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This study aims to mycosynthesize crystal gold nanoparticles (AuNPs) using phenolic compounds isolated from
Ganoderma applanatum (Reishi mushroom). The phenols-capped AuNPs were described by change of color,
UV-Vis, FTIR, AFM, FESEM, TEM, HRTEM, SAED, EDX, XRD and Zeta Potential analyses. HPLC and FTIR an-
alyses exhibited the presence of some phenolic compounds including rutin, qurcetine, epigene, keampherol, and
gallic acid. The mycosynthesized AuNPs were capped by phenols as a reducer and stabilizer agent as in FTIR, and
Zeta Potential. The lambda max of UV-Vis (550 nm) and EDX results proved the formation of AuNPs after 10
min. AFM, FESEM, TEM, HRTEM, and SAED images showed face-centered cubic crystals (phenols-capped
AuNPs) with average 18.70 nm. The mycosynthesized phenols-capped AuNPs exhibited rapid catalytic reduction
of methylene blue dye to leucomethylene blue in the existence of NaBHj. This study is considered first attempt to
mycosynthsize of AuNPs using phenols isolated from edible mushrooms which showed significant rapid role to

decolorize MB dye.

1. Introduction

The process of formation of Au nanoparticles from biological mate-
rials is considered a modern science that comes within the green
chemistry. These biological sources include seaweeds (Narendrakumar
et al., 2020), medicinal plants (Chandra et al., 2020), (Seetharaman
et al., 2017), bacteria (Jafari et al., 2018), and mushrooms (Rabeea
et al., 2020). Besides, gold nanoparticles have miscellaneous biomedical
applications (Dheyab et al., 2020).

The natural resources have been depleted due to the lack of appro-
priate treatment of industrial waste, especially dyes of industrial fabrics,
and this poses a serious threat to the environment because of the toxicity
of dyes, which is difficult to analyse (Nandhini et al., 2019). The tradi-
tional methods for removing dyes in the water are not effective. How-
ever, enzymes of basidiomycetes (Cardoso et al., 2018), Actinomycetes
(Saipreethi and Manian, 2019), bacteria and some agricultural wastes
(Nallapan Maniyam et al., 2020) are capable to decolorize MB. but the
nanoparticles made with biological methods have been important in

treating wastewater, treatments, etc. Moreover, other metallic nano-
particles synthesized from plants exhibited remarkable role to decol-
orize Azo dyes like methylene blue (Anchan et al., 2019; Ganesh et al.,
2019).

Recently, the mycosynthesized AuNPs from mushrooms have been
revealed anticancer, antioxidant and catalytic activity (Owaid and
Ibraheem, 2017). Indeed, using mushrooms in the mycosynthesis of
metallic nanoparticles is too important (Owaid, 2019) because of the
huge amounts of fruiting bodies, mycelia and their metabolites which
reduce costs and increase eco-friendly aspects (Owaid and Ibraheem,
2017).

Only few studies were achieved to reduce gold ions using isolated
fungal compounds from mushrooms like glucan (polysaccharide) from
Pleurotus florida (Sen et al., 2013), laccase (protein) from Pleurotus
ostreatus (El-Batal et al., 2015) and Schizophyllan from Schizophyllum
commune (Bae et al., 2007). But most of publications in this field used
crude extracts of mushrooms both mycelia and fruiting bodies to syn-
thesize AuNPs (Owaid and Ibraheem, 2017), such as Volvariella volvacea
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Fig. 1. UV-Vis and optical vision of the phenols-capped AuNPs.

(Philip, 2009), Pleurotus florida (Bhat et al., 2013), Pleurotus sapidus
(Sarkar et al., 2013), Grifola frondosa (Vetchinkina et al., 2013), Heri-
cium erinaceus (Raman et al., 2015), Pleurotus cornucopiae var. cit-
rinopileatus (Owaid et al., 2017), Flammulina velutipes (Narayanan et al.,
2015; Rabeea et al., 2020), Agaricus bisporus (Eskandari-Nojedehi et al.,
2018; Eskandari-Nojehdehi et al., 2016), and Lentinula edodes (Owaid
et al., 2019).

