
Green Synthesis, Characterization and Antioxidant activity of Silver1

Nanoparticles in Extracts of Acorus calamus and Agaricus bisporus.2

3

ABSTRACT4

Nanoparticles are in increasing commercial demand due to their wide applicability in various5
areas such as catalysis, chemistry, energy and medicine. Green chemistry is the best option to opt6
for the synthesis of nanoparticles.7
Agaricus bisporus and Acorus calamus are used medicinally in ayurvedic medicines. The8
endeavor of the present work conducted was to determine antioxidant activity of the extracts9
made. Silver nanoparticles were synthesized by using aqueous extract of Acorus calamus &10
Agaricus bisporus. They were characterized by using UV spectrophotometer, Scanning Electron11
Microscopy (SEM) and Transmission Electron Microscopy (TEM).12
Plant extracts were incubated with Silver Nitrate Solution (AgNO3) and color change was13
observed as dark reddish brown. The presence of Ag nanoparticles was analyzed between the14
wavelengths 400-550 nm. The size of the nanoparticles was determined by SEM & TEM. The15
antioxidant activity was performed by DPPH (1, 1diphenyl-2-picryl hydrazyl) free radical16
scavenging method for different solvents of Acorus calamus and Agaricus bisporus which17
showed that methanol extract on higher concentration possess better antioxidant potential when18
compared to standard. They exhibited strong DPPH free radical scavenging activity with 66.3 %19
and 59.2 % respectively for ascorbic acid equivalence. The absorbance for reducing power was20
found to be in increasing order with an increase in concentration.21
The strongest antioxidant activity was displayed by methanolic extract, could be due to the22
presence of flavonoids and phenols. Also, the study reveals that the silver nanoparticles from23
methanol extract show better activity than the normal aqueous extract.24

25

KEY WORDS: Acorus calamus, Agaricus bisporus, antioxidant activity, synthesis and26
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28
INTRODUCTION29

30
Medicinal Plants31

32
Medicinal plants possess secondary metabolites which are the main sources of medicinal drugs33
having curative nature. 7500 species are being used as medicinal plants in India (Balakumbahan34
et al., 2010). Medicinal plant parts are commonly rich in phenolic compounds, such as phenolic35
acids, flavonoids, tannins and lignins. Multiple biological effects including the antioxidant36
activity are there in these compounds (Sharma et al., 2013). Antioxidants are widely used in37
dietary supplements and have been investigated for the prevention of diseases such as heart38
diseases, sickness and cancer (Dabelstein et al., 2007).39

40
Acorus calamus (L.) family Araceae is a well known plant in Indian traditional medicines41
(Nadkarni et al., 2005) for centuries. Acorus calamus is a semi aquatic perennial, aromatic herb42
with creeping rhizomes (Tiwari et al., 2010), which has been used traditionally as a medicine and43
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also the powder of rhizome has spicy flavor. Its rhizome is used to treat gastrointestinal problems44
that include inflammation of stomach, flatulence, ulcers and anorexia. Other medicinal uses of45
Acorus are induction of sweating, treatment of stroke and treatment of rheumatoid arthritis.46

47
Mushrooms have a long association with humankind and provide profound biological and48
economical impact. From ancient times, wild mushrooms have been consumed by man with49
delicacy, probably, for their taste and pleasing flavor (Das et al., 2010). They have rich50
nutritional value with high content of proteins, vitamins, fibers, trace elements and low/no51
calories and cholesterol (Agahar-Murugkar and Subbulakshmi et al., 2005; Wani et al., 2010).52
Edible mushrooms are important source of biologically active compounds (Rajewska and53
Balasinska et al., 2004) Edible mushrooms are used medicinally for diseases involving depressed54
immune function, cancer, allergies, fungal infection (Yashwant et al., 2012).55

56
The development of reliable green process for the synthesis of silver nanoparticles is an57
important aspect of current nanobiotechnology research. Biosynthesis of nanoparticles is58
advantageous over chemical and physical methods as it is a cost effective and environmental59
friendly method (Sastry et al., 2004 and Mohanpuria et al., 2008), and it is not necessary to use60
high pressure, energy, temperature and toxic chemicals. Plants provide a better platform for61
nanoparticle synthesis as they are free from toxic chemicals as well as provide natural capping62
agents. Moreover, use of plant extracts also reduces the cost of microorganism isolation and63
culture media enhancing the cost competitive feasibility over nanoparticle synthesis by64
microorganisms.65

