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Abstract: Pleurotus florida of the genus Pleurotus is a delicious edible mushroom with high therapeutic
potential. Silver nanoparticles (AgNPs) are gaining a lot of importance nowadays because of their wide
industrial and biomedical applications. Capping of AgNPs with polysaccharides, the most potent
mushroom derived metabolites, is promising towards natural drug development for free radical-induced
ailments. In the present investigation, silver nanoparticles were synthesized using β-glucan isolated
from P. florida, and their antioxidant properties were studied. Polysaccharide (PS) isolation was carried
out by hot water extraction, alcohol precipitation, deproteinization, and dialysis. Preliminary
characterization of PS by Anthrone, Lowry’s method, Paper Chromatography, and FT-IR showed that
PS is protein-bound β-(1-3) - Glucan. Synthesis of Silver nanoparticle from PS (PS-AgNPs) was
confirmed by UV spectroscopy. Antioxidant properties of PS and PS-AgNPs were evaluated by Total
antioxidant capacity assay, DPPH assay, Total reducing power, and Hydroxyl radical scavenging assay.
Both PS and PS-AgNPs showed profound antioxidant activity in a dose-dependent manner, and PSAgNPs was more active than PS. The highest activity was shown in Hydroxyl radical scavenging assay
in which PS and PS-AgNPs showed 81.8% and 89.4% activity, respectively, at the highest tested dose.
The present study revealed the possible use of P. florida in antioxidant drug development.
Keywords: Pleurotus florida; edible mushroom; β-glucans; Silver nanoparticles; antioxidant activity;
free radicals.
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1. Introduction
Mushrooms represent a major and yet largely untapped source of powerful new
pharmaceutical products [1]. Chang and Miles coined the term ‘mushroom’ and defined them
as ‘macro fungus with a distinctive fruiting body, large enough to be seen with the naked eye
and to be picked by hand, which can be either hypogeous or epigeous [2]. Mushrooms have
been part of human diet and folk medicine since ancient history because of their abundance in
nutritional components [3], multiple pharmaceutical properties [4], excellent sensory
characteristics [5], and ease in the management and cultivation techniques [6]. Initially,
mushrooms were popular as food, and ancient Egyptians and ancient Chinese used them as
health boosters and also for longevity. Later their medicinal properties were identified, and the
pharmaceutical potential of mushrooms has become a hot spot of research for the last two
decades. It is assumed that the number of mushrooms identified to date forms only 10% of the
total mushrooms that exist in nature [7].
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Mushrooms are rich in bioactive metabolites and are considered as a safe source for
natural drugs with the least or no toxicity. The biological properties of mushrooms are
fascinating and are known to possess a wide array of activities, including antioxidant, antihypertensive, hypocholesterolemic, liver protection, anti-inflammatory, anti-diabetic, antiviral,
and antimicrobial [8]. The bioactive metabolites isolated and identified from mushrooms
include polysaccharides [9,10], proteins [11], glycoproteins [12], unsaturated fatty acids [13],
phenolic compounds [14], tocopherols [15], ergosterols [16], lectins [17] etc. Polysaccharides
are the most promising and well-known mushroom derived compounds and include mainly the
polysaccharides, in particular β-D-glucans, polysaccharo-peptides (PSP) as well as
polysaccharide-protein complexes. β-glucans possess significant medicinal properties like
immunomodulation, antimicrobial, antioxidant, antiviral, antifungal, antitumor, cholesterollowering, and blood glucose regulation activities [18].