Moreover, silver nanoparticles were prepared from Ganoderma luci-
dum (Aygiin et al., 2020), Ganoderma neo-japonicum (Gurunathan et al.,
2013), Ganoderma sessiliforme (Mohanta et al., 2018), Ganoderma
applanatum (Dandapat et al., 2019; Jogaiah et al., 2019). But only the
species of Ganoderma lucidum was used to synthesize intracellular
(Vetchinkina et al., 2013) and extracellular AuNPs (Kumar et al., 2017).
The literature review showed that the researches referred using extracts
of fruiting bodies of mushrooms more than the isolated organic com-
pounds from them in the synthesis metallic nanoparticles (Owaid and
Ibraheem, 2017). Hence, for the first time, the phenolic compounds
isolated from mushrooms (exactly from Ganoderma applanatum) were
used to synthesize the phenols-capped AuNPs in this study and applied
to decolorize Methylene blue rapidly.

2. Materials and methods
2.1. Chemicals

Chloroauric acid (HAuCly-4H0, purity 99.9%) was purchased from
DIREVO Industrial Biotechnology (Germany). The organic solutions,
including chloroform (CHCl3, purity 99.5%) was obtained from Gain-
land Chemical Co. (England), and butanol (C4HoOH, purity 99%) pur-
chased from BDH (England).

2.2. Mushroom samples

The mushroom samples were collected from Mosul city, Iraq on the
Morus spp. tree (Moraceae) and identified as Ganoderma applanatum
according to the morphology and microscopy characteristics (Niemela
and Miettinen, 2008). The samples of mushroom were placed on a clean
place at 40 °C to dry until constant of weight. The dried samples of
mushroom were milled to isolate simple phenols and polyphenols which
will use in the synthesis of gold nanoparticles.

2.3. Extraction of mushroom samples

The first step is grinding and homogenization of the fruiting bodies.
The extraction of the powder was achieved to isolate the bioactive
phytochemicals from Ganoderma applanatum. Additional steps were
completed to remove unwanted non-phenolic and phenolic substances
like fat, wax, chlorophyll and terpene. Thirty gram of the powdered
mushroom was extracted by 15 ml of chloroform with continuous stir-
ring at room temperature for 24 h. The extract was placed in an ultra-
sonic device for 15 min. Then 100 ml of butanol was added and then
transferred to the separation funnel. The polar organic layer (butanol)
was collected and transferred to the rotary evaporator device to obtain a
dry extractor. The operation was repeated 3 times to obtain an adequate
amount prior to analysis (Mradu et al., 2012). The phenols dissolved in
water was used in the synthesis of gold nanoparticles.

2.4. HPLC condition for analyzed phenolic compounds

The sample was analyzed using HPLC (high performance liquid
chromatography) model (SYKAM) Germany. Pump model: S 2100
Quaternary Gradient Pump, Auto sampler model: S 5200, Detector: UV
(S 2340) and Column Oven model: S 4115. The mobile phase was A at
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Fig. 2. HPLC of the phenolic compounds isolated from Ganoderma applanatum.

ratio 85:13:2 and B at ratio B 25:70:5 (Methanol:distilled water:acetic
acid). The column is C18-ODS (25 cm x 4.6 mm) and detector UV-360
nm at flow rate 1 ml/min.

2.5. Green synthesis of phenols-capped AuNPs

To synthesize the phenols-capped AuNPs, 2 ml of the watery phenol
solution of Ganoderma applanatum was added to 50 ml of chloroauric
acid solution (1 mM) and placed the magnetic stirrer at 80 °C for 15 min
until constancy of color and lambda max of the absorbance of the
colloidal suspension AuNPs.

2.6. Characterization of the phenols-capped AuNPs

The mycosynthesized phenols-capped gold nanoparticles using
Ganoderma applanatum were described using the change of color,
UV-Visible (EMCLAB UV/VIS Spectrophotometer, Germany, Model
EMC-11S-V, 325-1000 nm), FTIR (Fourier transform infrared spec-
troscopy) (FT7600 Lambda FT-IR Spectrometer), XRD (X-ray Diffrac-
tion) (PANalytical X’pert PRO MRD PW 3040), Zeta Potential
(Nanoseries Model ZEN 3600, Malvern Instruments), SEM (scanning
electron microscopy), EDX (Energy-dispersive X-ray spectroscopy)
(OXFORD INSTRUMENTS X-MAX), FESEM (Field emission scanning
electron microscopy) (FESEM-FEI/Nova NanoSEM 450), the selected
area electron diffraction (SAED) and HRTEM (High-resolution trans-
mission electron microscopy) (FEI, TECNAI G2 200.000 KV). All these
tests were completed in Malaysia at Universiti Sains Malaysia (USM).

