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KEYWORDS ABSTRACT:

Antimicrobial, The bioactive compounds contained in oyster mushrooms have numerous nutritional and health
Bioactive benefits. Antimicrobial resistance and infectious diseases are major public health problems worldwide.
compounds, Extracts, In this study, we examined bioactive potential and antimicrobial activity of extracts from three oyster
Solvent, oyster mushroom species. Fresh oyster mushroom samples of Pleurotus ostreatus, Pleurotus florida, and
mushrooms. Pleurotus sajor caju were collected from growers in Gujarat, India. They were sun-dried for four days

and powdered. Ten grams of powder from each species were extracted with 300 ml of double-distilled
water, methanol, and ethanol at 70% using a Soxhlet apparatus, depending on the boiling point of each
solvent. Qualitative and quantitative Phytochemical tests for the screening of bioactive chemical
constituents in the mushroom samples were carried out using the standard procedure. Antimicrobial
activity was evaluated by agar well diffusion against Escherichia coli, Bacillus subtilis, Staphylococcus
aureus, Pseudomonas aeruginosa, Candida albicans, and Candida parapsilosis using extracts prepared
at a concentration of 100 mg/ml, and tested in volumes of 25, 50, and 100 pl. The results showed the
presence of a diversity of bioactive compounds with the intensity of the reactions classified as strongly
positive, positive and absent. Each solvent has its own particularity in the process of extracting
phytochemical compounds. Pleurotus sajor caju contains the highest content of tannins, alkaloids and
flavonoids (2.7 mg/ml, 100.7 mg/g, 0.6 mg/g). Pleurotus ostreatus contains the highest concentrations
of phenols, saponins and glycosides (48.15 GAE/g, 1.5 mg/g, 5.05 mg/g). Pleurotus florida contains the
highest concentration of steroids which is 2.35 mg/g. Methanol and ethanol extracts of oyster
mushrooms exhibited inhibition zones ranging from 3.9 to 4.8 mm, whereas double distilled water
extracts showed comparatively lower activity. Oyster mushroom extracts possess dose-dependent
antimicrobial properties and theirs extracts are powerful broad-spectrum antimicrobial agents. The
methanol extracts of Pleurotus ostreatus and Pleurotus sajor caju were more potent. The choice of
solvent significantly influences the antimicrobial activity of oyster mushrooms.
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INTRODUCTION

Oyster mushrooms are saprophytic —mushrooms
belonging to the family Pleurotaceae and the genus
Pleurotus. There are more than 70 different species in
this group (Bertha, et al., 2024; Afroz, Dilip Kumar, &
Saikia, 2017). They are the second most cultivated
mushroom in the world and play a key role in the global
mushroom market (Garuba, et al., 2023; Mehmet, ,Sule,
& Sevda, 2023). They are cultivated on various
agricultural wastes (Somnath & Bishwanath, 2023).
These mushrooms are rich in phenolic compounds,
flavonoids, polysaccharides and various other secondary
metabolites. The consumption of oyster mushrooms
helps for human health as they contain several secondary
metabolites which help in the prevention of diseases,
because they contain antimicrobial, antioxidant,
anticancer, antibiotic and antiviral properties (Izham,
Avin, & Raseetha, 2022; Cardoso, et al., 2021; Adebayo,
etal., 2018).

Research has shown that mushrooms possess
phytochemicals with important nutritional values,
antimicrobial properties, and powerful antioxidants. The
use of oyster mushrooms in the manufacture of
medicines will help a lot because their phytochemical
profile has shown that they have hematological, antiviral,
antitumor, antibiotic, antibacterial, antifungal and
anticancer properties (Ahmed, et al., 2024; Nuhu, et al.,
2018). The increase in antimicrobial resistance against a
large number of antibiotics has limited the treatment of
diseases caused by pathogenic bacteria and fungi,
highlighting the need to find alternative therapies from
oyster mushrooms. The antimicrobial properties of
oyster mushrooms could offer an interesting alternative
to antibacterial and antifungal drugs (Thakur, et al.,
2025; Bozdeveci, Avci, Alpay Karaoglu, Can, & Peksen,
2022; Cardoso, et al., 2021). Pathogenic bacteria and
fungi are responsible for infectious diseases that can
cause death (Hameed, Ceyhan, & Akpinar, 2025; Varela,
et al., 2021). Several studies have demonstrated that
different oyster mushroom species possess bioactive
compound and antimicrobial properties (Gangwar, et al.,
2024 ; Kaisun Nesa, et al., 2022; Kothiyal & Keerti,
2022). Oyster mushrooms are little known in Gujarat
state in India, and few studies have been carried out in
the area. Our research adds insight into three Pleurotus
species, clarifying their distinct bioactive and
antimicrobial profiles for food and pharmaceutical
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applications. This study aimed to determine bioactive
potential and antimicrobial activity of extracts from three
oyster mushroom species.

