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Green Synthesis of Silver Nanoparticles Using Cosmos 
Sulphureus and Evaluation of Their Antimicrobial and 
Antioxidant Properties

Abstract
                         

The present study intended to synthesize, characterize silver nanoparticles (AgNPs) using Cosmos 
sulphureus (Cs) aqueous leaf extract and their antimicrobial and antioxidant activities. The UV-vis 
spectrophotometer exhibited an absorbance peak around 430-440 nm with color intensity from yellow 
to reddish brown after 4 days. SEM and EDX analysis showed AgNPs were pure and polydispersed 
and the size were ranging from 55 to 80 nm. XRD revealed that the nanoparticles were cubic and face 
centered in shape and the biogenic CsAgNPs showed effective potent antimicrobial and antioxidant 
activities. This study may serve as a tool for analyzing the controlled release of synthesized AgNPs, 
which have prospective role in the field of disease management particularly with respect to resistant 
pathogenic microorganisms.
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Introduction

In the recent years, the use of metal nanoparticles 
have gained greater advantage due to their vast 
applications in the field of medicine, biology, 
physics, chemistry and material sciences [1]. Among 
them, silver nanoparticles (AgNPs) have attracted 
because of their individual properties, like good 
electrical conductivity, chemical stability, catalytic 
and antibacterial activity [2]. Application of silver 
nanoparticles includes clothing [3], food industry [4], 

agriculture [5], textile industry [6], water treatment [7] 
and therapeutic agents for diagnosing chronic diseases 
[8]. Silver is a better substitute compared to the other 
metals as it has very less or no toxic effect and also 
they are widely used as bactericide in catheters, burn 
wounds and dental work [9, 10].

Biogenic or biological approach of nanoparticle 
synthesis have received greater attention over physical 
and chemical synthesis, as it is non-toxic, non-
hazardous, cost effective and eco-friendly [11, 12]. 
Biosynthesis of silver nanoparticles has advantages 
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like slower kinetics, better manipulation and control 
over crystal growth and excellent stability [13]. 
But, microbial mediated synthesis of AgNPs is not 
industrially achievable as they need high maintenance 
of aseptic conditions. Therefore, the use of plant 
extract for the synthesis of AgNPs is comparatively 
advantageous over other biological methods [14]. C. 
sulphureus is a member of the family Compositae, 
commonly referred to as yellow cosmos and Klondike 
cosmos spread throughout India, Florida, Southern 
United States and South America [15]. They are 
generally used for improving blood circulation, 
antiaging agent, reducing body heat, strengthening 
bone marrow (because of its high calcium content) 
and to treat infections associated with pathogenic 
microorganisms [16]. Recently, Bindurani et al. 
[16] isolated butein from C. sulphureus which is a 
powerful antioxidant against lipid and LDL (Low 
density lipoprotein) and also exhibit anti-inflammatory 
activity, aromatase inhibition [17] and cyclooxygenase 
inhibition [18]. In the present study, we have 
demonstrated the biogenic synthesis of AgNPs by 
reduction of aqueous silver nitrate using Cs aqueous 
leaf extract. Additionally, we have also examined the 
antimicrobial and antioxidant activity of synthesized 
AgNPs.

Materials and Methods
Materials

Silver nitrate, AgNO3, Ethyl alcohol, C2H6O, 
Carbinol, CH4O, and 2,2-dipheny-l-picrylhydrazyl 
(DPPH), C18H12N5O6 were of analytical grade and 
used without further purification. C. sulphureus 
leaves were collected from Karunya University 
campus, Coimbatore, South India. Plant species 
authentication was done at Botanical Survey of 
India (BSI), Coimbatore, South India (Ref No. BSI/
SRC/5/23/2014-15/193). The clinical isolates such as 
Staphylococcus aureus, Salmonella typhi, Escherichia 
coli, Pseudomonas aeruginosa, Klebsiella pneumoniae, 
Candida albicans, Fusarium sp. and Rhizopus oryza 
were obtained from Microbiology laboratory, Kovai 
Medical Center and Hospital (KMCH), Coimbatore, 
South India

Preparation of aqueous leaf extract

The leaves of C. sulphureus was washed thoroughly 
with distilled water several times to remove the dust 

particles. Ten grams of chopped leaves were boiled 
with 200 ml of deionized water for 15 min at 60 °C to 
obtain the extract. The crude extract was then filtered 
using Whatmann No. 1 filter paper (Maidstone U.K) 
and stored at room temperature for further experiments.

