
Research Article
Screening of Antimicrobial Properties and Bioactive
Compounds of Pleurotus Ostreatus Extracts against
Staphylococcus Aureus, Escherichia coli, and
Neisseria Gonorrhoeae

Sinethemba H. Yakobi , Senzosenkosi Mkhize , and Ofentse J. Pooe

School of Life Sciences, Biochemistry, University of KwaZulu-Natal, Durban, South Africa

Correspondence should be addressed to Sinethemba H. Yakobi; yakobis@ukzn.ac.za

Received 1 February 2023; Revised 16 February 2023; Accepted 25 March 2023; Published 17 April 2023

Academic Editor: Saleh Ahmed Mohamed

Copyright © 2023 Sinethemba H. Yakobi et al.Tis is an open access article distributed under the Creative Commons Attribution
License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly
cited.

In recent years, the potential of pathogenic bacteria to acquire resistance to a variety of antimicrobial drugs has developed
signifcantly due to the indiscriminate exposure of a number of antibiotic compounds. Te purpose of this study is to determine
the antibacterial capabilities and activities of crude Pleurotus ostreatus extracts against Staphylococcus aureus (ATCC 25923),
Escherichia coli (ATCC 25922), Neisseria gonorrhoeae (ATCC 49926), and nine multidrug-resistant clinical isolates of Neisseria
gonorrhoeae. All of these isolates exhibited sensitivity to azithromycin and ceftriaxone, while the majority of antibiotic resistance
was seen against penicillin G, sulphonamide, and ciprofoxacin. Fifty percent of the isolates exhibited absolute resistance to both
sulphonamide and ciprofoxacin, whereas 40% of the isolates displayed absolute resistance to penicillin G. Te antibacterial
activity of P. ostreatus extracts examined in this investigation varied within the same species of microorganisms. Extract B and D,
extracted in the presence of 20% wheat bran bagasse and 20% maize four bagasse, respectively, had exceptional antibacterial
activity against all target isolates examined. We observed the lowest concentration of antibacterial agent required to inhibit the
target bacteria to be between 1× 10−3mg/ml and 1× 10−6mg/ml with an estimated probability of 0.30769, a lower 95% confdence
interval (CI) of 0.126807, an upper 95% CI of 0.576307, an estimated probability of 0.15385, a lower 95% CI of 0.043258, and an
upper 95% CI, respectively. Te MBC of 1× 10−3mg/ml was seen to eliminate 31% of the target bacteria. Tis dose was the most
inhibitive.Te antibacterial activity of all the extracts examined in the current study exhibited some degree of efcacy against both
clinical isolates and standard strains. However, the majority of clinically isolated bacteria exhibited greater resistance to the
extracts.

1. Introduction

Mushrooms have been shown to possess a variety of nu-
tritional and nutraceutical properties and are a source of
benefcial bioactive compounds [1]. Several preliminary
studies have shown that some nutraceutical mushrooms
have important cardioprotective, anticancer, antiviral, an-
tibacterial, antiparasitic, anti-infammatory, and antidiabetic
properties [2, 3]. Te Pleurotus ostreatus (P. ostreatus)
mushroom is known to have pharmacologically active
properties involved in several cellular mechanisms [4].

