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ABSTRACT: This paper describes in detail proximate composition, nutritional profile, phytochemical constituents, anti-
oxidant activities, antimicrobial potential, and antihemolytic activity (towards human erythrocytes) of various fractions of
wild Ganoderma lucidum. Proximate analysis established that wild G. lucidum comprises about 87.02+5.45% of moisture,
and the remaining part is a rich source of proteins (8.59+0.37%), crude fiber (54.21=1.2%), and carbohydrate (35.16%)
with smaller fat content (3.33 %). Similarly, phytochemical screening revealed the presence of flavonoids (217.51+0.30
mg/g), ascorbic acid (116+7.32 mg/g), phenolics (360.72+34.07 mg/g), p-carotenes (0.42+0.04 ng/g), and lycopene
(0.05+0.00 pg/g). Extracts of wild G. lucidum in various solvents provided first line protection against Escherichia coli and
Pasteurella multocida in the order of ethyl acetate> ethanol> methanol > n-hexane> water. Furthermore, aqueous and meth-
anolic extracts of wild G. lucidum were found to be safe towards human erythrocytes. Overall, wild mushroom (G. lucidum)
was found to be a good source of dietary supplements, antimicrobial and antioxidant agents in the pursuance of its com-

mercial utilization in food and pharmaceutical industries.
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INTRODUCTION

The Ganoderma genus comprises more than 50 species,
and few of these have been designated as medicinal
mushrooms due to their established health benefits (1)
and therapeutic potentials (2). Ganoderma lucidum species,
commonly known as Reishi or Mannentake (Japanese)
and Ling Zhi (Chinese) (3), are frequently used as medic-
inal mushrooms because of their nutritional and medici-
nal attributes. Ganoderma lucidum has also been used as
health promoting folk remedy and became the “king of
herbs” for longevity in Asian countries (4). Recently,
awareness about the health benefits of diets rich in natu-
ral antioxidant has developed curiosity in researchers,
stakeholders, and consumers due to the phytochemistry
and antioxidant profile of various medicinal and dietary
sources (5).

In this context, G. lucidum has been extensively inves-
tigated as a rich source of more than 500 bioactives in-

cluding phenolics, flavonoids, terpenoids, peptides, and
steroids (6). The presence of these compounds has been
claimed to impart noticeable health benefits and preven-
tive potential to edibles (7). Many researchers found that
different parts of mushrooms possess antimicrobial (8),
antiviral (9), immune modulating (10), sleep promoting,
hypolipidemic (11), and hepatoprotective (12) affects. Ex-
tracts of G. lucidum in various solvents have been shown
to be anti-diabetic, antioxidant, and free radical scaven-
gers (13). The above cited reports indicate that extracts
of G. lucidum might be an exceptional source of phytome-
dicines and functional foods. However, there is incon-
clusive evidence that aqueous extracts of G. lucidum may
cause detrimental effects on cell viability and increase the
risks of bleeding (14). Therefore, it would more practical
to appraise reliable data regarding the anti-hemolytic ac-
tivity of wild mushroom (G. lucidum) along with nutri-
tional profile, major and minor phytoconstituents, anti-
oxidant character, and antimicrobial activities.
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MATERIALS AND METHODS

Collection of mushrooms

G. lucidum used in this study was collected from Salmalia
malabaria grown in the vicinity of the University of Agri-
culture and identified by the Institute of Horticulture
Sciences, University of Agriculture, Faisalabad, Pakistan.

Chemicals, standards, and solvents

The standards including gallic acid, ascorbic acid, cate-
chin, and butylated hydroxytoluene, reagents comprising
Folin-Ciocalteu reagent, metaphosphoric, 2,2-diphenyl-
1-picrylhydrazyl (DPPH), and trichloroacetic acid, and
chemicals containing Na,COs3, AlCl3, NaNO,, 2,6-dichlo-
roindophenol (DCPIP), and potassium ferricyanide were
procured from Sigma Chemicals (St. Louis, MO, USA).
Solvents employed in present research i.e. methanol
(MeOH), ethanol (EtOH), ethyl acetate (EtAC), and n-
hexane were of analytical grade and supplied by Merck
(Darmstadt, Germany). Nutrient agar (NA), potato dex-
trose agar (PDA), and isotonic potassium-buffered sal-
ine (PBS) were provided by Oxoid Ltd. (Hampshire, UK).

