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Abstract

Properties of silver nanoparticles (AgNPs) are influenced by interactions and molecular structure of capping agents that stabilize
them. Green synthesis of AgNPs using Lenzites betulina, a macrofungus with antioxidant properties, should be possible allowing
the active metabolites or biomolecules to be incorporated in AgNP as capping molecules. Using surface plasmon resonance
(SPR), the synthesis of AgNP using the aqueous extract of L. betulina was optimized. The purified L.betulina-capped AgNPs
were then characterized and its antioxidant activity was compared with the raw L. betulina extract. The L. betulina-capped
AgNPs exhibited SPR peak characteristic of AgNPs. Morphological analyses showed non-uniform spherical AgNP with visible
intertwining capping agents engulfing the nanomaterial. FT-IR spectra revealed amide, carboxylate, and hydroxyl absorptions,
confirming the role of some organic compounds as capping molecules. Extraction and complexation of the capping agent with
SDS showed characteristic electronic excitation of phenylalanine along with tryptophan and tyrosine residues, suggesting the
proteinaceous or polypeptide nature of the capping agent. The L. betulina-capped AgNPs were relatively stable (zeta potential —

26.7 mV), and the antioxidant activity was significantly enhanced compared to the raw extract. This is the first demonstration of
L. betulina mushrooms in synthesizing AgNPs, the investigation of the proteinaceous capping biomolecules, and the enhanced
effect of L. betulina-capped AgNPs in promoting stable radical reduction.
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1 Introduction bulk counterparts. These properties were attributed to their
small size, which is in the range of 1 and 100 nm and to their
Metal nanoparticles have unique optical, electronic, mechan-  extremely large surface area-to-volume ratio. For this reason,

ical, magnetic, and chemical properties as compared to their ~ nanoparticles have been found to be useful in many applica-
tions like microelectronics, optical devices, catalysis, sensing,
Highlights pharmaceuticals, and drug delivery [1]. Nanoparticles possess
* Active metabolite separation through the process of silver nanoparticle optical properties as they are small enough to confine their

(AgNP) synthesis
« Synergistic effect of the proteinaceous capping biomolecules from L. electrons and produce quantum effects. Surface plasmon res-

betulina mushroom and AgNPs onance (SPR), an optical property of nanoparticles, is caused
* Antioxidant activity of L. betulina-capped AgNPs enhances stable rad- by the collective oscillations of the conduction electrons of
ical reduction nanoparticles upon irradiation with visible light. This gives

the nanoparticle colloidal solution a characteristic color de-
pending on the size and shape [1]. Among the metallic nano-
particles, silver has been very promising because it is an ef-
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unstable due to aggregations, oxidations, etc. They are also
intrinsically hydrophobic and easily tend to form aggregates in
aqueous solution. These make nanoparticles lose their desir-
able properties. To prevent aggregations, stabilizers or cap-
ping molecules are incorporated in the synthesis of silver
nanoparticles to ensure their stability in aqueous solutions.
Some reducing agents also possess the added advantage of
stabilizing the colloidal solution of the nanoparticles [3].
Capping molecules undergo interaction with AgNPs through
electrostatic interaction, involving the coordination of anionic
species that results in the formation of an electrical double
layer, which causes coulombic repulsion and steric stabiliza-
tion, where the presence of bulky materials impede the nano-
particles from diffusing together [4]. Multitudes of chemical
reduction methods using inorganic and organic reducing
agents have been utilized to synthesize stable and various
shapes of silver nanoparticles usually in aqueous media [5].
Generally, specific control of shape, size, size distribution, and
stability of AgNPs are often achieved by varying the synthesis
methods, reducing agents, and stabilizers.

