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Abstract: The present findings were focused on green synthesis of silver nanoparticles through an 

aqueous extract of Saraca indica. The stability of the nanoparticle was achieved through the 

optimization of physico-chemical parameters. The sharp UV-visible absorption maximum at 400 was 

observed for biological synthesized silver nanoparticles. The spectroscopic analysis was thus used to 

assess the formation of silver nanoparticles. The AFM analysis did analyze the morphology of the 

nanocomposite, which was further confirmed through TEM micrograph. The electron micrograph 

image discloses that silver nanoparticles were polydispersed and dominantly as spherical with size 

ranges from 40nm to 100nm. The average size distribution was 49nm. The chemical reductions of Ag+ 

ions were further confirmed through FTIR. The biogenic silver nanoparticle and their drug formulation 

showed profound antibacterial activity against pathogenic bacteria. The flavonoids rich binding of silver 

nanoparticle showed great medicinal potential and can be used for the treatment of several harmful 

infectious diseases. Hence, plant-based metal nanoparticles meet the demand for less toxic formulation 

during drug development and its delivery. 

Keywords: Antibacterial activity; Biogenic; Saraca indica; Atomic force microscopy; Electron 

micrograph. 
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1. Introduction 

Nanoparticles have been defined as the particles lesser than 100 nm in one dimension 

at atomic, molecular, and macromolecular scales [1]. An essential feature of nanoparticles is 

the high surface area to volume ratio [2]. There are some naturally occurring nanoparticles, and 

some have been designed, which are known as engineered nanoparticles. These engineered 

nanoparticles are generally used in the biomedical field as well as in the production of 

commercial products like sunscreen and cosmetics, etc. [3]. Nanoparticles have very functional 

platforms that can be utilized for imaging and therapeutic function [4]. There are mainly four 

types of nanoparticles based on the number of dimensions, including one-dimensional, two-

dimensional, three-dimensional, and zero-dimensional structures [5]. Nanoparticles can be 
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synthesized by using different methods of synthesis, such as chemical reduction [6], 

electrochemical techniques [7], and photochemical reactions [8]. The natural compound or 

organisms, such as plant extract, fungi, and bacteria, act as reluctant and stabilizing agents, 

which could be considered as an alternative for the synthesis of inorganic nanoparticles [9]. 

The medicinal plants are a good source of biosynthesis of metal nanoparticles [10].  

Silver in bulk form carries antimicrobial potential [11-12]. However, in a reduced state, 

the antimicrobial potential gets enhanced for silver nanoparticles [13]. The biological and 

chemical syntheses of silver nanoparticles have been widely studied for their therapeutic 

potential. [14-15]. The way in which the metal nanoparticle has gained interest, the various 

methods evolving in terms of less toxic chemical involvement, cost-effectiveness, and stability 

of nanoparticles are a prime area of interest [10]. The natural extracts contain active 

biomolecules which generally helps in reducing and binding of nanomaterials with specific 

receptors cell of the bacterial membrane [16]. These natural compounds may be rich in 

flavonoids, aldehydes, amides, polysaccharides, etc. [17]. The multidrug resistance of bacteria 

against bactericides and antibiotics is very common nowadays due to the development of 

resistant strains. Some natural compounds act as antimicrobial agents, and hence there is a need 

to develop novel ways of formulating biomaterials is an upcoming field of attraction [18]. In 

the present study, we focused on the biomimetic approach for the synthesis of silver 

nanoparticles. The physico-chemical optimization was done for controlled morphology (size 

and shape), and comparative antimicrobial potential of drugs formulated with nanoparticle 

against pathogenic bacteria was determined. 

2. Materials and Methods 

2.1. Preparation of leave extract. 

For preparing, the aqueous extracellular solution of plant leaves, 5 g of freshly collected 

plant leaves of Saraca indica were cut chopped into appropriate size (∼ 1 cm×1 cm), and were 

taken to 250ml conical flask and washed several times with distilled water. After this, 100ml 

distilled water was added to the flask containing freshly chopped and washed plant leaves 

followed by the boiling at 60 0C for 15minutes. The obtained crude extract was filtered through 

Whatman filter paper no.1, and the supernatant was stored at 4 oC and used within a week [10].  