66
OBJECTIVE67

68
Present study was aimed to prepare aqueous and methanolic extracts of Agaricus bisporus and69
Acorus calamus. Prepared extracts were screened for the presence of the antioxidant activity.70
Study also focused on the biosynthesis of silver nanoparticles of both aqueous and methanolic71
extracts along with their free radical scavenging activities.72

73

MATERIALS & METHODS74

Collection of plant materials75

Materials used in the present study were fruiting bodies of Agaricus bisporus and Acorus76
calamus procured from TERI, Gurugram, Haryana, India.77

78
Collected samples were identified and authenticated by the taxonomist of the same department.79

80
81
82

Bacterial Strains83
84

The bacterial strains of Escherichia coli (DH5α), Bacillus amyloliquefaciens, Staphylococcus85
aureus and Pseudomonas aeruginosa were obtained from Helix BioGenesis Pvt. Ltd., Noida,86
U.P., India. They were sub cultured freshly in Nutrient Broth and used further for research work.87
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88
89

Sample preparation90
91

Plant samples were washed, dried and crushed by an ordinary grinder (Philips HL 7720) to make92
fine powder. The 50g of dried rhizome of A. Calamus and A. bisporus was weighed in weighing93
balance (High Precision Balance) and placed in a Soxhlet extractor (Lin et al., 1999) containing94
800ml of methanol and pouch of extracts for 24hrs to 48hrs (22 cycles). Then obtained methanol95
extracts was evaporated to dryness and extract amount was measured. Extract was stored for the96
further use.97

98
The 50g of rhizome crushed powder was dissolved in 500ml of distilled water to form crude99
extract by maceration method by boiling continuously for 30minutes in water bath (Thermo100
Scientific). The conical flasks of the extracts were covered by cotton plugs to avoid the101
evaporation. The extracts were placed in shaking incubator at 250rpm for 48hrs. After shaking102
they were filtered with muslin cloth and with filter paper twice. Prepared crude extracts were103
evaporated to dryness; amount was measured (Siddhuraju et al., 1996) and was stored at 4°C104
(Sharma & Nagar et al., 2015).105

106

Synthesis of silver nanoparticles107

For the synthesis of silver nanoparticles (AgNPs), 50ml stock solution of 2mm AgNO3 was108
prepared in distilled water. 1ml of aqueous extract of A. calamus and A. bisporus each was added109
to 9ml of stock solution of AgNO conical flask. The mixture was stirred continuously for 5-110
10 minutes and then incubated in dark room, at 37ºC under static condition. Suitable controls111
were maintained throughout the experiment. Reduction of silver nitrate to silver ions was112
confirmed by the color changes to light yellow color to brown color. Simultaneously, the positive113
control was maintained with the extract and de-ionized water used as negative control containing114
only silver nitrate solution (Narasimha et al., 2011).115

116

CHARACTERIZATION:117

1. UV-Visible spectra analysis: The silver nanoparticles were characterized by UV-Vis118
spectrophotometer (Hitachi High Technologies), one of the most widely used techniques119
for structural characterization of silver nanoparticles (Sun et al., 2001). UV-Visible120
absorption spectrophotometer with a resolution of 2mm between 300 to 700nm was used.121
(Ahmed et al., 2003).122

123
2. Scanning Electron Microscopy (SEM): SEM analysis was done (Hitachi S-4500 SEM).124

For SEM, the silver nanoparticle synthesized using A.calamus and A.bisporus extracts125
was prepare on the slide, one drop of sample was taken on a glass slide and was dried in126
an incubator. After the slide was prepared, the sample was coated with gold for 3 mins to127
make it conductive. And then the SEM images were taken to study the size and128
morphology of the nanoparticle formed.129