A green process in the synthesis of AgNPs offers a safe,
benign, and eco-friendly alternative to the traditional proto-
cols. Using aqueous extracts of natural products, silver nano-
particles can be synthesized without utilizing harmful reduc-
ing agents. Moreover, various natural products (carbohy-
drates, alkaloids, steroids, proteins, and/or peptides) in the
aqueous extracts, capable of acting as both reducing and sta-
bilizing agents, have been shown to efficiently synthesize
nanoparticles. A cursory survey of the literature revealed very
limited reports on the use of fungi in the preparation of
nanometals [6]. Mushrooms are fungi that possess anti-in-
flammatory, cardiovascular, antitumor, and antibacterial prop-
erties in biological systems [7]. The bioactivities of mush-
rooms are attributed to the unique metabolites they contain
making them a potential agent for synthesizing silver nano-
particles. Mushrooms are rich in proteins (about 40-49%)
and have high availability of the amino acids lysine, trypto-
phan, glutamic acid, and aspartic acid [7, 8]. Silver nanopar-
ticles formed from mushrooms are stabilized by proteins
where interactions between silver nanoparticles and proteins
lead to AgNP stabilization and formation of nanoparticle
biomolecular-capped structures [9]. These interactions occur
through covalent bonds and electrostatic interactions [10]. Of
particular interest is the mushroom Lenzites betulina where
studies on its metabolite contents showed the presence of
benzoquinones and sterols [11, 12], which exhibited promis-
ing antibacterial and antioxidant activities [13]. In this study,
L. betulina was explored for the first time for the synthesis of
silver nanoparticles. The objectives of this study are to inves-
tigate L. betulina aqueous extract for the green synthesis of
silver nanoparticles, to characterize the L. betulina-capped
AgNPs and evaluate its antioxidant activity. Reported herein
is the first demonstration of L. betulina mushrooms in
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synthesizing AgNPs, the investigation of the proteinaceous
capping biomolecules in AgNP, and the enhanced effect of
L. betulina-capped AgNPs in promoting stable radical
reduction.

2 Materials and Methods

Silver nitrate, methanol, ethanol, 1% SDS (sodium dodecyl
sulfate) solution, 1,1-diphenyl-2-picrylhydrazyl (DPPH) were
purchased from www.sigmaaldrich.com and used as received.
The mushroom Lenzites betulina samples were collected from
Palawan, the Philippines, following collection protocols. Its
identity was confirmed by the National Museum of the
Philippines, and a sample was logged at the Chemistry
Department, De La Salle University.

2.1 Preparation of Aqueous Extract of L. betulina

The air-dried mushroom (10 g) was washed thoroughly with
distilled water, cut into smaller pieces, and crushed using a
blender. The mushroom sample was immersed and stirred
overnight in 250 mL distilled water in a beaker. After filtering
using filter paper, the pale yellow extract was stored under
refrigeration and further used for silver nanoparticle synthesis.

2.2 Optimization of Synthesis of Silver Nanoparticles

The method for synthesizing silver nanoparticles was opti-
mized by varying the time and temperature parameters.
Mushroom aqueous extract (10 mL) was mixed with 20 mL
1 mM aqueous AgNOs. The synthesis was carried out in static
condition under different temperature (RT, 60 and 90 °C) and
time (1-7 h). Using UV-Vis spectrophotometry, the absor-
bance spectrum of each solution was obtained at 1-h intervals.
The AgNPs from the optimized synthesis method was used for
characterization and antioxidant assay.

2.3 Purification of Silver Nanoparticles

The colloidal solution of silver nanoparticles (as prepared)
was purified by centrifugation (10,000 rpm for 15 min) using
Sorvall® Super T21 Centrifuge. The supernatant, which con-
tains the extract, excess silver, and nitrate ions, was discarded.
The remaining silver nanoparticles were resuspended in dis-
tilled water and centrifuged. To ensure that the silver nanopar-
ticles were completely devoid of any unbound organic mole-
cules (from the mushroom extract), the resuspension and cen-
trifugation were repeated thrice. The silver nanoparticle resi-
dues were then dried by lyophilization.
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2.4 Characterization of Silver Nanoparticles
2.4.1 UV-Visible Spectrophotometry

UV-Visible spectrophotometry analysis (Hitachi U-2900) of
the AgNPs was scanned at 300 to 700 nm. The presence of
AgNPs (as synthesized) in the solution of L. betulina aqueous
extract and AgNO; was confirmed by an absorbance peak at
its surface plasmon resonance (~420 nm).