Synthesis of Si lver Nanoparticles 
(AgNPs)

Exactly 10 mL of the aqueous leaf extract was added 
to 90 mL of 1 mM AgNO3 solution and incubated 
until color change. The solution turned to brown 
color indicating the formation of C. sulphureus silver 
nanoparticles (CsAgNPs). The mixture was boiled at 
80 °C for 10 min with continuous stirring and filtered 
through Whatmann filter paper No.1 (Maidstone, 
UK). The filtrate was lyophilized at Defense Research 
and Development Organization (DRDO), Bharathiar 
University, Coimbatore for further studies.

Characterization of Synthesized Silver 
Nanoparticles

The synthesized silver nanoparticles were initially 
confirmed by UV-Vis analysis at different time 
intervals and the absorption maxima was scanned 
between 300-700 nm wavelengths using Hitachi U2910 
spectrophotometer. The particle size and zeta potential 
of the synthesized CsAgNPs were analyzed using 
Malvern particle size analyzer using Dynamic Light 
Scattering (DLS) technique. Also, the morphological, 
structural and chemical composition of CsAgNPs were 
analyzed by SEM-EDX (JEO-JSM 6390, Japan) and 
XRD (XRD-6000 X-ray diffractometer, Shimadzu, 
Japan). The functional groups present in CsAgNPs 
causing the reduction was recorded by FTIR (Shimadzu 
8400S, Japan). 

Determination of Antimicrobial activity 
of CsAgNPs

In vitro antimicrobial activity of the synthesized 
CsAgNPs was determined by agar well diffusion 
method [19]. Fresh overnight inoculums (100 µl –105 
–106 CFU/ml) of each clinical isolates were swabbed 
uniformly on Mueller Hinton (MH) agar plates using 
sterile cotton swab. Then three wells of 6 mm diameter 
were made using sterile well borer. Hundred microliter 
of CsAgNPs solutions with various concentrations (75, 
100 and 150 µg/ml) was poured into the corresponding 
well. The plates were incubated at 37 °C for 24 and 
48 h for the bacterial and fungal cultures, respectively. 
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The diameter of inhibition zone was measured after 
incubation. Deionized water was used as a negative 
control and the antibiotics Ofloxacin (5 µg/disc), 
Tobramycin (10 µg/disc), Ciprofloxacin (30 µg/disc) 
and Gentamycin (30 µg/disc) were used as positive 
controls. Triplicates were maintained and average 
values were calculated.

In vitro antioxidant assays
DPPH Free Radical Scavenging Assay

The DPPH free radical scavenging assay was 
conducted based on the method of Chang et al. [20]. 
One milliliter of 0.1 mM DPPH (in ethanol) was added 
to different concentrations (50, 100, 150 and 200 µg/
ml) of Cs aqueous leaf extract and CsAgNPs. The 
reaction mixtures were incubated in the dark for 30 
minutes. The absorbance at 517 nm was measured 
against a blank (ethanol). Ascorbic acid was used as 
the standard. The lower absorbance of the reaction 
mixture indicated a higher percentage of scavenging 
activity. The percentage of inhibition or scavenging of 
free radicals was determined by the following formula:

% inhibition = 
   [{Control OD-Sample OD}/Control OD] x 100

Results and Discussion
UV-Vis spectral Studies

The color change of the Cs aqueous leaf extract 
was noticed visually when the extract was incubated 
with the AgNO3 solution (Fig. 1).  Absorption 
spectrum revealed a peak between 430-440 nm (Fig. 
2) suggesting bioreduction of silver nitrate into silver 
nanoparticles. The color of the extract changed from 
yellow to reddish brown after 4 days of incubation 
and leaf extract without AgNO3 did not show any 
color change. Currently, the biogenic synthesis of 
nanoparticles is the most effective technology towards 
the development of biologically inspired processes. 
The present study emphasizes the use of medicinal 
plants for the synthesis of silver nanoparticles with 
their potent antimicrobial and antioxidant effects. The 
reduction of silver ions and the formation of stable 
nanoparticles occurred on 4th day to synthesize silver 
nanoparticles. The interaction between nanoparticles 
and biomolecules have been studied through several 
analysis and found that, various terpenoids or alkaloids 
present in the plant extracts caused the bioreduction 

of metal ions and stabilization of AgNPs [13]. The 
plant assisted reduction due to phytochemicals are 
considered to be the main mechanism for the synthesis 
of nanoparticles. The phytochemicals involved are 
terpenoids, flavones, ketones, aldehydes, amides, 
and carboxylic acids which are soul responsible for 
the direct reduction of ions and formation of silver 
nanoparticles [21, 22]. Although, the each plant 
mechanism will be varied as the phytochemicals 
involved are different, but the main mechanism is 
reduction of ions. 

