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Abstract

Reishi mushroom (Ganoderma lucidum) are important medicinal mushrooms distributed worldwide. In this context, the present study evaluates
antimicrobial effects of aqueous extract of reishi mushroom against several Gram positive and Gram-negative bacteria using micro dilution method.
The antimicrobial activity of water extract of reishi extract was first observed as early as 3h of incubation. The antibacterial activity of the extract
increased linearly with the increasing concentration of extracts. The results revealed that Gram-positive bacteria were more sensitive to reishi
mushrooms than Gram-negative bacteria. The HPLC analysis of the aqueous extract of reishi revealed the presence of beta [1-3] glucans, ganoderic
acid and triterpenoids that may have contributed to the antimicrobial activity. Overall results suggest that aqueous extract of reishi mushroom has

considerable antimicrobial potential against gram positive bacteria.
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Introduction

Microbial infections are the second leading cause of death in
humans as well as farm animals worldwide. In human population,
infectious diseases account for one in eight global deaths [1,2]. In
the war against microbes, specifically bacteria, antibiotics have
been a choice therapy against infections for a very long time [3-6].
However, the alarming increase in antibiotic resistance has forced
us to look for some alternative antimicrobial agents. Numerous al-
ternatives are being tried/developed to overcome antimicrobial re-
sistance. Reishi mushrooms have been highly rated among medici
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nal mushrooms in traditional Chines/Japanese medicine for a long
time. The bioactive constituents/compounds found in mushrooms
are being tried and tested treating cancers, alleviating side effects
of chemotherapy and radio therapy [7-11]. Ganoderma lucidum
(Curtis) P. Karst commonly known as “Reishi” mushroom, is one of
the most famous medicinal mushrooms that has a long history of
use for promoting health and longevity in Asian countries. Reishi
is an excellent source of diverse phytochemicals which have shown
effectiveness in the prevention and treatment of Alzheimer disease,
cancer, diabetes, and many other conditions [12-14]. Only a few
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reports have evaluated antimicrobial activities of G. lucidum using
solvents like alcohol, water, hexane, polysaccharide, and chloroform
[15-18]. These reports have provided important information about
the functional concentrations of extracts. These reports however
recorded antimicrobial activity of Reishi extracts at 18-24-hours
of incubation. We were interested to evaluate concentrations of G.
lucidum extract that will exhibit the fastest antimicrobial activity
following treatment alongside its effectiveness against select mi-
crobial population. We were also interested in studying bioactive
agents of G. lucidum responsible for antibacterial activities. This is
with a view to evaluate efficacy of medicinal herbs in comparison
to the antibiotics which may accelerate the emergence and spread
of antibiotic-resistant bacteria.

Materials and Methods

Collection of Mushroom and Identification

The fresh fruiting bodies of Ganoderma lucidum mushrooms
named reishi were collected from natural growth in Winston Salem,
North Carolina, USA. The identification of G. lucidum was performed
by the authors according to the methods of classical herbarium tax-
onomy; the micro- and macro morphology of collected specimens
were compared to standard descriptions in the taxonomic mono-
graphs.

Preparation of water extracts

Dried fruiting bodies of reishi mushrooms were grounded in
a grinder into a fine powder prior to extraction. Five grams of the
powdered samples were extracted with water (50 mL) at 30 °C at
constant shaking of 150 rpm for 24 h. The extracts were centrifuged
at 3000 rpm, 4 °C for 15 min to give a clear supernatant that was
filtered through Whatman filter paper number 4. The clear filtrate
was concentrated by evaporation under vacuum, then the crude ex-
tract was stored at 4 °C for further use.

Tested microorganisms and growth conditions

Gram-Positive bacteria (such as Staphylococcus aureus, Bacil-
lus megaterium and Micrococcus luteus) and Gram-negative bacte-
ria (such as Escherichia coli, Klebsiella pneumoniae and Salmonella
typhi) were used in this study. The bacteria were obtained from the
Department of Biological Sciences, Winston Salem State Universi-
ty. Each bacterial strain was grown from stock culture by streak-
ing them on nutrient agar (NA) and incubated at 37 °C for 16 to 18
hours (overnight). Then, a single colony of each bacterium was cul-
tured overnight in Nutrient broth (NB) at 37 °C. The grown cultures
were used for the antimicrobial assay.

In vitro antimicrobial activity assay of mushroom’
extracts
Antimicrobial activities of water extract of reishi against

Gram-positive pathogenic bacteria strains (S. aureus, B. megateri-
um and M. luteus) and Gram-negative pathogenic bacteria strains
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(E. coli, K. pneumoniae and S. typhi) were determined by establish-
ing the minimum inhibitory concentration (MIC) of the extracts us-
ing micro dilution method in triplicate using 96-well plates. Test
samples were loaded in rows with respective concentrations 0%,
10%, 20%, 30%, 40%, 50%, 60%, 70%, 80% ,90% and 100% of
aqueous extract of reishi mushroom. The 96-well plates were in-
cubated at 37 °C, 1160 rpm for 24h. Bacterial growth was assessed
by measuring turbidity at 600 nm for hours 0, 3, 12, and 24, using a
GloMax®-Multi Microplate (Promega, USA).