Pleurotus species belong to the phylum Basidiomycota, and they produce characteristic
oyster shaped fruiting bodies or basidiocarps, hence called Oyster Mushroom (OM). These
saprophytic fungi enjoy worldwide distribution, grow well in temperate to tropical regions at a
temperature range between 12-32°C [19], and ranks second in most cultivated edible
mushroom in the world. Pleurotus florida of the genus Pleurotus is a delicious edible
mushroom with high therapeutic potential, which is widely cultivated on a commercial basis
in many parts of the world, including India. Pleuran is the best-known β-glucan isolated from
oyster mushrooms and is consisting of D-glucose molecules with β- (1→3) and β- (1→6)
linkages [20]. The compound exhibits strong immunostimulatory activity, anti-cancer
properties against various cancer cell lines, including colorectal cancer cells HT-29 [21],
prostate cancer cells PC-3 [22], breast cancer cells MCF-7 [23], etc. and are also known to
possess antioxidant and antiviral properties [24].
Nanotechnology is an emerging and fast-growing area of modern science due to its
promising medical and industrial applications. Their importance in the medical field is due to
their variable size, shape, chemical composition, and controlled disparity and due to their
potential use for human benefits. The nanoparticles from noble metals like Ag, Au, Pt, and Pd
are the most extensively researched ones, and among them, silver nanoparticles were much
praised because of their significant application in biomedicine [25]. Some of the mushrooms,
including Volvarella volvacea, Pleurotus sajor-caju, Pleurotus florida, and Ganoderma
lucidum have been used for the synthesis of AgNPs [26, 27, 28, 29]. The use of natural
polysaccharides as stabilizing and reducing agents in the green synthesis of metallic
nanoparticles (MNPs) has become a promising area in nanotechnology because of their
excellent properties owing to chemical and structural diversity [30, 31,32]. The differences
ranging in charge, chain lengths, monosaccharide sequences, and stereochemistry give them
the highest capacity for the development of advanced functional materials and biomedicine
[33].
Free radicals are continuously generated in our body due to many reasons, which
include exposure to sunlight, ultraviolet light, and ionizing radiation, as well as chemical
reactions and metabolic processes. These generated free radicals adversely affect the
biomolecules in the human body and are known to involve in the pathophysiology of numerous
diseases, including atherosclerosis, carcinogenesis, neurodegenerative ailments, chronic
inflammation, radiation-induced damage, aging, and various other pathological conditions
[34, 35]. Polysaccharides, which are the major constituents of mushrooms, have been
demonstrated to play an important role as a dietary free-radical scavenger for the prevention of
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oxidative damage. However, the effectiveness of natural sources has a poor rate of absorption,
difficulties in transportation across cell membranes, and undergo degradation during delivery,
which all limit their bioavailability. Capping of natural antioxidants with nanoparticles
stability, biocompatibility, targeted delivery, as well as their slow and sustained release [36].
The present investigation was focused on the isolation and preliminary characterization
of polysaccharides (PS) from the basidiocarps of the edible mushroom Pleurotus floria. The
study was also focused on the biosynthesis of silver nanoparticles (AgNPs) with the isolated
PS and estimation of the antioxidant potential of both the PS and the synthesized PS based
AgNPs.
2. Materials and Methods
2.1. Isolation of polysaccharide (PS) from Pleurotus florida.