2.7. Decolorization efficiency of MB by the phenols-capped AuNPs

The phenols-capped AuNPs was used to decolorize MB at room
temperature. However, 1 ml of 50 mM NaBH4 was mixed with 3 ml of
MB dye (10 ppm) for this purpose, then 50 pl of phenols-capped AuNPs
was added at room temprature. The absorbance was checked using
UV-visible from 400 to 900 nm and the value at 665 nm was used to
know the decolorization efficiency of this dye as the following equation
(Fan et al., 2009):

Decolorization efficiency =(1—At/A0)*100 (€8}

Where, AO: the absorbance at 0 s, At: the absorbance after the incubation

time (sec).
3. Results and discussion

The intensity of phenols-capped AuNPs (gold nanoparticles)
increased with increasing time of incubation as in Fig. 1. The lambda
max was constant recorded 550 nm while the intensity of colloidal
AuNPs increased from 0.034 a.u. to 1.128 a.u. after 5 min from starting
the interaction then to 1.943 a.u. and 1.997 a.u. (approx. 2.000 a.u.)
after 10 and 15 min, respectively. The visual color of interaction solution
changed from yellow to light purple after 5 min then the intensity
increased to purple and dark purple after 10 and 15 min, respectively
because increasing the AuNPs formed by phenols of Ganoderma appla-
natum in this study. The reason of the change of color to purple with the
lambda max of 550 nm relates with the phenomena of surface Plasmon
resonance (Owaid et al., 2019). The increasing of the interaction time
led to increase the intensity of the colloidal phenols-capped AuNPs
which mean more AuNPs formed because of the increased activation
energy (Dutta et al., 2016).

The results of HPLC analysis of the isolated phenolic compounds
from the extract of Ganoderma applanatum (Fig. 2) exhibited the pres-
ence of some phenolic compounds including rutin with a retention time
(RT) of 12.11 min and the concentration of 5 ppm, qurcetine (RT of 5.97
min and concentration of 7.5 ppm), epigene (RT of 1.70 and 6.70 min
and concentration of 10 ppm), keampherol (RT of 2.90 and 7.74 min and
concentration of 15 ppm), and gallic acid (RT of 13.53 min and con-
centration of 15 ppm).

Phenolic compounds have the OH group directly related to the aro-
matic rings. In present study, Fig. 3a showed stretching vibration at the
region of 1470 cm ™! due to C=C group in ring aromatic compounds. A
deformation interaction of OH, C-O and C-O-H of phenolic compounds
can corresponding stretching vibrations bands at regions ranged from
1030 to 1100 cm ™, and 1320 cm™}, respectively (Solimani, 1997). The
carbonyl band in the carboxylic acid shifted to 1590 cm™! due to the
resonance effect in the aromatic ring. In addition to a very broad band of
a hydroxyl group at 2941-3500 cm ! overlapped with Sp® stretch vi-
bration related to phenolic and carboxylic acid (Gallic acid) (Fig. 3a).

From Fig. 3a, a stretch band of the carbonyl group at 1640 cm ™! and
the stretch band at 3400 cm™' demonstrated the stability of the car-
boxylic acid during the preparation of AuNPs. While the disappearance
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Fig. 3. FTIR of the phenolic compounds isolated from Ganoderma applanatum (a) the mycosynthesized AuNPs (b).

of the phenol broadband at 3500 cm™! proved its association with
reducing Au™ to Au’.

Atomic force electron microscope (AFM) of the phenols-capped
AuNPs synthesized from Ganoderma applanatum was illustrated the
morphology and roughness in the 2D and 3D topographical graphics
(Fig. 4). Also, this figure declared the formation of clear geometrical
shapes in the gold NPs layer. This analysis was confirmed by XRD

(Fig. 5), SEM, FESEM, HRTEM and SAED (Fig. 6) to know the shape, size
and nature of crystalline.

Peaks of XRD in Fig. 5 positioned at 20 of 38.20°, 44.46°, 64.58° and
77.52° could be related to crystallographic planes (11 1), (200), (220),
and (3 1 1), respectively of face-centered cubic (fcc) Au crystals which
agreed with (Eskandari-Nojedehi et al., 2018), and corresponds with
Reference Code 03-065-2870 values (Herrero-Calvillo et al., 2020;
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Fig. 5. XRD of the phenols-capped AuNPs.