Despite this, the substrates employed in the mushroom
extraction process have a substantial efect on the chemical
and functional properties of the extract [5]. Te anti-
tumorigenic, immunomodulatory, antioxidant, cardiovas-
cular, hypolipidemic, detoxifying, hepatoprotective, and
antibacterial properties of P. ostreatus have attracted a great
deal of attention from researchers over the last several years
[6]. It has been shown that P. ostreatus mushrooms contain
a vast array of unique bioactive chemicals. It is known that
the solvents or substrates selected to extract these bioactive
compounds have an infuence not only on the class of
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bioactive compounds contained in the fnal extract but also
on the overall quantity of the physicochemical properties of
the compounds [7–9]. Tis, in turn, infuences the range of
pharmacological efects that these chemicals possess, in-
cluding their capacity to limit bacterial growth [10]. Com-
monly, aqueous extraction is used in the process of assessing
antibacterial potential [11]. Since aromatic and saturated
organic compounds have been found to be the most potent
antibacterial agents, methanol or ethanol is often used to
extract them [11, 12]. According to the fndings of a number
of studies, mushroom extracts are a much more efective
treatment for gram-positive bacteria than antibiotics [13]. As
a direct consequence of the widespread incidence of mi-
crobial resistance, several antimicrobial agents have lost
their ability to treat infectious diseases efectively [14] and
the rapid appearance, selection, and dissemination of
antibiotic-resistant bacteria necessitate the quest for novel
MDR (multidrug resistance) infection treatment techniques
[15]. Consequently, the development of alternative anti-
microbial drugs operating via novel pathways remains an
essential priority, and despite the countless eforts made in
the quest for new treatment methods against multidrug-
resistant illnesses, this objective has not yet been met
[15, 16]. It appears that research has hit a brick wall in terms
of identifying new classes of antibiotics and/or their
chemical derivatives on which to base new therapies because
the development and implementation of a new antimicrobial
drug is difcult, time-consuming, and extremely expensive,
and bacterial abilities to evolve resistance mechanisms are
rapid and essentially limitless [17, 18]. Finding and
exploiting natural compounds that may enhance the anti-
bacterial efect of conventional antibiotics is a feasible ap-
proach in the ongoing battle against multidrug-resistant
bacterial pathogens [19]. Studies have shown that the
combination of naturally occurring compounds derived
frommushrooms and regularly used antibacterial drugs may
represent a revolutionary strategy against illnesses brought
on by bacteria that are multidrug-resistant [20, 21].
Mushroom-derived polyphenolic compounds, such as fa-
vonoids or phenolic acids, have been shown to have anti-
microbial properties against a variety of microorganisms, are
capable of making multidrug-resistant strains susceptible to
bactericidal or bacteriostatic antibiotics, and are therefore
promising natural antimicrobial agents [3, 13, 22]. More
research into bioactive compounds derived from natural
sources such as bacteria, fungi, and plants that are efective
for treating pathogenic bacteria that are resistant to present
treatment drugs would be very advantageous [23]. Studies
show that mushroom species generate numerous bioactive
compounds, including p-OH-phenylacetic acid, chlorogenic
acid, ferulic acid, resveratrol, and chrysin. [24, 25]. However,
researchers have not yet discovered the overwhelming
majority of potentially bioactive molecules and vital natural
components that may be present in P. ostreatus mushrooms
[25, 26]. According to a recent study, P. ostreatus extract had
a wide range of potential medical properties [27]. Based on
the analysis, it was determined that P. ostreatus methanolic
extracts have broad-spectrum antibacterial activity [28]. As
a consequence, the prospect of producing antimicrobials

from it seemed promising. Few other studies report on the
chemical composition of P. ostreatus, and similar species
have been released. Te nutritional benefts of mushrooms
have often been shown in dried fruit bodies [1]. It is said that
fresh Pleurotus mushrooms typically have between 85% and
95% moisture content, and about 100 distinct bioactive
substances may be found in the P. ostreatus fruiting body,
which is primarily thought of as a possible new source of
dietary fbre [29, 30]. While the nonstarch polysaccharides
found in the cell walls of fungi, such as glucan, are abundant,
phenolic compounds such as protocatechuic acid, gallic acid,
homogentisic acid, rutin, myrictin, chrysin, and naringin, as
are tocopherols like -tocopherol and -tocopherol, ascorbic
acid, and carotene [31, 32]. Tey are also nutritious meals
that are high in protein, lipids, carbs, vitamins, and minerals
yet low in calories and fat [27]. It is now known that the
P. ostreatusmushroom extracts contain important bioactive
compounds and also function in a wide range of biological
activities [8]. However, this can be compromised by the
substrates applied in the mushroom extraction process. Te
objective of this study is to determine the efect of
P. ostreatus extraction process on yield, productivity, bio-
active compounds, and antibacterial activity against
Staphylococcus aureus (ATCC 25923), Escherichia coli
(ATCC 25922), Neisseria gonorrhoeae (ATCC 49926), and
nine clinical isolates of N. gonorrhoeae.

2. Methods and Design

2.1. Preparation of Test Organisms. Staphylococcus aureus
(ATCC 25923), E. coli (ATCC 25922), and N. gonorrhoeae
(ATCC 49926), and nine clinical isolates of N. gonorrhoeae
were chosen as the target bacteria. Te target bacteria grew
in 5mL of Mueller-Hinton broth at 37°C for 18–24 hours.
Te amount of each test organism’s inoculum was altered in
order to achieve 1.5×108 CFU/mL (0.5 McFarland) [33].

2.2. Preparation of Pleurotus ostreatus Mushrooms.
P. ostreatuswas grown on sugar cane bagasse and was grown
in four steps: precultivation on PDA, spawn preparation,
substrate preparation and inoculation, and fruiting. Te test
P. ostreatusmushroom was collected from Cedara College of
Agriculture in Pietermaritzburg, KwaZulu Natal, South
Africa. P. ostreatus was precultured on potato dextrose agar
(PDA) and incubated at 25°C until mycelia flled the plate.
Te precultured P. ostreatus strain was kept at 4°C as a stock
culture. P. ostreatus mushroom spawn was generated using
distilled water-soaked bird seed grains. Four grams of wet
bird seed grains were autoclaved with 1 g gypsum and 300 g
calcium carbonate. Te grains were infected aseptically with
previously produced mushroom cultures and incubated at
25°C until colonised bymycelia [4].Te preparedmushroom
spawn was kept at 4°C. Local substrates (sugarcane bagasse
and sugar cane tops) were speckled with H2O to 65%
moisture. Substrates were then supplemented with 20%
wheat bran. Tese supplement doses were completely mixed
with the substrates and then pasteurised at 60–65°C for six
hours. Pasteurized substrates were infected with prepared
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spawn and incubated until mycelia colonised them. Once
substrates were colonised with mushroom mycelia, they
were transported to a 30% shade cloth fruiting chamber.
P. ostreatusmushrooms fruited under ambient temperatures
with continual fogging to reach 60% moisture, perfect for
oyster mushrooms.

