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Abstract

Widespread cases of life threatening side effects and multiple-drug-resistance of food borne pathogens
to conventional antibiotics have triggered the quest for naturally occurring antibacterial agents. This
study was aimed at investigating the antibacterial properties of aqueous and methanol extracts of white
rot mushroom (Lentinus squarrosulus) against food borne pathogens isolated from Tympanotonus
fuscatus var. radula periwinkles. Isolation and identification of isolates were carried out using standard
morphological characteristics and biochemical tests. The isolates were tentatively identified as
Escherichia coli, Pseudomonas spp, Staphylococcus spp and Micrococcus spp. The preliminary
phytochemical analysis of the mushroom extracts detected phytochemical constituents such as alkaloids,
saponins, tannins, flavonoids, steroids, terpenoids, anthraquinones, proteins and starch. The antibiotic
susceptibility profile using Kirby-Bauer disc diffusion method showed that all the isolates were resistant
to at least more than two classes of conventional antibiotics. Agar well diffusion technique showed that
the isolates were all susceptible to the aqueous extracts at all concentrations. E. coli was highly resistant
to the methanol extracts even at 100mg/ mL. The aqueous extract was the most potent, exhibiting high
zones of inhibition against Escherichia coli (15mm), Pseudomonas spp (18mm), Staphylococcus spp
(20mm) and Micrococcus spp (22mm) at 100mg/ mL. At a concentration of 25mg/ mL the aqueous
extract inhibited Escherichia coli (11mm), Pseudomonas spp (12mm), Staphylococcus spp (13mm)
and Micrococcus spp (13mm) while the methanol extract showed no antibacterial activity against any
of the isolates. The Minimum Inhibition Concentration (MIC) of the aqueous extract for all the isolates
was 25mg/ mL except for E. coli which was 50mg/ mL. This study highlights the possibility of using
the aqueous and methanol extracts of L. squarrosulus as raw materials in the food and pharmaceutical
industries. Future studies should focus on the identification and purification of specific phytochemicals.

Keywords: Antibacterial activities, Lentinus squarrosulus, phytochemical constituents
Pathogens, Antibiotics.

INTRODUCTION

Antibiotics have contributed immensely to the treatment of food borne infections. However,
in recent times, antibiotic resistant bacteria have emerged and become a major challenge as
they have become used to existing antibiotics. They have developed new mode of operation
and structures as a safeguard against synthetic antibiotics (Wang et al, 2023). Growing
concerns about global antibiotic resistance have plunged into new depths as the World Health
Organization (WHO), is now warning that the world is “running out of antibiotics” (WHO,
2020). The speed of emergence of resistance to newly introduced antibiotics shows that even
the new classes of antibiotics will need to be replaced by newer ones (WHO, 2020). Antibiotic
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resistance has spread rapidly due to several factors, including the misuse and overuse of
antibiotics in human and animal healthcare, inadequate infection control practices, and the
ability of bacteria to acquire and transfer resistance genes (Ventola, 2015). These infections
lead to prolonged hospital stays, increased costs, and higher mortality rates (Wang et al., 2023)
with life threatening side effects. The growing failure of chemotherapeutics has triggered an
urgent and frantic search for nouveau, safer, cheaper and more readily available antimicrobial
agents.

Due to the presence of specific molecules of interest in mushrooms, such as terpenes,
sesquiterpenes, steroids, anthraquinone and derivatives of benzoic acid, quinolines, and
proteins, mushrooms can be regarded a source of natural antibiotics (Alves et al., 2012). The
use of mushrooms in new drug development will reduce the burden on antibiotics and go a
long way in ameliorating the challenge of antibiotic resistance. The tropical macrofungi
Lentinus squarrosulus (Mont.) belongs to the family Polyporaceae (Sutthisa and Chaiyacham,
2022). It is an important member of the Agaricales taxon and has a wide range of distribution
around the world including Pacific Island, Australia, Equatorial Africa and South-East Asia
(Neda and Doi, 1998). Lentinus squarrosulus, is one of the most common Nigerian edible
mushrooms that has a characteristically tough mixture of matured sporophores, velvety stipe
funnel-shaped whitish pileus, white spores print and spore size ranging between 5 - 8 and 2
- 4 pm along the major and minor axis (Jonathan, 2002).

In Thai language of Thailand, it is locally called “Hed Khon Khao" also known as white
shiitake (Petcharat, 1995). In Nigeria, it is called “Ero atakata’ by the Igbos (Akpaja et al., 2003).
It is called “Atakatelu” by Ikwerre (Agbagwa et al., 2022).