Proximate analysis of mushrooms

The samples were analyzed for proximate composition
(moisture, protein, fat, and ash) using the standard
methods of the American Oil and Chemists Society (15)
wherease carbohydrates were determined by difference.
Briefly, the crude protein (CP) of the samples was esti-
mated by the macro-Kjeldahl method. The crude fat (CF)
was determined by extracting a known weight of pow-
dered sample with petroleum ether. To quantify ash con-
tent (AC), a weighed amount of G. lucidum was inciner-
ated at 600+15°C. Total carbohydrate were calculated
using the following equation: TC=100—(M+AC+CP+
CF). The energy was calculated according to the follow-
ing equation: Energy (kcal)=4x(g protein+g carbohy-
drate) +9 % (g fat) (16).

Preparation of extracts

The extracts of G. lucidum were prepared in different sol-
vents (MeOH, EtOH, EtAC, water, and n-hexane) accord-
ing to the Gangadevi and Muthumary (17) with slight
modifications. Briefly, 20 g powdered wild mushroom
sample was mixed with 200 mL of each solvent and kept
in an orbital shaker (120 rpm at 37°C) overnight. The ex-
tracts obtained after passing slurries through Whatman
No 4 filter paper were concentrated in a rotary evapora-
tor (N-N series, EYELA, Tokyo, Japan) and stored at 4°C
for further use.

Phytochemistry of mushroom extracts
Total phenolic content (TPC): TPC was determined using
gallic acid as a calibration standard. For this purpose, 12

different concentrations of gallic acid (2~ 100 ppm) and
plant extract (5 mg) were separately mixed with Folin-
Ciocalteu reagent. The aliquots were added to 800 pL of
700 mM Na,CO; and incubated at room temperature for
2 h. Finally, 200 pL of each sample was transferred to a
96-well plate and absorbance was measured at 765 nm.
The TPC was calculated as gallic acid equivalents (mg
GAE)/g dry matter (18).

Total flavonoid content (TFC): TFC was determined by mod-
ifying the previously documented assay of Cao et al. (19).
Briefly, 5 mg of the extract was dissolved in 10 mL of
distilled water and treated with 0.3 mL of 5% NaNO,.
After 5 min, 0.6 mL of 10% AICl; was added and incu-
bated at room temperature for further 5 min. Finally, the
aliquot was mixed with 2 mL of 1 M NaOH, diluted ap-
propriately, and absorbance recorded at 510 nm. The re-
sults were expressed as catechin equivalents (mg CE/g).
Ascorbic acid content: de Quirds et al. (20) have docu-
mented a quick and reliable colorimetric assay for the
determination of ascorbic acid in fruit juices. Following
this method, 100 pL of the extract (1%) solution was
mixed with 10 pL of 1% metaphosphoric acid, incubated
at ambient temperature for 45 min, and then treated
with 10 pL of DCPIP. Absorbance was measured at 515
nm keeping L-ascorbic acid as the reference standard.
B-Carotene and lycopene: In this essay, 100 pL of mush-
room extracts were transferred to 1 mL propylene micro-
centrifuge tube diluted with 10 puL of acetone-hexane
mixture (4:6 v/v) and were vigorously shaken for a min-
ute. The solution was filtered through Whatman No.4
filter paper and absorbance was recorded at 453, 505,
and 663 nm. B-carotene and lycopene contents were cal-
culated using following equations:

Lycopene= —0.0458 A663 +0.372 A505 —0.0806 A453
B-Carotene=0.216 Ags3 —0.304 As05+0.452 Asss

Alkaloid, tannins, glycosides, terpenoids, and saponins: The
presence of the other classes of phytochemicals includ-
ing alkaloid, tannins, glycosides, terpenoids, and sapo-
nins were checked following the methods documented
by Chouhan and Singh (21).

Antimicrobial activity

Microorganisms tested: Antimicrobial activity of the wild
mushroom extracts was assessed against a panel of mi-
croorganisms comprising of 4 bacterial strains: E. coli, P.
multocida, Staphylococcus aureus, and Bacillus subtilis, and 4
fungal strains: Aspergillus niger, Aspergillus flavus, Furasium
solani, and Alternaria alternta. Bacterial and fungal strains
were cultured on NA overnight at 37°C and PDA for 48
h at 28°C, respectively.

