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ABSTRACT 
 

Nanoparticles display entirely novel physicochemical characteristics for specific applications because of 

their exceptional size and shape. Owing to the present study, we reported biosynthesis, characterization 

and antibacterial properties of Cineraria maritima (Cm) assisted silver nanoparticles (Ag NPs). The 

surface plasmon vibration, crystalline structure, surface morphology, elemental composition, and 

possible functional molecules vibration of prepared Cm-Ag NPs were characterized by different 

instrumentation techniques. The spectrum of UV-Vis of Cm-Ag NPs showed maximum plasma intensity 

occurred around 425nm. XRD spectrum showed the face-centred cubic (FCC) nature of Cm-Ag NPs. 

The SEM image of the Cm-Ag NPs demonstrated a predominantly spherical shape with cluster 

formation of small particles to large particles with sizes ranging from 21.57 nm to 39.16 nm. EDS 

spectrum indicated the existence of Ag elements in Cm-Ag NPs. FTIR intense peaks of Cm-Ag NPs 

showed the different functional molecules such as phenol, alkene, aldehydes, and a carbonyl group. In 

addition, Cm-Ag NPs coated textile cotton fabric sample showed substantial anti-bacterial properties 

against a tested bacterial pathogen. 
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1 Introduction  

Nano-technology is one of the most actively explored areas in the 

biomedical sector. Generally, the properties of nanoparticles can be 

different due to their morphology and size (Tamulya et al. 2013; 

Shanmugavadivu et al. 2014). Silver (Ag) is recognized as a 

potential antimicrobial agent that inhibits the growth of pathogenic 

microbes. Many studies indicated that the Ag NPs coated with 

textile and medical devices to control pathogenic infection. 

However, for the scale-up process, commercially viable, 

environmentally friendly with enhanced anti-microbial properties 

of NPs, novel approaches in the production of silver nanoparticles 

must be developed (Ranjithkumar et al. 2013; Roua et al. 2021). 

Recent reports showed that preparation of metal and metal oxide 

NPs using microorganisms (extracellular and intercellular) plant 

extract (leaf, stem, root, fruit, seeds, peel, etc.) had proven to be 

eco-friendly and low-cost methods (Mittal et al. 2013; Joud et al. 

2021; Das et al. 2022). In comparison with other biological routes 

that have been developed so far using bacteria, fungi, and algae, 

the plant extract-assisted Ag NPs have several advantages 

including scaled-up, low cost, and reaction time (Selvaraj et 

al.2014; Paulkumar et al. 2021; Kavitha et al. 2021). 

The mechanism of biosynthesis of NPs mostly involves 

bioreduction using microbial intracellular and extracellular 

enzymes or the plant phyto-compounds present in leaves, stems, 

flowers, seeds, fruits, or peels (Figure 1). So far, different 

medicinal plants extracts such as Cymbopogan citrates, Aloe vera, 

Adiantum capillus-veneris, Azadirachta indica, Memecylon edule, 

Magnolia kobus, Rhinacanthus nasutus, Morinda tinctori, 

Phyllanthus emblica, Malus domestica, etc.,  had been used to 

synthesize Ag NPs and these NPs showed significant biomedical 

applications (Chandran et al. 2006; Elavazhagan and Arunachalam 

2011; Masurkar et al. 2011; Lee et al. 2013; Lalitha et al. 2013; 

Pasupuleti et al. 2013; Saini et al.2013; Santhoshkumar and 

Nagarajan 2014; Roy et al. 2014; Vanaja et al. 2014; Rihab et al. 

2021; Netra et al. 2022). For centuries, Cineraria maritima has 

been used in the homeopathic system to treat cataracts and other 

severe eye-related conditions such as conjunctivitis, opacity, and 

corneal clouding. It is an Asteraceae family annual exotic 

medicinal shrub (Durgapal et al. 2021). There have been very few 

studies on the use of C. maritima whole plant extract for the 

biosynthesis of nanoparticles. Hence, this study was carried out to 

biosynthesize Ag NPs using whole plant powder extract of C. 

maritima and to evaluate the antibacterial properties of these 

nanoparticles. 

2 Materials and Methods 

2.1 Preparation of whole plant extract 

Fresh plant of C. maritime powder was obtained from 

Homeopathic Research Institute at Emerald, South India. About  

10 g of whole plant powder of C. maritime was mixed with 100 

mL of deionized water and boiled for 30 minutes and the obtained 

crude C. maritime extract. After that, the crude extract of C. 

maritime was filtered using Whatman No.1 filter paper to obtain 

the extract of C. maritima. 

 

Figure 1 Source of biological substance for NPs synthesis   
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2.2 Biosynthesis of Cm-Ag NPs 

About 1mM aqueous solution of 90 mL AgNO3 was added into 10 

mL of crude extract of C. maritima and the reaction vessel was 

kept in a dark condition for one day. After that, the reaction 

mixture was centrifugation for 30 minutes at 6000 rpm to collect 

Cm-Ag NPs. Pellets were washed with deionized water and then 

dried and stored for further processing.  