2.4.2 Field Emission Scanning Electron
Microscopy/Energy-Dispersive X-Ray Spectroscopy

FESEM (FEI Helios NanoLab™ DualBeam™ 6001), in back-
scatter mode, was done on freeze-dried AgNPs mounted on
the SEM holder. EDS analysis was carried out using an
Oxford analyzer.

2.4.3 Transmission Electron Microscopy

TEM analysis (JEOL JEM-1220) was done on freeze-dried
AgNPs, redispersed in distilled water under sonication, and
placed on a carbon-coated copper grid. Samples were allowed
to dry by evaporation at ambient temperature.

2.4.4 DLS and Zeta Potential

Dynamic light scattering (DLS) and zeta potential analysis
(Malvern Zetasizer Nano ZS90) was done on freeze-dried
AgNPs redispersed in distilled water under sonication and
recorded three times.

2.4.5 XRD Analysis

X-ray diffraction (XRD) analysis was carried out on freeze-
dried AgNPs using the Shimadzu Maxima XRD 7000 with a
Ni-filtered CuK radiation source (k = 1.54 A). The diffraction
intensities were measured from 20 = 0° to 55°.

2.4.6 FT-IR Spectroscopy

Fourier-transform infrared (FT-IR) analysis (Nicolet 6700)
was carried out on freeze-dried L. betulina aqueous extract
and the synthesized AgNPs. Samples were prepared in KBr
powder (1:10).

2.5 Antioxidant Activity (DPPH Radical Scavenging
Activity)

DPPH Radical Scavenging Assay method was done according
to procedures reported by Abdel-Aziz et al. [14] with slight
modifications. Freeze-dried L. betulina aqueous extract was
dissolved in distilled water at a concentration of 0.2 mg/mL.

Different volumes (200, 400, 600, 800, and 1000 puL) of the
sample were measured in separate vials, and 2 mL of freshly
prepared methanolic DPPH (0.2 mM) was added on each vial.
The solutions were vortexed thoroughly and incubated in the
dark for 30 min. The same process was done on freeze-dried
AgNP dispersed in distilled water. The absorbance of each
solution was recorded at around 517 nm. A DPPH solution
(2 mL) was also kept in the dark for 30 min that served as the
blank. The absorbance of each solution was obtained at
517 nm using UV-Vis spectrophotometry. The ability to scav-
enge DPPH radical was calculated using the equation:

%DPPH scavenging effect = [(Ablank*Asample) / Ablank]

x 100%.
where
Aplank  absorbance of 0.2 mM DPPH
Agample  absorbance of samples after 30 min of incubation

3 Results and Discussion
3.1 Synthesis of Silver Nanoparticles (AgNPs)

The formation of silver nanoparticles (AgNPs) from silver
ions in the presence of reducing agents was monitored using
UV-Vis spectrophotometry because AgNPs exhibit surface
plasmon resonance (SPR), at around 420 nm. Generally, metal
nanoparticles, because of their nano dimension, exhibit SPR
phenomenon, where the metal electrons in the conduction
band oscillate collectively in resonance at a certain wave-
length of incident light. An aqueous extract of Lenzites
betulina (Fig. la, b) in the presence of AgNOj3 at room tem-
perature condition changed color from light yellow (Fig. 1¢)
to dark brown (Fig. 1d) solution after 2 days, suggestive of the
formation of AgNPs. Verification through UV-Vis spectro-
photometry (Fig. le) showed that a peak at 418 nm was ob-
served, confirming the formation of AgNP at room tempera-
ture (RT) incubation for 2 days. In the absence of AgNOs, the
L. betulina aqueous extract solution did not undergo color
change and no UV-Vis absorption was observed.