MATERIALS AND METHODS
Mushroom strains

Pleurotus ostreatus, Pleurotus florida and Pleurotus
sajor caju were obtained at Madhuvanti organic farm at
Junagath and Shreenathji Organic Mushroom Products
& Organic Mushroom Farm at Rajkot.

Oyster mushroom extraction

The mushroom samples collected were dried in the sun
for 4 days. After that, each mushroom was cut into small
pieces and then crushed to obtain a powder. The powder
obtained was used for the preparation of the different
extracts. Three different extracts were prepared. These
are methanol, ethanol and double distil water. 10 g of
powder was separately extracted with each 300 ml of
ethanol, methanol at 70 % and double distilled water by
using a soxhlet extractor for 4 hours at a temperature
below the boiling point of the solvents. Using Whatman
number 1 filter paper, the extract was filtered and the
residual solvent was further removed by evaporation at
40 °C for 6 hours using a rotatory evaporator. The
extracts obtained were stored in a sterile bottle under
refrigeration condition (4 °C) before using for further
analysis (Kothiyal & Keerti, 2022; Pandimeena, Prabu,
Sumathy, & Kumuthakalavalli, 2015).

Bioactive compound determination

Qualitative and quantitative Phytochemical tests for the
screening of bioactive chemical constituents in the
mushroom samples were carried out using the standard
procedures as describe by (Prasad Vijay, et al., 2023;
Ikon, et al., 2019; Odangowei Inetiminebi, Oluchi
Oguoma, Chukwudi Adigwe, & Bumein Anthony, 2021;
Gayathri, Gomathi, Ambikapathy, & Panneerselvam,
2023).

Antimicrobial activity

Antimicrobial activities were carried out on commercial
antibiotics namely chloramphenicol, streptomycin and
ketoconazole. Subsequently on double distilled water,
ethanol and methanol extracts of Pleurotus ostreatus,
Pleurotus florida and Pleurotus sajor caju. A Total of
four test bacterial species and 2 yeasts were tested to
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evaluate antimicrobial activity of commercial antibiotics
and oyster mushrooms extracts. The Gram-positive
bacteria were Staphylococcus aureus MTCC-2408 and
Bacillus subtilis MTCC-736 while the Gram-negative
bacteria were Escherichia coli MTCC-1650 and
Pseudomonas aeruginosa ATCC27853. The different
yeasts were Candida albicans HF0532-438 and Candida
parapsilosis. The pathogens were obtained from the
Department of Microbiology, Silver oak University,
Ahmedabad.

Agar well diffusion techniques were adopted for the
study. Mueller Hinton agar plates were inoculated with
0.1 ml of an overnight broth culture of each bacterial
isolate (equivalent to 3 x 107 CFU/ml according to the
McFarland standard) in a sterile Petri dish. The seeded
plates were gently rocked for uniform distribution of the
isolates and allowed to set. Wells with an 8 mm diameter
were created on the plates using a standard sterile cork
borer. Equal volumes (100 pl) of the test extracts were
transferred into the wells using a micropipette. The
experiments were carried out in triplicate. The plates
were then incubated at 37°C for 24 hours,
observations were made until a marked decline in the
potency of the extracts to inhibit the growth of the test
isolates was observed. The zones of inhibition were
measured in millimeters (mm), and the average values
were calculated and recorded. For control purposes,

and

Chloramphenicol and Streptomycin were used as

Table 1: Qualitative phytochemical of Pleurotus ostreatus

standard antibiotics against selected Gram-positive and
Gram-negative  bacteria  cultures,  respectively.
Ketoconazole was used as a control for the antifungal
assay. (Gashaw, Fassil, & Redi, 2020; Gangwar, et al.,
2024).

RESULTS
Bioactive compound determination

Qualitative phytochemical present in oyster
mushroom

We took a closer look at the phytochemical profiles of
Pleurotus ostreatus, Pleurotus florida, and Pleurotus
sajor caju using double distilled water, ethanol, and
methanol at 70%. The findings showed a variety of
bioactive compounds, with reactions categorized as
strongly positive, positive, or absent. P. ostreatus stood
out with its impressive levels of carbohydrates, proteins,
and steroids, highlighting its nutritional benefits. On the
other hand, P. florida showcased its antioxidant
capabilities thanks to its flavonoids and phenolics, while
P. sajor caju was rich in tannins and alkaloids, which
may enhance its antimicrobial properties. Water was
particularly effective in extracting proteins, tannins, and
saponins, while ethanol and methanol proved to be more
efficient for alkaloids, flavonoids, and glycosides. The
efficiency of extraction really depended on the solvent
used.

