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ABSTRACT

Antifungal and antibacterial activities of crude extracts of 3 tropical
mushrooms including Pleurotus sajor-caju, Pleurotus tuber-regium and
Lentinus squarrosulus were investigated on eleven species of bacterial and
three of fungal human pathogens. For the pathogenic fungi, the Minimal
Inhibitory Concentration (MIC) of carpophore extracts ranged from 0.39
mg/mL to 6.25 mg/mL for Candida albicans, 0.78 mg/mL to 6.25 mg/mL for
Aspergillus fumigetus, and 1.56 mg/mL to 6.25 mg/mL for Aspergillus
ochraceus. For bacteria, the MIC values ranged from 6.25 mg/mL to 12.5
mg/mL on most Gram positive strains including Bacillus subtilis,
Enterococcus faecalis, Staphylococcus aureus and Mycobacterium
smegmatis. This MIC value was the same (12.5 mg/mL) for the 3 crude
extracts tested on Staphylococcus epidermidis for the Gram positive strains.
Gram negative bacteria were generally less sensitive to crude extracts with
higher MIC values ranging from 6.25 mg/mL to 125 mg/mL for
Escherichia coli and Enterobacter cloacae and the same (12.5 mg/mL) for
Proteus vulgaris, Klebsiella oxytoca, Klebsiella aerogenes and Proteus
mirabilis. Based on the above mentioned figures, it appears that strains of
pathogenic fungi tested are generally much more sensitive to crude extracts
than strains of bacteria. In fact, antimicrobial activities of the 3 crude
extracts tested are stronger on human pathogenic fungi than bacteria.
These results are evidence that carpophores of the 3 mushrooms species
could be a source of new molecules potentially more effective than synthetic
products against some human pathogenic fungi and bacteria.
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I. INTRODUCTION

Therapeutic properties of mushrooms have been used for
thousands years by populations of most parts of the world to
cure numerous human diseases. Besides higher plants that
have been used for millenaries and nowadays still largely
used worldwide by peoples of diverse origins in the
traditional pharmacopoeia to cure multiple human
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pathologies, numerous mushrooms species are also known
to be used in traditional medicine in some parts of the world
and are now reported to also contain compounds with
proven efficacy on numerous human diseases. In fact, over
the past three decades, several studies have shown that
numerous species of mushrooms also reveal compounds in
their constituents with proven medicinal and pharmaceutical
properties. Besides their antifungal and antibacterial
activities [1]-[5] which also stand as the main subject of this
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study, various scientific reports have been made on
mushrooms numerous potential or effective healing
properties as cardioprotectors, blood pressure reducers,
hepatoprotectors [6]-[10], nephroprotectors [8], [10], [11],
hypoglycemic agents, anti-inflammatories [8], [10],
antiinfectious and anti-HIV agents, antitumoral agents and
antioxydants [8]-[11]. Nowadays, in spite of the proven
efficacy of most synthetic antibiotics and antifungal
products on numerous human infections, microbes continue
to develop various levels of resistance according to the
infections types and their etiology, whereby the approach of
the above mentioned authors and several others to
investigate other potential sources of new and more
efficient compounds, physiologically beneficial and safe for
the human organism [12].

Research works on medicinal properties of natural
substances have so far focused essentially on green plants
and very little on mushrooms. Over an estimated potential
of more than 145 000 mushrooms species of which just
about 10% (= 14 500 species) described and only about
2500 edible or with medicinal properties [13], very few
have so far been investigated for their genuine
pharmaceutical potential. Field works in the tropics have
shown that mushrooms including Agaricales and
Polyporales are numerous and diversified in the tropical
rain forests of Africa where they are estimated in thousands,
but very few have been reported in published scientific
papers [14]-[17] ] and are mostly cited rather for their
various uses in African traditional pharmacopoeia [18]-[20].
The largest part of tropical Macromycetes from Africa
remains uninvestigated and therefore constitutes an
enormous potential where new more efficient compounds
could be identified and exploited to solve the increasing
problems of disease resistance to current medicines. This
research work in line with the above mentioned goals aimed
at assessing the antimicrobial activities of crude extracts of
3 mushrooms of which 2 Agaricales of the family of
Pleurotaceae including P. tuber-regium (Fig. 1) and
P. sajor-caju (Fig. 2) and one Polyporale of the family of
Lentinaceae which is L. squarrosulus (Fig. 3). These 3
higher Basidiomycetes are common in tropical and central
Africa and parts of Asia. L. squarrosulus and P. sajor-caju
grow on live and dead wood on which they cause white rot
and P. tuber-regium grows only on a self-prefabricated
substrate in the soil called sclerotium (Fig. 1 left)
resembling to yams or cocoyams tubers. According to
existing literature [18]-[20], these 3 species are reported to
be used in African traditional pharmacopoeia to cure several
diseases. This study therefore aims at assessing
comparatively and for the first time the crude extracts of
carpophores of the 3 mushrooms species in order to
determine whether they could be considered as new sources
of potentially more efficient antifungal and antibacterial
compounds.
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Fig. 3. Lentinus squarrosulus (HUY1-DM 920) on decaying wood.