Inducing heat at 60 °C (Fig. 1f) during synthesis increases
the absorbance at a shorter time indicating the accelerated
formation of AgNPs. Increasing the temperature provides heat
energy that increases the rate of reaction. As the reaction time
increases, there is an apparent gradual increase in AgNP size
as indicated by the red shift in A, (419 nm (1 h) to 434 nm
(6 h)). The synthesis of nanoparticles and the reduction in size
is strongly dependent on the availability of reducing agents
and capping agents in the extract. The availability of the cap-
ping agents decreases as reaction time increases, resulting in
the formation of bigger aggregated AgNPs since there are
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Fig. 1 a Air-dried Lenzites betulina. b Crushed L. betulina. ¢ L. betulina aqueous solution. d Lenzites betulina-AgNP solution. UV-Vis spectra of L.
betulina-AgNP solution e at RT, f at 60 °C, and g at 90°C (inset: absorbance and SPR data)

insufficient amounts of the capping agents available. Indeed,
beyond 7 h of heating at 60 °C, the precipitate formation was
observed. A higher synthesis temperature of 90 °C (Fig. 1g)
further accelerated the formation of AgNPs where SPR absor-
bance reached 2.535 within 2 h of reaction time. The increase
in reaction temperature showed the SPR peak shifting to lower
wavelength region, indicating the formation of smaller nano-
particles. Increasing the reaction temperature caused a rapid
reduction rate of the silver ions and the subsequent homoge-
neous nucleation of silver nuclei, which allows the formation
of AgNPs with relatively smaller size [15]. The synthesis of
silver nanoparticles carried out at 90 °C and 2 h gave the
highest absorbance (highest AgNP yield) and shortest SPR
peak (relatively smallest AgNP size) in a shorter amount of
time and was considered as the optimized method. The
AgNPs obtained using the optimized method was then puri-
fied for characterization and activity testing and were referred
to hereon as L. betulina-capped AgNPs.

Lenzites sp. contains various metabolites that can potential-
ly reduce Ag ions such as phenols, steroids, flavonoids,
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tannins, steroids, and saponins including sugars [16]. Sugars
are efficient reducing agents for AgNP synthesis. In a study by
Merca and Quizon [17], 180 kD lectins, which are glycopro-
teins, were isolated from Lenzites sp. The lectin was identified
to contain 0.30% total sugars such as glucose, galactose, and
maltose. The efficient reduction of Ag" ions using L. betulina
aqueous extract can be attributed to the sugars in lectin, and
since lectin is a protein, it can serve as the stabilizing agent
because proteins are known to cap AgNPs.

3.2 Characterization of L. betulina-Capped AgNPs
3.2.1 Functional Group Analysis

The functional groups of the capping molecules stabilizing the
L. betulina-capped AgNPs were analyzed by FT-IR (Fig. 2).
The L. betulina raw aqueous extract (Fig. 2a) shows peak at
3416 cm ' representing the —OH stretch; 2925 cm ™' for C-H
stretch; 1646 cem ! for —-C=0 stretch; 1549 cm ! for -N-H
bend; 1380 cm ! for C-O stretch and 1077 cm™' for C-N
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Fig. 2 FT-IR spectra of a L. betulina aqueous extract and b L. betulina-capped AgNPs

stretch. FT-IR spectra of L. betulina-capped AgNPs (Fig.
2b) showed similar IR absorption with the raw aqueous
extract. Minor shifts, however, were observed for —-OH
stretching vibrations from 3416 to 3417 cmfl; —-C=0
stretching from 1646 to 1648 cm '; -N-H bending from
1549 to 1561 cm ' and C-N stretching from 1077 to
1076 cm™'. The minor shifts in their stretching frequen-
cies are attributed to the interaction of the capping mol-
ecules from L. betulina with the AgNPs. This confirms
the role of some organic compounds (metabolites) in L.
betulina as capping molecules for AgNPs. Characteristic
bands usually found in the infrared spectra of proteins
and polypeptides were observed such as the Amide I
(stretching vibrations of the C=0O bond of the amide)
observed at 1648 cm ' and Amide II (bending vibrations
of the N-H bond of the amide) observed at 1561 c¢cm '
[18]. This indicates that upon reaction of L. betulina
aqueous extract with silver nitrate, functional groups
such as carboxyl, hydroxyl, and amide groups of the
proteinaceous capping molecules may have participated
in the reduction and stabilization process of silver nano-
particles. Also, the similar positions of the functional
group bands of L. betulina aqueous extract and L.