The ethnomycology of Lentinus squarrosulus in Nigeria and other parts of the globe is well
documented (Apetorgbor et al., 2005; Giri et al., 2012; Asemota et al., 2015). According to
Adeoye-Isijola et al. (2018), the Gas Chromatography-Mass Spectrometry (GC-MS) spectra of
the ethanolic extract of L. squarrosulus was found to have bioactive compounds with great
therapeutic activities such as antioxidant, hypocholesterolemic, antimicrobial, antitumor,
anti-inflammatory, antiarthritic, anticoronary, antieczemic, nematicide, antiacne and
hepatoprotective amongst others.

Guissou et al. (2014) and Oyetayo (2011) also mentioned that Lentinus squarrosulus is used in
the African traditional pharmacopoeia to cure heart diseases and mumps. However, there is
still a paucity of documented research on the antibacterial properties of this mushroom found
occurring in Federal Capital Territory. This study is also a response to the urgent need for
naturally occurring antibacterial agents with little or no side effects. The aim of this work was
therefore to investigate the antibacterial efficacy of L.squarrosulus found occurring in Sheda,
Kwali Area Council, Abuja. Nigeria against food borne pathogens isolated from Tympanotonus
fuscatus var radula periwinkles, a sea food.

MATERIALS AND METHODS

Description of Study Area

This study was carried out in Sheda Science and Technology Complex (SHESTCO), Kwali
Area Council of the Federal Capital Territory (FCT) Abuja, Nigeria. Abuja lies between
latitudes 8°25'N and 9°20°and Longitude 6°39". It is bordered on the North by Kaduna State,
East by Nasarawa State, to the South west by Kogi State and to the West by Niger State. The
Territory is located just north of River Niger and Benue River and geographically in the center
of the country. It has a land mass of approximately 7,315km? of which the actual city occupies
275.3km?. It is situated within the savannah with moderate climatic conditions (Nigeria
Education, 2021).
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Collection of Mushroom Samples

Fresh fruit bodies of wild edible mushroom (Lentinus squarrosulus) were collected from dead
and decaying trees infested with ants within SHESTCO premises, Kwali Area Council, FCT
Abuja, Nigeria. They were immediately taken to Food Science and Industrial Biotechnology
Laboratory, SHESTCO. The mushrooms were identified using the morphological and
microscopic features according to Wei (1979) and Dickinson and Lucas (1982).

Bacteriological analysis

Serial dilution was done as outlined by Cheesbrough (2006). 1g each of Tympanotonus fuscatus
var. radula periwinkles bought from Bako market, Kwali were homogenized in 9.0 mL sterile
distilled water to form a stock solution. 1 mL of the homogenate was serially dispensed into
9 mL sterile distilled water, the same procedure was repeated serially up to tube 10 ¢ dilution
factor. Using spread plate technique, 0.1ml aliquots from the 104, 105 and 10¢ tubes were
inoculated aseptically onto the dried surfaces of sterile plates of Nutrient Agar, Eosin
Methylene Blue Agar, MacConkey agar, Mannitol Salt Agar, and Centrimide Agar in
triplicates. (All media were prepared according to manufacturer’s instructions). The plates
were incubated at 37°C for 48 hours. Plates with distinct colonies were read as colony forming
units per gram (CFU/g) of mushroom sample.

Purification of Bacterial Isolates

The pure cultures of the bacteria were obtained by repeated streaking aseptically on fresh
nutrient agar plates. They were incubated for 24 hours at 37°C after which the isolates were
inoculated on nutrient agar slants in bijoux bottles and stored in a laboratory refrigerator at
4°C (CLSI, 2021).

Identification of Bacterial Isolates

The tentative identification of bacterial isolates based on their cultural and cellular
morphology was done using microscopy as described by Cheesbrough, 2006. Standard
biochemical tests such as Oxidase, Catalase, Coagulase, Indole, Methyl red, Voges Proskauer,
Citrate utilization, and Sugar fermentation were carried out as described by Cheesbrough
(2006).