Mushroom extract was prepared using a modifed
technique. Freshly collected mushrooms were sun-dried
beneath a 30% shade tunnel. Using a Scientec hammer
mill, the dried mushrooms were ground into a 2mm mesh
powder. A 100 g of mushroom powder was dissolved in
250ml methanol and incubated at 25°C for 24 h. Te
mushroom extract was fltered and evaporated using fume
mode. Semidry P. ostreatusmushroom extract was then kept
at 4°C [4].

2.3. Determination of Antimicrobial Activities of Extracts of
WildMushrooms. Te minimum inhibitory concentration
(MIC) and minimum bacteriostatic concentration (MBC)
of the extracts were obtained using the tetrazolium
microtiter plate bioassay technique, which was then used
to assess whether or not the extracts from wild mush-
rooms have antimicrobial properties. In order to make the
stock solution of each mushroom extract, 10mg/mL of the
extract was dissolved in methanol. Te extracts were
classifed based on the extraction substrate used, with each
method being referred to by its abbreviation (A—20%
Wheat Bran Sugar Cane, B—20% Wheat Bran Bagasse,
C—20% Maize Flour Sugar Cane, and D—20% Maize
Flour Bagasse), and the nanoparticles of zinc oxide being
labelled as NPS.

At frst, 90 μl of Mueller-Hinton broth was put into each
of the microtiter plate’s 96 wells, which were arranged in
eight rows and six columns. After that, 10 μl of mushroom
extract was put to Well #1 in Row A, which already con-
tained the broth. Te contents of Well #1 were then mixed
and diluted in successive dilutions through Well #7, which
produced concentrations ranging from 1mg/mL (for Well
#1) to 1× 10−6mg/mL (for Well #7), and on completion of
the serial dilution, 10 μl of content from well seven was
discarded leaving the fnal volume in all the Wells at 90 μl.
Tree rows (Well #8–#10) were labelled as “positive control,”
“negative control,” and “quality control,” respectively, for
each organism investigated. Positive control included
N. gonorrhoeae (ATCC 49926) and no extract whereas the
negative control contained only broth and no extract or
organism, and the quality control contained the broth and
the extract only.

After covering the microtiter plate with paraflm and
placing it in a 5% CO2 incubator at a temperature of 37°C for
24 h. Following an incubation period of 24 h, the minimum
inhibitory concentration (MIC) of each organism put to the
test was determined by adding 5 μl of an indicator dye
containing 0.2mg/mL of 2, 3, 5-triphenyltetrazolium
chloride (TTC) into each well of the microtiter plate. Af-
ter that, the microtiter plate was incubated at 37°C in a CO2
environment for three hours. At regular 30-minute intervals
over the course of three hours, the TTC was inspected for

any colour shifts. TTC is converted by biologically active
bacterial cells into a colourless form of salt or a substance
that is pinkish-red in colour. In cases where the colour of the
broth and solutions in the well did not change while, we
deduced that the bacteria had been suppressed. In order to
measure the MBC of the contents, a loopful of inoculum was
taken from each well of the microtiter plate and streaked
over Chocolate Agar. At a temperature of 37°C and for
a period of 24 h, the bacterial plates were kept in the CO2
incubator. Te MBCs were then calculated as the lowest
concentration of an antibacterial agent necessary to kill
a bacterium over a specifed period of time (18 to 24 hours),
under the previously mentioned conditions.

3. Results

In this study, the antibacterial activities of P. ostreatus
mushroom extracts were examined against target micro-
organisms. Te mushroom extracts were prepared in one of
four distinct methods.Te isolates were initially put through
a series of tests to fnd out whether or not they displayed any
signs of antibiotic resistance, and their individual MICs were
determined. Penicillin G, sulphonamides, ciprofoxacin,
azithromycin, and ceftriaxone are the fve known antibiotics
that were used in the testing to determine whether or not the
target N. gonorrhoeae isolates exhibited any signs of re-
sistance to these antibiotics. Antibiotic discs were used for
the preliminary screening, and the Etest was used to de-
termine the minimum inhibitory concentration (MIC) for
each antibiotic (see Table 1).

