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Abstract

This study aimed to evaluate the efficacy of secondary metabolites extracted
from the Spent Mushroom Substrate (SMS) of three oyster mushroom species
(Pleurotus ostreatus, P. florida, and P. sapidus) to inhibit the growth of pathogenic
bacteria. The extracts were prepared using methanol 85%, ethanol 85%, and
aqueous solvents at two concentrations: 50 upg/mL and 100 pg/mL. The
antimicrobial activity of these extracts was tested against two pathogenic bacterial
strains, Pseudomonas aeruginosa and Staphylococcus aureus, using an agar-well
diffusion assay to determine the minimal inhibitory concentration (MIC). The
results showed varying degrees of antibacterial activity among the SMS extracts. At
high concentrations (100 pg/mL), a methanolic extract of P. ostreatus exhibited the
highest activity, with inhibition zones of 22.5 mm against S. aureus and 20.3 mm
against P. aeruginosa. P. florida showed inhibition zones of 21.8 mm against S.
aureus and 20.7 mm against P. aeruginosa. P. sapidus displayed moderate
antibacterial activity, with inhibition zones of 20.3 mm against S. aureus and 20.1
mm against P. aeruginosa. Other extracts also showed varying inhibition for both
bacterial species. On the other hand, the cold aqueous extract recorded the lowest
inhibition zone; P. ostreatus recorded an inhibition of 12.2 and 14.7 mm for S.
aureus and P. aeruginosa strains, respectively, while P. florida recorded 10.2 and
10.6 mm, respectively, and P. sapidus recorded 9.2 and 9.4 mm, respectively. These
findings suggest that methanolic extracts of SMS from P. ostreatus exhibited the
most potent antimicrobial activity, highlighting its potential as a natural
antimicrobial agent.
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1-Introduction:

Pleurotus fungi is one of edible mushrooms that belong to Phylum Basidiomycota, Class
Basidiomycetes, Subclass Holobasidiomycetidae, Order Agaricales, Family Tricholomatacae
Genus Pleurotus [1]. Containing more than 40 commercial species include P. eryngii, P.
ostreatus, P. djmor, P. citrinoplieatus, P. tuberregium, P. plumonarius, P. nebrodensis, P.
florida, P. sabidus, and P. cystidiosus , etc. [2]. Pleurotus species have several biological
impacts due to the presence of essential bioactive compounds, i.e., phenol, flavonoids,
terpene, terpenoid, polysaccharides, and several other secondary metabolites that act as
antimicrobial activities [3]. Therefore, they are characterized by low calories and fat while
rich in proteins, vitamins, minerals, and chitin [3,4]. Oyster mushrooms are often ranked third
after White Button mushrooms and Shiitake mushrooms for their health benefits beyond the
traditional nutrients they contain. They are grown in tropical climates across the globe. Due
to the widespread cultivation of Oyster mushrooms, a massive amount of Spent Mushroom
Substrate (SMS) has been discarded [5]. Spent Mushroom Substrate mentions the main by-
product residual waste after mushrooms have been harvested, After harvesting edible parts of
the mushroom [6, 7]. The major components of SMS are lignocellulose materials, such as
wood chips, sawdust, wheat, cotton, maize, rye or rice straw, corncobs, straw, sawdust,
animal compost, and other organic materials and inorganic substances such as gypsum and
limestone [8,9]. In addition to the mushroom mycelium that has broken down a significant
portion of that substrate during the growing process, SMS is made by manuring organic
substrate that is discarded after complete mushroom production [10]. Approximately
5,00,000 metric tons of SMS is generated annually, as solid waste in India raises worry about
their management and disposal [11]. [12] referred in his study that (SMS) received global
attention with the advantages including recycling resources, making it eco-friendly, low-cost,
and highly efficient.