betulina-capped AgNPs indicate that the primary struc-
ture of the proteinaceous capping molecules is not affect-
ed as a consequence of reaction with the Ag* ions or
binding with the AgNPs [19]. It is known that protein-
silver nanoparticle interactions can occur either through
complex formation with free amine groups (-NH,) or
cysteine residues (—SH) in proteins and via the electro-
static attraction of negatively charged carboxylate groups
(COO ") [20]. The FT-IR results suggest the role of
COO™ and —NH; in capping the AgNPs via electrostatic
attraction and complex formation, respectively, suggest-
ing that these biological molecules facilitate the forma-
tion and stabilization of the silver nanoparticles in an
aqueous medium [21].

The presence of proteins or polypeptides coating the AgNPs
was also indicated by UV-Vis spectrophotometry. The capping
molecules were removed following the procedure developed by
Jain et al. [22] and UV-Vis analysis confirms a peak at 265 nm
(Fig. 3), attributed to the electronic excitations of phenylalanine
along with tryptophan and tyrosine residues in proteins. The
broad band observed (260—300 nm) is expected because combi-
nations of these amino acids are incorporated as part of a poly-
peptide. The UV A, for AgNP-protein complexes as reported

@ Springer



840

BioNanoSci. (2018) 8:835-844

Abs
0.95
0.90
0.85
0.80
0.75
0.70
0.65
0.60
0.55
0.50
0.45
0.40
0.35
0.30

0.25

0.20

0.15

0.10

0.05

000 &+

200 250 300

nm

Fig. 3 Absorbance of SDS supernatant after SDS treatment of L. betulina-capped AgNPs

in the literature occurs at ~265 nm [1, 19, 23, 24] due to the
favorable interaction between the nanoparticle and the protein
through electrostatic interaction with free amine groups or cyste-
ine residues in proteins [20]. The identity of the proteinaceous
capping molecule is under investigation and will be reported
elsewhere.

3.2.2 Elemental and Morphological Analysis

Elemental composition of the synthesized L. betulina-capped
AgNPs showed an intense optical absorption band at 3.0 keV
in EDS analysis, confirming the presence of pure metallic silver.
Peaks for C, N, and O atoms were also observed (data are not
shown), confirming nitrogenous or proteinaceous metabolites

from L. betulina as capping molecules. XRD structural identifi-
cation of L. betulina-capped AgNPs (Fig. 4) showed a broad
diffraction peak at 38.22°, indicative of the presence of some
amorphous regions. The diffraction peaks were indexed to
[111] of face-centered cubic (fcc) silver [25]. Broader peaks for
particles signify smaller particle and crystal size, allowing them
to possess some amorphous regions compared to bulk materials
[26]. Sharp diffraction peaks at 26.63°, 27.75°, 32.20°, and
46.20° were also observed, indicating high crystallinity.
Dhoondia and Chakraborty [27] indexed the peaks at 27.75°,
32.20°, and 46.20° to [110], [111], and [211] of face-centered
cubic (fce) silver oxide, respectively, and is attributed to the fact
that small AgNPs readily react with oxygen forming Ag,O upon
exposure to air [28]. However, Kumar et al. [29] suggested that
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Fig. 4 X-ray diffraction pattern of L. betulina-capped AgNPs
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Fig. 5 SEM images (backscattered) of L. betulina-capped AgNPs magnified at a 6000x (scale bar 10 um) and b 25,000x (scale bar 2 um)

these three diffraction peaks are related to crystalline and amor-
phous organic structures accompanying the crystallized AgNPs.

FESEM images (Fig. 5) of L. betulina-capped AgNPs showed
a lumped particle where spherical AgNPs are embedded in the
lump. Backscatter mode confirms the presence of AgNP as they
appear brighter. The AgNPs gave varying sizes ranging from 45 to
330 nm which is in agreement with a broad SPR peak at UV-Vis.

