanya K, Ratanabunyong S, Seetaha S, Tabtimmai L, Choowongkomon K (2021) Anti-HIV-1 reverse transcriptase property of some edible
mushrooms in Asia. Saudi J Biol Sci 28(5):2807–2815
Chong PS, Fung M-L, Wong KH, Lim LW (2019) Therapeutic potential of
Hericium erinaceus for depressive disorder. Int J Mol Sci 21(1):163
Chun S, Gopal J, Muthu M (2021) Antioxidant activity of mushroom
extracts/polysaccharides—their antiviral properties and plausible
AntiCOVID-19 properties. Antioxidants 10(12):1899
Değirmenci H, Erkurt H (2020) Relationship between volatile components,
antimicrobial and antioxidant properties of the essential oil, hydrosol
and extracts of Citrus aurantium L. flowers. J Infect Public Health
13(1):58–67
Egwim E, Elem R, Hamzah R (2011) Proximate composition, phytochemical
screening and antioxidant activity of ten selected wild edible Nigerian
mushrooms.
Elagbar ZA, Naik RR, Shakya AK, Bardaweel SK (2016) Fatty acids analysis, antioxidant and biological activity of fixed oil of Annona muricata L. seeds. J
Chem 2016

Page 11 of 13

Elkhateeb WA, Daba GM, Thomas PW, Wen T-C (2019) Medicinal mushrooms as
a new source of natural therapeutic bioactive compounds. Egypt Pharm
J 18(2):88–101
Elkhateeb WA, Mohamed MA, Fayad W, Emam M, Nafady IM, Daba GM (2020)
Molecular identification, metabolites profiling, anti-breast cancer, anticolorectal cancer, and antioxidant potentials of Streptomyces zaomyceticus AA1 isolated from a remote bat cave in Egypt. Res J Pharm Technol
13(7):3072–3080
Ellan K, Thayan R, Raman J, Hidari KI, Ismail N, Sabaratnam V (2019) Anti-viral
activity of culinary and medicinal mushroom extracts against dengue virus serotype 2: an in-vitro study. BMC Complement Altern Med
19(1):1–12
El-Naggar HA, Bashar MA, Rady I, El-Wetidy MS, Suleiman WB, Al-Otibi FO,
Al-Rashed SA, El-Maoula A, Lamiaa M, Salem E-SS (2022) Two Red Sea
sponge extracts (Negombata magnifica and Callyspongia siphonella)
induced anticancer and antimicrobial activity. Appl Sci 12(3):1400
Ferreira IC, Barros L, Abreu R (2009) Antioxidants in wild mushrooms. Curr Med
Chem 16(12):1543–1560
Gad AM, Suleiman WB, Beltagy EA, El-Sheikh H, Ibrahim HA (2021) Characterization and screening of marine-derived fungi along the coastline of Alexandria, Mediterranean Sea, Egypt. Egypt J Aquat Biol Fish 25(5):215–239
Gad AM, Suleiman WB, El-Sheikh HH, Elmezayen HA, Beltagy EA (2022) Characterization of cellulase from Geotrichum candidum strain Gad1 approaching bioethanol production. Arab J Sci Eng 47(6):6837–6850
Gebreyohannes G, Nyerere A, Bii C, Berhe Sbhatu D (2019) Determination
of antimicrobial activity of extracts of indigenous wild mushrooms
against pathogenic organisms. Evid Based Complement Altern Med
2019:6212673
Goh VSL, Mok C-K, Chu JJH (2020) Antiviral natural products for arbovirus
infections. Molecules 25(12):2796
Grinev A, Krichevskii É, Romanova O, Filipenko TY, Polezhaeva A (1983) Synthesis and biological activity of 2-aminoalkyl (aryl)-3-phenyl-5-nitroindoles.
Pharm Chem J 17(9):635–642
Gurunathan A, Senguttuvan J, Paulsamy S (2016) Evaluation of mosquito repellent activity of isolated oleic acid, eicosyl ester from Thalictrum javanicum.
Indian J Pharm Sci 78(1):103
Han Z-H, Ye J-M, Wang G-F (2013) Evaluation of in vivo antioxidant activity of
Hericium erinaceus polysaccharides. Int J Biol Macromol 52:66–71
Hansen J, Møller I (1975) Percolation of starch and soluble carbohydrates from
plant tissue for quantitative determination with anthrone. Anal Biochem
68(1):87–94
Hashem AH, Abu-Elreesh G, El-Sheikh HH, Suleiman WB (2022) Isolation,
identification, and statistical optimization of a psychrotolerant Mucor racemosus for sustainable lipid production. Biomass Convers Biorefin:1–12
Hong SM, Yoon DH, Lee MK, Lee JK, Kim SY (2022) A Mixture of Ginkgo
biloba L. Leaf and Hericium erinaceus (Bull.) Pers. fruit extract attenuates
scopolamine-induced memory impairments in mice. Oxid Med Cell
Longev 2022:9973678
Humphries RM, Ambler J, Mitchell SL, Castanheira M, Dingle T, Hindler JA,
Koeth L, Sei K (2018) CLSI methods development and standardization
working group best practices for evaluation of antimicrobial susceptibility tests. J Clin Microbiol 56(4):e01934-e11917
Jaradat N, Hussen F, Al Ali A (2015) Preliminary phytochemical screening,
quantitative estimation of total flavonoids, total phenols and antioxidant
activity of Ephedra alata Decne. J Mater Environ Sci 6(6):1771–1778
Jiang S, Wang S, Sun Y, Zhang Q (2014) Medicinal properties of Hericium erinaceus and its potential to formulate novel mushroom-based pharmaceuticals. Appl Microbiol Biotechnol 98(18):7661–7670
Jiang S, Wang Y, Zhang X (2016) Comparative studies on extracts from Hericium erinaceus by different polarity reagents to gain higher antioxidant
activities. Exp Ther Med 12(1):513–517
Jiménez A, Lisa-Santamaría P, García-Marino M, Escribano-Bailón MT, RivasGonzalo JC, Revuelta JL (2010) The biological activity of the wine anthocyanins delphinidin and petunidin is mediated through Msn2 and Msn4
in Saccharomyces cerevisiae. FEMS Yeast Res 10(7):858–869
Jonathan S, Awotona F (2010) Studies on antimicrobial potentials of three
Ganoderma species. Afr J Biomed Res 13(2):131–139