Antimicrobial assay by disc diffusion method: Antimicrobial
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activity of mushroom extracts was determined by the disc
diffusion method (22). Briefly, 100 pL of the inoculate
was added to the medium (NA and PDA were mixed and
autoclaved), transferred into petri-plates and let solidify.
Small filter paper disks with 100 uL sample were placed
on it and incubated at 37°C and 28°C for 24 h and 48 h,
respectively. The diameters of inhibition zones were
measured in millimeters with the help of a zone reader.
The results were compared with the standard antimicro-
bial agent rifampicin.

Minimum inhibitory concentrations (MIC) of mushroom ex-
tracts: A single colony of bacteria was transferred into
the broth, incubated and spun down in a centrifuge. The
supernatant was discarded, and the residue pellet was
centrifuged again until it became clear. The pellet was fi-
nally suspended in saline solution and diluted to obtain
a concentration of 5x10° CFU/mL. Then, 100 uL of
mushroom extracts were pipetted into the first row of a
sterilized 96 well plate. To all other wells, 50 pL of nu-
trient broth was added. Serial dilutions were performed
such that each well had 50 pL of the test material in se-
rially descending order of concentration. To each well, 10
uL of resazurin indicator solution was added. Finally, 10
pL of bacterial suspension (5% 10° CFU/mL) was added
to achieve a concentration of 5x10° CFU/mL. The plates
were then incubated at 37°C for 12 h. The absorbance
was measured at 500 nm. The lowest concentration at
which color changes occur was taken as MIC value (23).

Antioxidant potential

Free radical scavenging activity: The antiradical capacity of
mushroom extracts was evaluated by simplifying a pre-
viously developed assay (24). Accurately weighed 50 mg
of mushroom extract was dissolved in 100 mL of MeOH,
and various concentrations of this solution were incu-
bated at room temperature with 0.004% MeOH solution
of DPPH. After 10 min, the absorbance was read against
a blank at 517 nm. Extract concentration providing 50%
inhibition (ICso) was calculated from the graph plotted
inhibition percentage against extract concentration.
Reducing power: The reducing power of mushroom ex-
tracts was assessed in terms of their ferric reducing pow-
er (25). To 100 uL of various concentrations of extracts
(1~5 mg), 1.0 mL of 0.2 M sodium phosphate/potassi-
um phosphate buffer (pH 6.6) and 1.0 mL of potassium
ferricyanide (1.0 %) were added, and the mixture was
incubated at 50°C for 20 min. The resulting solution was
mixed with 5 mL of (10 %) trichloroacetic acid and cen-
trifuged at 1,000 rpm for 10 min. The upper layer of the
solution was collected and diluted with an appropriate
amount of distilled water and 1.0 mL ferric chloride (0.1
%). The absorbance read at 700 nm directly measured
the reducing power.

Hemolytic inhibition

Aseptically drawn human blood was heparinized, centri-
fuged, and washed thrice with chilled sterile isotonic PBS
solution (pH 7.4). The washed cells were suspended in
20 mL chilled saline PBS buffer and erythrocyte count
was performed using hemocytometer. Accurately meas-
ured, 20 uL of mushroom extract (1.0 %) and 180 uL di-
luted blood cell suspension were placed in an ice bath
for 5 min. Triton X-100 (0.1%) and PBS were taken as a
positive and negative control, respectively. In each ex-
periment, 2 mL tube containing 20 pL of the sample
(extract, positive or negative control) and 180 pL diluted
blood cell suspension were again centrifuged for 5 min
at 1,500 g. After centrifugation, 100 uL supernatant was
taken and diluted with 900 pL chilled PBS. All the sam-
ples were thawed and 200 L of aliquot were pipetted in
a 96 well plate. Absorbance was recorded at 576 nm us-
ing uQuantTM (BioTek® Instruments, Inc., Winooski, VT,
USA) and percent lysis was calculated (26).

Statistical analysis

The data was acquired as mean=*standard deviation (SD)
of triplicate experiments with 95% confidence level. Sta-
tistically, a significant difference among mean values of
various parameters was determined by analysis of vari-
ance (ANOVA). Statistical analysis was performed using
Minitab statistical software, version 16.0 (Minitab Pty
Ltd., Sydney, Australia) (27).