Il. MATERIALS AND METHODS

A. Materials

1. Fungal samples and extraction

Fungal material was made of pieces of carpophores of the
three mushrooms species (Figs. 1, 2, 3), all collected in the
forests of the Centre, South and Eastern regions of
Cameroon, dried and conserved in the Mycological
Herbarium of the Faculty of science of the University of
Yaoundé 1 under the number HUY1-DM 1150, HUY1-DM
563A and HUY1-DM 920 respectively for P. sajor-caju,
P. tuber-regium and L. squarrosulus. They were first
cleaned of impurities and cut or broken into small pieces
using a knife before being powdered separately in an
electric blender. The powder obtained was thereafter
conserved in plastic bags labelled with their species names
and herbarium numbers.
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2. Test Microorganisms

Eleven strains of bacteria were tested, all furnished by
Sigma Aldrich, South Africa branch. These strains included
five Gram positive [Bacillus subtilis (ATCC 19659),
Enterococcus faecalis (ATCC 13047), Staphylococcus
epidermidis (ATCC 14990), Staphylococcus aureus (ATCC
25923), Mycobacterium smegmatis (ATCC 2155)] and six
Gram negative [Enterobacter cloacae (ATCC 13047),
Proteus vulgaris (ATCC 6380), Klebsiella oxytoca (ATCC
8724), Klebsiella aerogenes (ATCC 13048), Proteus
mirabilis (ATCC 7002) and Escherichia coli (ATCC
25922)] pathogenic bacteria.

Three strains of human pathogenic fungi including
Candida albicans, Aspergillus fumigatus and Aspergillus
ochraceus were tested, all originally isolated in pure culture
and certified as such by the Mycotoxins Laboratory,
Department of Biotechnology and Food Technology of the
University of Johannesburg. The three strains registration
process is still ongoing.

B. Methods

1. Extraction of crude natural substances

Crude extracts of mushrooms were obtained according to
the method described by Boonsong and Klaypradit [21]
with slight modifications. Freshly collected mushrooms
carpophores were first dried at mild temperature (50 °C-
60 °C) using a DORREX electric dryer and samples
intended for extraction were selected from the dried
material and milled to powder before extraction using
hexane (least polar) and chloroform (more polar) as
solvents. 400 mL of hexane or chloroform were added to 5
g of powder, stirred each for 24 hours and filtered using
Whatman No. 4 filter paper. The filtrate was evaporated at
40° C using a rotary-evaporator. 0.05 g of each of both
extracts were mixed to give 0.1 g hexane : chloroform (1:1)
extract that was used for antimicrobial assay, the aim of
mixing both extracts being to bring together all polar and
apolar constituents of the mushroom extracts for more
efficiency during antimicrobial assays. 3 similar crude
extracts mixtures were done at the same proportion (1:1) for
each mushroom species to constitute 3 replicates that were
tested differently in 3 antimicrobial assays and their mean
MIC values recorded.

2. Preparation of bacterial and fungal suspensions

The test bacterial and fungal suspensions were prepared
to the concentration of 1x10° bacteria/mL according to
McFarland [22] and 1x10° spores/mL respectively. Bacteria
and fungi strains were grown each in triplicate
(3 repetitions) as well, the bacteria in nutrient broth at 37 °C
for 12-16 hrs and fungi on RPMI 1640 medium at 30 °C for
24 h. Spores were thereafter dipped into the Ringer’s
solution, the role of which was to stabilize them by
temporally inhibiting their germination. The spores’
suspension was prepared 24 hrs before the tests and kept at
4 °C-8 °C in the refrigerator.