The surface plasmon band in the silver nanoparticles 
solution remains close to 440 nm throughout the 
reaction period indicating that the particles are 
dispersed in the aqueous solution, with possible 
evidence for aggregation. Earlier studies have shown 
that absorbance at around 400-500 nm for silver 
is a characteristic of these metal particles [23, 24]. 
Moreover, Y-yuan et al. [25] showed absorbance of 
AgNPs synthesized by three different leaf extracts are 
at 447, 445 and 482 nm. Also, AgNPs capped with 
L-cysteine showed absorption maximum at 440 nm 
with 1:5 ratio [26]. This showed that present study 
results were highly significance with previous reports.

P a r t i c l e  s i z e  a n d  Z e t a  p o t e n t i a l 
measurements

Particle size determination of the synthesized 
AgNPs exhibited different size ranging from 50 to 70 
nm which was found to be polydisperse in nature (Fig. 
3). The average diameter of the particles was found to 
be 70 nm. Meanwhile, zeta potential measurement of 
synthesized CsAgNPs showed the surface charges of 
the particles and exhibited a value of –22.7 mV (Fig. 

Fig. 1 (a) C. sulphureus leaf extract, (b) Color change after 
synthesized CsAgNPs.

(a) (b)
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4), suggesting higher stability of AgNPs. The large 
negative potential value could be due to the capping 
of polyphenolic constituents present in the Cs aqueous 
leaf extract. The particle size of AgNPs synthesized 
from Malus domestica was observed between 50-
300 nm with average of 150 nm whereas in the 
current study, it was 70 nm. The reason for large size 
distribution was due to time fluctuation in the intensity 
of light scattering by autocorrelator, which determines 

the signal autocorrelation function of nanoparticles 
[27]. Moreover, the zeta potential of Achillea 
biebersteinii AgNPs showed potential range between 
–20 to –40 mV [28] and AgNPs from Lantana camara 
leaf extract found between –25 to –50 mV [29] which 
is in consistent with AgNPs from C. sulphureus (–22.7 
to –40 mV). The high electric charge on the surface of 
nanoparticles determines high absolute zeta potential 
which was due to capping of bio-organic compounds 

Fig. 2 The UV–vis absorption spectrum of silver nitrate (1 mM) as control and synthesized CsAgNPs at different time intervals (days).

Fig. 3 Particle size distribution curve for synthesized CsAgNPs.
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present in the plant leaf extract [30].

Characterization studies
X-ray diffraction pattern of the biosynthesized 

CsAgNPs were confirmed by three characteristic peaks 
of 32.19°, 29.37° and 27.8° in the whole spectrum of 
2θ value ranging from 10 to 90 (Fig. 5). SEM analysis 
was carried out to understand the topology and the size 
of the synthesized AgNPs, which showed the synthesis 
of higher density polydispersed spherical AgNPs of 
various sizes that ranged from 55-80 nm. Most of the 
nanoparticles aggregated and only a few of them were 
scattered, as observed like a flower shaped under SEM 
(Fig. 6(a)). The EDX spectrum of synthesized silver 
nanoparticles (Fig. 6(b)) clearly exhibited the absence 
of elemental nitrogen and oxygen peaks and the 

presence of elemental silver metal. The sharp peak of 
silver strongly confirmed the reduction of silver nitrate 
to silver nanoparticles. 