The SMS contains mushroom mycelia, which have high levels of bioactive compounds,

including polysaccharides, polypeptides/proteins, and phenolics [13]. The characterization of
bioactive compounds in P. ostreatus using a UV-visible spectrophotometer has been studied
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in detail [14]. UV spectrophotometry can be used to estimate the antibacterial activity of
mushrooms by detecting phenolic compounds, which are directly related to antibacterial
properties. Phytochemical and spectrophotometric analyses of Cedrela serrata methanolic
leaf extract showed that the extracts of C. serrata contained a variety of phytochemicals,
including alkaloids, carbohydrates (monosaccharides and disaccharides), flavonoids, steroids
(phytosterols), saponins, tannins, phlobatannins, terpenoids, cardiac glycosides, and
anthraquinones [15]. A phytochemical screening and UV spectroscopic analysis of
Ganoderma lucidum, identified key bioactive compounds such as triterpenoid content, while
Cordyceps species were rich in polysaccharides and alkaloids [16]. According to [17],
medicinal mushrooms like Ganoderma Ilucidum (reishi), Cordyceps sinensis, and Pleurotus
ostreatus contain bioactive compounds that can be detected and quantified using UV
spectrophotometry. While the results of the biochemical analysis of the medicinal mushrooms
P. ostreatus and A. bisporus using a spectrophotometer showed that the extract of P.
ostreatus had a higher phenolic content and was richer in different amino acids and
polysaccharides than that of A. bisporus. Additionally, the study demonstrated that, in
contrast to P.ostreatus, A. bisporus has a higher lipid content [18].

These bioactive compounds have been investigated in the antibacterial activity of
Pleurotus ostreatus extract tested against S. aureus and P. aeruginosa, and found the
petroleum ether, methanol, and acetone extracts showed different degrees of inhibition
against pathogenic bacteria, inhibition zone between 10 -19 mm, where the ethanolic extract
of P. ostreatus affected against pathogenic bacteria with inhibition zones of S. aureus was
29.6 mm and P. aeruginosa 24.4 mm [19]. It is possible to use the spent substrate of aqueous
extracts from spent substrates of P.ostreatus as antibacterial activity against S. epidermidis,
B. subtilis, and E. coli; the largest zone of inhibition against S. epidermidis was 40.00 mm
[20].

SMS can possibly be utilized for bioremediation, as it is therapeutically active against
pathogens. SMS was obtained from two Oyster mushroom species P. ostreatus and P. djamor
extract, against E. coli, S. aureus, and Xanthomonas. The MIC was recorded for P. djamor,
that is, 11.66 mm, 8.80 mm, and 9.04 mm, compared to P. ostreatus, which showed its
highest MIC as 9.30 mm, 9.18 mm, and 9.28 mm for E. coli, S. aureus, and Xanthomonas,
respectively [21].

2- Materials and Methods:
2-1. Source of Spent Mushroom substrate (SMS).

Spent Mushroom substrate obtained from three species of Oyster mushroom (Pleurotus
ostreatus, P. florida, and P.sapidus) from the Iraqi Ministry of Agricultural/ Plant Protection
Directorate/National Centre of Organic Farming. The species were cultivated individually on
a substrate (Wheat straw with Corncobs and Wheat brain supplemented with Cowpea).

2-2 Source of pathogenic bacteria

Pathogenic bacterial strains Gram-positive (Staphylococcus aureus), and Gram-negative
(Pseudomonas aeruginosa) were obtained from the laboratories of Al-Kadhimiya Teaching
Hospital. The bacteria were activated on nutrient agar (NA) plates and allowed to grow for a
duration of 18 to 24 h at a temperature of 37°C.
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2-3 Preparation SMS Extracts
2-3-1 Drying and Grinding of SMS.

Spent mushroom species of P. ostreatus , P. florida and P. sapidus were dried in an oven
at 40°C until weight stability. Then SMS is crushed well using grindery to obtain a fine
powder that is easy to use in the laboratory for extraction experiments [22].

2-3-2 Alcohol Extract

Fifty grams of fine-dried powder SMS was taken and dissolved in 1000 ml of ethanol 85%
and methanol 85% individually. The maceration process was carried out at room temperature,
and then the shaker device was used at 150 rpm for 3 days. The mixtures were filtered
through the Whatman No.2 filter paper. Each solvent extract was combined and evaporated
by a rotary to 10 ml semiliquid [23]. Extracts were kept in the dark at 4°C until use.