The shape, size, and size distribution of AgNPs are strongly
dependent on the reducing power of organic substrates to reduce
the silver ions [5]. The non-uniformity of the shapes and sizes of
AgNPs from L. betulina is due to the heterogeneity of reducing
agents in the extract. In contrast, AgNPs produced from chemical
synthesis, which used a single reducing agent, have uniform
morphologies [30]. TEM analysis (Fig. 6a) showed dispersed
spherical silver nanoparticles. A closer look at some aggregates
shows AgNPs in the size range of 14-50 nm. The capping

v

3 R
.
e

> 800 nm

a

molecules (gray) around the AgNP aggregates (Fig. 6b) are ev-
ident, which is reminiscent of a long-chain molecule or proteins
entangled in the clusters of AgNPs.

The size distribution of L. betulina-capped AgNPs (Fig. 7)
showed dispersed size range with an average hydrodynamic
particle diameter of 270.8 nm. The DLS hydrodynamic diam-
eter measures the diameter of the particle core, along with any
capping molecules and a solvent layer attached to the particle.
The same observation was observed by Ballotin et al. [9] on
the hydrodynamic diameter of AgNP capped with proteins
from fungus to have values at 264 nm as measured by DLS.
The DLS average hydrodynamic diameter of L. betulina--
capped AgNPs (270.8 nm) is way bigger than TEM measure-
ment (14-50 nm), suggesting another evidence for the pres-
ence of a long-chain capping molecules entangled around
AgNPs. The size distribution of nanoparticles shows two

b

100 nm

Fig.6 TEM micrograph of L. betulina-capped AgNPs. a Dispersed AgNPs (23,500x magnification; 800 nm scale bar). b Aggregated AgNPs (156,000

magnification; 100 nm scale bar)
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Fig. 7 Size distribution of
L.betulina-capped AgNPs
recorded three times

Intensity (Percent)

Size Distribution by Intensity

groups of peaks at around 95 to 400 and at 700 nm, which are
likely the size range of different sets of AgNP aggregates. The
formation of distinct bigger aggregates is likely attributed to
the proteinaceous capping molecules around AgNPs, which
could interact with other capping molecules forming a multi-
layer of nanosilver protein. Proteins are known to covalently
bind to AgNPs and attract other proteins to form protein-
protein specific or nonspecific interactions that become part
of the nanosilver-protein multilayer [19]. The diverse size
range is in agreement with the observed broad peak at SPR
in UV-Vis spectrum of the L. betulina-capped AgNPs. The
size distribution peak at greater than 1000 nm and less than
10,000 nm are due to the dust particles that might have con-
taminated the sample upon analysis.

Zeta potential of the L. betulina-capped AgNPs was mea-
sured at —26.7 mV where incipient stability is at <—30 mVand
at >+ 30 mV. The obtained zeta potenial indicates relative sta-
bility, supporting that AgNPs are likely to form aggregates with
time. Previous studies showed that use of a strong reductant
such as borohydride resulted in small particles that were
monodispersed with a zeta potential of —20 mV [31]. Using
hydrazine hydrate as reducing agent produced AgNPs with a
zeta potential of + 1.2 mV, while AgNPs from sodium citrate
reduction possess a zeta potential of — 54 mV [31]. Synthesized
AgNPs, using gallic acid as reducing and stabilizing agent, is

10 100 1000
Size (d.nm)

10000

extremely stable due to the strong electrostatic interaction of the
carboxylate anion of the capping agent with the surface of the
nanoparticle and a very high zeta potential at —45 mV [32].
The relative stability of L. betulina-capped AgNPs is attributed
to the long chain of proteinaceous capping agents unable to
fully maximize the electrostatic interaction on all possible sur-
faces of AgNP because of chain coiling, entanglement, and
protein-protein interactions which are in agreement with
TEM, SEM, and DLS data.

3.3 Antioxidant Activity of L. betulina-Capped AgNPs

The DPPH radical scavenging assay of L. betulina aqueous
extract and L. betulina-capped AgNPs showed that the raw
aqueous extract (Table 1, column 3) possesses an inherent an-
tioxidant activity. A slight increase in antioxidant activity of L.
betulina-capped AgNPs (Table 1, column 4) was observed.
The increase in antioxidant activity of L. betulina-capped
AgNPs can be attributed to the higher surface area-to-volume
ratio of silver nanoparticles, enhancing their reactivity towards
DPPH. Statistical analysis using a paired ¢ test, which compares
the differences of %Inhibition values obtained from the two
samples, showed that the two are significantly different. The
tealculated Value (17.45) is greater than ti,e value for 99% con-
fidence interval (4.604) with 4 degrees of freedom (n—1; n =5).