Only one of the isolates, identifed by the number ISID 26,
displayed any evidence of resistance to azithromycin; the
minimum inhibitory concentration (MIC) for this isolate was
noted at 1 g/ml. All of the isolates tested positive for sensitivity
to ceftriaxone, and the majority of drug resistance was
identifed to be against two antibiotics, namely, sulphonamide
and ciprofoxacin. Fifty percent of the isolates were able to
impart an absolute resistance to both of these antibiotic
agents. In addition, 40% of the isolates showed no sensitivity
at all to the antibiotic penicillin G. All other isolates showed
exhibiting signs of growing resistance to penicillin G, sul-
phonamide, and ciprofoxacin, with minimum inhibitory
concentrations (MICs) ranging from 0.125 to 24 g/ml.

3.1. P. ostreatus Mushroom Extracts. Te current in-
vestigation has shown that mushroom extracts possess
antimicrobial properties. Table 2 displays the results of the
MBC performed on each individual bacterium.

Te extract concentration, for extract A (see Figure 1),
the lowest concentration of the antibacterial agent required
to inhibit the target bacteria, was seen between 1× 10−2mg/
ml of an estimated probability of 0.23077, a 0.081795 lower
95% confdence interval (95% CI), and an upper 95% CI of
0.502564; and 1× 10−5mg/ml of an estimated probability of
0.07692, a 0.01371 lower 95% CI, and a 0.33314 upper 95%
CI. Te most inhibitory concentration was observed at
1× 10−4mg/ml, p � 0.38462, with an MBC elimination rate
of 38% of the all-target organisms.
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Extract B exhibited the lowest concentration of the
antibacterial agent required to inhibit the target bacteria
between 1× 10−3mg/ml (p � 0.30769, a lower 95% CI of
0.126807 and an upper 95% CI of 0.576307) and 1× 10−6mg/
ml (p � 0.15385, a lower 95% CI of 0.043258, an upper 95%
CI of 0.422346). Te most inhibitory concentration was
observed at 1× 10−3mg/ml, with anMBC elimination rate of
31% of the all-target organisms, as shown in Figure 2.

For the extract concentration, of extract C, the lowest
concentration of the antibacterial agent required to inhibit
the target bacteria was seen between a wider range of
1× 10−1mg/ml (p � 0.15385, a 0.043258 lower 95% CI and
a 0.422346 upper 95% CI) and 1× 10−5mg/ml (p � 0.07692,
a 0.01371 lower 95% CI and a 0.33314 upper 95% CI). Te
most inhibitory concentration was observed at 1× 10−2mg/
ml, p � 0.30769, with an MBC elimination rate of 31% of the
all-target organisms, as shown in Figure 3.

Te extract concentration, of extract D, the lowest
concentration of the antibacterial agent required to inhibit
the target bacteria, was seen between the range of
1× 10−3mg/ml with an estimated p � 0.07692, a lower 95%
CI of 0.01371, and an upper 95% CI of 0.33314 and
1× 10−6mg/ml with an estimated p � 0.23077, a lower 95%
CI of 0.081795, and an upper 95% CI of 0.502564. Te most
inhibitory concentration was observed at 1× 10−4mg/ml
and 1× 10−5mg/ml, p � 0.30769 with an MBC elimination

rate of 31% of the all-target organisms, respectively, as
shown in Figure 4.

Te extract concentration, of extract NPS, the lowest
concentration of the antibacterial agent required to inhibit
the target bacteria, was seen between the range of 1mg/ml
(p � 0.30769, a lower 95% CI of 0.126807 and an upper 95%
CI of 0.576307) and 1× 10−3mg/ml with an estimated
probability of 0.15385, a lower 95% CI of 0.043258, and an
upper 95% CI of 0.422346. Te most inhibitory concen-
tration was observed at 1mg/ml and 1× 10−1mg/ml, p �

Table 2: MBC determined for P. ostreatus mushroom extracts antimicrobial properties against target bacteria.