FTIR measurements of both the aqueous leaf extract 

Fig. 4 Zeta potential measurement of synthesized CsAgNPs.
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Fig. 5 XRD pattern of CsAgNPs.
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and CsAgNPs were carried out to identify the possible 
metabolites responsible for the reduction of Ag+ ions 
and capping of the bioreduced silver nanoparticles 
synthesized by the leaf extract. The major peaks of 
silver nanoparticles (Fig. 7) were found to be 1643.35 
(––C==C–– stretch of alkenes), ~2980.02 (C––H 
stretch of alkanes) and 3421.72 cm-1 (O––H stretch, 
H-bonded of alcohols and phenols). Similarly, Cs 
aqueous leaf extract showed peaks at 1637.56, 2981.95 
and 3748.2 which clearly indicates that reduction 
occurs at ––C==C––, C––H stretch of alkenes and 
alkanes. But, increase in peak was observed for 
Cs aqueous leaf extract represent high activities 
of alcohols and phenols during synthesis of silver 
nanoparticles. 

Marimuthu et al. [31], reported average silver 
nanoparticle size of 35-55nm from Gelidiella acerosa 
leaf extract but in the present study, it was found to 
be 55-80 nm. Moreover, the shape of synthesized 
nanoparticles were visualized as spherical [32], 
whereas in the current study, it was flower shaped 
which proved the uniqueness of the synthesized 

nanoparticles. The optical absorption band of EDX 
peaks were in the range of 3 to 4 keV which is typical 
for absorption of metallic silver nanoparticles [33]. 
The weight percentage of silver obtained for CsAgNPs 
was found to be 14.45% which is in line with the 
previous studies by Ponarulselvam et al. [32] where 
EDX spectra of C. roseus nanoparticles showed silver 
weightage of 20.16 and 16.41%. The XRD pattern of 
the present study showed mixed phases like cubic and 
face-centerd cubic of silver nanoparticles. The average 
particle shape of the nanoparticles was derived from 
the FWHM of the corresponding peak (111), (011), 
(101) and (110) planes with cubic (2θ=32.19°, and), 
face-centered cubic (2θ=29.37°) structures of the 
CsAgNPs and 27.8° was due to the presence of organic 
compounds in the extracts [34, 35] This findings 
clearly specified that the silver nanoparticles formed by 
the reduction of Ag+ ions by the Cs aqueous leaf extract 
are crystalline in nature. This was well supported by 
a study on synthesis of silver nanoparticles from leaf 
extract of C. roseus [32]. While comparing the FTIR 
peaks, the aqueous extract of Cs and CsAgNPs, there is 
a decrease in the intensity of peaks and also withdrawal 
of peaks at major spectrum were observed. The reason 
may be that the hydroxyl groups of phenols and amide 
groups of proteins forming a layer to the nanoparticles 
and acting as capping agents to prevent agglomeration 
and providing stability to the medium [36, 37]

Antimicrobial studies

The antibacterial activity of the synthesized 
CsAgNPs in different concentrations (75 to 150 μl) 
was quantitatively assessed on the basis of zone 
of inhibition (Table 1). According to Clinical and 
Laboratory Standards Institute, guidelines, the 

Fig. 7 (a) The FTIR spectrum of Cs leaf extract and CsAgNPs.
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Table 1 Antimicrobial activity of CsAgNPs

Clinical isolates
CsAgNPs (µg/ml)/Zone of inhibition (mm) 

75 µg/ml 100 µg/ml 150 µg/ml

E. coli 10.4 ± 0.5 11.7 ± 0.8 14.3 ± 0.3

S.  aureus 8.4 ± 0.5 9.5 ± 0.5 11.2 ± 0.8

K. pneumoniae 12.8 ± 0.6 13.5 ± 0.5 15.4 ± 0.3

P. aeruginosa 9.5 ± 0.5 10.5 ± 0.5 11.5 ± 0.5

S. typhi 8.3 ± 0.6 9.4 ± 0.8 10.5 ± 0.5

C. albicans 12.7 ± 0.5 13.2 ± 0.4 14.2 ± 0.3

Fusarium sp 8.2 ± 0.3 9.6 ± 0.6 11.4 ± 0.3

Rhizopus sp 9.5 ± 0.5 10.4 ± 0.8 11.2 ± 0.5
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bacterial pathogens were resistant to all five antibiotics 
(positive control) tested in the study. Among Gram 
negative bacteria, K. pneumoniae  was not only 
strongly inhibited by CsAgNPs at higher concentration 
(150 μl), but also at lower concentration (75 μl) too. 
Similarly, the growth of E. coli was inhibited with 
zone of inhibition of 14.3±0.3 mm at 150 μl. In case 
of gram positive bacteria, growth of S. aureus was 
inhibited at 150 μl with zone of inhibition of 11.2±0.8 
mm. Moreover, the antifungal activity of CsAgNPs 
exhibited higher zone of inhibition of 14.2±0.3 mm 
(150 μl) against C. albicans. The present study clearly 
indicates that CsAgNPs exhibited strong antibacterial 
and antifungal activities against all the clinical isolates 
even at lower concentration (75 μl). The zone of 
inhibition was accurately measured and compared with 
standard antibiotics (Table 2). 