130
131
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132
3. Transmission Electron Microscopy (TEM): Morphological and structural studies were133

investigated using HR-TEM that allows the imaging of the crystallographic structure of a134
sample at on atomic scale. HR-TEM was utilized to characterize the particles and their135
sizes and distributions by taking micrograph from drop coated film of silver nanoparticles136
(Tecnai G2-20 Transmission electron microscope, FEI Company, Netherlands). The137
specimen was suspended in distilled water, dispersed ultra-sonically to separate138
individual particles and one or two drops of suspension deposited onto holy-carbon139
coated copper grids and dried under infra-red lamp (Jha et al., 2009).140

141
ANTIOXIDANT ASSAY142

1. Electron transfer assay143

Total Flavonoid Content (TFC) and Total Phenolic Content (TPC) were assayed to determine the144
oxidants which were reduced by transfer of electron from antioxidant (oxidized).145

a. Total Flavonoid Content146

Number of flavones that were present in extracts was determined by Aluminium Chloride147
Spectrophotometric method. About 0.1ml of extract or Quercetin standard 10-100µg/ml, 1.5ml148
of methanol, 0.1ml Aluminium chloride (10%), 0.1ml Potassium acetate (1M) and 2.8ml of149
distilled water were added and mixed well. Sample blank was prepared by replacing sample with150
distilled water or solvent and absorbance was measured at 417nm. Standard calibration plot was151
made to determine the concentration of flavonoids in the extracts. The concentrations of152
flavonoids in the extracts were calculated from the calibration plot and were expressed in mg153
QE/ g of extracts (Maurya et al., 2011 & Sharma et al., 2017).154

b. Total Phenolic Content155

Flavonoids are polyphenolic compounds. So, TPC was determined by Folin-Ciocalteau method156
in order to quantify the polyphenolic Flavonoids. 0.1ml of extracts or Quercetin standard (10-100157
µg/ml) and 0.1ml of Folin-Ciocalteau reagent (0.5N) was added and incubated at room158
temperature for 30min. About 2.5ml of 20% saturated sodium carbonate was added in to the159
solution and further incubated for 30min. After incubation, the absorbance was measured at160
760nm against blank reagent. The standard calibration plot was made to determine the161
concentration of polyphenolic components in the extracts were calculated from the calibration162
plot and were expressed in mg QE of phenol g-1 of extracts (Maurya et al., 2011 & Sinha et al.,163
2015).164

165

2. DPPH Assay166

DPPH (2, 2-diphenyl picryl hydrazyl) is a commercially available stable free radical, which is167
purple in color. The antioxidant molecules present in the herbal extracts, when incubated, react168
with DPPH and convert it into di-phenyl hydrazine, which is yellow in color. The degree of169
discoloration of purple to yellow was measured at 520nm, which is a measure of scavenging170
potential of plant extracts. 10μl of plant extract was added to 100μl of DPPH solution (0.2mM171
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DPPH in methanol) in a microtitre plate (Mensor et al., 2001). The reaction mixture was172
incubated at 25°C for 5 minutes, after that the absorbance was measured at 520nm. The DPPH173
with corresponding solvents (without plant material) serves as the control. The methanol with174
respective plant extracts serves as blank. The DPPH radical scavenging activity of the plant175
extract was calculated as the percentage inhibition.176
DPPH scavenging effect (%) or Percent inhibition = A0 – A1 / A0 × 100.177
Where A0 was the Absorbance of control reaction and A1 was the Absorbance in presence of test178
or standard sample (Achola et al., 1998).179

180

3. Reducing power assay181

Ferric reducing power of extracts was also determined (Oyaizu et al., 1986). One ml of extracts182
at various concentrations 25 - 2000μg/ml was respectively added to phosphate buffer (2.5ml,183
0.2M, pH 6.6) and potassium ferricyanide (2.5ml, 1%) followed by mixing and incubating at184
50°C for 20min. Then, Tri Chloro Acetic Acid (TCA) (2.5ml, 10 %) was added to the mixture185
and centrifuged at 3000rpm for 10min. 2.5ml of the supernatant was collected and mixed with186
2.5ml of distilled water followed by the addition of ferric chloride (0.5ml, 0.1%), vortexed and187
the absorbance of the mixtures was read at 700nm.188