P. ostreatus mushroom extracts
Isolate ID A B C D NPS
S. aureus (ATCC 25923) 1× 10−3mg/ml 1× 10−6mg/ml 1× 10−1mg/ml 1× 10−5mg/ml 1× 10−4mg/ml
E. coli (ATCC 25922) 1× 10−2mg/ml 1× 10−4mg/ml 1× 10−3mg/ml 1× 10−5mg/ml 1× 10−5mg/ml
N. gonorrhoeae (ATCC 49926) 1× 10−3mg/ml 1× 10−5mg/ml 1× 10−2mg/ml 1× 10−4mg/ml 1mg/ml
ISID 4 1× 10−3mg/ml 1× 10−3mg/ml 1× 10−4mg/ml 1× 10−6mg/ml 1× 10−3mg/ml
ISID 5 1× 10−3mg/ml 1× 10−5mg/ml 1× 10−2mg/ml 1× 10−5mg/ml 1× 10−4mg/ml
ISID 7 1× 10−2mg/ml 1× 10−5mg/ml 1× 10−1mg/ml 1× 10−6mg/ml 1× 10−2mg/ml
ISID 17 1× 10−4mg/ml 1× 10−6mg/ml 1× 10−3mg/ml 1× 10−4mg/ml 1× 10−3mg/ml
ISID 26 1× 10−2mg/ml 1× 10−3mg/ml 1× 10−2mg/ml 1× 10−4mg/ml 1mg/ml
ISID 28 1× 10−4mg/ml 1× 10−3mg/ml 1× 10−5mg/ml 1× 10−4mg/ml 1× 10−1mg/ml
ISID 39 1× 10−4mg/ml 1× 10−4mg/ml 1× 10−3mg/ml 1× 10−5mg/ml 1× 10−2mg/ml
ISID 45 1× 10−3mg/ml 1× 10−4mg/ml 1× 10−4mg/ml 1× 10−6mg/ml 1mg/ml
ISID 55 1× 10−2mg/ml 1× 10−3mg/ml 1× 10−2mg/ml 1× 10−3mg/ml 1× 10−3mg/ml
P. ostreatus extracts revealed varying degrees of antibacterial activity against the pathogens examined (Table 2).Temajority of clinical samples were shown to
be most susceptible to extracts B and D and least susceptible to extracts C and NPS.
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0.30769 with an MBC elimination rate of 31% of the all-
target organisms, respectively, as shown in Figure 5.

All these, the 100 (1-α)% confdence interval including
the true value of the population parameter with probability
was seen at 0.950. From all the clinical isolates investigated,
ISID 26 and 55 exhibited the most resistance according to
MIC and MBC across all extracts, with a mean MBC of
approximately 1× 10−2mg/ml, respectively.

4. Discussion

Multidrug-resistant organisms are becomingmore prevalent
and afecting the treatment of an expanding range of in-
fectious illnesses [34]. As a consequence, there is an urgent
need for the discovery of novel and efcient antimicrobials
to combat pathogens now resistant to antibiotics [35]. It has
been shown that fungi are excellent potential sources of
bioactive chemicals with signifcant medicinal value. In
addition, they are the most abundant sources of secondary
metabolites. Tis article discusses mushroom extracts that
have shown potential antibacterial activity against the target
bacteria, namely ATCC strains of S. aureus, E. coli,
N. gonorrhoeae, and nine other clinical N. gonorrhoeae
isolates. Extracts B and D of P. ostreatus containing 20%
wheat bran bagasse and 20% maize four bagasse, re-
spectively, exhibited outstanding antibacterial activity
against S. aureus, E. coli, and all N. gonorrhoeae isolates
investigated. Regarding the choice of extraction medium,
bagasse extractions produced extracts with superior anti-
bacterial activity against all organisms involved in this study.
Phenolic compounds occur in plants as glycosides or
aglycones, and owing to variations in stability, they may also
exist as matrix and free-bound compounds [36]. Diferences
in structure may also alter the presence of phenolic com-
pounds, causing them to exist as polymerized or monomers.
Phenolic chemicals are not uniformly distributed in plants,
and their stability varies, making extraction more difcult.
Te recovery rate of phenolic chemicals from samples may
be infuenced by single-step extraction and inefective ex-
traction procedures [23, 37]. As a result, selecting an ap-
propriate extraction process is critical for extracting the
desired phenolic compounds. Extraction of these com-
pounds can be achieved by using conventional extraction,
ultrasonic-assisted extraction (UAE), refux extraction,

microwave-assisted extraction (MAE), Soxhlet extraction,
supercritical fuid extraction (SFE), and pulsed electric feld
extraction (PEF) [36]. During the extraction of sugar from
sugarcane, a residual biomass known as bagasse is produced
equal to around 25% of the total sugarcane processed. Ba-
gasse contains a high calorifc value, and of recently, bagasse
has been utilised to produce biogas since it includes
hemicellulose, cellulose, lignin, and soluble sugars. However,
the production of biogas from bagasse is not proftable
owing to its stubborn nature; as a result, several pre-
treatment procedures are being investigated to reduce the
recalcitrance of the lignin-protected substrate. Our results
imply that the presence of bagasse in mushroom extractions
leads to increased extraction of bioactive chemicals, resulting
in increased antibacterial activity against the at least three
bacterial species, which were investigated in the current
study. In the presence of 20% wheat bran bagasse and 20%
maize four bagasse, mushroom extracts had a greater
concentration of bioactive compounds than extracts with
20% wheat bran sugarcane and 20% maize four sugarcane.
In this context, our results are comparable to those of recent
research on the antibacterial efects of local mushrooms on
other human pathogens.