Suleiman et al. Bioresources and Bioprocessing

(2022) 9:99

Kamel A, Suleiman WB, Elfeky A, El-Sherbiny GM, Elhaw M (2022) Characterization of bee venom and its synergistic effect combating antibiotic resistance of Pseudomonas aeruginosa. Egypt J Chem 65(5):297–306
Khan MA, Tania M, Liu R, Rahman MM (2013) Hericium erinaceus: an
edible mushroom with medicinal values. J Complement Integr Med
10(1):253–258
Kim JK, Park SU (2018) Quercetin and its role in biological functions: an
updated review. EXCLI J 17:856
Kim SP, Kang MY, Kim JH, Nam SH, Friedman M (2011) Composition and mechanism of antitumor effects of Hericium erinaceus mushroom extracts in
tumor-bearing mice. J Agric Food Chem 59(18):9861–9869
Kim MK, Yun KJ, Da Hae Lim JK, Jang YP (2016a) Anti-inflammatory properties of flavone di-C-glycosides as active principles of Camellia mistletoe,
Korthalsella Japonica. Biomol Ther 24(6):630
Kim MK, Yun KJ, Lim DH, Kim J, Jang YP (2016b) Anti-inflammatory properties of flavone di-C-glycosides as active principles of Camellia mistletoe,
Korthalsella Japonica. Biomol Ther 24(6):630
Kozarski M, Klaus A, Jakovljevic D, Todorovic N, Vunduk J, Petrović P, Niksic M,
Vrvic MM, Van Griensven L (2015) Antioxidants of edible mushrooms.
Molecules 20(10):19489–19525
Kumar D, Karthik M, Rajakumar R (2018) GC-MS analysis of bioactive compounds from ethanolic leaves extract of Eichhornia crassipes (Mart) Solms.
and their pharmacological activities. Pharma Innov J 7(8):459–462
Lee K-F, Chen J-H, Teng C-C, Shen C-H, Hsieh M-C, Lu C-C, Lee K-C, Lee L-Y,
Chen W-P, Chen C-C (2014) Protective effects of Hericium erinaceus
mycelium and its isolated erinacine A against ischemia-injury-induced
neuronal cell death via the inhibition of iNOS/p38 MAPK and nitrotyrosine. Int J Mol Sci 15(9):15073–15089
Li R, Wu ZL, Wang YJ, Li LL (2013) Separation of total saponins from the
pericarp of Sapindus mukorossi Gaerten. by foam fractionation. Ind Crops
Prod 51:163–170
Materska M (2008) Quercetin and its derivatives: chemical structure and
bioactivity-a review. Polish J Food Nutr Sci 58 (4)
Mirazimi SMA, Dashti F, Tobeiha M, Shahini A, Jafari R, Khoddami M, Sheida AH,
EsnaAshari P, Aflatoonian AH, Elikaii F (2022) Application of quercetin in
the treatment of gastrointestinal cancers. Front Pharmacol 13:860209
Mohd Rosni S, Fisal A, Azwan A, Chye F, Matanjun P (2015) Crude proteins,
total soluble proteins, total phenolic contents and SDS-PAGE profile of
fifteen varieties of seaweed from Semporna, Sabah, Malaysia. Int Food
Res J 22 (4)
Moniruzzaman M, Yung An C, Rao PV, Hawlader MNI, Azlan SABM, Sulaiman
SA, Gan SH (2014) Identification of phenolic acids and flavonoids
in monofloral honey from Bangladesh by high performance liquid
chromatography: determination of antioxidant capacity. BioMed Res Int
2014:737490
Mujić I, Zeković Z, Vidović S, Radojković M, Živković J, Gođevac D (2011) Fatty
acid profiles of four wild mushrooms and their potential benefits for
hypertension treatment. J Med Food 14(11):1330–1337
Nehra K, Kumar M, Yadav A (2012) Evaluation of antimicrobial potential of fruiting body extracts of Pleurotus ostreatus (oyster mushroom). Int J Microbial
Resour Technol 1(4):391–400
Nellums LB, Thompson H, Holmes A, Castro-Sánchez E, Otter JA, Norredam
M, Friedland JS, Hargreaves S (2018) Antimicrobial resistance among
migrants in Europe: a systematic review and meta-analysis. Lancet Infect
Dis 18(7):796–811
Ouyang H, Kong X, He W, Qin N, He Q, Wang Y, Wang R, Xu F (2012) Effects of
five heavy metals at sub-lethal concentrations on the growth and photosynthesis of Chlorella vulgaris. Chin Sci Bull 57(25):3363–3370
Paterson R, Bridge P (1994) Biochemical techniques for filamentous fungi, vol
1. CaB International, Wallingford
Pauliuc I, Botau D (2013) Antibacterial activity of Pleurotus ostreatus gemmotherapic extract. J Hortic Forest Biotech 17:242–245
Pedras B, Salema-Oom M, Sa-Nogueira I, Simoes P, Paiva A, Barreiros S (2017)
Valorization of white wine grape pomace through application of subcritical water: analysis of extraction, hydrolysis, and biological activity of the
extracts obtained. J Supercrit Fluids 128:138–144
Perfect JR (2012) The impact of the host on fungal infections. Am J Med
125(1):S39–S51
Rahman H, Eswaraiah MC, Dutta A (2015) In-vitro anti-inflammatory and antiarthritic activity of Oryza sativa Var. joha rice (an aromatic indigenous rice
of Assam). Am Eurasian J Agric Environ Sci 15(1):115–121