RESULTS AND DISCUSSION

Proximate composition

Comprehensive research reports regarding the proximate
composition of wild G. lucidum, particularly those habitu-
ating in tropical regions are scarce. The results of the
present research (Table 1) revealed that dry powder of
wild G. lucidum hosting in the S. malabaria plant is a rich
source of crude fiber (54.21+1.20%), protein (8.59+
0.37), ash (3.78+0.06), and fat (3.33+0.33%). Moreo-
ver, wild G. lucidum contained a substantial amount of
total carbohydrate (35.16 g/100 g of dry matter). Energy
values of wild G. lucidum were calculated to be 244.97
kcal/100 g of dry matter. Proximate composition of wild
G. lucidum agreed with those grown in Southern Vietnam
(28). This report indicated that G. lucidum comprises 13.3
+0.1% protein, 3.0+0.1% fat, and 1.4+0.1% ash. Overall,
the proximate composition of wild G. lucidum was found
to be comparable with certain nutritionally and medici-
nally important fruits (29), beans (30), rice, and certain
novel foods (31).
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Table 1. Proximate composition of wild Ganoderma lucidum
(unit: g/100 q)

Parameters Value
Moisture 87.02+5.45"
Crude protein 8.59+0.37
Crude fat 3.33£0.33
Crude fiber 54.21+1.20
Ash 3.78+0.06
Total carbohydrate 35.16%£0.24
Total energy (kcal) 244.97+1.89

The values are meanxSD of triplicate experiments.
Conducted on a fresh weight.

Phytochemistry

The pharmacological properties of medicinal plants and
herbs have been attributed to the presence of phytocon-
stituents, especially phenolics, flavonoids, terpenoids,
and alkaloids (32). Each type of phytochemicals play one
or more roles in the human body, as saponins are re-
ported to have anti-inflammatory and antidiabetic char-
acteristics, alkaloids are effective against different infec-
tion and malignant diseases, terpenoids are known for
their anticancer potential while phenolics and flavonoids
scavenge oxidants/free radicals to assure human longev-
ity and protection against oxidative stress-related disor-
ders (33). Phytochemical evaluation results of wild G. lu-
cidum have been assembled in Table 2. It was interesting
to note that all the extracts of G. lucidum are rich in phe-
nolics except the n-hexane extract. Aqueous extracts of
wild G. lucidum exhibited the highest (P<0.05) range of
phenolics (360.72+34.07 mg/g of extract) while the min-
imum was found in the n-hexane extract (60.72+12.89
mg/g of extract). This might be due to polarity difference
between phenolics and n-hexane. A similar kind of prev-
alence behavior was observed for flavonoids (Table 2).

The range of phenolics and flavonoids present in various
extracts of wild G. lucidum is comparable with certain
medicinal plants (34), plant foods, and beverages (35).
Moreover, the phenolic and flavonoids levels (360.72+
34.07 mg GAE and 217.5+21.32 mg CE/g of dry matter)
in aqueous extracts of wild G. lucidum were significantly
higher than those observed previously by Woldegiorgis
et al. (36) in Ethiopian edible mushrooms.

Amounts of ascorbic acid, B-carotenes, and lycopenes
found in various extracts (MeOH, EtOH, EtAC, n-hex-
ane, and water) were 60.16+9.39~116.96+7.32, 0.13+
0.02~0.42+0.04, and 0.03~0.05 mg/g of DM, respec-
tively (Table 2). The levels of ascorbic acid and B-caro-
tenes in various extracts varied significantly (P<0.05)
while the variation in lycopene content of each extract
was found to be non-significant. Overall, ascorbic acid,
B-carotenes, and lycopene contents of wild G. lucidum
were found to be smaller than Indian wild mushroom of
the genus Cantharellus (37) and other frequently con-
sumed vegetables and cereal grains (38). Alkoids and ter-
penoids were detected in all the extracts of wild G. luci-
dum while saponins were found in the MeOH and EtOH
extracts only. Similarly, extracts of wild G. lucidum pre-
pared in MeOH and water contained tannins while gly-
cosides were present in all the extracts except in EtAC.
In general, MeOH and aqueous fractions of wild G. luci-
dum were established to be rich in phytochemicals.