Many antimicrobial phenolic chemicals, including as p-
OH benzoic acid, p-OH-phenylacetic acid, protocatechuic
acid, syringic acid, to name a few, may be produced during
the extraction [24]. Tis is consistent with the results of
a research on the antibacterial properties of the whole
fruiting bodies of P. ostreatus against various common fungi
study, which discovered that both fruiting bodies and my-
celia derived from in vitro cultures may produce compounds
with potential medical, pharmacological, and cosmetic ap-
plications [2, 12]. Antimicrobial properties of wild mush-
room extracts derived from various solvents have also been
demonstrated by other studies. In line with our fndings,
methanolic, ethanolic, and aqueous of P. ostreatus extracts
were reported to have an antibacterial efect on the growth of
E. coli cultures [4, 28]. Additionally, a diferent study that
evaluated the antibacterial properties of P. ostreatus extracts
against S. aureus reported that petroleum ether and acetone
extracts of P. ostreatus were found to be efective against
Staphylococcus spp. [28]. We thus propose that the variable
antibacterial activity of P. ostreatus against S. aureus is at-
tributable to changes in the geographical locations of the
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mushroom’s habitats and the substrates used extraction
[4, 5, 28]. A recent study compared the antibacterial
properties of mushroom extract efcacies between Gram-
negative and Gram-positive bacteria. It was concluded that
the extracts were more efective in inhibiting Gram-negative
bacteria than Gram-positive bacteria. Te diference in
sensitivity to antibiotic extracts between Gram-positive and
Gram-negative bacteria has been linked to morphological
variations in multiple studies [12, 38, 39]. It is suggested that
the outer membrane of Gram-negative bacteria contains
lipopolysaccharide, rendering the cell wall impervious to
lipophilic extracts [40].Tis paves the way for more research
into the currently investigated P. ostreatus extracts against
a wider range of Gram-positive and Gram-negative bacteria.
In the current study, no statistically signifcant diference
between Gram-positive and Gram-negative organisms was
observed.

Literature has shown that various mushroom extracts
and diferent extraction techniques have diverse antibacte-
rial properties against Gram-positive and Gram-negative
bacteria [12, 13]. Our results concur with research on the
antibacterial properties and mineral compositions of various
mushrooms grown on agricultural waste. In the case of the
present study, we have shown that S. aureus, a Gram-positive
bacterium, is extremely sensitive and inhibited 20% wheat
bran bagasse extractions compared to all N. gonorrhoeae
clinical isolates and other ATCC strains included in this
investigation. Tis is corroborated by recent research
demonstrating that both chloroform and water extracts of
wild mushrooms had potent antibacterial properties against
S. aureus than other Gram-negative bacteria investigated.
Focusing on the clinical isolates, the 20% wheat bran bagasse
extracts exhibited the most potent antibacterial activity
against the N. gonorrhoeae organisms, and when compared
to the antibacterial activities of the fve antibiotics also in-
vestigated in this study, it was observed that the two isolates,
ISID 26 and ISID 55, that exhibited the greatest resistance to
the fve antibiotics during screening had the highest MIC
and MBC when compared to other target clinical isolates.
Tese fndings indicate that the concentration of P. ostreatus
extract needed to efectively suppress the growth of a specifc
microorganism increases proportionally with the antimi-
crobial resistance and spectrum of that organism. Te an-
tibacterial activity of P. ostreatus extracts examined in this
research varied to variable degrees within the same species of
organisms. Variation in the antibacterial activity of the
extracts may be attributable to resistance factors such as
conjugative plasmids, transposons, and insertion sequences.
Furthermore, we postulated that the diferences in antimi-
crobial activities may be attributable to a variety of factors,
including the genetic confgurations of the clinical isolates,
which may result in alterations of physical and biochemical
nature of the organism due to mutations or this may be due
to the substrate used in the extraction of bioactive agents.
Due to the efcacy of the extraction technique, the lack of
substantial secondary metabolites might account for the
decreased antibacterial activity of the 20%Wheat Bran Sugar
Cane and 20%Maize Flour Sugar Cane extracts. Te extracts
have resulted in varied in MIC antimicrobial activities

against E. coli and S. aureus with a mean extract concen-
tration of 1× 10−5mg/mL, whereas the N. gonorrhoeae
ATCC 49926 had an MIC mean concentration of
1× 10−3mg/mL, suggesting that N. gonorrhoeae possess
a greater resistance to the target extracts when compared to
E. coli and S. aureus.

Te antibacterial activity of all the extracts examined in
the current investigation has displayed some level of efcacy
against the clinical isolates and standard strains. However,
the majority of clinically isolated bacteria have shown more
resistance to the extracts than the standard N. gonorrhoeae
strain. Te primary cause is the indiscriminate exposure of
clinical isolates to multiple antimicrobial drugs.