189

RESULTS & DISCUSSION190
191

Biosynthesis of silver nanoparticles192
193

Synthesis of AgNPs using A. bisporus and A. calamus extract was observed (Figure 1). When A.194
calamus and A. bisporus extract of different concentrations was subjected to aqueous solution of195
2mm silver nitrate, a gradual change of color was observed after 12hrs. This change of color was196
due to the formation of AgNPs. The formation of reduced AgNPs was further characterized by197
UV-Vis spectrophotometer.198

199
UV Spectra Analysis200

201
It is well known that AgNPs exhibit yellowish brown color in aqueous solution due to excitation202
of surface Plasmon vibrations in AgNPs (Shankar et al., 2004). As the extract was mixed in the203
aqueous solution of the silver ion complex, it started to change the color from watery to204
yellowish brown due to reduction of silver ion which indicated formation of AgNPs. It is205
generally recognized that UV–Vis spectroscopy can be used to examine size and shape206
controlled nanoparticles in aqueous suspensions (Wiley et al., 2006). The extracellular207
biosynthesis of AgNPs from A. bisporus, Ganoderma lucidum and Pleurotus florida was208
observed at the maximum absorbance peak 420nm, 420nm and 435nm respectively (Sujatha et209
al., 2013, Singh et al., 2013 and Balahanmuga et al., 2013). Similarly, the peak located between210
420nm-460nm was observed for AgNPs prepared using the A. calamus extracts and 420nm-211
430nm in A. bisporus samples indicating the production of AgNPs from the extracts.212

213
Scanning Electron Microscopy214
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SEM was employed to analyze the shape of the AgNPs that were biosynthesized. SEM analysis215
shows that these two plant (Acorus calamus and Agaricus bisporus) extracts have tremendous216
capability to synthesize AgNPs, which were roughly spherical in shape and were uniformly217
distributed. Characterization of AgNPs were observed under SEM revealed that nanoparticles218
varied shaped (spherical and irregular) with size in the range of 50-200µm (Figure 3-10).219
Spherical AgNPs aggregates were reported by (Nithya and Ragunathan et al., 2009) that220
synthesized AgNPs by Pleurotus sajorcaju of size range 5-50µm and (Narasimha et al., 2011)221
who reported that their size range 5-50µm AgNPs by A. bisporus, while (Karwa et al., 2011)222
who obtained AgNPs prepared by Ganoderma lucidium showed the poly disperse nature of their223
nanoparticles with size range (10-70µm). The surfaces of the aggregates were rough. The224
particles are more or less spherical in sizes and their range is of 45-80µm.225

Transmission Electron Microscopy226

Biologically synthesized AgNPs was deposited on a carbon coated TEM grid and processed. The227
micrograph showed nanoparticles with variable shape, most of them were spherical with some228
others having occasionally triangular and linear shape. The size of the particles was from 15 to229
25nm (Figure 11-18). Majority of the AgNPs were scattered, with only a few showing aggregates230
of varying sizes as observed under TEM. AgNPs are apparently spherical particles, sized range231
(4.5-35nm) poly dispersed by TEM. The peak at 430nm indicates that AgNPs have spherical232
form (Sudhakar et al., 2014).233

Anti Oxidant Assay234

Solvents like distilled water and methanol were used to extract out the flavonoids & phenol and235
reducing power ability & DPPH radical scavenging activity from the sample. After preparation236
of extracts by Maceration method, the extracts were phytochemically screened in order to check237
the presence of different secondary metabolites including flavonoids and phenols. Plant phenols238
constitute the major group of compounds that act as primary antioxidant (Hatano et al., 2016). To239
determine the antioxidant content in the extract, electron transfer assay were assayed, such as240
TFC and TPC. It was found from the study (Table 1 and 3) that methanolic extract A. calamus241
has maximum amount of phenol and flavonoids (19670mg and 13690mg of QE/ g of extract) &242
silver nano extract showed 3380mg of QE/g of extract, whereas in A. bisporus of aqueous extract243
has maximum amount of phenol and flavonoids (6860mg and 7640mg of QE/g of extract) and244
silver nano extract in methanolic extract has showed 4030mg of QE/g of extract. Figure 21 and245
22 demonstrates TFC, very less in silver nano extract of plants.246