Kumar et al., 2020). The particle size averages of grains are 35.72,
11.40, 12.48 and 14.79 nm respectively. Also, the average of size of the
phenols-capped AuNPs is 18.70 nm. The peak of (1 1 1) has the highest
intensity of 100%, pointing out that the current peak is a noticeable
orientation, which exhibits the mean crystallite size of the
phenols-capped AuNPs is 35.72 nm. The XRD pattern clearly exhibited
that phenols-capped AuNPs had a crystalline nature and performed to
confirm the monocrystalline. Other microstructural parameters of the
phenols-capped AuNPs were listed in Table 1. The average of grains size
of AuNPs was calculated using the X-ray diffraction peak through
Debye-Scherrer equation (Abdelrahim et al., 2017):

D = 0.89 Mp cos 6 2)

Where D is the average thickness of crystalline grain vertically at the
plane of a crystal (nm), K is equal 0.89 (Scherrer constant), 0 is the
diffraction angle, p is FWHM (Full-Width Half Maximum (FWHM), and A
(lambda) is the X-ray wavelength (CuKa source) of 0.154 nm.

While, the dislocation density (8) was calculated by Eq. (3) (Karthik
et al., 2020):

§=(@1/D? ... .. 3)

SEM (Fig. 6a) and FESEM (Fig. 6b) images showed different shapes of
phenols-capped AuNPs. For additional analysis of the atomic structures,
HRTEM (high resolution TEM) images and SAED (selected area electron
diffraction) patterns (Fig. 6) were carried out. Patterns of SAED of
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Fig. 6. Electron microscopes images for the phenols-capped AuNPs mycosynthesized from Ganoderma applanatum including SEM (a), FESEM (b), HRTEM (c),
SAED (d).

Table 1

Microstructral parameters of the phenols-capped AuNPs.
Planes 20 Lgttice parameter (a) Dislocation density (8) Crystallite Size (D) (nm) FWHM (B) d-spacing [?N)

A) ( x 10'® lines/m?)

111 38.20° 4.05 0.7837 35.72 0.2460 2.35574
200 44.46° 5.49 7.6947 11.40 0.7872 2.03775
220 64.58° 5.48 6.4205 12.48 0.7872 1.44303
311 77.52° 4.03 4.5716 14.79 0.7200 1.23027

b Element Wt%
- e 11.48
1 o) 4.59
4 Na 0.66
3 cl 1.49
Fa Au | 8178
) Total: 100
2=
B L L R e B L R R R R LR L IR R LR Rl RN AR ERRE R b
0 1 2 3 4 5 6 7 8 9 keV

Fig. 7. EDX of the phenols-capped AuNPs.
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Fig. 9. Decolorization efficacy of Methylene Blue by the phenols-capped gold NPs

AuNPs are exhibited in Fig. 6d. We identified that intense circular
pattern rings. This could be reflection from lattice planes of crystalline
Au nanoparticles. The pattern of SAED showed the existence of bright
spots with their crystal orientations appearing within the diffraction
rings is an excellent confirmation of crystalline nature of the colloidal Au
nanoparticles. The diameter of SAED pattern was compatible with the d-
spacing and coincided with the phase of FCC of the colloidal Au nano-
particles (Khatoon et al., 2018). Also, parameters of XRD (Fig. 4) were
supported SAED pattern results. However, the atomic lattice fringes of
mycosynthesized AuNPs by phenols isolated from Ganoderma applana-
tum as reducing agents were noticed to be 0.231 nm as exhibited in
Fig. 6d, which is closely similar to the formal value of phenols-capped
AuNPs and compatible with planes of the fcc Au crystal, which
informed recently (Qi et al., 2016).

The EDX image of the phenols-capped AuNPs (Fig. 7) showed the Au
element at 2.15 KeV and a weight of 81.78% as an indicator for the
formation of AuNPs from the phenolic compounds of Ganoderma
applanatum. The two elements (weight of 11.48%) and Oxygen (weight

of 4.59%) showed an indicator for the presence of organic compounds
which isolated from this mushroom like the phenolic compounds
(Khoddami et al., 2013). Whereas weaker signals from Cl (1.49%) and
Na (0.66%) signals are likely to be due to X-ray emission from the sol-
vents and the extract (Soni and Prakash, 2012) during the purification
process.

The stability of the mycosynthesized phenols-capped AuNPs was
investigated using zeta potential analysis. Fig. 8 exhibited the surface
zeta potential, which showed the surface charge on phenols-capped gold
NPs. Also, the zeta potential value revealed the constancy of these
nanoparticles (Srikar et al., 2016). Hence, biosynthesized gold NPs had a
promising zeta potential value of —20.6 + 3.76 mV formed from the
phenolic compounds of Ganoderma applanatum. Nevertheless, the zeta
potential value referred to good quality with weak aggregation of gold
NPs (Suresh et al., 2011).