5. Conclusion

Te current study demonstrates that polyphenols are
a prospective source of efcient, secure, and cost-efective
antimicrobial compounds. Te antimicrobial potential of
natural compounds presents a broad spectrum of options for
novel antibacterial therapeutics against multidrug-resistant
clinical isolates, despite the fact that this investigation solely
focused on in vitro analysis. Due to their inadequate ther-
apeutic impact, polyphenols with MICs greater than existing
antibiotics cannot be used in antimicrobial monotherapy;
nevertheless, the use of antibiotics in combination treatment
may enhance the pharmacokinetic and pharmacodynamic
characteristics of these polyphenols. Additionally, using
polyphenols can make it possible to lower medicine doses
and lessen antibiotic adverse efects. To determine the utility
of these antibacterial drugs in the therapeutic setting, more
research should concentrate on in vivo experiments and
clinical trials.
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Te data supporting the current study are available from the
corresponding author upon request.
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[19] F. J. Álvarez-Mart́ınez, E. Barrajón-Catalán, and V. Micol,
“Tackling antibiotic resistance with compounds of natural
origin: a comprehensive review,” Biomedicines, vol. 8, no. 10,
2020.

[20] D. Jakubczyk and F. Dussart, “Selected fungal natural
products with antimicrobial properties,” Molecules, vol. 25,
no. 4, 2020.

[21] J. Khan, S. M. Tarar, I. Gul, U. Nawaz, and M. Arshad,
“Challenges of antibiotic resistance bioflms and potential
combating strategies: a review,” Biotechnology, vol. 11, no. 4,
p. 169, 2021.

[22] A. K. Patra, “An overview of antimicrobial properties of
diferent classes of phytochemicals,” Dietary Phytochemicals
and Microbes, vol. 1, 2012.

[23] N. Vaou, E. Stavropoulou, C. Voidarou, C. Tsigalou, and
E. Bezirtzoglou, “Towards advances in medicinal plant anti-
microbial activity: a review study on challenges and future
perspectives,” Microorganisms, vol. 9, 2021.

[24] N. Nowacka, R. Nowak, M. Drozd, M. Olech, R. Los, and
A. Malm, “Analysis of phenolic constituents, antiradical and
antimicrobial activity of edible mushrooms growing wild in
Poland,” LWT, vol. 59, 2014, https://www.researchgate.net/
publication/262956267_Analysis_of_phenolic_constituents_
antiradical_and_antimicrobial_activity_of_edible_mushroo
ms_growing_wild_in_Poland.

[25] A. Bains, P. Chawla, S. Kaur, A. Najda, M. Fogarasi, and
S. Fogarasi, “Bioactives frommushroom: health attributes and
food industry applications,”Materials (Basel), vol. 14, p. 7640,
2021.

[26] N. A. Hummell and N. V. Kirienko, “Repurposing bioactive
compounds for treating multidrug-resistant pathogens,”
Journal of Medical Microbiology, vol. 69, no. 6, pp. 881–894,
2020.

[27] S. Fakoya, K. T. Adegbehingbe, I. S. Ademakinwa, S. Fakoya,
K. T. Adegbehingbe, and I. S. Ademakinwa, “Bio-therapeutic,
phytochemical screening and antioxidant efcacies of oyster
mushroom (Pleurotus ostreatus) obtained from the wild,”
Open Journal of Medical Microbiology, vol. 10, pp. 58–70,
2020, http://www.scirp.org/journal/PaperInformation.aspx?
PaperID=100517.

[28] G. Gashaw, A. Fassil, and F. Redi, “Evaluation of the anti-
bacterial activity of Pleurotus spp. cultivated on diferent
agricultural wastes in chiro, Ethiopia,” International Journal
of Microbiology, vol. 2020, Article ID 9312489, 9 pages, 2020.

[29] M. B. Bellettini, F. A. Fiorda, H. A. Maieves et al., “Factors
afecting mushroom Pleurotus spp,” Saudi Journal of Bi-
ological Sciences, vol. 26, no. 4, pp. 633–646, 2019.

[30] V. Lavelli, C. Proserpio, F. Gallotti, M. Laureati, and
E. Pagliarini, “Circular reuse of bio-resources: the role of
Pleurotus spp. in the development of functional foods,” Food
Function, vol. 9, no. 3, pp. 1353–72, 2018, https://pubs.rsc.org/
en/content/articlehtml/2018/fo/c7fo01747b.

[31] V. Ferraro, M. L. Gargano, G. Procida, G. Venturella,
F. Cirlincione, and F. Cateni, “Mycochemicals in wild and
cultivated mushrooms: nutrition and health,” Phytochemistry
Reviews, vol. 21, no. 2, pp. 339–383, 2021, https://link.
springer.com/article/10.1007/s11101-021-09748-2.