Fruiting bodies of Pleurotus florida were purchased from Kerala Agriculture
University, Mannuthy, Thrissur, Kerala, India. Saprocarps were washed thoroughly, cut into
small pieces, dried at 40 - 50° C for 48 hours, and powdered. Then the powdered material was
defatted in the Soxhlet apparatus using petroleum ether as a solvent for 8-10 hrs. This defatted
material was subjected to hot water extraction at 80-90° C for 8-9 hrs, and the extraction was
repeated thrice. After each extraction, the soluble polymers were separated from residues by
filtration, pooled together, and concentrated under reduced pressure.
The isolation of polysaccharide from Pleurotus florida was carried out by the method of
Mizuno [37] with slight modifications. Briefly, precipitated the hot water extract with 3X
volume of chilled ethanol, kept at 4°c for 48hrs, followed by centrifugation at 10000 rpm for
20min. The precipitate obtained was deproteinized with the Sevag method [38] and again
precipitated with chilled ethanol. The obtained precipitate was dialyzed against distilled water
for 3 days and lyophilized to get the PS.
2.2. Characterization of PS isolated from Pleurotus florida.

Qualitative and quantitative estimation of carbohydrate was carried out by the Anthrone
method [39]. Glucose was used as the standard. To detect the monosaccharide profile, 10mg
of PS was hydrolyzed with 3ml of concentrated Sulphuric acid and then neutralized with
Sodium carbonate to achieve saturation. The residue obtained after hydrolysis was dissolved
in 10% isopropanol and analyzed by paper chromatography using Whatman No 1 filter paper.
The chromatograms were developed with butanol: acetic acid: water (2: 1: 1) solvent system.
After development, the plates were dried in air and sprayed with the aniline diphenylamine
phosphoric acid prepared in acetone and then heated at 850c for 10 min. Glucose, fructose, and
sucrose were used as standard. For further characterization of isolated PS, Fourier transformed
infrared spectroscopy (FT-IR) was carried out. PerkinElmer Spectrum version 10.3.6. was used
for FT-IR analysis. Total protein content was estimated by Lowry’s method [40]. g Bovine
serum albumin (BSA) was used as the standard.

2.3. Biosynthesis of silver nanoparticles.

The PS isolated from P. florida was mixed with AgNO3 solution (0.001M)maintained
at room temperature for 48 hrs for the complete conversion of AgNO3 to AgNPs. Control (PS
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without AgNO3) was also kept. The samples were subjected to UV analysis in the wavelength
ranging from 200 to 500 nm using UV Spectrophotometer to confirm the formation of AgNPs.
2.4. Antioxidant activity.
2.4.1. Total antioxidant capacity assay (TACA).

The total antioxidant capacity was measured according to spectrometric methods of
Pretio et al. [41]. Various concentrations of PS and PS - AgNPs were combined with 1 ml of
reagent solution (0.6M sulphuric acid, 2.8mM sodium phosphate, and 4mM ammonium
molybedate) and incubated at 95°c for 90 minutes. After cooling to room temperature, the
absorbance was measured at 695nm against blank. The percent activity of treatment against
control was calculated by the formula:
% activity = T- C/ T
Where C = absorbance of the control and T = absorbance of treated.
2.4.2. DPPH-Free radical scavenging assay.

In this method, commercially available and stable free radical 2,2- diphenyl 1-1picrylhydrazil(DPPH+) soluble in ethanol was used [42]. DPPH, in its radical form, has an
absorption peak at 515 nm, which disappeared on reduction by an antioxidant compound.
Aliquots of different concentrations of PS and PS- AgNPs were added to 1ml of freshly
prepared DPPH solution (0.25g/1 in ethanol). The samples were kept for 20 min in darkness
before measuring optical density at 515 nm.
Given formula was used to calculate the free radical scavenging activity:
% activity = C-T/C
Where C = absorbance of the control and T = absorbance of treated.
2.4.3. Total reducing power assay.

Different concentrations of PS and PS- AgNPs were mixed with 2.5ml of phosphate
buffer (200 mm, pH 6.6) and 1% potassium ferricyanide (205ml). The mixtures were incubated
for 20 in at 50°c. After incubation, 2.5ml of 10% trichloroacetic acid was added to the mixtures,
followed by centrifugation for 10 min. The upper layer (5ml) was mixed with 5ml of distilled
water and 1ml of 0.1% ferric chloride, and the absorbance of the resultant solution was
measured at 700 nm.
The reducing activity was calculated by the formula:
% activity= T- C/ T
Where C = absorbance of the control and T = absorbance of treated.
2.4.4. Hydroxyl radical scavenging assay.