High Performance Liquid Chromatography (HPLC)
System

HPLC was carried out at Chemistry Laboratory in Greensboro
North Carolina using Agilent 1100 series with a C18 column (4.6
mm x 250 mm id, 5 pm) at 35 °C to identify and quantify the
bioactive compound present in reishi mushroom as it displayed
the highest antimicrobial activity. The mobile phase consisted of
HPLC water (A) and acetonitrile (B) at a flow rate of 1 ml/min. The
multi-wavelength detector was monitored at 280 nm.

Statistical Analysis

All analyses were carried out in triplicates and the data are
expressed as mean * standard deviation (SD). GraphPad Prism
software was used for statistical analyses. Statistical analysis was
performed using the 2-tailed, independent t-test. Statistical signifi-
cance was set at P < 0.05.

Results
Antibacterial Activity

Microdilution was performed to determine the MIC of the wa-
ter extract of reishi mushroom against Gram-negative bacteria
namely Klebsiella pneumoniae, Escherichia coli and Salmonella
typhi and Gram-positive bacteria namely Staphylococcus aureus,
Micrococcus luteus and Bacillus megaterium. Microdilution was
performed from 0 to 100% of the extract. Overall, the data showed
statistically significant (P<0.05) antimicrobial efficacy of water ex-
tract of reishi mushroom against both bacterial strains compared
to the control. Antimicrobial effect of water extract of reishi was
first established within 3 hours of exposure and continued to 10
and 24 hours (Figures 1-3). An initial increase of bacterial growth
at 0% and treatment with 10-100% of the extract resulted in statis-
tically significant (p<0.05) reduction when compared to the control
(Figures 1-3). Among the tested human pathogens, Gram positive
bacteria were more susceptible (MIC values 20-60%) (Figures 4-6)
than Gram negative bacteria (with MIC values of (40 -90%) (Fig-
ures 1-3). Though all the tested organisms were inhibited by water
extract of reishi mushrooms, S. aureus (Figure 4) and E. coli (Figure
1) were the most inhibited Gram-positive and Gram-negative bac-
teria respectively.
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Figure 1: E. coli growth curve on exposure to water extract of reishi mushroom. Each point represents optical density mean + SD.
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Figure 2: K. pneumonia growth curve on exposure to water extract of reishi mushroom. Each point represents optical density mean + SD.

Citation: Akamu ] Ewunkem*, llunga Tshimanga, Biruktawit Samson, Brittany Justice and Dinesh K Singh. Invitro Evaluation of Page 4 of 11
Antimicrobial Activity of Aqueous Extracts of Reishi Mushroom (Ganoderma Lucidum) Against a Select Gram Positive and Negative
Bacteria. Sci ] Biol & Life Sci. 3(3): 2024. SJBLS.MS.ID.000565. DOI: 10.33552/S]BLS.2024.04.000565


http://dx.doi.org/10.33552/SJBLS.2024.03.000565

Scientific Journal of Biology & Life Sciences Volume 3-Issue 2

0.3

Dptical Density at G00nm
5 & ¥
N
HH
w—'
-
#*

(=]
-l
1

0.0
0.3

m

=
=
1

[ |
i
L 2]
i
L ]

(=]
(%)
1

(=]
[ %]
L

Optical Density at 600nm
]
»
|

ﬂﬂ 1 1 I 1 I 1 I I I 1 1
0.8

0.6+

Optical Density at 600nm
i
]

n.o

0 10 20 30 4 5 6 70 B0 90 100
Concentration (%)

Figure 3: S. typhi growth curve on exposure to water extract of reishi mushroom. Each point represents optical density mean + SD.
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Figure 4: S aureus growth curve on exposure to water extract of reishi mushroom. Each point represents optical density mean + SD.
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Figure 5: M. luetus growth curve on exposure to water extract of reishi mushroom. Each point represents optical density mean + SD.
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Figure 6: B. megaterium growth curve on exposure to water extract of reishi mushroom. Each point represents optical density mean + SD.
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HPLC analysis

The content of the polyphenolic compounds in water extract of
reishi and retention times determined by HPLC analysis are shown

in figure 7. There are two main spikes; the one on the left is related
to beta [1-3] glucans and the right is the Ganoderic acid and all the
triterpenoids to the right of the two larger spikes.

( R
Figure 7: HPLC profile of water extract derived from reishi mushroom, G. lucidum.