3. Determination  of  the

Concentration (MIC)

The MIC was determined by microdilution according to
Eloff [23] with slight modifications. Nutrient Broth culture
medium was used for bacteria and RPMI 1640 medium for
pathogenic fungi. Briefly, 100 pL aliquots of culture

Minimal Inhibitory
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suspension were dispensed into each of the 96 microwells
test-plate (Fig. 4), then 100 puL of 25 mg/mL extract
solution dissolved in DMSO (25 mg/mL or 100 mg in 4 mL
DMSO) were added to line B, column 2 to 11 (Fig. 4).
Serial dilutions were successively realized from line B to G
by mixing suspension of line B and pipetting 100 pL in
wells of line C which were also mixed and 100 uL pipetted
in wells of line D and so on and so forth until wells of line F
were pipetted into those of line G. 100 puL of mixture was
thereafter pipetted out of each well of line G. In this
process, the concentration of the mixture in the wells of
each line from B to G (Fig. 4) is that of the preceding line
divided by two and by so doing, six test concentrations
(12.5 mg/mL, 6.25 mg/mL, 3.13 mg/mL, 1.56 mg/mL, 0.78
mg/mL, 0.39 mg/mL) were realized according to Maragesi
et al. [24]. Wells of line A (Al to Al12) and H (H1 to H12)
and columns 1 to 12 (1A to 1H and 12A to 12H) were set as
positive and negative controls respectively. The positive
control was inoculated with bacterial or fungal suspension
only, while only DMSO was added to the negative control
wells. Aliquots (100 pL) of each bacterial or fungal
suspension were inoculated into the wells to obtain a final
volume of 200 pL in each well of the plate. The plates were
sealed and incubated at 37 °C for 24 hrs for bacteria and
72-84 hrs for fungi at the same temperature. In order to
visualize the concentrations showing bactericidal or
fungicidal effect in the plates, 10 uL of 2-(4-iodophény)-3-
(4-nitrophenyl)-5-phenyltetrazolium chloride (INT)
2 mg/mL was added to each of the 96 wells and incubated
at 37 °C for 1 to 5 hrs for bacterial test and 1 to 2
(sometimes until 7) days for fungal test still at 37 °C [25]-
[27].

"\ Aqrﬁvl".\lﬁ |
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Fig. 4. Antibacterial and antifungal tests on the 96 microwells plate. A.
Plate with wells containing crude extracts at various concentrations and
suspensions of bacteria or fungi. B. Plate after pipetting drops of the INT-
dye in the wells. C. Plate ready for reading the MIC values after reaction of
the INT-dye with microorganisms suspensions in the wells. Plate A/B/C.
Positive control wells: Al to A12 and H1 to H12; Negative control wells:
1Ato 1H and 12Ato 12H.

After incubation, the plates were visualized for MIC
determination by spotting the concentration line were
colour change occurred. In fact, wells with bacteria and
fungi still alive turned pink (Fig. 4/C) due to reaction of
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their metabolism products with INT-dye, whereas in wells
where the crude extracts concentrations inhibited their
growth, the original colour of the crude extract remained

unchanged.

I1l. RESULTS

MIC values (Table 1, 2 and Figs. 5, 6) recorded are the
mean values of the 3 replicates monitored for each
antimicrobial test. These values show that in general,
antimicrobial activity of crude extracts of carpophores of
the 3 mushrooms species is much higher on pathogenic
fungi than bacteria. In fact, the MIC values range from 0.39
to 6.25 mg/mL in pathogenic fungi and from 6.25 to 12.5
mg/mL in bacteria, thereby showing a higher sensitiveness
of pathogenic fungi to crude extracts than bacteria.

ORIGINAL ARTICLE

About bacteria (Table 1 and Fig. 5), be they Gram + or -,
considering the MIC values recorded, they are generally
less sensitive to the same crude extracts compared to
pathogenic fungi with MIC ranging here from 6.25 to 12.5
mg/mL and average values from 8.33 to 10.41 mg/mL and
up to 12.5 mg/mL for some of the 11 strains of bacteria
tested. The MIC values recorded here also show that Gram
+ bacteria are generally more sensitive to the 3 crude
extracts with the lowest average MIC of 8.33 mg/mL for 2
strains and 10.41 mg/mL for 2 other strains (Table 1),
whereas the average values for the 6 Gram — strains range
from 10.41 mg/mL for 2 strains to 12.5 mg/mL for 4 of the
6 strains (Table 1) tested.