Table 1 Mean antioxidant
activities of L. betulina and L.
betulina-capped AgNPs with
their standard deviation values

Volume of Final
samples (L)

Concentration (pg/mL)

%Inhibition /antioxidant Activity

L. betulina aqueous extract L. betulina-capped AgNPs

0 0

200 18.18
400 33.33
600 46.15
800 57.14
1000 66.67

0 0

11.33+0.35 13.46+0.78
17.92+0.29 19.75+1.67
26.59+0.50 28.90+0.99
31.35+0.60 33.01+1.03
37.77+1.49 39.69+1.01
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This means that there is greater than a 99% chance that the
results from the two samples are significantly different, indicat-
ing L. betulina-capped AgNPs have significantly higher anti-
oxidant activity than L. betulina aqueous extract.

Biosynthesized AgNPs are effective antioxidants com-
pared to chemically prepared AgNP due to their capping
agents. Fungi, having different chemical constituents com-
pared to plants, offer capping agents that provide synergistic
activity with AgNP. Mathew et al. [33] reported the antioxi-
dant activity of the protein-capped silver nanoparticles synthe-
sized from the fungus Aspergillus pseudodeflectus, which
gave a %inhibition of 17.59 £2.28 at a final concentration of
62.5 ug/mL. Notably, the activity of L. betulina-capped
AgNPs was higher than that of AgNPs from the fungus
Aspergillus pseudodeflectus. Proteins act as free radical scav-
engers, owing their antioxidant activity to their constituent
amino acids [34]. Antioxidant activities of tyrosine, phenylal-
anine, and tryptophan are due to their ability to donate protons
to free radicals whereas lysine, arginine, aspartic acid and
glutamic acid, exercise antioxidant activity by chelating metal
ions [35]. The enhanced antioxidant activity of L. betulina--
capped AgNPs compared to the raw extract is interesting be-
cause antioxidants lay a chemo-protective key role in humans
against risk of oxidative stress-related diseases [36]. L.
betulina aqueous extract has been shown to possess antimi-
crobial, anti-cancer [13], and anti-hyperglycemic [37] activi-
ties and the presence of these active metabolites in AgNP may
provide synergistic effects potentially enhancing the activities
as demonstrated by this study. Moreover, using the simple
protocol of AgNP synthesis, the study demonstrated the pos-
sibility of separating and isolating the active components in a
plant or fungus source from the rest of the metabolites. This
helps advance the field of possible selective metabolite extrac-
tion from biological sources and promote the fast screening of
metabolites using this simple process of natural product
isolation.

4 Conclusion

AgNPs were successfully and optimally synthesized using the
aqueous extract of the fungus L. betulina for the first time.
Characterization of the new L. betulina-capped AgNPs
showed spherical shapes in varying size in nano dimension
with likely proteinaceous capping molecules. The L.
betulina-capped AgNPs were relatively stable due to the cap-
ping molecules but formed some aggregates with time. The
DPPH assay showed that L. betulina-capped AgNPs exhibited
significantly higher antioxidant activities compared to its raw
aqueous extract. The properties of silver nanoparticles
(AgNPs) were influenced by interactions and molecular struc-
ture of capping agents that stabilize them. Green synthesis of
AgNPs using Lenzites betulina, a macrofungus with

antioxidant properties, was made possible allowing the active
metabolites to be incorporated in AgNP as capping molecules
and enhancing significantly the antioxidant activity compared
to the raw extract. Notably, the activity of L. betulina-capped
AgNPs was remarkably higher than that of AgNPs from the
fungus Aspergillus pseudodeflectus. Full characterization of
the proteinaceous capping metabolite on the AgNP surface
is underway and will be reported in due course.
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