- J

Discussion with greater inhibitory activity at 24 hours of incubation. Suggest-

Bacterial infections still represent a major health problem, am-
plified by the phenomenon of antibiotic resistance. Mushrooms are
now emerging as a promising source of antimicrobial compounds.
While there is an abundance of mushrooms with medicinal proper-
ties, one of the most well-known is Ganoderma Iucidum commonly
called reishi which has been used for hundreds of years in Asian
countries. The extracts of most mushrooms’ species including rei-
shi showed relatively strong antimicrobial activity over a specified
period of 18 to 24 hours [19-22]. This research identified that there
is currently a shortage of data obtained from scientific studies on
the antimicrobial action of the mushrooms as early as 3 hours to
24 hours after treatment. Herein water extract of reishi mushroom
was evaluated against both Gram-positive and Gram-negative bac-
teria at 3-24hr. The water extract of reishi mushroom displayed an-
timicrobial activity against Escherichia coli and Salmonella typhi,
Staphylococcus aureus, Micrococcus luteus and Bacillus megateri-
um after 3-24h of exposure at different concentrations of water
extract of reishi mushroom ranging from 10-100%. Moreover, with
increasing time all the tested bacteria strains showed a significant
difference with each other in terms of antimicrobial efficiency.

Our results indicate that exposure time influences antibacteri-
al activities of water extract of reishi mushrooms. The inhibitory
effect of the extract against the tested bacteria increases over time

ing that water extract of reishi gradually prevents the growth of
bacteria by interacting with key physiological processes. Based on
the reports of [23] antimicrobial agents showed continuous bac-
teria inhibition against bacteria from 24 to 74 hours. Our studies
confirmed that Gram-positive bacteria compared to Gram-negative
bacteria were highly more susceptible to the water extract of reishi
mushroom which corroborate with the previous reports [24,25].
This may be because of the inherent nature of the peptidoglycan
layer which allows antimicrobial agents to enter inside the cell and
results in protein denaturation and disruption in the cell mem-
brane [26]. Furthermore, the lipopolysaccharides layer and peri-
plasmic space of gram-negative bacteria induce relative resistance
of gram-negative bacteria [27,28].

The antibacterial activity of water extract of reishi mushroom
against bacteria may be an indication of the presence of broad-spec-
trum antimicrobial compounds. Our HPLC profile revealed peaks
which were identified to represent ganoderic acid, less beta [1-3]
glucans and triterpenoids. These results were in line with several
previous investigations in mushrooms, which recorded the pres-
ence of these bioactive compounds [29-31]. The antimicrobial ac-
tivities of ganoderic acid, less beta [1-3] glucans and triterpenoids
derivatives are mediated by inhibition of crucial cellular processes
which are essential to microbial survival such as oxygen uptake and
oxidative phosphorylation and DNA synthesis [32-35]. The antimi-

Citation: Akamu ] Ewunkem*, I[lunga Tshimanga, Biruktawit Samson, Brittany Justice and Dinesh K Singh. Invitro Evaluation of
Antimicrobial Activity of Aqueous Extracts of Reishi Mushroom (Ganoderma Lucidum) Against a Select Gram Positive and Negative

Page 9 of 11

Bacteria. Sci ] Biol & Life Sci. 3(3): 2024. SJBLS.MS.ID.000565. DOI: 10.33552/S]BLS.2024.04.000565


http://dx.doi.org/10.33552/SJBLS.2024.03.000565

Scientific Journal of Biology & Life Sciences Volume 3-Issue 2

crobial activity of ganoderic acid is more potent against Gram-pos-
itive bacteria than negative bacteria [36]. This is supported by a
previous study where the extract of mushrooms has good antimi-
crobial activities against Gram-positive bacteria [37]. It should be
highlighted that the identified compounds may exhibit synergistic
action as observed in biochemical compounds [38,39]. The antimi-
crobial potency of water extract of reishi mushroom is believed to
be due to bioactive compounds. It is worth noting that this extract
was potentially effective in suppressing growth of resistant patho-
gens where modern antibiotic therapy has failed suggesting that
reishi mushroom extract could be an alternative as antimicrobi-
als against pathogenic micro-organisms resistant to conventional
treatments.

Conclusion

In this research work, water extract of reishi mushroom was
investigated for early antimicrobial activities for the first time. The
results proved that antimicrobial activity of water extraction of re-
ishi mushroom against Gram-positive and Gram-negative bacteria
was first observed within 3 hours of treatment and continued to 24
hours due to the presence of various bioactive agents. Hence, rei-
shi muchroom can be used to discover natural products that can be
used by pharmaceutical industries to combat pathogens. Further
studies which aimed at investigating antioxidant and anticancer
activities of water extract of reishi mushroom have been initiated.
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