Antimicrobial Susceptibility Testing of the Bacterial Isolates

The antimicrobial susceptibility pattern was determined as described by Clinical and
Laboratory Standards Institute (CLSI) (CLSI, 2021). Pure colonies of Escherichia coli,
Pseudomonas spp, Staphylococcus spp and Micrococcus spp were inoculated into 5 mL sterile
0.85% (w/v) NaCl (normal saline). The turbidity was made up to the turbidity equivalent to
1.5 McFarland standard. The McFaland’s standard was prepared by adding 0.5 ml of 1.172%
(w/v) BaCl 2 X2 H 20 to 99.5 ml of 1% (w/v) Ha SO4. The dried surface of sterile Mueller
Hinton agar plates were evenly streaked with sterile swab sticks soaked in the standardized
bacterial suspension. The commercial antibiotic discs (gram positive and gram negative) were
placed aseptically at the center of the seeded plates and allowed to stand for one hour for
prediffusion. The plates were incubated aerobically at 37°C for 24 hours (CLSI, 2021). The
Gram-negative antibiotics discs used were Perfloxacin (PER)(30 pg), Ciprofloxacin(CIP)(30
ng), Sparfloxacin (SPA)(10 pg), Tarivid (TAR)(10 pg), Augmentin(AUG)(10 pg),
Amoxacillin(AMO)(30  ng), Gentamycin(GEN)(20 png), Levofloxacin(LEV)(30ug),
Cefotaxin(CEF) (10ng), and Azithromycin (AZI)(12 pg). The Gram-positive antibiotics discs
used were Ciprofloxacin (CIP)(30 ng), Pefloxacin (PER)(10 pg), Gentamycin (GEN)(10pg),
Ampiclox (AMP) (30ug), Zinnacef (ZIN)(20ng), Amoxacillin(AMO) (20ng), Rocephin
(ROC)(25ug), Azithromycin(AZI) (12pg), Levofloxacin(LEV) (20pg) and Erythromycin(ERY)
(10pg). The Gram-positive and Gram-negative discs were Maxi Disc modified high profile
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(Maxicare Medical Laboratory, Nigeria). The zone of inhibition of each antibiotic was
measured using a millimeter rule from the center of the disc to the edge of the circumference
of the clearance zone and recorded to the nearest millimeter. The Interpretation was done
using different interpretative Categories as published by the Clinical and Laboratory
Standards Institute ((CLSI, 2021).

Preparation of Extracts

Fresh fruit bodies of L.squarrosulus were cut into very thin slices and oven dried at 50°C to
constant weight. The mushroom samples were pulverized using an electric blender. It was
passed through a sieve to obtain a fine powder of the mushroom. Fifty (50) grams of the
mushroom was soaked in 250 ml of 70 v/v methanol in a conical flask for methanol extraction.
For aqueous extraction 50 grams of the mushroom was soaked in 250 mL of distilled water in
a conical flask. The flasks were covered with aluminium foil and allowed to stand for five (5)
days. The content of the flasks was filtered using Whatman filter paper No 1 and funnel. The
tiltrates were concentrated using water bath at 40°C for methanol extract and 60°C for the
aqueous extract until they formed paste (Fenu et al., 2024).

Preliminary Qualitative Detection of Phytochemical Constituents in Extracts

The preliminary qualitative detection of phytochemical constituents (tannins, saponins,
terpenoids, cardiac glycosides and anthraquinones) in the mushroom extracts was carried out
as described by Sofowora (1993) and Harborne, 1998. The detection of flavonoids, proteins,
steroids, alkaloids, starch and phlobatanin was carried out as described by Trease and Evans
(2002).

Antibacterial Activity of the Extracts

The methanol and aqueous extracts were reconstituted by dissolving 10g of extract in 100 mL
of 2% Dimethyl sulphoxide (DMSO) to obtain a stock solution of 100mg/ mL. 75 mg/mL, 50
mg/ mL, and 25 mg/mL concentrations were prepared. The antibacterial assay was carried
out using agar well diffusion method against 24 hours old cultures of Escherichia coli,
Pseudomonas spp, Staphylococcus aureus and Micrococcus spp. They were introduced into sterile
physiological saline and were adjusted to 0.5 Mcfarland standards corresponding to 1.0 x 10
8cfu/ mL. 0.1ml of the suspension of each isolate was evenly spread onto the sterile plates of
solidified Mueller Hinton agar. Using a sterile cork borer of 6mm in diameter, wells were
bored on the agar. The wells were then filled with the 25, 50, 75 and 100 mg/mL. The plates
were allowed to stand for one hour to ensure proper diffusion. The plates were incubated at
37°C for 24 hours. The negative control was Dimethyl Sulfoxide (DMSO). Antibacterial
activity was determined by measuring the zone of inhibition around the well in millimeters.

Minimum inhibitory concentration

The method outlined by Ahmad and Beg (2001) was adopted for the determination of the
Minimum Inhibitory Concentration (MIC). 2ml of Mueller Hinton broth were transferred into
10ml test tubes containing 1ml of 25, 50, 75 and 100 mg/mL respectively, the one with no
extract served as control. A 0.1 mL of the standardized bacterial suspension was inoculated
into the test tubes and incubated at 37°C for 24 hours. The turbidity was used to indicate
growth of bacteria.