Page 12 of 13

Rincão VP, Yamamoto KA, Ricardo NMPS, Soares SA, Meirelles LDP, Nozawa C,
Linhares REC (2012) Polysaccharide and extracts from Lentinula edodes:
structural features and antiviral activity. Virol J 9(1):1–6
Schillaci D, Arizza V, Gargano ML, Venturella G (2013) Antibacterial activity of
mediterranean oyster mushrooms, species of genus Pleurotus (higher
basidiomycetes). Int J Med Mushrooms 15(6):591–594
Seo DJ, Choi C (2021) Antiviral bioactive compounds of mushrooms and their
antiviral mechanisms: a review. Viruses 13(2):350
Sevindik M (2018) Investigation of antioxidant/oxidant status and antimicrobial activities of Lentinus tigrinus. Adv Pharmacol Sci 2018:1718025
Shaffique S, Kang S-M, Kim A-Y, Imran M, Aaqil Khan M, Lee I-J (2021) Current
knowledge of medicinal mushrooms related to anti-oxidant properties.
Sustainability 13(14):7948
Shah P, Modi H, Shukla M, Lahiri SK (2014) Preliminary phytochemical analysis
and antibacterial activity of Ganoderma lucidum collected from Dang
District of Gujarat, India. Int J Curr Microbiol App Sci 3(3):246–255
Sharma J (2012) Aphyllophorales of Himalaya. Botanical Survey of India:1–590
Sharma J, Gupta M (1994) Genetic and chemical analysis for alkaloids in Papaver. In: Alkaloids. Springer, pp 215–234
Shawky M, Suleiman WB, Farrag AA (2021) Antibacterial resistance pattern in
clinical and non-clinical bacteria by phenotypic and genotypic assessment. J Pure Appl Microbiol 15(4):2270–2279
Shen T, Morlock G, Zorn H (2015) Production of cyathane type secondary
metabolites by submerged cultures of Hericium erinaceus and evaluation
of their antibacterial activity by direct bioautography. Fungal Biol Biotechnol 2(1):1–7
Simioni C, Zauli G, Martelli AM, Vitale M, Sacchetti G, Gonelli A, Neri LM (2018)
Oxidative stress: role of physical exercise and antioxidant nutraceuticals in
adulthood and aging. Oncotarget 9(24):17181
Singleton VL, Rossi JA (1965) Colorimetry of total phenolics with phosphomolybdic-phosphotungstic acid reagents. Am J Enol Vitic 16(3):144–158
Siswadi S, Saragih GS Phytochemical analysis of bioactive compounds in ethanolic extract of Sterculia quadrifida R. Br. In: AIP Conference Proceedings,
2021. vol 1. AIP Publishing LLC, p 030098
Smolskaitė L, Venskutonis PR, Talou T (2015) Comprehensive evaluation of
antioxidant and antimicrobial properties of different mushroom species.
LWT-Food Sci Technol 60(1):462–471
Soliman MO, Suleiman WB, Roushdy MM, Elbatrawy EN, Gad AM (2022) Characterization of some bacterial strains isolated from the Egyptian Eastern
and Northern coastlines with antimicrobial activity of Bacillus zhangzhouensis OMER4. Acta Oceanol Sin 41(3):86–93
Sridhar S, Sivaprakasam E, Balakumar R, Kavitha D (2011) Evaluation of antibacterial and antifungal activity of Ganoderma lucidum (Curtis) P. Karst fruit