2-3-3 Aqueous Extraction

Fifty grams of fine dried SMS powder was used to prepare the aqueous extract (Hot water
and cold water), were soaked in 500ml of sterile distal water, then shaken in a shaker device
at 150 rpm for 2 hours and kept in a refrigerator at 4°C for 48 hours. Then, it was sterilized by
filtration using a Whatman disk filter of 0.2 pm caliber. These sterile, cold, and hot extracts
were used to screen for antibacterial activities [24, 25].

2-4 Antibacterial Assay

The antibacterial activity of the methanol, ethanol, and aqueous extract of mushrooms was
determined by the agar-well diffusion method to determine the minimal inhibitory
concentration (MIC) [26], with slight modifications to suit the conditions of this experiment.
Briefly, an overnight culture of each microbial isolate was prepared with nutrient broth to
turbidity that was equivalent to 0.5 McFarland (1.5x10% cfu/ml). In order to determine the
antimicrobial efficacy of the fractions. Bacteria were spread over the surface of the solidified
agar (Mueller Hinton agar). The methanol extracts were dissolved in distilled water to a final
concentration of 10 mg/ml and filter sterilized through a 0.45-pm membrane filter. Small
wells (6 mm in diameter) were made in the agar plates using a sterile cork borer. 50-100
microliters of the extract of each mushroom species was loaded into the different wells. All
the preloaded plates with the respective extract and test organism were incubated at 37°C, for
24 hours. After the incubation period, inhibition zones were measured from the edge of the
zone to the edge of the well using millimeter calipers [27].

2-5 Statistical Analysis

All statistical analyses in this study were carried out using variance analysis (SAS
software version 9.4). All data were calculated from at least 3 replicates, and the averages of
the coefficients were compared using the least significant difference (LSD) test at the 0.05
probability level.

3- Results
3-1 Test isolates

An antibiotic susceptibility test was performed, and the results showed that P. aeruginosa
isolates have high resistance against a wide range of antibiotics such as Cefotaxime,
Tetracyclin, Imipenem, Meropenem, Amikacin, Piperacillin\Tazobactam, and Tobramycin,
so it was considered a multidrug-resistant isolate.

The other isolate was S. aureus, which showed resistance to several groups of antibiotics
such as Cefoxtin, Penicillin, Oxacillin, Meropenem, Mecillinam, Erythromycin, Cefitriaxone,
and Cefotaxime, so it is considered multidrug-resistant [28, 29].
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3-2 Antibacterial activity of SMS Pleurotus ostreatus extracts against Pathogenic bacteria.

The results showed a positive effect of SMS P. ostreatus extracts on pathogenic bacteria
S. aureus and P. aeruginosa at two concentrations of 50 and 100 pg/mL (Table 1). The
obtained results indicate that S. aureus is significantly sensitive to extracts; the general mean
recorded was 18.9 mm. Methanol extract had the highest impact on antibacterial activity
against both bacteria. The inhibition zone was 18.7 mm, followed by ethanol extract at 14.4
mm (Figure 1).

The results of interaction between extract and bacteria species showed that methanol
extract gave the best inhibition zone against S. aureus and P. aeruginosa were 22.5 and 20.3
mm, respectively, at high concentration (100 pg/mL), while 16.4 and 15.7 mm, respectively,
at low concentration (50 pg/mL). Ethanolic extract was more sensitive against P. aeruginosa
at a concentration of 100 pg/mL, which exhibited an inhibition zone of 19.9 mm.

Hot aqueous extract of P. ostreatus significantly inhibited the growth of P. aeruginosa and
S. aureus with an inhibition zone of 18.6 and 15.9 mm, respectively, at high concentration
(100 pg/mL), and 12.6 and 9.9 mm respectively at low concentration. The cold aqueous
extracts had the lowest antibacterial activity against P. aeruginosa and S. aureus, reaching
14.7 and 12.2 mm, respectively, at high concentration, and 7.6 and 6.6mm, respectively, at
low concentration. The hot aqueous of SMS extract showed a higher effect than cold water at
both concentrations, especially in bacteria P. aeruginosa, and achieved the highest inhibition
zone of 18.6 mm.