Phytochemical constituents

Pleurotus ostreatus

Double distilled water Ethanol Methanol
extract extract extract
Test for carbohydrates Fehling’s test ++ ++ ++
Benedict’ s test ++ ++ ++
Mollish test ++ + +
Test for proteins Millon’s test ++ + +
Test of biuret ++ ++ ++
Test for amino acid ++ + +
Test for alkaloid Mayer test + + +
Dragendorff test + + +
Wagner’s test + + +
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Test for terpenoid + ++ ++
Test for glycosides Libermann Buchard’s + + +
test
Keller kiliani test + + +
Test for phenolic Ferric chloride test + + +
compounds Test lead acetate test + + +
Test for flavoids Ferric chloride test ++ ++ ++
Alkaline reagent test + + +
Test for steroids ++ + +
Test for tannins ++ + +
Test for saponins ++ ++ +
++: Strongly positive; + Positive; - Absent
Table 2: Qualitative phytochemical of Pleurotus florida
Phytochemical constituents Pleurotus florida
Double distilled water Ethanol Methanol
extract extract extract
Test for carbohydrates Fehling’s test ++ ++ ++
Benedict’ s test ++ ++ ++
Mollish test + + +
Test for proteins Millon’s test ++ + +
Test of biuret ++ ++ ++
Test for amino acid: Ninhydrin test + + +
Test for alkaloid Mayer test ++ ++ ++
Dragendorff test ++ ++ ++
Wagner’s test ++ ++ ++
Test for terpenoid + + +
Test for glycosides Libermann Buchard’s - + -
test
Keller kiliani test ++ ++ +
Test for phenolic Ferric chloride test ++ ++ ++
compounds Test lead acetate test + + -
Test for flavonoids Ferric chloride test ++ ++ +
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Test for steroids
Test for tannin

Test for saponin

Alkaline reagent test

++ ++
++ +

+ +
++ +

++

++: Strongly positive; + Positive; - Absent

Table 3: Qualitative phytochemical of Pleurotus sajor saju

Phytochemical constituents

Test for
carbohydrates

Test for proteins

Test for amino acid

Test for alkaloid

Test for terpenoid

Test for glycosides

Test for phenolic
compounds

Test for flavoids

Test for steroids
Test for tannin

Test for saponin

Fehling’s test
Benedict’ s test

Mollish test

Millon’s test

Test of biuret

Mayer test
Dragendorff test

Wagner’s test

Libermann
Buchard’s test

Keller kiliani test
Ferric chloride test

Test lead acetate
test

Ferric chloride test

Alkaline reagent
test

Pleurotus Sajor caju

Double distilled
water extract

Ethanol extract

Methanol extract

e
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4

4

++

4

++

++

++

++

++

++

++

++

++

++

++

++
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++: Strongly positive; + Positive; - Absent
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Table 4: Quantitative phytochemical

Oyster mushrooms species

Phytochemical constituents

Pleurotus ostreatus Pleurotus florida Pleurotus sajor caju
Tannins (mg/ml) 1.5 0.27 2.7
Alkaloid (mg/g) 5.5 2.92 100.7
Flavonoids (mg/g) 0.5 0.028 0.6
Terpenoid (mg/g) 0.9 0.74 0.82
Steroid (mg/g) 2.15 2.35 1.05
Phenol (mg of GAE/g) 48.15 46.74 30.15
Saponin (mg/g) 1.5 0.91 0.88
Glycosides (mg/g) 5.05 341 3.01

Quantitative phytochemical result of oyster
mushroom

The quantitative phytochemical analysis of three
mushroom species: Pleurotus ostreatus, Pleurotus
florida, and Pleurotus sajor caju. Among them, P. sajor
caju stands out with the highest levels of tannins,
alkaloids, and flavonoids, suggesting it has strong
antimicrobial properties. On the other hand, P. ostreatus
boasts the highest amounts of phenols, saponins, and
glycosides, which are known for their antioxidant
benefits. Meanwhile, P. florida takes the lead in steroid
content, measuring at 2.35 mg/g. There are significant
differences among these species, particularly in their
tannin, alkaloid, and phenol levels (p < 0.001).
Additionally, P. florida shows a unique flavonoid
profile, while P. ostreatus is particularly rich in
antioxidants. These results underscore the unique
therapeutic and nutritional potential of each species