Minimum Bactericidal Concentration

A loop full of samples from the test tubes in the MIC test that did not show any sign of
turbidity was inoculated on sterile nutrient agar by streaking. Plates inoculated were
incubated at 37°C for 24 hours. After incubation, the minimum concentration with no visible
growth was taken as the Minimum Bactericidal Concentration (MBC) (Ahmad & Beg, 2001).
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RESULTS AND DISCUSSION

The qualitative identification of the phytochemical constituents of the aqueous and
methanolic extracts Lentinus sqearrosulus is depicted in (Table 1) shows the presence of
flavonoids, tannins, terpenoids, saponins, proteins, starch, cardiac glycosides and
phlobalanins but absence of steroids and anthraquinones. Terpenoids were not detected in
the methanol extracts. These results are in consonance with that of Borokini et al. (2016) who
detected similar secondary metabolites in the methanol extracts of the mushroom. It also
agrees with the findings of Titilawo et al. (2022) that saponins, tannins and terpenoids are
present in the methanolic extracts of L. squarrosulus. In a similar research, Agbagwa et al. (2022)
reported the detection of glycoside, oxalate, saponin, tannin, carotenoid, flavonoid and
lignant in L.squarrosulus. These active metabolites are well known for their medicinal activities
against several human problems such as diuretic choleretic, spasmodic, chronic eczema,
diarrhoea, dysentery and menstrual disorders (Sathishkumar et al., 2016).

Table 1: Preliminary Detection of Phytochemical Constituents of Extracts of Lentinus

squarrosulus
Phytochemicals Aqueous extract Methanol extract
Flavonoids + +
Tannin + +
Steroids - -
Terpenoid + -
Saponin +
Alkaloids + -
Anthraquinones - -
Proteins + +
Starch + +
Phlobatannins + +
Key: + = Phytochemical constituent detected, - = Phytochemical constituent not detected

The cultural and microscopic characteristics as shown in Table 2 reveals that the bacterial
isolates that were gram negative with short red rods and gave a greenish metallic sheen on
Eosin Methylen Blue were tentatively identified as Escherichia coli. Gram-negative, long
slender rods, yellow green on centrimide under Ultra Violet were identified as Pseudomonas
spp, the Gram-positive purple cocci in clusters, yellow green on mannitol salt agar were
tentatively identified as Staphylococcus spp. Colonies that were small gram positive cocci,
bright green on nutrient agar were Micrococcus spp.

Table 2: Cultural and Microscopic Features of Bacterial Isolates

Media Size Margin Optical Color Elevation Microscopic Probable Bacteria
Features

EMB Small Irregular Opaque Greenish Raised Shortred rods  Escherichia coli
metallic
sheen

MSA Small Irregular Translucent Golden Raised Purple cocci in  Staphylococcus
yellow clusters aureus

CA Medium Irregular Translucent Yellow Raised Long red Pseudomonas spp
green slender rods

NA Small Regular Opaque Bright Raised Purple cocci in  Micrococcus spp
Yellow tetrads

Key: NA - Nutrient Agar, EMB - Eosin Methylene Blue Agar, CA - Centrimide Agar, MSA - Mannitol Salt Agar

The biochemical tests as depicted in Table 3 which shows the reaction of the isolates to Indole,
Catalase, Coagulase, Citrate, Oxidase, Methyl red, Voges proskaeur and their utilization of
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sugars such as glucose, Maltose, Lactose, Fructose and Sucrose. All the isolates were catalase
positive. All the isolates utilized fructose.

Table 3: Biochemical Tests of Bacterial Isolates from Tympanotonus fuscatus var . radula

GS IN CA CO OX MR VP GL LA SU FR MA  Tentative
Identification

_ - + + - - + - + + + + + Escherichia coli

+ - - + + - + - - + + + + Staphylococcus spp

_ + - + - + - - - - - + - Pseudomonas spp

+ - - + - + - - - - + + - Micrococcus spp

Key: GS - Gram stain, IN - Indole, CA- Catalase, CO - Coagulase, CI - Citrate ,OX - Oxidase, MR - Methyl red,
VP - Voges proskaeur, MA - Maltose, LA - Lactose, FR - Fructose, SU -Sucrose.