Table 1: Effect SMS of P. ostreatus extract against pathogenic bacteria

Concentration Inhibition zone (mm)
extracts per well ( Pseudomonas Staphylococcus Mean L.S.D
pg/mL ) aeruginosa aureus at 0.05
50 15.7 16.4
Methanol A 18.7£2.20
100 20.3 22.5
50 10.9 9.9
Ethanol B 144 +1.07
100 19.9 16.9
0.452
50 9.9 12.6
Hot aqueous B 143 +1.38
100 18.6 159
50 7.6 6.6
Cold aqueous C 103+1.12
100 14.7 12.2
mean A 147+1.89 B 189 +2.19
Lsdo.os 3.19
Mean of the interaction of extracts vs bacteria species vs concentration (EBC)
L.S.D at 0.05 | 2.04
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P. aeruginosa

Figure 1: Effect SMS of P. ostreatus extracts against pathogenic bacteria.
Extract: A (methanol extract), B (ethanol extract), C ( Hot aqueous water extract ), and D
(cold aqueous water extract )

3-3 Antibacterial activity of SMS P. florida extracts against Pathogenic bacteria.

The SMS P. florida were investigated to evaluate their antimicrobial activity against
pathogenic bacteria, including S. aureus and P. aeruginosa using agar-well diffusion
methods. Evaluation of antimicrobial activity was recorded in Table 2. The obtained results
indicate that S. aureus is significantly sensitive to extracts. The general mean of inhibition
zone was recorded at 12.9 mm. Methanol extract had the highest impact on antibacterial
activity against both bacteria; the inhibition zone was 18.9 mm, followed by ethanol extract at
13.0 mm, as shown in Figure 2.

The interaction between extract and bacteria species showed that methanol extract gave the
best inhibition zone against S. aureus and P. aeruginosa at 21.8 and 20.7 mm, respectively, at
high concentration (100 pg/mL), and 16.6 and 16.4 mm, respectively at low concentration
(50 pg/mL). Ethanolic showed an inhibition zone against P. aeruginosa at a concentration of
100 pg/mL, which was 18.9 mm.

Hot aqueous extract of P.florida significantly inhibited the growth of S. aureus and P.
aeruginosa with an inhibition zone of 14.6 and 12.0 mm, respectively, at high concentration
100 pg/mL, and 10.6 and 6.5 mm at low concentration. The cold aqueous extracts had the
lowest antibacterial activity against P. aeruginosa and S. aureus reaching 10.6 and 10.2 mm,
respectively, at high concentration, and 6.2 and 5.5 mm respectively, at low concentration.
The hot aqueous of SMS extract showed a higher effect than cold water at both
concentrations, especially in bacteria S. aureus, and achieved the highest inhibition zone of
14.6 mm.
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Table 2: Effect SMS of P. florida extract against human pathogenic bacteria.

Concentration Inhibition zone (mm)
TR per well ( pg/mL Pseudomonas Staphylococcus Mean L.S.D at
) aeruginosa aureus 0.05
50 16.6 16.4
Methanol 18.9 +£2.31
100 20.7 21.8
50 8.5 9.2
Ethanol 13.0+1.40
100 18.9 15.2
0.756
50 6.5 10.6
Hot aqueous 109 +1.02
100 12.0 14.6
50 6.2 5.5
Cold aqueous 8.13+1.00
100 10.6 10.2
mean A 125+1.07 A 129=+1.68
Lsdo.os 1.53
Mean of interaction of extracts vs Bacteria species vs concentration (EBC)
L.S.D at 0.05 1.47

100p1 100p)

P. aeruginosa

P. aeruginosa -

Figure 2: Effect SMS of P. florida extracts against pathogenic bacteria.
Extract: A (methanol extract), B (ethanol extract), C ( Hot aqueous water extract ) and D for
(cold aqueous water extract )

3-4 Inhibitory effect of P. sapidus extracts against some human pathogenic bacteria.

The results of SMS P. sapidus showed that extracts have a positive effect on pathogenic
bacteria S. aureus and P. aeruginosa at two concentrations of 50 and 100 pg/mL, as
demonstrated in Table 3. The highest inhibition zone was obtained from P. aeruginosa,
which recorded a general mean of 11.59 mm. The highest inhibitory activity was determined
against bacteria, which recorded 17.40 mm for methanol extract and 11.98 mm for ethanol
extract.