Antioxidant and antimicrobial activities of wild G. lucidum
extracts

It is generally believed that plant extracts rich in bio-
actives particularly, phenolics, exhibit an ample level of
antioxidant characteristics (39). A similar trend was ob-
served when various fractions (MeOH, EtOH, EtAC, n-
hexane, and water) of wild G. lucidum were evaluated for

Table 2. Phytochemical attributes of various fractions of Ganoderma lucidum

Solvents
Antioxidants
MeOH EtOH EtAC n-Hexane Water
Phenolics” 281.27+20.42% 301.00+23.24° 131.56+17.85° 60.72+12.89° 360.72+34.07°
Flavonoids? 184.60+17.39° 73.02415.36® 51.1848.17° 45.39+8.13° 217.50+21.32¢
Ascorbic acid” 115.9949.17° 109.68+11.17< 116.9647.32° 104.88+6.56° 60.1619.39°
B-carotenes” 0.4240.04° 0.25+0.04° 0.13£0.02° 0.2240.04% 0.3240.05°
Lycopenes” 0.0340.00 0.04+0.00 0.03+0.00 0.0340.00 0.05+0.00
Alkoids + + + + +
Terpenoids + + + + +
Sponins + + - — -
Tannins + - — -
Glycosides + + - +

MeOH, methanol; EtOH, ethanol; EtAC, ethyl acetate.
+, present; —, absence.

mg gallic acid equivalents/g of extract.

Jmg catechin equivalents/g of extract.

malg of dry matter.

Statistically significant (~<0.05) variation, if any has been designated by letters (a-d).
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Fig. 1. DPPH radical scavenging activity (ICso) of various extracts
of Ganoderma lucidum. MeOH, methanol; EtOH, ethanol; EtAC,
ethylacetae. Different letters (a-d) above the bars vary signifi-
cantly (P<0.05).

their DPPH radical scavenging capacity. The plot of as-
sembled results (Fig. 1) showed that DPPH radical scav-
enging activity of all the solvent fractions varied signif-
icantly (P<0.05). Extracts of wild G. lucidum in water and
MeOH exhibited highest radical scavenging activities
with ICso values of 52.51+7.93 and 45.16+5.37 ug/mL,
respectively, followed by n-hexane, and EtOH, EtAC. The
observed values of radical scavenging activities of water
and EtAC (45.16+5.37 and 72.37+4.79 ng/mL, respec-
tively) were comparable with certain plants, fruits, bev-
erages, and vegetables (40). Moreover, the radical scav-
enging potential (ICso) of wild G. lucidum was higher than
that of the species of wild genus Cantharellus grew in In-
dia (37).

Another way to evaluate the antioxidant capacity of an
analyte is to assess its reducing potential, and various
extracts of wild G. lucidum were evaluated for their abil-
ity to reduce ferric ions into ferrous ions. The concen-
tration of the latter points out the reducing character of
the wild G. lucidum. Likewise, in DPPH radical scaveng-
ing capacity, the water extracts of wild G. lucidum offered
the highest level of reducing potential (Fig. 2). However,
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Fig. 2. Reducing potential of Ganoderma lucidum extracts at
various concentrations. MeOH, methanol; EtOH, ethanol; EtAC,
ethylacetae.

the reducing potential of various wild G. lucidum extracts
(MeOH, EtOH, EtAC, and water) was found to be con-
centration dependent (P<0.05) except for the extracts
prepared in n-hexane. Obviously, aqueous and methanol-
ic extracts of wild G. lucidum were found rich in phyto-
chemicals, and both fractions offered comparable anti-
oxidant activities.

Antimicrobial activity

The extracts of G. lucidum prepared in MeOH, EtOH,
EtAC, n-hexane, and water were investigated for their
antimicrobial potential by the disc diffusion assay and
quantifying the MIC. The disc diffusion assay disclosed
that EtAC extracts of wild G. lucidum protected the high-
est zone (34.89+5.74) against P. multocida followed by B.
subtilis with the inhibition zone of 31.12+2.89 mm. The
overall order of antibacterial activity of G. lucidum extracts
measured in terms of inhibition zone was EtAC> EtOH>
MeOH> n-hexane> water. It was interesting to note that
water extracts of wild mushrooms were found to be in-
active (>9 mm) against selected bacterial strains while
the extracts prepared in EtAC were very active (inhibition
zone >19 mm) (41).

The extracts of wild mushroom showed more sensi-
tivity against Gram-positive bacteria (Table 3). The low-
est value of MIC was exhibited by EtAC extracts against
E. coli, while the highest value of MIC was exhibited by
water extracts against P. multocida.