bodies extracts. World J Sc Technol 1(6):08–11
Stahl E (1969) Apparatus and general techniques in TLC. In: Thin-Layer Chromatography. Springer, pp 52–86
Suica-Bunghez I-R, Ion R-M, Teodorescu S, Sorescu A-A, Stirbescu R-M,
Stirbescu N-M (2017) Fitochemical and antioxidant characterization of
Autumn Crocus (Colchicum autumnale) flowers and roots plant extracts. J
Sci Arts 17(3):539–546
Suleiman WB (2020) In vitro estimation of superfluid critical extracts of some
plants for their antimicrobial potential, phytochemistry, and GC–MS
analyses. Ann Clin Microbiol Antimicrob 19(1):1–12
Suleiman WB, Helal EE (2022) Chemical constituents and potential pleiotropic activities of Foeniculum vulgare (Fennel) ethanolic extract; in vitro
approach. Egypt J Chem 65(7):617–626
Tayade AB, Dhar P, Kumar J, Sharma M, Chauhan RS, Chaurasia OP, Srivastava RB
(2013) Chemometric profile of root extracts of Rhodiola imbricata Edgew.
with hyphenated gas chromatography mass spectrometric technique.
PLoS ONE 8(1):e52797
Thongbai B, Rapior S, Hyde KD, Wittstein K, Stadler M (2015) Hericium erinaceus,
an amazing medicinal mushroom. Mycol Prog 14(10):1–23
Wang Z, Yang Y, Stefka A, Sun G, Peng L (2014) Fungal microbiota and digestive diseases. Aliment Pharmacol Ther 39(8):751–766
Waterborg JH (2009) The Lowry method for protein quantitation. In: The
protein protocols handbook. Springer, pp 7–10
Wu C-L, Ku S-C, Yang K-Y, Fang W-F, Tu C-Y, Chen C-W, Hsu K-H, Fan W-C, Lin
M-C, Chen W (2013) Antimicrobial drug-resistant microbes associated
with hospitalized community-acquired and healthcare-associated pneumonia: a multi-center study in Taiwan. J Formos Med Assoc 112(1):31–40

Suleiman et al. Bioresources and Bioprocessing

(2022) 9:99

Yen G-C, Duh P-D, Tsai H-L (2002) Antioxidant and pro-oxidant properties of
ascorbic acid and gallic acid. Food Chem 79(3):307–313
Younis AM, Yosri M, Stewart JK (2019) In vitro evaluation of pleiotropic properties of wild mushroom Laetiporus sulphureus. Ann Agric Sci 64(1):79–87
Zhang Z, Lv G, Pan H, Pandey A, He W, Fan L (2012) Antioxidant and hepatoprotective potential of endo-polysaccharides from Hericium erinaceus
grown on tofu whey. Int J Biol Macromol 51(5):1140–1146
Zhang J, An S, Hu W, Teng M, Wang X, Qu Y, Liu Y, Yuan Y, Wang D (2016) The
neuroprotective properties of Hericium erinaceus in glutamate-damaged
differentiated PC12 cells and an Alzheimer’s disease mouse model. Int J
Mol Sci 17(11):1810
Zuo K, Tang K, Liang Y, Xu Y, Sheng K, Kong X, Wang J, Zhu F, Zha X, Wang Y
(2021) Purification and antioxidant and anti-Inflammatory activity of
extracellular polysaccharopeptide from Sanghuang mushroom, Sanghuangporus lonicericola. J Sci Food Agric 101(3):1009–1020

Publisher’s Note

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

Page 13 of 13