The results of the interaction between extract and bacteria species showed that methanol
extract gave the best inhibition zone against S. aureus and P. aeruginosa were 20.3 and 20.1
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mm, respectively, at high concentration (100 pg/mL), and 16.5 and 12.7 mm, respectively at
low concentration (50 pg/mL). Ethanolic extract was more sensitive against P. aeruginosa at
a concentration of 100 pg/mL (18.5 mm).

Hot aqueous extract of P. sapidus significantly inhibited the growth of S. aureus and P.
aeruginosa 12.8 and 10.2 mm, respectively, at high concentration (100 pg/mL), and 8.9 and
6.6 mm, respectively, at low concentration. The weakest inhibitory activity was determined
against P. aeruginosa and S. aureus for cold aqueous extract with inhibition zones of 9.4 and
9.2 mm, respectively, at high concentration, and 5.6 and 4.2 mm, respectively, at low
concentration. The hot aqueous of SMS extract showed a higher effect than cold water at both
concentrations, especially in bacteria P. aeruginosa, and achieved the highest inhibition zone
of 12.8 mm.

Table 3: Effect SMS of P. sapidus extract against human pathogenic bacteria.

Concentration Inhibition zone (mm) L.S.D at
extracts per well (ul) P seudofnonas Staphylococcus Mean 0.05
aeruginosa aureus
50 12.7 16.5
Methanol A1740£2.78
100 20.1 20.3
50 9.6 7.2
Ethanol B 11.98+1.69
100 18.5 12.6
0.202
50 6.6 8.9
Hot aqueous C 9.63+1.78
100 10.2 12.8
50 5.6 4.2
Cold aqueous D 7.10+1.56
100 9.4 9.2
mean A11.59+193 All46+142
Lsdo.os 1.143
Mean of the interaction of extracts vs bacteria species vs concentration (EBC)
L.S.D at 0.05 0.862

S.aureus

P.aeruginosa

Figures 3: Effect SMS of P. sapidus extracts against pathogenic bacteria.
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Extract: A (methanol extract), B (ethanol extract), C ( Hot aqueous water extract ), D (cold
aqueous water extract )

Discussion

SMS extracts have a strong inhibiting effect linked with phenolic compounds and other
beneficial or therapeutic health effects in addition to the prevention of some skin-borne
diseases. The SMS extracts could be used as a rich source of antibacterial in pharmaceutical-
type products [30]. The methanolic extracts were characterized by the highest bacterial
inhibition zones because CH3OH is a highly polar solvent with a hydroxyl group (-OH) that
makes it polar [31]. It may dissolve a variety of organic and inorganic compounds, such as
sugars and organic acids in the cell wall of bacteria, and there are active materials in SMS,
such as phenolic compounds found in the mycelium of mushrooms [32]. Ethanol is less polar
because it has only one hydroxyl group with an additional methyl group. Cold and hot water
was used for aqueous extracts because it was looking for an extract that contained a wide
range of compounds and biological activity. Hot water may be the best option because it
helps extract a wider range of compounds, including proteins, polysaccharides, and other
compounds that require higher temperatures to dissolve. Hot extracts often contain more
biologically active compounds, such as polysaccharides (chitin), which may have stronger
health or medical benefits [33]. While cold water extracts may sometimes be less effective in
terms of biological or medical activities due to the lack of diversity in the compounds being
extracted, such as sugars, some acids, some compounds with weak biological activity, and
some sensitive compounds, they can be preserved and require a slower process [34]. The
difference in the inhibitory effect of (hot and cold) aqueous extract may be attributed to the
production of secondary metabolites from the shikimic acid and cinnamic acid pathways
during lignocellulosic degradation by P. ostreatus, which may have antibacterial activity
[35]. In conclusion, P. ostreatus contains many different bioactive compounds with diverse
biological activities.

Conclusion and impact of the study:

Considering the inhibition zone, antibacterial examination revealed that the methanol
extracts originating from P. ostreatus possess inherent capacity as antibacterial agents
targeting specific pathogenic bacteria. As a result, these findings justify the need for further
investigation into their potential applications in medicine.
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