2.3 Characterization of Cm-Ag NPs 

The reduction of Cm-Ag NPs ions was observed by measuring the 

surface plasmon resonance (SPR) by UV-2450, Shimadzu UV-Vis 

analysis. The crystalline structure of the prepared Cm-AgNPs was 

examined by X-ray diffractometer (XRD) spectrum. The surface 

topology of biosynthesized Cm-Ag NPs was obtained by S-4500-

SEM (Scanning electron microscopy) and the elemental 

composition of Cm-Ag NPs was performed by energy dispersive 

spectroscopy (EDS) attached with a scanning electron microscope 

(SEM). The functional groups of Cm-AgNPs were investigated 

using Fourier Transform infrared (FTIR) spectroscopy (Nicolet 

Avatar 660, USA). 

2.4 Anti-bacterial activity of Cm-Ag NPs  

The bacteria inoculum (Escherichia coli) was swabbed uniformly 

into culture plates prepared using MHA agar. Round cotton fabrics 

were cut with a diameter of 1.8 - 2.0 cm and the prepared Cm-Ag 

NPs (1mg/ mL) were treated on the fabric by standard dip dry 

methods. During dipping, fabrics were submerged in a solution 

containing Cm-Ag NPs (100 µL), pulled out of the bath, squeezed, 

and then air-dried. A fabric with Cm-Ag NPs was placed on top of 

the culture plates and incubated for 24 hours at 37°C. The zone of 

inhibition was recorded in millimeters (mm). 

3 Results and Discussion 

Crude aqueous extract C. maritime was used as a biological 

reducing agent in the production of Cm-Ag NPs in this 

investigation. The reaction mixture turned brown after 24 hours of 

incubation, which indicated that Cm-Ag NPs were being 

biosynthesized (Figure 2A). The biosynthesis of Ag NPs in the 

reaction mixture is shown by the SPR peak, which showed at 425-

430 nm (Figure 2B). In general, in the surface plasma resonance 

phenomena, Ag NPs in an aqueous solution have a dark yellowish-

 
Figure 2 Biosynthesis of Cm-Ag NPs (A) Colour change of Cm-AgNPs aqueous solution, (B) Optical spectrum of  

colloidal solution of Cm-Ag NPs using UV-Vis analysis 
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brown color. Plant extract-assisted biogenesis Ag NPs colloidal 

solution was validated by UV-Vis spectrum analysis, with intensity 

peaks around 400 nm-450 nm (Krishnaraj et al. 2010; Chhangte et 

al. 2011;). Similarly, in the current study the SPR peak of Cm-Ag 

NPs was around 430 nm. 

The XRD spectrum of Cm-Ag NPs revealed prominent peaks that 

corresponded to the Miller indices [hkl] of silver (111), (200), 

(211), (220), and (311), indicating that Cm-Ag NPs are face-

centered cubic (FCC). In addition, the XRD pattern revealed silver 

oxide Miller indices [hkl] of (100) and (110), orientation to JCPDS 

card no 04-0783, and the observed Miller indices [hkl], the 

observed peaks at 2θ = 38.79°, 46.48°, 64.68°, and 85.13° location 

suggest a synthesis of silver. In addition, regarding JCPDS file no 

00-076-1393, the observed peak at 2θ = 27.32°, 32.33°, 57.49°, 

and 61.51° indicate the formation of silver oxide (Figure 3).  

In general, the plant has a variety of phytochemicals that are 

responsible for NPs production through the biosynthesis method. 

Earlier reports suggested that the plant extract-assisted biogenesis 

Ag and Ag2O exhibited X-Ray diffraction intensity at 2θ of 27°, 

32°, 38°, 44°, 49°, 57°, 61°, 64° and 72° (Vijaya Raj et al. 2012; 

Awwad et al. 2013; Rufen et al. 2019). Correspondingly, the 

Braggs reflections pattern of XRD of the current study confirmed 

the presence of silver in prepared Cm-Ag NPs. The XRD image 

with additional peaks (*) may be due to the crystallization of the 

plant phytochemicals phase. Through the XRD pattern using the 

Scherrer equation (Madhan et al. 2021), the prepared Cm-Ag NPs 

revealed a particle size of around 18.36 nm to 36.15 nm.  

The surface morphology of the prepared Cm-Ag NPs was 

visualized using a SEM image (Figure 4A). The topology images 

of Cm-Ag NPs revealed that the surface morphology was not 

well defined; however, the prepared Cm-Ag NPs are 

predominantly spherical with cluster formation of small particles 

to large particles with particles size of Cm-Ag NPs around 21.57 

nm to 39.16 nm. 

The surface topology such as the size and shape of NPs showed 

crucial functions in the applications of NPs in different sectors 

(Sharmila et al. 2019; Mitchell et al. 2021). The elemental 

composition of Cm-Ag NPs was determined using their 

corresponding EDS spectra in this investigation, the obtained Cm-

Ag NPs showed a peak at 3.27 keV corresponding to the binding 

energies of Ag ions (Figure 4B). There were also additional small 

peaks in the EDS spectra, indicating the presence of trace element 

precipitates in the C. maritima whole plant extract. The weight 

percentage of Cm-Ag NPs from the whole plant extract C. 

maritima was reported around 67.60 %.  