2.2. Synthesis and physico-chemical optimization of silver nanoparticles. 

To obtain optimum conditions for maximum synthesis, the plant filtrate was used as a 

reducing and stabilizing agent for 1mM AgNO3. In a typical optimization route, silver 

nanoparticles formed by the reduction of Ag+ ions to Ag0. The process involved with the 

addition of 5ml filtrate to 30ml of 10−3M AgNO3 solution in a 250ml flask and kept on a rotary 

shaker (120rpm) at 30 0C [19]. The nanoparticle synthesis was optimized by varying the 

different parameters [10]. The different parameters selected were mixing ratio (1:6, 1:7, 1:8, 

and 1:9) and reaction temperature (50oC, 60oC, 70oC, and 80oC). 

2.3. Purification of silver nanoparticles. 

To remove the non-AgNPs components along with a maximal recovery of AgNPs 

colloids from the synthesized solution, an optimal centrifugation process was obtained based 

at 10,000 rpm for 10 min. The supernatant was collected and frozen at −70 0C for 45 min for 2 
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days using Lyophilizer (Micro Modulyo 230 freeze dryer, Thermo Electron Corporation, 

India). The lyophilized nanoparticles were stored desiccated at 4 0C. 

2.4. Morphological characterization of silver nanoparticles. 

The absorbance pattern of silver nanoparticles was analyzed using a UV-visible 

spectrophotometer (UV-Vis), and the readings were recorded at a resolution of 1nm between 

300 and 700nm in a 10mm path length quartz cuvette. Atomic Force Microscopy (APE 

research: AI00SGS; USA) was analyzed to image the topography of soft biological materials 

in their native environments. The particle size analysis and distribution of the nanomaterial 

were analyzed by using a zeta sizer PALS (Phase Analysis Light Scattering) zeta potential 

analyzer ver. 3.54. The topographic information and surface chemistry of the sample was 

assessed through TEM. The Fourier Transformed Infrared (FTIR) spectroscopy was also 

analyzed to determine the chemical bond developed with silver nanoparticles. For all the 

analysis, samples were prepared according to the previously reported protocol [20].  

2.5. Microbial susceptibility test. 

Bacterial susceptibility to antibiotics formulated with biomimetic silver nanoparticles 

was studied against E. coli and S. aureus using a disk diffusion assay. To determine the 

combined effect of each standard drugs (ampicillin and ciprofloxacin), the paper disk was 

further impregnated with 20 µl of the freshly prepared AgNPs. The agar plates and were left 

for an hour at 25 0C to allow diffusion in order to reduce the effects of variation in time between 

the applications of different solutions. The culture plates were incubated at 37 0C for 24 hours 

to determine the zone of inhibition. Three parallel tests were run with the standard for avoiding 

any errors.  

3. Results and Discussion 

3.1. Biosynthesis of silver nanoparticles. 

The change of color from yellow to light brown was the confirmatory feature for silver 

nanoparticles formation due to the excitation of surface plasmon vibrations (Figure 1).  

3.2. UV-Vis spectroscopy. 

The light absorption pattern of the Saraca indica mediated synthesis of silver 

nanoparticles was kinetically monitored with the help of UV-Vis measurement at a different 

time interval (Figure 2). The spectra showed a well-defined surface plasmon band between 

350-450 nm was the characteristic of silver nanoparticles and clearly indicated the formation 

of nanoparticles in solution [10]. The maximum absorbance occurred at 400nm and steadily 

increases in intensity as a function of reaction time. The nanoparticles solution was found to 

be extremely stable even after the month of the reaction. Our findings were also supported by   

Singh et al., (2012), who reported that polydispersed nanoparticles absorb the wavelength in 

the NIR region of the electromagnetic spectrum, which corresponds to the longitudinal surface 

plasmon absorption [21].  
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Figure 1. Transparent solution of silver nitrate (A), yellow color from aqueous leaf extract of Saraca indica (B), 

and light red-brown color indicating the formation of silver nanoparticles (C). 
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Figure 2. UV-Vis spectra recorded with respect to time after the reaction of 1mM AgNO3 solution with 5% 

Saraca indica aqueous leaf extract for 24h. 