The antibiotic susceptibility profile result as shown in Table 4 shows that the Gram-negative
isolates were all resistant to more than two classes of conventional antibiotics and are
therefore considered Multi-Drug Resistant (MDR) bacteria. The most resistant Gram-negative
bacteria were Escherichia coli. It was resistant to tarivid (fluroquinolones) (11mm), augmentin
(penicillins)(0mm), amoxicillin  (penicillins)(bmm), azithromycin (macrolides)(9mm),
cefotaxim (cephems)(0mm), and levofloxacin (quinolones) (0mm). They were susceptible to
ciprofloxacin(24mm), perfloxacin(20mm) and sparfloxacin(20mm) belonging to the class
fluroquinolones and gentamicin(20mm) belonging to the class aminoglycosides.

Table 4: Antibiotic Susceptibility Profile of Gram Negative Bacterial Isolates

Class of antibiotic Antibiotic / Extract (ug) Pseudomonas spp Escherichia coli

Fluroquinolones Ciprofloxacin (30 pg) 22(S) 24(S)
Fluroquinolones Perfloxacin, (30 pg) 18(S) 20(S)
Fluroquinolones Sparfloxacin (10 pg) 17 (S) 20(S)
Fluroquinolones Tarivid (10 pg) 18 (S) 11(R)
Penicillins Augmentin (10 pg) 0 (R) O(R)

Penicillins Amoxacillin (30 pg) 0 (R) 5 (R)
Aminoglycosides Gentamycin (30 ug) 19(S) 20(S)
Macrolides Azithromycin (12 pg) 0 (R) 9I(R)

Cephems Cefotaxim (10 png) 0 (R) 0 (R)
Quinolones Levofloxacin (20 pg) 18(S) 0 (R)

Key: S =Susceptible, R = Resistant

The antibiotic susceptibility profile result (table 5) shows that the gram positive isolates were
both Multi-Drug Resistant (MDR). The most resistant gram positive organism was
Staphylococcus spp. It resisted ampiclox (penicillin)(Omm), zinnacef (cephalosporins)(9mm)
and gentamicin (aminoglycosides (11mm). It was susceptible to ciprofloxacin, perfloxacin,
amoxicillin, rocephin, azithromycin, levofloxacin and erythromycin.

Table 5: Antibiotic Susceptibility Profile of Gram Positive Bacterial Isolates

Class of Antibiotics Antibiotics (ug) Zone of Inhibition (mm)

Staphylococcus spp Micrococcus

Spp
Fluroquinolones Perfloxacin (10 pg) 22(S) 24(S)
Fluroquinolone Ciprofloxacin (10 pg) 18(S) 20(S)
Penicillins Ampiclox (30 ng) 0(R) 7(R)
Penicillins Amoxacillin (20 pg) 21(S) 19(S)
Cephalosporins Zinnacef (20 png) 9IR) 18(S)
Cephalosporins Rocephin (25 ug) 20(S) 10(R)
Aminoglycosides Gentamicin (10 pg) 11(R) 22(S)
Macrolide Azithromycin (12 pg) 18(S) 18(S)
Quinolone Levofloxacin (20 pg) 18(S) 19(S)
Macrolide Erythromycin (10 pg) 18(S) 23(S)

Key: S = Susceptible, =~ R= Resistant
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The isolates showed varying susceptibility to different concentrations of the aqueous and
methanol extracts of the mushroom as shown in Table 6.

Table 6: Antibacterial Activity of Aqueous and Methanol Extracts

Zones of Inhibition (mm)

Concentration P.spp E.coli S. spp M.spp
mg/ml

AE ME AE ME AE ME AE ME
100 18 17 15 0 20 16 22 18
75 17 12 10 0 15 11 19 15
50 17 8 11 0 12 8 13 10
25 12 0 11 0 13 0 13 0
Control 0 0 0 0 0 0 0 0

Key: AE =Aqueous extract, ME =Methanol extract, P.spp =Pseudomonas spp, S.spp=Staphylococcus spp, M.spp=
Micrococcus spp