Hemolytic inhibition

The ability of various extracts of G. lucidum to cause cell
lysis was investigated through an in vitro assay (Fig. 3).
Triton X-100 (control 1) used as positive control caused
99.01+0.75% lysis of human erythrocytes while PBS
(control 2) was found to be safe. It was observed that
extracts of wild G. lucidum prepared in water and n-hex-
ane did not cause toxicity, whereas the EtAC and EtOH
extracts were observed to be toxic. The order of decrease
in toxicity of different organic extracts was EtAC>
EtOH> MeOH> n-hexane> water. A review of previous-
ly published research indicates that no attempt has been
made to evaluate the anti-hemolytic potential of various
extracts of wild mushroom.

CONCLUSION

The presence of carbohydrate, proteins, and phytochem-
icals especially, phenolics, flavonoids, and carotenoids
disclosed that wild G. lucidum is a potential source of di-
etary supplements and antioxidants. In pursuance to its
commercialization as an excellent source of functional
foods and preventive nutrients, it is essential to inves-
tigate antimicrobial and antihemolytic activities of crude
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Table 3. Antimicrobial activity of the Ganoderma lucidum extracts

Antibacterial activity (inhibition zone)

Microorganism MeOH EtOH EtAC n-Hexane Water Rifampicin
Escherichia coli 12.01+0.41° 26.95+1.78¢ 29.21+2.47¢ 16.78+1.78° 4.12+0.04° 20.04+3.12
Pasteurella multocida 23.0742.47°  24.97+2.15™ 34.89+5.74° 18.85+1.89° 9.01+0.18° 19.07+1.28°
Bacillus subtilis 22.85+2.04° 25.45+2.78° 31.12+2.89° 11.08+1.09%° 4.05+0.07° 19.95+1.78°
Staphylococcus aureus  17.08+1.74° 18.1741.29° 30.79+3.07° 16.99+1.70° 4.05+0.06° 28.95+2.10¢

Anti-fungal activity (inhibition zone)

Microorganism MeOH EtOH EtAC n-Hexane Water Turbinafine
Aspergillus niger 4.05+0.07° 10.04+1.04° 26.98+2.411 4.05+0.06° 4.05+0.05° 28.96+2 45"
Aspergillus flavus 30.87+2.89% 32.93+3.05* 29.0142.07  22.76+1.99*®  25.00+2.04° 26.85+2.14
Alternaria alternta 18.96+1.77° 20.08+2.07° 33.0542.89" 30.7843.01° 4.05%0.07° 35.09+3.41°
Furasium solani 16.74+1.58° 19.1141.02° 31.02+2.05° 24.85+1.9%° 4.05+0.06° 29.07+2.50°

Anti-bacterial activity in terms of Minimum inhibitory concentration

Microorganism MeOH EtOH EtAC n-Hexane Water

Escherichia coli 27.18+0.01%  26.22+0.04° 24.33+0.01° 24.39+0.05° -
Pasteurella multocida 108.40+0.51¢ 52.49+0.01° 73.75+0.01° 56.4040.21°  213.89+10.01°
Bacillus subtilis 54.33+007°  52.49+0.01° 96.042.11¢ 112.240.40° -

Staphylococcus aureus — 108.67+0.11¢ 105.0+0.01¢ 24.39+0.05 112.240.50° -

MeOH, methanol; EtOH, ethanol; EtAC, ethyl acetate.

The data presented in table are the mean+SD of three independent experiments.
Different letters (a-d) indicate significant differences (~<0.05) among means of triplicate analysis.
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Fig. 3. Anti-hemolytic activity of various extracts of wild Gano-
derma lucidum. MeOH, methanol; EtOH, ethanol; EtAC, ethyl-
acetate: control 1, Triton X-100; control 2, potassium-buffered
saline. Different letters (a-d) above the bars vary significantly
(P<0.05).

extracts in various solvents. The results of the present
research clarified that wild mushroom extracts, when
collected in MeOH and water, not only exhibited appre-
ciable levels of antioxidant and anti-microbial activities
but was also found to be safe towards human erythro-
cytes. Therefore, aqueous and methanolic extracts of wild
mushroom might be further explored as food supple-
ments and chemopreventive drugs.
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