3.3. Atomic force microscopy (AFM). 

The obtained morphology revealed the fact that the synthesized silver nanoparticle was 

polydispersed and polyshaped. AFM images of the bio-functionalized organic layer rich in 

organic moieties at the surface confirmed the polydispersity of the nanoparticles. The particle 

size of the nanoparticle was around 49 nm, respectively, as illustrated in Figure 3 [19]. 

 
Figure 3. AFM image of silver nanoparticles synthesized by Saraca indica. 

https://doi.org/10.33263/BRIAC111.81108120
https://biointerfaceresearch.com/


https://doi.org/10.33263/BRIAC111.81108120  

https://biointerfaceresearch.com/ 8114 

3.4. Optimization of physico–chemical parameters. 

The effects of different parameters were studied for AgNPs synthesized through 

aqueous leaf extract of Saraca indica at 400 nm. The effect of different mixing ratio was 

studied in terms of intensity. The maximum absorbance was achieved with 1:8 mixing ratio. 

The initial absorption intensities at 350 nm for 1:6 concentrations were near to 2a.u. the 

different peaks for absorbance were monitored with an increase in time duration. The 

maximum absorbance was found to be 3.16a.u. after 6hr of synthesis(Figure 4). The maximum 

absorbance was found to be 3.76a.u after 3 hr of synthesis for 1:7 mixing ratio (Figure 5). For 

1:8 mixing ratio, the initial absorption intensities at 350 nm for silver nanoparticles were near 

to 1a.u. the different peaks for absorbance were monitored with an increase in time duration. 

The maximum absorbance was found to be 3.49a.u. after 1hr of synthesis (Figure 6). The 

maximum absorbance was found to be 3.72a.u. after 2hr of synthesis for 1:9 mixing ratio, 

respectively (Figure 7). 
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Figure 4. Effect of mixing ratio on the surface plasmon resonance of AgNPs with 1:6 mixing ratio. 
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Figure 5. Effect of mixing ratio on the surface plasmon resonance of AgNPs with 1:7 mixing ratio. 
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 1:8 concentration
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Figure 6. Effect of mixing ratio on the surface plasmon resonance of AgNPs with 1:8 mixing ratio. 
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Figure 7. Effect of mixing ratio on the surface plasmon resonance of AgNPs with 1:9 mixing ratio. 

The effect of temperature was continuously monitored for the optimal synthesis of 

silver nanoparticles for different mixing ration (Figure 8). The different absorbance pattern was 

noticed, but the maximum absorbance of 2.79 a.u. was obtained at 60 0C with 1:8 mixing ratio. 

 

 

 

 

 

 

 

Figure 8. Effect of temperature on the surface plasmon resonance of AgNPs. 
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to temperature was maximum at 600C for Ag nanoparticles. The change in the absorbance with 

the reaction temperature and mixing ratio was also supported by Manikandan et al. (2020) [19]. 

3.5. Physico-chemical characterization of silver nanoparticles.  

The biofunctionalized silver nanoparticles formed from the aqueous solution of 1mM 

AgNO3 with 5% aqueous leaves extract of Saraca indica at 60 0C temperature was 

characterized for particle size distribution. The peak number and peak amplitude obtained gave 

an important explanation for the size and size distribution of silver nanoparticles. The 

calculated particle size distribution by intensity was observed in the range of 10–100 nm 

(Figure 9). It can be seen that the mean particle size was ca. 49.63 nm, with some particles 

having diameters 100 to 1000 nm. The polydispersity index (pdI) was 0.418. 

 
Figure 9. DLS size distribution of silver nanoparticles obtained from the reduction of 1mM silver nitrate at 

reaction temperatures, 60 0C. 

A mixture of a plate (spherical and hexagons) and spheres were obtained at 60 0C 

(Figure 10). Representative TEM images revealed the size distribution of AgNPs was in the 

range from 40 to 100nm. The high-resolution TEM displayed clear lattice fringes on the particle 

surfaces. The selected area electron diffraction pattern (SAED) of a single spherical particle 

confirmed the crystalline nature of AgNPs [13, 22]. 