They were all susceptible to the aqueous extract at all concentrations. E.coli was highly
resistant to the methanol extracts even at 100mg/mL. The aqueous extract was the most
potent, exhibiting high zones of inhibition against Escherichia coli (15mm), Pseudomonas spp
(18mm), Staphylococcus spp (20mm) and Micrococcus spp (22mm) at 100mg/ml. At a
concentration of 25mg/ml the aqueous extract inhibited Escherichia coli (11mm), Pseudomonas
spp (12mm), Staphylococcus spp (13mm) and Micrococcus spp (13mm) while the methanol
extract showed no antibacterial activity against any of the isolates. Mushroom crude extracts
are highly effective when the clearance diameter is greater than 10 mm (Chowdhury et al.
2015). The Gram-positive organisms Staphylococcus spp and Micrococcus spp were more
susceptible to the two extracts than the gram negative. This corroborates the observation of
Khatua et al. (2017) that generally, Gram-positive bacteria are more susceptible to different
medicinal compounds than Gram-negative because of the porous peptidoglycan layer and
single lipid bilayer in Gram-positive bacteria. In a similar study, Usha et al. (2016) reported
that the dichloromethane extracts of L. squarrosulus was assessed by agar diffusion method
and displayed inhibitory effects against Escherichia coli, Enterobacter aerogenes, Staphylococcus
aureus, and Bacillus subtilis. Ayodele and Idoko (2011) also observed that methanolic extract of
filtrates of L. squarrosulus showed wide inhibition zones of 16.2 mm for S. aureus and 18.6 mm
for E. coli. Manna et al. (2015) found that methanolic extracts of the basidiocarps of L.
squarrosulus showed degree of antimicrobial activity against the test organisms including B.
cereus, B. subtilis, P. vulgaris, E. coli, S. aureus and P. aeruginosa. A study by Sutthisa and
Chaiyacham (2022) reported that the antibacterial activity of ethanolic extracts of
L.squarrosulus from Thailand using Poison food technique showed that the mycelium was
inhibitory against Bacillus cereus and Staphylococcus aureus, both Gram-positive bacteria but
did not inhibit the Gram-negative bacteria and that all concentrations of L. squarrosulus
basidiocarp extract were not able to inhibit the growth of any of the organisms. Reena et al.
(2019) found that the antibacterial activity of the ethanolic extract of Lentinus squarrosulus
showed that this extract was active at different concentrations against Staphylococcus aureus
(MTCC-902), Escheriachia coli (MTCC-1599) and Salmonella typhi (MTCC-734). The
demonstration of antibacterial activity by aqueous extract in the present research provides the
scientific basis for the use of water in the traditional treatment of diseases because most
traditional herbalists use water as their solvent in which the concoctions are prepared
(Gonzélez-Lamothe et al.,2009).

As shown in Table 7, the MIC of the aqueous extract for all the isolates was 25mg/ml except
for E.coli which was 50mg/ml. MIC of the methanol extracts was 50mg/mL for all the isolates
while it was 100mg/mL for E. coli. The MBC for the aqueous extract was 50mg/mL for all the
isolates and 100mg/mL for E.coli. The MIC of the methanol extract inhibited all the isolates at
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100mg/mL. In a similar study, Sutthisa and Chaiyacham, (2022) recorded that the MIC and
MBC of the ethanol extract from the mycelium of L.squarrosulus inhibited B. cereus at 125
mg/ml. The result highlights the possibility of using the aqueous and methanol extracts of
L.squarrosulus as raw materials in the food and pharmaceutical industries.

Table 7: Minimum Inhibitory Concentration (MIC) and Minimum Bactericidal
Concentration (MBC) of the Mushroom Extracts on the Isolates

Bacteria MIC mg/ml MBC mg/ml
Aqueous extract  Methanol Aqueous extract Methanol
extract extract
Pseudomonas spp 25 50 50 100
Escherichia coli 50 100 100 100
Micrococcus spp 25 50 50 100
Staphylococcus spp 25 50 50 100
CONCLUSION

The results of the present study show promising antibacterial activity due to the
phytochemical constituents of the wood decaying mushroom, L.squarrosulus. The
demonstration of antibacterial activity of aqueous and methanol extracts of L.squarrosulus
against food borne pathogens from Tympanotonus fuscatus var.radula periwinkles, a sea food
shows that the extracts can be explored as natural food preservatives to stop the growth of
spoilage bacterial in sea foods and the aquaculture system in general. Future studies should
focus on the molecular identification of the organisms as well as the identification, purification
and mechanism of action of specific phytochemicals.

REFERENCES

Adeoye-Isijola, M.O., Olajuyigbe, O.O., Jonathan, S.G., Coopoosamy, R-M (2018). Bioactive
Compounds in Ethanol Extract of Lentinus squarrosulus Mont - a Nigerian Medicinal
Macrofungus. Afr | Tradit Complement Altern Med. 15 (2): 42-50
https:/ /doi.org/10.21010/ ajtcam.v15i2.6 .

Agbagwa, S. S., Chuku, E. C., Amadi, G. K. and Sampson, C. E.(2022) Determination of
Nutrient and Phytochemical Compositions of Wild Edible Lentinus squarrosulus
(Mont.) Singer Found in Rivers State. Research Journal of Pure Science and Technology
(RJPST) E-ISSN 2579-0536 P-ISSN 2695-2696, 8: 1 www.iiardjournals.org

Ahmad, 1., and Beg, A. Z. (2001). Antimicrobial and Phytochemical Studies on 45 Indian
Medicinal Plants against Multi-Drug Resistant Human Pathogens. Journal of
ethnopharmacology, 74 (2): 113-123.