In Hydroxyl radical scavenging assay, hydroxyl radicals, generated by the reaction of
an iron-EDTA complex with H2O2 in the presence of ascorbic acid, attack deoxyribose to form
products (Malondialdehyde) that, upon heating with thiobarbituric acid at low pH, yield a pink
chromogen. Added hydroxyl radical scavengers compete with deoxyribose for the hydroxyl
radicals and thus inhibit the formation of chromogen. The assay was performed by adding 0.1
ml of the reaction mixture (Ferric chloride, ascorbic acid, EDTA, and phosphate buffer), 0.1
ml of H2O2, and 0.1 ml of deoxyribose. Distilled water was used to make up the reaction
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mixture to 1 ml[. 0.1 ml of PS and PS - AgNPs were added to it and incubated for 1 hour. 1 ml
TBA was added to the incubated mixture to develop pink chromogen and absorbance was
measured at 532nm.
The capability to scavenge the hydroxyl radical was calculated using the formula:
% of activity = C - T / C
Where C = absorbance of the control and T = absorbance of treated.
2.4.5. Statistical analysis.

All antioxidant experiments were conducted in triplicates, and experimental data were
expressed as mean ± standard deviation.
3. Results and Discussion
The polysaccharide from the fruiting body of Pleurotus florida was isolated by hot
water extraction, filtration, chilled ethanol precipitation, and centrifugation. The received
material was deproteinized by the Sevag method. Thus obtained PS was subjected to dialysis,
followed by lyophilization. The yield of PS was found to be 3.85%.
3.1. Characterization of PS isolated from Pleurotus florida.

Quantitative, as well as qualitative estimation of carbohydrate in PS, was done by the
Anthrone method, and PS showed the presence of 52% carbohydrate. The monosaccharide
profile of isolated PS was done by paper chromatography. The Rf value of PS was found to be
closer to that of glucose used as standard. No other spots were developed on chromatograms
from PS, which indicated that the only monomer present is glucose (Figure 1).

Figure 1. Paper chromatographic pattern of monomers from PS of P.florida using Whatman No:1 filter paper.
Solvent system-butanol: acetic acid: water (2: 1: 1), Spray reagent-Aniline diphenylamine phosphoric acid
reagent. Spot (A) and (B) are Fructose and Glucose used as standards; Spot (C) is PS from P.florida.

In order to determine the functional groups of the purified PS, the FT-IR spectra were
measured in KBr pellets. The spectrum of FT-IR is shown in Figure 2. According to literature,
a peak at 1217.8 can be attributed to β-D Glucan [43]. The absorption peak at 1069 cm–1 was
characteristic of the presence of β (1-3) Glucan Absorption at 1069.93 also indicated a
pyranose form of the glycosyl residue [44]. The band corresponding to the  (C =O) vibration
in the carboxyl group at 1569.83 cm-1 indicates that this carbonyl group was hydrogen-bonded
https://nanobioletters.com/
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and also indicated the presence of residual protein attached to PS from P.florida [43] (Figure
2). Furthermore, the banding like structure in the region of 2923.67 cm-1 as well as a continuous
absorption beginning at approximately the region of 3397.56 cm-1 is characteristic of a
carbohydrate ring. Thus, the results indicated that PS isolated from P.florida consisted of cyclic
glucose with  glycosidic bonds, i.e., -glucopyranose with β (1-3) linkage.

Figure 2. FT-IR spectrum of PS isolated from P.florida.

Estimation of protein in PS by Lowry’s method showed the presence of 13.2% Protein.
Sevag method usually removes unbound proteins, and proteins that are bound to the
polysaccharides are not easily removed by this method. The presence of protein even after the
Sevag method revealed the protein-bound nature of PS. FT-IR results also confirmed that the
PS is protein bound. Thus the preliminary characterization showed that the PS isolated from P.
florida is a protein-bound β (1-3) Glucan. Further structural analysis is required to elucidate
the detailed structure and branching of this molecule.
3.2. Biosynthesis of silver nanoparticles.

AgNPs have enormous applications in the medical field due to their profound features.
Green synthesis of AgNPs using non-toxic and naturally occurring capping agents are shown
to possess strong antioxidant potential [36]. The synthesis of AgNPs was observed when PS
was incubated with silver nitrate. The silver nitrate treated with PS turned brown in color,
whereas the control without AgNO3 showed no color change. Colour change is considered an
indication of AgNPs formation (Figure 3).