Moreover, the negative value of this test signed to that AuNPs were
surrounded by negatively charged phenolic compounds as a reducing
and capping agent led to increase the stability of the formed phenols-
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Table 2
Results of the current study compared to the previously published related literature.
Mushrooms NPs Type Sizes and shapes of NPs ~ Conditions and time ~ Using The dye type and the  Decolorization References
(concentration) NaBH4 concentration percentages of MB
Flammulina AuNP (5 mg) 74 nm (triangular, 25 °C with shaking No 20 ppm Methylene 75% Rabeea et al.
velutipes spherical, and (240 min) Blue (2020)
Fruitbodies irregular)
Ganoderma lucidum  AgNP (10 mg) 10-80 nm (Rod, and UV irradiation 265 No 10 ppm Direct blue 78-97% Sriramulu and
Fruitbodies needle-like) nm (150 min) 71 Sumathi (2017)
Agaricus bisporus AgNP (10 mg) 10-80 nm (Sponge- UV irradiation 265 No 10 ppm Direct blue 93-96% Sriramulu and
sFruitbodies like) nm (150 min) 71 Sumathi (2017)
Ganoderma Phenols-capped 18.70 nm (centered at room 50 mM 10 ppm Methylene 92.83% This study
applanatum AuNP (50 pl) cubic crystals) temperature (35 s) Blue
phenols
capped AuNPs. Many studies have characterized that the stabilizers Acknowledgments

(surface-active biomolecules) in reaction solutions lead to create many
electrostatic interactions are giving more stable gold NPs (Ahmad et al.,
2015; Anand et al., 2015). It is proposed that the phenol or flavonoid can
act as a stabilizer accountable for the biosynthesis and constancy of Au
nanoparticles. Finally, the metallic NP is considered to be firm if values
of its potential surface is between +30 and —30mV (Anand et al., 2015).

Finally, Fig. 9 exhibited UV-Visible specta of the degradation of MB
and the decolorization efficiency of The phenols-capped AuNPs.
Rapidly, these AuNPs decolored the MB dye and recorded decolorization
efficiency of 46.61% and 92.83% after 10 s and 35 s at room tempera-
ture, respectively. The lambda max was constant 665 nm and the
absorbance reduced rapidly from 1.182 a.u. for the control at 0 s to
0.631 a.u. and 0.084 a.u. after 10 s and 35 s respectively as seen in Fig. 9.
The catalytic efficiency increased with increase of the area of surface,
and metallic NPs possess more surface area because of their fine sizes
(Vidhu and Philip, 2014) especially with these gold nanoparticles which
had size reaches 18.70 nm. Gold nanoparticles acted as a substrate for
the electrotransfer reaction thus gold NPs facilitated electrons transfer
from donor (BHj ions) to acceptor (Methylene blue) to form leuco-
methylene blue (Narayanan and Park, 2015). The absorbance intensity
at 665 nm in the presence MB decreased rapidly with the time, which
confirmed that AuNPs act as active catalysts through the rapid reduction
of Methylene blue. These characteristics cause to be metallic NPs as
more helpful agents for the treatment of industrial textile dyes. Never-
theless, Table 2 showed similar catalytic activity by metallic NPs syn-
thesized from mushrooms has been reported and some differences
among this research and others which synthesized NPs from the mush-
room and used for decolorizing Blue Azo dyes.

4. Conclusion

This study aims to mycosynthesize crystal gold nanoparticles
(AuNPs) using phenolic compounds isolated from Ganoderma applana-
tum. The presence of rutin, qurcetine, epigene, keampherol, and gallic
acid led to mycosynthsize AuNPs as a reducer and stabilizer agents. The
lambda max of UV-Vis was recorded 550 nm. EDX results proved the
formation of AuNPs after 10 min. AFM, FESEM, TEM, HRTEM, and
SAED images showed face-centered cubic crystals (phenols-capped
AuNPs) with average 18.70 nm. The mycosynthesized phenols-capped
AuNPs exhibited rapid catalytic reduction of methylene blue dye to
leucomethylene blue in the existence of NaBH,4. This study is considered
first attempt to mycosynthsize of AuNPs using phenols isolated from
edible mushrooms which showed significant rapid role to decolorize MB
dye.
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