DPPH is a protonated radical having the characteristic absorption maxima at 517nm which247
decreases with the scavenging of the proton radical by natural plant extracts. Hence, DPPH finds248
applications in the determination of the radical scavenging activity of plant materials (Jun et al.,249
2004). DPPH scavenging ability was screened in both aqueous and methanolic extracts (Figure250
23 and 24). In methanolic extract, A. calamus and A. bisporus showed a strong inhibition of up to251
65.1% and 59.2 % respectively followed by the aqueous extract with 4.1% and 19.1 % inhibition252
respectively. Whereas the silver nano aqueous extract of A. calamus and A. bisporus, showed253
23.8% and 40% inhibition and methanolic extract showed the maximum inhibition- 66.3% and254
19.1% respectively. Silver nano extracts of A. calamus and A. bisporus possessed higher DPPH255
radical scavenging in methanol. Reducing power of both the extracts increased with an increase256
in concentration. The reducing power of the extracts was found to be dose dependent (Figure 25257
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and 26). The methanolic extract of A. calamus and A. bisporus and its silver nano extract showed258
more reductive ability than the aqueous extract, which was capable for neutralizing the free259
radical.260

261
In the present study, we found that plants of rhizomes were good source for the synthesis of262
silver nanoparticles. It has many advantages such as, ease with which the process can be scaled263
up, economic viability and to obtain smaller particle size. In conclusion, the A. calamus & A.264
bisporus aqueous extract has shown potential for extra cellular synthesis of fairly mono265
dispersed AgNPs in the range of 10nm to 20nm. AgNPs were synthesized successfully by green266
synthesis method (from A calamus and A. bisporus plant extract). The detail characterization of267
the nanoparticles was carried out using UV-Vis spectroscopy, SEM and TEM. In SEM and TEM268
image analysis, the average particle size was found to be 15nm and 30nm. The results confirmed269
the reduction of silver nitrate to AgNPs with high stability and without any impurity.270

271
The objective of the study was to determine the antioxidant and free radical scavenging potential272
of the whole plant, A. calamus and A. bisporus and also to provide a comparative analysis273
between the methanolic and aqueous extracts of the plants and its silver nano extract as a free274
radical scavenger to specify the extract with a better scavenging potential. According to the275
findings, the methanol extract showed the highest amount of phenolics, reducing ability and free276
radical scavenging activity as compared to the flavonoids and the aqueous extracts. Studies on277
the whole plant also revealed that antioxidant property of the plant is in no way lesser than its278
root and rhizomes.279

280

281
282

Figure: 1 and 2 - Synthesis of AgNPs in A. calamus and A. bisporus plant extracts.283
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285

Figure: 3, 4, 5 and 6- Characterized AgNPs of aqueous and methanolic extract of A.286
bisporus with different concentration (0.2g/ml and 0.4g/ml) by SEM analysis.287

288

289
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290

Figure: 7, 8, 9 and 10- Characterized AgNPs of aqueous and methanolic extracts of A.291
calamus with different concentration (0.2g/ml and 0.4g/ml) by SEM analysis.292

293

294

295

Figure: 11, 12, 13 and 14- Characterized AgNPs of aqueous and methanolic extracts of A.296
bisporus with different concentration (0.2g/ml and 0.4g/ml) by TEM analysis.297

298
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299

300

Figure: 15, 16, 17and 18- Characterized AgNPs of aqueous and methanolic extracts of A.301
calamus with different concentration (0.2g/ml and 0.4g/ml) by TEM analysis.302

303

304
305
306

Graph 1: Quercetin standard curve for TPC307
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308
Table 01: TPC in A. calamus and SN extract from methanol and distilled water.309