TABLE 1: MINIMAL INHIBITION CONCENTRATION (MIC) OF CRUDE EXTRACTS OF CARPOPHORES OF PLEUROTUS SAJOR-CAJU, PLEUROTUS TUBER-REGIUM
AND LENTINUS SQUARROSULUS AGAINST HUMAN PATHOGENIC BACTERIA

Minimal Inhibition Concentration (MIC, mg/mL)

Gram positive (+) bacteria

Gram negative (-) bacteria

BS EF SE SA MS ECL PV KO KA PM EC

P. sajor-caju 125 6.25 125 6.25 6.25 125 125 125 125 125 12.5
P. tuber-regium 125 125 125 6.25 6.25 125 125 125 125 125 6.25
L. squarrosulus 6.25 125 125 125 125 6.25 125 125 125 125 12.5
Average MIC

value for the 10.41 1041 125 833 833 1041 125 125 125 125 10.41

bacteria strain

BS: Bacillus subtilis; EF:
Enterobacter cloacae; PV:

Enterococcus faecalis; SE: Staphylococcus epidermidis; SA: Staphylococcus aureus; MS: Mycobacterium smegmatis. ECL:
Proteus vulgaris; KO: Klebsiella oxytoca; KA: Klebsiella aerogenes; PM: Proteus mirabilis; EC: Escherichia coli.

MIC of crude extracts on bacteria strains
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Fig. 5. Histograms and curves comparing the MIC of crude extracts of carpophores of Pleurotus sajor-caju, Pleurotus tuber-regium and Lentinus
squarrosulus on 11 strains of human pathogenic bacteria.
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Concerning pathogenic fungi (Table 2, Fig. 6) and
particularly Candida albicans, the MIC values range from
0.39 to 6.25 mg/mL for the crude extracts of the 3
mushrooms with an average value of 3.25 mg/mL on this
pathogenic yeast which appears to be more sensitive to
crude extracts of Pleurotus sajor-caju (MIC = 0.39 mg/mL)
among the 3 tested. On Aspergillus fumigetus, MIC values
range from 0.78 to 6.25 mg/mL with an average of 3.38
mg/mL for the 3 crude extracts tested. These MIC values
show that Aspergillus fumigetus is more sensitive (MIC =
0.78 mg/mL) to crude extracts of Lentinus squarrosulus and
far less (MIC = 6.25 mg/mL) to that of Pleurotus tuber-
regium. With MIC values ranging from 1.56 to 6.25 mg/mL
and an average value of 4.68 mg/mL, Aspergillus ochraceus

ORIGINAL ARTICLE

appears as the less sensitive pathogenic fungus to the 3
tested crude extracts.

TABLE 2: MINIMAL INHIBITION CONCENTRATION (MIC) OF CRUDE
EXTRACTS OF CARPOPHORES OF PLEUROTUS SAJOR-CAJU, PLEUROTUS
TUBER-REGIUM AND LENTINUS SQUARROSULUS AGAINST HUMAN
PATHOGENIC FUNGI
Minimal Inhibition Concentration (MIC, mg/mL)

Human pathogenic fungi

Candida  Aspergillus  Aspergillus
albicans fumigetus ochraceus
P. sajor-caju 0.39 3.13 6.25
P. tuber-regium 6.25 6.25 6.25
L. squarrosulus 3.13 0.78 1.56
Average MIC value for 3.5 338 468

the pathogenic fungus

MIC of crude extracts on fungal strains
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Fig. 6. Histograms and curves comparing the MIC of crude extracts of carpophores of Pleurotus sajor-caju, Pleurotus tuber-regium and Lentinus
squarrosulus on 3 strains of human pathogenic fungi.

IV. DISCUSSION

According to Algiannis et al. [28], the efficiency of
antimicrobial activities of the crude extracts could be
assessed according to the MIC values recorded. According
to the author, species with MIC values lower than 0.5
mg/mL are strong inhibitors, those with values between 0.6-
1.5 mg/mL are moderate inhibitors and MIC values higher
than 1.6 mg/mL are weak inhibitors.

Compared to the MIC figures recorded (Table 1 and 2)
and concerning particularly pathogenic fungi (Table 2),
crude extracts of Pleurotus sajor-caju appears as the lone
strong inhibitor (MIC = 0.39 mg/mL) on Candida albicans
among all the extracts tested. Then follows as moderate
inhibitors the crude extracts of Lentinus squarrosulus on
Aspergillus fumigetus and that of the same species on

DOI: http://dx.doi.org/10.24018/ejbio.2020.1.5.97

Aspergillus ochraceus with respectively MIC values of 0.78
and 1.56 mg/mL. All other crude extracts tested stand as
weak inhibitors of the 3 pathogenic fungi according to the
MIC values recorded (Table 2).