Antimicrobial activity of oyster mushroom
Antimicrobial activity of Pleurotus ostreatus

The highest inhibition zones are observed at
concentrations of 100 pl. The inhibition zones ranged
from 3.9 to 4.7 mm. The double distilled water extract
obtained the largest inhibition zone of 4.7 mm in E. coli.
The smallest inhibition zone was obtained in the
methanol extract in C. parapsilosis. Progressive
decreases in the inhibition zones were observed at
concentrations of 50 and 25 pl, revealing the role of high
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concentrations in antimicrobial tests. The diameters of
the inhibition zones are in most cases greater than 4 mm
at 100 pl concentration as well as at the lowest
concentration (25 pl) indicating the potent antimicrobial
effect of the extracts. Staphylococcus aureus shows the
highest diameters of the inhibition zones at almost all
concentrations indicating a high sensitivity to the
extracts. Candida parapsilosis had the smallest
inhibition diameters, suggesting lower sensitivity than
other organisms. Pleurotus ostreatus is a broad-spectrum
antimicrobial agent as its extracts are effective against
Gram-positive, Gram-negative bacteria and fungal
species. A high inhibition diameter means that the
microorganism is more sensitive and has a strong ability
to fight bacteria and fungi. Low inhibition indicates
resistance or a lack of sensitivity of the microorganism.
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Figure 1: Minimum Inhibitory Concentration of
Pleurotus ostreatus by test organism and extracts
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The Minimum Inhibition Concentration (MIC) value
varied with both solvent and organism. The double
distilled water and methanol extract showed variations in
MIC in the pathogen E. coli. The methanol extract
showed the highest MIC which is 100 ul indicating lower
antimicrobial efficacy while double distilled water
extract had a lower MIC (50 pl) indicating better
inhibition for this organism. B. subtilis exhibited similar
MIC of 50 pl in both double distilled water and ethanol
extracts. However, the methanol extract exhibited a MIC
of 25 pl suggesting better activity for this organism. S.
aureus maintained a constant MIC in the double distilled
extract. Methanol and ethanol extracts exhibited lower
MIC (25 pl) indicating stronger inhibition of the extracts.
P. aeruginosa showed an MIC of 50 ul in the double
distilled water extracts. The methanol and ethanol
extracts had similar MIC (25 pl) indicating relatively
better inhibition. C. albicans showed a very high
concentration of 100 pl in the methanol extract,
indicating weak antifungal activity. The extract with the
lowest MIC performs best because it can effectively stop
microbial growth even at low concentrations.

Antimicrobial activity of Pleurotus Florida

The different inhibition zone diameter values ranged
from 4 to 4.6 mm. The largest inhibition zone (4.6 mm)
was observed for S. aureus in the double distilled water
extract at a concentration of 100 pl. Overall, inhibition
increased with extract concentration, with 100 pl
producing the widest zones, followed by 50 ul and 25 pl.
Staphylococcus aureus exhibited the most significant
zone of inhibition at all concentrations, thus displaying a
robust response. In contrast, C. albicans and C.
parapsilosis exhibited the smallest zones of inhibition
than the bacterial strains, indicating weak antifungal
activity. E. coli and B. subtilis showed consistent
responses at different concentrations. The antimicrobial
compounds of Pleurotus florida are more effective at
higher concentrations (100 and 50 pl). Regarding
sensitivity, bacteria seem to be more affected by the
antimicrobial properties of Pleurotus florida extracts
than fungal strains, as evidenced by the observed wider
zones of inhibition. Among the bacteria tested, S. aureus
stood out for its higher sensitivity. Antimicrobial effect
is effectively dependent on the concentration of the
extract. The ethanol extract exhibited the most potent
antimicrobial activity across all concentrations and
pathogens.
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Figure 2: Minimum inhibition concentration of
Pleurotus florida by test organism and extracts

The MIC values of Pleurotus florida extract varied with
both the type of solvent and the test organism. Each
extract had a different MIC value depending on the
extract used. B. subtilis had the highest MIC (100 pl)
with the methanol extract followed by 50 pl with the
double distilled water extract. P. aeruginosa had a MIC
of 50 pl in the double distilled extract. E. coli and S.
aureus exhibited lower MIC values, indicating that these
extracts were more effective in inhibiting growth. The
methanol extract appeared to exhibit higher MIC values
than the other extracts, indicating that it was less
effective in stopping bacterial growth in most situations.
Double distilled water and ethanol extracts showed
stronger antimicrobial properties, as the MIC values
were lower for some tested pathogens. The choice of
extract and target pathogen strongly influences the
antimicrobial efficacy of Pleurotus florida. The ethanol
extract stands out as the most effective extract while E.
coli proves to be the most vulnerable organism. This
extract-organism combination constitutes the most
potent pairing observed. There is no significant
difference between the MIC values of the three extracts
for the tested organisms.