[32] H. Jorge, C. Froufe, I. Cristina, F. R. Ferreira, R. Miguel, and
V. Abreu Bragança, Valorisation of Wild Mushrooms as
Functional Foods: Chemoinformatic Studies, Instituto Poli-
tecnico de Braganca, Braganca, Portugal, 2009.

8 Biochemistry Research International

https://pubmed.ncbi.nlm.nih.gov/28421412/
https://pubmed.ncbi.nlm.nih.gov/28421412/
https://www.mdpi.com/2076-3921/11/8/1569/htm
https://www.mdpi.com/2076-3921/11/8/1569/htm
https://www.researchgate.net/publication/262956267_Analysis_of_phenolic_constituents_antiradical_and_antimicrobial_activity_of_edible_mushrooms_growing_wild_in_Poland
https://www.researchgate.net/publication/262956267_Analysis_of_phenolic_constituents_antiradical_and_antimicrobial_activity_of_edible_mushrooms_growing_wild_in_Poland
https://www.researchgate.net/publication/262956267_Analysis_of_phenolic_constituents_antiradical_and_antimicrobial_activity_of_edible_mushrooms_growing_wild_in_Poland
https://www.researchgate.net/publication/262956267_Analysis_of_phenolic_constituents_antiradical_and_antimicrobial_activity_of_edible_mushrooms_growing_wild_in_Poland
http://www.scirp.org/journal/PaperInformation.aspx?PaperID=100517
http://www.scirp.org/journal/PaperInformation.aspx?PaperID=100517
https://pubs.rsc.org/en/content/articlehtml/2018/fo/c7fo01747b
https://pubs.rsc.org/en/content/articlehtml/2018/fo/c7fo01747b
https://link.springer.com/article/10.1007/s11101-021-09748-2
https://link.springer.com/article/10.1007/s11101-021-09748-2


[33] S. Corvec, E. Seiler, L. Wang, M. G. Moreno, and A. Trampuz,
“Characterization of medical relevant anaerobic microor-
ganisms by isothermal microcalorimetry,” Anaerobe, vol. 66,
Article ID 102282, 2020.

[34] S. H. Yakobi, O. J. Pooe, S. H. Yakobi, and O. J. Pooe,
“Antimicrobial resistance of Neisseria gonorrhoeae in sub-
saharan populations,” Bacteria, vol. 1, no. 2, pp. 96–111, 2022,
https://www.mdpi.com/2674-1334/1/2/9/htm.

[35] A. D. Cristillo, C. C. Bristow, E. Torrone, J. A. Dillon,
R. D. Kirkcaldy, and H. Dong, “Antimicrobial resistance in
Neisseria gonorrhoeae: proceedings of the STAR sexually
transmitted infection—clinical trial group programmatic
meeting,” Sexually Transmitted Diseases, vol. 46, no. 3, 2019.

[36] L. Shi, W. Zhao, Z. Yang, V. Subbiah, and H. A. R. Suleria,
“Extraction and characterization of phenolic compounds and
their potential antioxidant activities,” Environmental Science &
Pollution Research, vol. 29, no. 54, pp. 81112–81129, 2022,
https://link.springer.com/article/10.1007/s11356-022-23337-6.

[37] A. Z. Barakat, R. I. Bassuiny, A. M. Abdel-Aty, and
S. A. Mohamed, “Diabetic complications and oxidative stress:
the role of phenolic-rich extracts of saw palmetto and date
palm seeds,” Journal of Food Biochemistry, vol. 44, no. 11,
p. e13416, 2020, https://pubmed.ncbi.nlm.nih.gov/32885876/.

[38] M. Alves, I. F. R. Ferreira, J. Dias, V. Teixeira, A. Martins, and
M. Pintado, “A review on antimicrobial activity of mushroom
(Basidiomycetes) extracts and isolated compounds,” Planta
Medical, vol. 78, no. 16, pp. 1707–18, 2012, https://pubmed.
ncbi.nlm.nih.gov/23023950/.

[39] C. Ramesh and M. G. Pattar, “Antimicrobial properties,
antioxidant activity and bioactive compounds from six wild
edible mushrooms of western ghats of Karnataka,” Phar-
macognosy Research, vol. 2, no. 2, p. 107, India, 2010.

[40] B. Bertani and N. Ruiz, “Function and biogenesis of lipo-
polysaccharides,” EcoSal Plus, vol. 8, no. 1, 2018.

Biochemistry Research International 9

https://www.mdpi.com/2674-1334/1/2/9/htm
https://link.springer.com/article/10.1007/s11356-022-23337-6
https://pubmed.ncbi.nlm.nih.gov/32885876/
https://pubmed.ncbi.nlm.nih.gov/23023950/
https://pubmed.ncbi.nlm.nih.gov/23023950/