 
Figure 10. TEM micrographs recorded from a drop-coated film of a silver aqueous solution formed by the 

reaction of 1mM AgNO3 and 5% Saraca indica leaf broth at reaction temperatures at 60 0C. Selected area 

electron diffraction pattern (SAED) (A); Poly-disperse particle size (B-C). 

FTIR analysis was used for the functional group characterization of the silver 

nanoparticles optimized at 60 0C (Figure 11). The absorbance bands were observed in the 
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region of 500–4500 cm-1. The strong, intense peaks were seen at 3445 cm-1, 2077 cm-1, and 

1633 cm-1,respectively. The maximum intense peak of 3445 cm-1 corresponds to the stretching 

mode of vibration of the amine group. The intense peak 2077 cm-1 corresponds to the stretching 

mode of vibration of aldehydes and the intense peak at 1633 cm-1correspond to carbonyl group, 

flavonoids, and steroids group.   Singh et al., (2014) concluded that bio-organic like sterols, 

hydrocarbons, calcium compounds flavonoids, lignin glycosides, lyoniside, tannins, quercetin, 

alkaloids, alcohol, and beta-sitosterol of the leaves worked as the capping for nanoparticles 

[23]. These pigments have reductive properties and get released to solution by diffusion [24]. 

 
Figure 11. FTIR spectra of silver nanoparticles. 

3.6. Antimicrobial mechanism of nanoparticle and drug formulation. 

Next, we optimized testing conditions and evaluated the antibacterial susceptibility of 

rapid biologically synthesized S. indica silver nanoparticles and commercial drugs against 

Gram-negative (E. coli) and Gram-positive (S. aureus) bacteria. The zone of inhibition was 

evaluated by the disc diffusion method [25]. The surface chemistry and size pattern of metallic 

ions of the nanometer range helped us to investigate the efficacy of silver nanoparticles as a 

drug carrier. To understand the mechanisms, a comparative analysis of drugs formulated with 

nanoparticles was performed. The in-vitro antibacterial activity of ampicillin and ciprofloxacin, 

along with their nanoformulation, were tested against bacterial strains. The zone of inhibition 

for ciprofloxacin formulated silver nanoparticles for E. coli was more significant than 

ampicillin nanocolloids. Whereas, the zone of inhibition for both nanoformulation drugs 

against E. coli (amp∼24 mm and cip∼28 mm) and S. aureus(∼18 mm and ∼16 mm)were 

highly significant than its pure form (Figure 12 and Figure 13).  
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Figure 12. Graphical representation of the zone of inhibition for ampicillin drug mixed with AgNPs against the 

test bacteria. 
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Figure 13. Graphical representation of the zone of inhibition for ciprofloxacin drug mixed with AgNPs against 

the test bacteria. 

The underlying mechanism against the bacterial membrane has also been explained 

based on the nature of the material present in the cell wall. Thus, an easier permeability could 

be achieved in the case of gram-negative organisms [26]. Metal nanoparticle and drug 

formulations on attachment to the bacterial cells produces structural changes in the cell 

membrane, and block the transport channels [27-28]. The probable machinery approach of 

inhibition might be the loss in the ability to replicate genetic material and immobilization of 

certain cellular proteins and enzymes required for ATP synthesis [29–31]. 

4. Conclusions 

 It is predicted that nanotechnology will have a $3.1 trillion impact on the global 

economy by 2020. The green synthesis of silver nanoparticles was achieved using leaf extract 

of Saraca indica. The present study involved the comparative analysis of bacterial inhibition 

through drug formulated silver nanoparticles against test bacteria. It was observed that silver 

nanoparticles were highly stable, uniformed in shape, and smaller in size. The physico-

chemical parameters helped in optimization for maximum synthesis. The findings create a new 

standard where the different carotenoids and alkaloids-functionalized metal nanoparticles 

might be used as a powerful weapon in the field of nanomedicine. 
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