Antimicrobial activity of C. sulphureus exhibited 
higher zone of inhibition and increased linearly with 
the increased concentration of the test sample. The 
nanoparticle synthesis through biogenic technology 
exhausted high toxicity towards several bacterial 
and fungal pathogens like Aeromonas hydrophila, 
P. fluorescens, Flavobacterium branchiophilum, B. 

cereus, S. aureus, C. albicans, C. kefyr and A. niger 
[1, 38]. In the present work, C. sulphureus exhibited 
better antifungal activities against Fusarium sp. C. 
albicans, Rhizopus sp. whereas Yousefzadi et al. 
[39] reported that antimicrobial activity of AgNPs 
were moderate for fungi when compared to bacteria. 
The reason may due to attachment of AgNPs on the 
surface of cell wall membrane and disturbs its control 
function such as permeability and respiration [40]. The 
silver nanoparticles could be used as an alternative 
to orthodox antibiotics in the treatment of infections 
caused by the microorganisms, because they frequently 
develop resistance to known antibiotics [41]. Phenols 
and polyphenolic compounds, such as flavonoids, 
are widely found in food products derived from 
plant sources, and they have been shown to possess 
significant antioxidant activities [42]. DPPH stable free 
radical method is an easy, rapid and sensitive way to 
survey the antioxidant activity of a specific compound 
or plant extract [43]. 

In-vitro antioxidant activity

Positive DPPH tests demonstrated that Cs and 

Table 2 Antimicrobial activity of standard antibiotics

Microorganisms
Antibiotics (µg/disc)/Zone of inhibition (mm)

Ofloxacin (5 µg) Tobramycin (10 µg) Gentamycin (30 µg) Ciprofloxacin (30 µg)

E. coli 11 15 7 14

S.  aureus 9 11 7 12

K. pneumoniae 12 13 9 15

P. aerugionosa 7 9 6 9

S. typhi 8 11 9 8

Fig. 8 The reducing power assay of the CsAgNPs, Cs aqueous leaf extract and ascorbic acid.
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CsAgNPs are free radical scavengers. The DPPH 
scavenging assay exhibited less effective inhibition 
activity of both Cs and CsAgNPs when compared with 
the standard, ascorbic acid (Fig. 8). The DPPH activity 
of nanoparticles was found to increase in a dose-
dependent manner. However, the CsAgNPs exhibited 
more inhibition with more than 60% scavenging 
activity of DPPH than Cs. Cs exhibited potent 
scavenging effects against DPPH with an IC50 value 
of 135.53 ± 1.78 μg/ml and CsAgNPs showed IC50 
value of 92.38 ± 1.93 μg/ml. The IC50 value of standard 
ascorbic acid for this assay was 60.78 ± 1.79 µg/
ml. The free radical DPPH possesses a characteristic 
absorption at 517 nm (purple in color), which decreases 
significantly when exposed to radical-scavengers 
(due to hydrogen atoms transfer from antioxidant to 
DPPH). A lower absorbance at 517 nm indicates a 
higher radical scavenging activity of extract [44]. The 
results showed that the ability of Cs and CsAgNPs 
would act as donors of hydrogen atoms or electrons in 
transformation of DPPH radical into its reduced form 
of DPPH. CsAgNPs showed more scavenging activity 
against DPPH than Cs due to its high reduction ability 
of electrons.

Conclusions
The biogenic synthesis of silver nanoparticles using 

aqueous extract of C. sulphureus exhibited better 
antimicrobial activity and could be used in medicinal 
field as silver dressing of wounds, pharmaceutical 
nanoengineering for delivering therapeutic agents 
and in sensors for disease diagnostics. Nowadays, 
silver nanoparticles are useful as potent antioxidant 
and anticancer agents. In future, mechanism behind 
antimicrobial, antioxidant activity CsAgNPs need to be 
studied precisely. 
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