Figure 3. PS treated with or without Silver nitrate. PS without AgNO3 showed no color change whereas treated
one turned brown in color.
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The color change could be due to the formation of silver nanoparticles of varying shape
and size and can be attributed to the excitation of surface plasmon resonance (SPR) peaks of
the Nobel metal nanoparticles [45]. The formatiojn of AgNPs was further confirmed by UV
spectroscopy. From the UV Spectroscopy analysis, it was found that PS showed an absorbance
peak in the visible region at 240 nm. Characteristic peaks in the range of 200-500 nm are
considered as clear evidence for the formation of NPs [46]. Results thus indicated that PS from
P. florida mushroom enhanced the reduction of silver nitrate to silver nanoparticles.
3.3. Antioxidant activity of PS and PS-AgNPs.

Antioxidant potential of both PS and AgNPs synthesized from PS (PS-AgNPs) were
analyzed by Total antioxidant capacity assay, DPPH-Free radical scavenging assay, Total
reducing power assay, and Hydroxyl radical scavenging assay. In all antioxidant assays, both
PS and PS-AgNPs from P.florida showed significant activity in a dose-dependent manner. In
all assays, silver nanoparticles were found to potentiate the antioxidant activity of PS.
In the total antioxidant capacity assay, PS showed 80.5% activity, and PS-AgNPs
showed an activity of 82.55% at the highest tested concentration of 2000µg (Figure 4). In
DPPH assay, PS and PS-AgNPs showed an activity of 69.9% and 75.6%, respectively, at the
highest tested dose. In DPPH assay also, there was a considerable increase in the activity of
silver nanoparticle capped PS than PS alone (Figure 5). In the Total reducing power assay, PS
showed 84.35% activity, and PS-AgNPs showed an activity 87.1% at the highest tested
concentration, and there was an enhancement by 2.75% in the activity of PS by AgNPs
formation (Figure 6). Among all antioxidant assays conducted, Hydroxyl radical scavenging
activity was most enhanced by Silver nanoparticle synthesis. The silver nanoparticle enhanced
the hydroxyl radical scavenging activity of PS by 7.6% (Figure 7).

Figure 4. Total antioxidant capacity assay of PS and PS-AgNPs from P.florida. Values are mean  SD, n=3.

The association of the protein with the polysaccharide molecules is known to potentiate
their free radical scavenging activity [47]. The protein-bound nature of PS may be responsible
for its high antioxidant property. Capping of AgNPs with non-toxic agents from natural
resources is known to mask the toxic effects of silver nanoparticles and are known to have free
radical scavenging potential [36]. Nanoparticles have several added advantages over traditional
antioxidant delivery methods, which include environmental protection of bioactive
components, increased bioavailability, and targeted delivery of antioxidants, as well as a
https://nanobioletters.com/
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controlled release at the site of action [48]. Capping of silver nanoparticles with PS might have
improved the bioavailability, delivery, and release of PS and thus enhanced the antioxidant
potential of PS-AgNPs compared to PS.

Figure 5. DPPH Free radical scavenging activity of PS and PS-AgNPs from P.florida. Values are mean  SD,
n=3.

Figure 6. Total reducing power assay of PS and PS-AgNPs from P.florida. Values are mean  SD, n=3.

Figure 7. Hydroxyl radical scavenging activity of PS and PS-AgNPs from P.florida. Values are mean  SD,
n=3.
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4. Conclusions
The present investigation revealed that the PS isolated from P.florida is protein-bound
β (1-3) Glucan. AgNPs were synthesized using β (1-3) Glucan of P.florida. Isolation of β Glucan, as well as biosynthesis of silver nanoparticles using P. florida is simple, cost-effective,
and can be carried out with minimal effort. Both the PS and PS-AgNPs of P.florida showed
significant antioxidant activity in a dose-dependent manner. Thus, the study revealed that both
the PS and PS-AgNPs synthesized from the edible mushroom P.florida could serve as a suitable
candidate for antioxidant drug development from natural sources.
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