Akpaja E.O.,, Isikhuemhen O.S. and Okhuoya, J.A. (2003). Ethnomycology and usage of edible
and medicinal mushrooms among the Igbo people of Nigeria. ]. Medicinal Mushrooms,
5:313 319

Alves, M. ]., Ferreira, 1. C., Dias, ]., Teixeira, V. and Martins, A. (2012). A review on
antimicrobial activity of mushrooms (Basidiomycetes) extracts and isolated
compounds. Plant Medica, 78: 1707-1718.

Apetorgbor, M.M., Apetorgbor, A.K and Nutako, E. (2005). Utilization and cultivation of
edible mushrooms for rural livelihood in Southern Ghana. 17th Commonwealth
Forestry Conference, Colombo, Sri Lanka.

Asemota U. K., Abubakar, S., Okereke, O. E., Etim, V. A and Onyenekwe, P. C. (2015).
Ethnomycology: Edible and Medicinal Mushrooms of the Indigenous Gbagyi People
of Nigeria. International Journal of Currrent Biotechnology. 3(3):1-7.

Ayodele, S M., Idoko, M.E (2011) Antimicrobial activities of four wild edible mushrooms in
Nigeria. International Journal of Science and Nature. 2(1):55-58.

Asemota U. K., Fenu M. J., DUJOPAS 11 (4c): 1-10, 2025 8


https://doi.org/10.21010/ajtcam.v15i2.6
http://www.iiardjournals.org/

Antibacterial Activities of Lentinus squarrosulus (Mont.) Extracts Against Food Borne Pathogens

Borokini, F., Lajide, L., Olaleye, T., Boligon, A., Athayde, M., Adesina, I (2016) Chemical
Profile and Antimicrobial Activities of Two Edible Mushrooms (Termitomyces robustus
and Lentinus squarrosulus). Journal of Microbiology, Biotechnology and Food Sciences. doi:
10.15414/jmbfs..5:5: 416-423.

Cheesebrough, M. (2006). Biochemical Test to identify bacteria. District laboratory Practice in
Tropical Countries. 2nd edition, Cambridge University Press, Cambridge, UK. 62-70.
[Crossref]

Chowdhury, M.M.H., Kubra, K and Ahmed, S.R. (2015). Screening of antimicrobial,
antioxidant properties and bioactive compounds of some edible mushrooms
cultivated in Bangladesh. Ann Clin Microb Anti., 14: 8.

Clinical and Laboratory Standards Institute (CLSI) (2021). Performance Standards for
Antimicrobial Susceptibility Testing; Twenty-Fourth Informational Supplement.CLSI
document. 34(1).

Dickinson, C. and Lucas, J. (1982). VNR Color Dictionary of Mushrooms. Reno, NV, USA: Von

Nostrand Reinhold.

Fenu M. ]., Raphael P. G,, Saheed A. O., Adewale E. F., and Johnwara O. (2024). Inhibition of
biofilm formation by Lactobaccilus spp from dental carries using Azadiratha indica:
African  Journal ~ of  Biological, ~ Chemistry  and  Physical  Sciences.  3(1).
https/ /journal.jozacpublishers.com/ajbcps/index

Giri S, Biswas G, Pradhan P, Mandal SC, Acharya K. (2012) Antimicrobial activities of
basidiocarps of wild edible mushrooms of West Bengal, India. International Journal of
Pharm Tech Research. 4(4):1554-1560.

Gonzéalez-Lamothe, R., Mitchell, G., Gattuso, M., Diarra, M. S., Malouin, F., and Bouarab, K.
(2009). Plant Antimicrobial Agents and Their Effects on Plant and Human Pathogens.
International journal of molecular sciences, 10(8), 3400-3419.

Guissou, K.L.M., Sanon, E, Sankara, P.. Guinko, S. (2014) La Mycothérapie au Burkina Faso:
Etat des lieux et perspectives. Journal of Applied Biosciences, 79: 6896-6908.

Harborne, J.B. (1998) Textbook of Phytochemical Methods. A Guide to Modern Techniques of
Plant Analysis. 5th Edition, Chapman and Hall Ltd, London, 21-72

Jonathan, S.G. (2002). Vegetable growth requirements and antimicrobial activities of some
higher fungi in Nigeria Ph.D. thesis, University of Ibadan.

Khatua, S., Ghosh, S and Acharya, K. (2017). Chemical composition and biological activities
of methanol extract from Macrocybe lobayensis. | Appl Pharm Sci., 7(10): 144-151.