FTIR analysis of Cm-Ag NPs shows many peaks, which indicate 

different functional molecules involved in the surface of the 

prepared sample (Figure 5). The bands observed at 3869.20 cm
-1

, 

3726.27 cm
-1

, 3606.89 cm
-1

, 2879.72 cm
-1

, 1514.12 cm
-1

, 1463.97 

cm
-1

,999.13 cm
-1, 

and 678.94 cm
-1 

were allotted to the vibrations of 

N-O, C=O, C=C, O-H, C-H, and N-H, corresponding to functional 

groups of carbonyl groups, cis-disubstituted alkene, phenol, 

carboxylic acids, aldehydes, alkene, hydroxyl, secondary amide, 

and alcohol. The existence of C-H, O-H, N-H, and C-C vibrations 

of carboxylic, hydroxyl, amine, and aromatic groups in the plant 

extract mediated Ag NPs was shown by FTIR intense peaks at 

3422cm
-1

, 2921 cm
-1

, 1743 cm
-1

, 1631 cm
-1

, 1240 cm
-1 

and 1043 

cm
-1 

(Kumari et al. 2016) and these phytochemicals act as a 

reduction, capping and stabilization agents.  

 
Figure 3 XRD spectrum of Cm-AgNPs 
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The FTIR spectrum revealed that the prepared Cm- Ag NPs 

contain different types of functional groups in the whole plant 

aqueous extract of C. maritima (Table 1). The phytochemicals 

found in the plant extract are the reason for the reduction of silver 

nitrate into Cm-Ag NPs. 

Ag NPs are the most effective anti-bacterial agents when compared 

to another metal oxide NPs (Liao et al. 2019; Urnukhsaikhan et al. 

2021). The anti-bactericidal activity of Cm-Ag NPs fabricated 

fabric sample was demonstrated in this study, which showed 

considerable growth inhibition properties against the test pathogen 

 
Figure 4 SEM-EDS analysis of Cm-AgNPs 

 

 
Figure 5 FTIR spectrum of Cm-Ag NPs 
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of E. coli. Figure 6 shows the anti-bacterial activity of Cm-Ag NPs 

treated and untreated cotton fabric samples. An earlier study on the 

anti-bacterial properties of spherical-shaped Ag NPs produced 

from leaf extract of Psidium guajavu with particle size around 55 

nm exhibited significant results against S. aureus and E. coli 

(Sharmila et al. 2018). 

Different processes could be involved in the anti-bacterial 

properties of NPs such as the interaction of NPs on the surface of 

the bacteria cell membrane, ribosome disassembly, inactivation of 

essential enzymes, which are involved in the protein synthesis, 

NPs interact with cell signaling, etc. Nevertheless, the anti-

bacterial effects of NPs are mostly determined by the size, shape, 

and kind of capping agent present on the NP's surface (Francis et 

al. 2020; Gupta et al. 2021). In the present study, the prepared Cm-

Ag NPs coated fabric sample demonstrated a significant anti-

bacterial effect on E. coli, the zone of inhibition was 18 mm, 

whereas, the uncoated fabric sample had no inhibition zone and 

hence it can be used to treat and manage a wide range of microbial 

infections.  

Conclusion 

The presence of diverse active phyto-molecules in the prepared C. 

Maritime extracts resulted in the biogenesis Cm-Ag NPs which 

exhibited a brown colour in an aqueous solution and revealed an 

optical density peak of about 430 nm, indicating the formation of 

Cm-Ag NPs in aqueous solution. XRD spectrum indicated FCC 

configuration of Cm- Ag NPs and silver oxide NPs, and the silver 

oxide nanoparticles were further reduced to silver nanoparticles. 

The SEM image showed that the prepared Cm-Ag NPs have 

predominantly spherical surface morphology with the particle size 

Table 1 Functional groups from FTIR spectrum of Cm-Ag NPs 

Absorption (cm-1) Molecular motion Functional group 

38693606 O-H with N-H stretching modes Alcohol, secondary amide, hydroxyl 

2879 CH2 vibration Alkene, aldehydes 

15141463 C-H, C=O stretching Carboxylic acids, phenol 

999678 C-H, C=O stretching cis disubstituted alkene carbonyl group 

 

 
Figure 6 Antibacterial Activity of AgNPs coated fabric 
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around 21.57 nm to 38.16 nm. EDS spectrum revealed the 

presence of Ag in the prepared sample. The FTIR spectrum 

disclosed the functional groups of alcohol, secondary amide, 

hydroxyl, alkene, aldehydes, carboxylic acids, phenol, cis-

disubstituted alkene, and carbonyl groups. The bioreduction of 

Cm-Ag NPs may be due to active phytochemicals found in the 

aqueous extract of C. maritima. The findings show that the 

predominantly spherical shape Cm-Ag NPs had significant anti- 

bacterial efficacy against E. coli.  
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