310
Extract 0.2 gm/ml 0.4 gm/ml

mg QE/g of extract mg QE/g of extract
Aqueous A. calamus 9220 18510

Aqueous SN A. calamus 697 763
Methanolic A. calamus 10050 19670

Methanolic  SN A.
calamus 2130 3380

311

312

Figure 19: TPC of A. calamus and its SN extract.313

314

Table 02: TPC in A. bisporus and SN extract from methanol and aqueous.315
316

Extract 0.2 gm/ml 0.4 gm/ml
mg QE/g of extract mg QE/g of extract

Aqueous A. bisporus 6020 6860
Aqueous SN A. bisporus 290 670
Methanolic A. bisporus 3120 5980

Methanolic  SN A.
bisporus 2840 4030
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318

Figure 20: TPC of A. bisporus and its SN extract.319

320

321

Graph 2: Quercetin standard curve for TFC322
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Table 03: TFC in A. calamus and SN extract from methanol and aqueous.327
328

Extract 0.2 gm/ml 0.4 gm/ml
mg QE/g of extract mg QE/g of extract

Aqueous A. calamus 1710 2700
Aqueous SN A. calamus 170 210
Methanolic A. calamus 2680 13690

Methanolic  SN A.calamus 150 270
329

330

331

Figure 21: TFC of A. calamus and its SN extract332

333

Table 04: TFC in A. bisporus and SN extract from methanol and aqueous.334
335

Extract 0.2 gm/ml 0.4 gm/ml
mg QE/g of extract mg QE/g of extract

Aqueous A. bisporus 7210 7640
Aqueous SN A. bisporus 140 170
Methanolic A. bisporus 281 1740

Methanolic  SN A.
bisporus 180 310
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338

Figure 22: TFC of A. bisporus and its SN extract339

340
341
342

Table 05: DPPH Free Radical Scavenging in A. calamus and its SN extract from methanol343
and aqueous.344

345
Extract 0.2 gm/ml 0.4 gm/ml

DPPH AEAC %
Inhibition

DPPH AEAC %
Inhibition

Aqueous A. calamus 4.1 3.1
Aqueous SN A. calamus 12.1 23.8
Methanolic A. calamus 65.1 3

Methanolic  SN A.
calamus 66.3 38.5
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348

Figure 23: DPPH Free Radical Scavenging in A. calamus and SN extract349
350
351
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357
358

Table 06: DPPH Free Radical Scavenging in A. bisporus and its SN extract from methanol359
and aqueous.360

361
Extract 0.2 gm/ml 0.4 gm/ml

DPPH AEAC %
Inhibition

DPPH AEAC %
Inhibition

Aqueous A. bisporus 19.1 5
Aqueous SN A. bisporus 40 38
Methanolic A. bisporus 59.2 49.6

Methanolic  SN A.
bisporus 19.1 16.2
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364

Figure 24: DPPH Free Radical Scavenging in A. bisporus and its SN extract.365
366
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Table 07: Ferric Reducing Power in A. calamus and its SN extract from methanol and375
aqueous.376

377
Extract 0.2 gm/ml 0.4 gm/ml

FRP (mg/ GAE/10 g of
sample)

FRP (mg/ GAE/10 g of
sample)

Aqueous A. calamus 2.3 2.8
Aqueous SN A. calamus 0.83 1.5
Methanolic A. calamus 3.7 5.3

Methanolic  SN A.
calamus 1.8 2.6
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380

Figure 25: Ferric Reducing Power in A. calamus and its SN extract381
382

383

Table 08: Ferric Reducing Power in A. bisporus and its SN extract from methanol and384
aqueous.385

386
Extract 0.2 gm/ml 0.4 gm/ml

FRP (mg/ GAE/10 g of
sample)

FRP (mg/ GAE/10 g of
sample)

Aqueous A. bisporus 0.48 0.76
Aqueous SN A. bisporus 0.22 0.24
Methanolic A. bisporus 0.72 1.2

Methanolic  SN A.
bisporus 0.25 0.4
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Figure 26: Ferric Reducing Power in A. bisporus and its SN extract391
392

CONCLUSION393

Our current findings suggest that the extracts of the whole plant is equally useful as a source of394
natural antioxidants with subsequent health benefits. Acorus calamus and Agaricus bisporus395
silver nano extracts can be utilized as natural, cost effective and eco friendly attributes. We396
believe that the silver nano extracts has great potential for applications in catalysis, biomedical,397
and pharmaceutical industries.398
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