About bacteria, crude extracts of the 3 mushrooms appear
all as weak inhibitors of the 11 strains of bacteria with MIC
values (Table 1) ranging from 6.25 mg/mL to 12.5 mg/mL.

In a similar study of antibacterial and antifungal activities
of selected wild mushrooms using as well as MIC values for
assessment, Chelela et al. [14] included besides crude
extracts of mushrooms, Gentamycin and Fluconazole as
positive control for antibacterial and antifungal activities
tests respectively. The MIC values recorded by the authors
ranged from 0.0015 to 0.0061 mg/mL for Gentamycin
according to the pathogenic bacteria and from 0.003 to
0.006 mg/mL according to the pathogenic fungi. Referred to
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the scale of Algiannis et al. [28], these synthetic
antibacterial and antifungal agents could be ranked as very
strong inhibitors compared to the tested mushrooms
representing rather weak inhibitors at tested concentrations.

Johnsy and Kaviyarasan [29] studied the antimicrobial
activities of various concentrations of methanolic and water
extract of Lentinus (Pleurotus) sajor-caju on 6 strains of
bacteria including Bacillus subtilis, Micrococcus luteus,
Staphylococcus aureus, Escherichia coli, Pseudomonas
aeruginosa, Salmonella typhi and the yeast Candida
albicans. Even though assessment here was not based on
MIC values, but rather on the zone of inhibition in the
culture plates, results obtained by both authors showed that
methanol extract effectively inhibited P. aeruginosa, M.
luteus, Salmonella typhi and C. albicans and also showed
maximum inhibition zone compare to water extract. Reena
et al. [30] studying the antibacterial activity of the ethanolic
extract of Lentinus squarrosulus showed that this extract
was active at different concentrations levels of efficacy on
Staphylococcus aureus (MTCC-902), Escheriachia coli
(MTCC-1599) and Salmonella typhi (MTCC-734). Even
though fewer strains of bacteria and fungi were tested by
Johnsy and Kaviyarasan [29] and Reena et al. [30], the
results obtained are evidence that MIC values (Table 1 and
2) recorded in our antibacterial and antifungal tests could be
improved by testing other solvents at varying
concentrations.

Among the 3 mushrooms of which the crude extracts
were tested in this study, P. tuber-regium is the most cited,
but most often rather in the African traditional
pharmacopoeia [18]-[20] as used to cure several diseases
including headache, fever, stomach pain, constipation,
asthma, heart diseases including throbs and high blood
pressure. Guissou et al. [18] and Oyetayo [19] also
mentioned that Lentinus squarrosulus is used in the African
traditional pharmacopoeia to cure heart diseases and
mumps. Our results show that carpophores of both
mushrooms also contain compounds with antifungal and
antibacterial properties. It is also worth mentioning that in
the past, studies on antimicrobial activities by determination
of MIC values were carried out only in very few species
[14] growing in tropical Africa. The MIC values recorded in
our study are similar or close to those registered in crude
extracts of several other species of mushrooms [14], [31]-
[35] and medicinal plants [36]-[38] growing in other parts
of the world. In other studies using other tools of
assessment, Adebayo et al. [2] and Badalyan et al. [3]
already demonstrated the antagonistic antifungal activity of
extracts of P. tuber-regium against selected fungal
pathogens that were however different from those tested in
our study. Considering the number of pathogenic bacteria
and fungi tested here, our study stands as an important
contribution to this very wide, but still very poorly
investigated  research  field on  medicinal and
pharmacological potential of macroscopic fungi that are
numerous and widely distributed in the tropical rain forests
of Africa.
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V. CONCLUSION

In conclusion, our results stand as a remarkable
contribution in the assessment of antifungal and
antibacterial activities of tropical mushrooms considering
that they are until now very little investigated in this field of
research. These results confirm that hexane and chloroform
crude extracts of carpophores of the 3 mushrooms species
contain among other molecules, compounds with
antimicrobial properties against some human pathogenic
fungi and bacteria. On the basis of these rather promising
results, more refined studies could be envisaged in the aim
to accurately identify and isolate the active compounds of
the crude extracts that inhibit fungi and bacteria, the
ultimate goal being to manufacture natural or new
pharmaceutical products potentially more efficient against
diseases caused by the tested human pathogenic bacteria
and fungi including some infectious diseases as well as
fungal infections such as mycosis or mycotoxicosis caused
by C. albicans or A. fumigetus and A. ochraceus.
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