Manna, D.K., Mandal , A K., Sen, LK, (2015) Antibacterial and DNA degradation potential of
silver nano- particles synthesized via green route. Int | Biol Macromol. ;80:455-459. doi:
10.1016/j.ijbiomac.2015.07.028

Neda, H. and Doi, Y. (1998). Notes on agaricales in Kyushu District. Memoirs of the National
Science Museum, 31: 89-95.

Nigeria Education. Federal Capital Territory. Retrieved 28 December 2021.

Oso, B. A. (1976). Mushrooms and the Yoruba people of Nigeria. Mcllvainea, 2(2), 66-73

Oyetayo, O.V. (2011) Medicinal uses of mushrooms in Nigeria: Towards full and sustainable
exploitation. African Journal of Traditional, Complementary and Alternative Medicines, 8(3):
267-74, 2011.

Petcharat, V. (1995). Cultivation of wild mushroom ‘Hed Khon Khao" (Lentinus squarrosulus
Mont.). Songklanakarin Journal of Science and Technology, 17 (1): 44- 56.

Reena, R.D., Kandagalla, S., Krishnappa, M. (2019) Exploring the ethnomycological potential
of Lentinus squarrosulus Mont. Through GC-MS and chemoinformatics tools.
Mycology, 1-12. https:/ /doi.org/10.1080/21501203.2019.1707724

Sathishkumar, G., Sivaramakrishnan, S. Sujatha, K., Razia, M (2016). Evaluation of
Phytoconstituents, In Vitro antioxidant and antimicrobial activities of edible white

Asemota U. K., Fenu M. J., DUJOPAS 11 (4c): 1-10, 2025 9


http://nigeria-education.org/states/federal-capital-territory
https://doi.org/10.1080/21501203.2019.1707724

Antibacterial Activities of Lentinus squarrosulus (Mont.) Extracts Against Food Borne Pathogens

button mushroom Agaricus bisporus. International Journal of Pharmacy and Pharmaceutical
Sciences. 8 (3): 67-71.

Sofowara, A (1993): Medicinal plants and traditional medicine in Africa. Spectrum Books Ltd. Ibadan,
Nigeria. 191- 289

Sutthisa, W and Chaiyacham, P., (2022) Antibacterial Activity of Ethanolic Extracts of Lentinus
squarrosulus Mont. against Human Pathogenic Bacteria. Journal Pure Appl Microbiol;
16(1)441-447. doi: 10.22207 /JPAM.16.1.41

Titilawo, M.A., Faseun, A.O., Akinde, S.B., Olaitan, J.O., Odeyemi, O (2022) Bioactivity of
Four Nigerian Wild Mushrooms against Some Typed Clinical Isolates. Jordan Journal
of Biological  Sciences. 15: 1, ISSN  1995-6673 Pages 67 - 73
https:/ /doi.org/10.54319/jjbs /150109

Trease, G.E. and Evans, W.C. (2002). Pharmacognosy. 15th Ed. Saunders Publishers, London.
pp. 42-44, 221-229, 246-249, 304-306, 331-332, 391-393

Usha, N., Shashikanth, S, Janardhana, G.R. (2016) Structural elucidation of novel bioactive
compound (2-chloro- 1-(2-chlorocyclopropyl)-2-(4-nitrophenyl) ethanone) from
basidiomycetous fungus Lentinus squarrosulus. International Journal of Pharmacological
Research. 6(02):62-67. doi: 10.7439/ijpr

Ventola, C.L. (2015). The antibiotic resistance crisis: part 1: causes and threats. Pharmacy and
Therapeutics, 40(4), 277-283.

Wang, S., Bao, L., Zhao, F (2013). Isolation, identification, and bioactivity of monoterpenoids
and sesquiterpenoids from the mycelia of edible mushroom Pleurotus cornucopiae.
Journal of Agricultural and Food Chemistry. 61 (21): 5122-5129.

Wei, J.C (1979) Fungi identification manual (in Chinese). Shanghai Scientific and
Technological Press, Shanghai. p780.

World Health Organization (WHO) (2020) Antibiotics resistance.
https:/ /www.who.int/news-room/fact-sheets/ detail / antibiotic-resistance.

Assessed 21/04/2021

Asemota U. K., Fenu M. J., DUJOPAS 11 (4c): 1-10, 2025 10


https://doi.org/10.54319/jjbs/150109
https://www.who.int/news-room/fact-sheets/detail/antibiotic-resistance.%20Assessed%2021/04/2021
https://www.who.int/news-room/fact-sheets/detail/antibiotic-resistance.%20Assessed%2021/04/2021