Antimicrobial activity of Pleurotus sajor caju

The diameters of the inhibition zones of Pleurotus sajor
caju range from 4.1 to 4.8 mm. The most significant
inhibition was observed at 100 pl concentration (4.3 to
4.8 mm) for all organisms. Followed by 50 pul
concentration (4.2 to 4.7 mm) then 25 pl (4.1 to 4.5 mm).
Thus, the antimicrobial efficacy of Pleurotus sajor caju
depends on the concentration used, higher concentrations
resulted in stronger activity. E. coli and P. aeruginosa
showed the widest inhibition zones at all concentrations:
at 100 pl concentration (4.8 mm) in the double distilled
water extract, 4.6 mm in the methanol extract and 4.4 mm


http://www.jchr.org/

Journal of Chemical Health Risks

www.jchr.org

JCHR (2025) 15(6), 913-922 | ISSN:2251-6727

in the ethanol extract; at 50 ul concentration (4.7, 4.5 and
4.4 mm). Furthermore, B. subtilis and S. aureus exhibited
moderate inhibition with smaller inhibition zones than E.
coli and P. aeruginosa. Fungal strains (C. albicans and
C. parapsilosis) exhibited smaller inhibition zones,
suggesting that they are less susceptible to the extract.
Pleurotus sajor caju extract exhibited a distinct
antimicrobial effect that varied with concentration.
Higher concentrations resulted in stronger activity. The
extracts exhibited broad-spectrum antimicrobial activity,
effectively blocking the growth of Gram-positive, Gram-
negative bacteria and fungi. Pleurotus sajor caju extracts
are natural antimicrobial agents that are used in the fight
against bacterial infections.

Figure 3: MIC of Pleurotus sajor caju by test organism
and extracts

Concerning the MIC of Pleurotus sajor caju methanol
and ethanol extracts were found to be more effective
against bacteria, particularly B. subtilis, S. aureus and P.
aeruginosa, with lower MIC (25 ul). All species had
difficulty combating fungal strains (C. albicans and C.
parapsilosis) with MIC equal to 100 pl. The methanol
extract was more effective against the bacteria tested,
while the fungal strains were found to be quite resistant
to all extracts. E. coli in methanol extract has the highest
MIC which means that it is not very effective, on the
other hand in the double distilled water extract has a MIC
of 50 indicating a better effectiveness than methanol. B.
subtilis in the double distilled water and ethanol extract
has similar MIC (50 pl) indicating moderate activity.
However, it has a MIC of 25 pl (lower) in the methanol
extract. This indicates that the methanol extract exerts a
strong inhibitory effect on this pathogen. Regarding S.
aureus, it has an MIC of about 50 pl in the double
distilled water extract and 25 pl in the methanol and
ethanol extracts suggesting similar efficacy. P.
aeruginosa had an MIC of 25 pl in the methanol and
ethanol extracts indicating high efficacy, an MIC of 50
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pl in the double distilled water extract. Candida albicans
and C. parapsilosis had an MIC of 100 pl in the methanol
and ethanol extracts indicating low antifungal activity.

CONCLUSION

Our work focused on bioactive potential and
antimicrobial activity of extracts from three oyster
mushroom species. Through various analytical methods,
we have established the qualitative and quantitative
analysis of Pleurotus ostreatus, Pleurotus florida and
Pleurotus sajor caju on methanol, ethanol and double
distilled water extracts. Agar well diffusion technique
was adopted to determine antimicrobial activity on the
different extracts against pathogens. The results revealed
that oyster mushrooms contain almost all the secondary
metabolites who are essential for life. Oyster mushrooms
are broad-spectrum antimicrobial agents. Antimicrobial
activity was dose dependent. Alcohol solvents allow
better extraction of bioactive compounds responsible for
antimicrobial activity. Methanol extracts of Pleurotus
ostreatus and Pleurotus sajor caju were the most potent.
Methanol, ethanol, and double distilled water extracts of
Pleurotus ostreatus, florida, and sajor caju are potent
antimicrobial agents. This study highlighted the potential
of oyster mushrooms as a source of antimicrobial agents,
exploitable for pharmaceutical, medicinal, nutritional,
agricultural and many other applications.
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