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Abstract 

An operational and eco-friendly technique was applied for the 

synthesis of silver nanoparticles (AgNPs) utilizing Arachis pintoi 

(A. pintoi) extract as a reducing agent. The features of synthesized 

AgNPs were investigated utilizing XRD, SEM, TEM, and FT-IR. 

The formation of AgNPs was verified by UV-Vis spectroscopy at 

the wavelength range of 400−450 nm. The proper conditions for 

AgNPs synthesis were determined such as the AgNO3 

concentration of 1.75 mM, the volume ratio of AgNO3 solution/A. 

pintoi extract of 4.0/1.0, stirring rate of 300 rpm, and the synthesis 

duration of 90 minutes. X-ray diffraction demonstrated a face-

centered cubic structure of AgNPs with highly crystalline nature. 

FT-IR confirmed that flavonoids, phenolic acids, and alkaloid 

molecules can be bound to AgNP acted both as the reducing and 

stabilizing agents. SEM and TEM images revealed that obtained 

AgNP was nearly spherical in shape and uniform in size 

distribution with the average size of 11.4 nm. AgNPs showed 

effective antibacterial activity against Staphylococcus aureus with 

the average inhibition zone diameters of 14 mm and the MIC 

value of 18.9 µg/mL. Furthermore, its antibacterial activity on the 

mouse pad was tested against S. aureus . 
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Introduction 

Infections are one of the serious issues that are influencing human 

health. Infections are published both in hospital-acquired and 

community-acquired settings (Millar, 2019). Treatment for the 

issues remains challenging because of the emergence of multi-

drug resistant strains (Ferguson, 2018). Staphylococcus aureus (S. 

aureus) is a major bacterial human pathogen that leads to a wide 

range of clinical manifestations (Roberts and Buikstra, 2019). It 

was reported that the bacterium is present in the environment and 

normal flora of humans, such as mucous membranes and skin of 

the most healthy human (Boldock and Surewaard, 2018). It is 

predicted that up to half of all adults are colonized, and almost 15 

percent of the population persistently carry S. aureus (Taylor and 

Unakal, 2017). On healthy skin, S. aureus does not usually result 

in infection. Nevertheless, if it is permitted to enter the 

bloodstream or internal tissues, these bacteria may cause a variety 

of potentially serious infections (Lowy, 1998).  

Infection at the office is one of the issues of concern. A mouse 

pad is a type of computer accessory and is used on a regular basis 

for working people. The high-polymer materials used for making 

the mouse pad are not dirt-resistant and are hard to clean. Hands 

and wrists of people often touch the mouse pad when they utilize 

a mouse, and their hands touch the other parts of their body most 

often. Consequently, mouse pads that are simply contaminated by 

bacteria may be unsafe for people's health. So, the introduction of 

antibacterial agents incorporated into the surface of this mouse 

pad inhibited the growth of bacteria. To keep the area cleaner is 

one of the research areas that receive present attention. 

The development of S. aureus bacterial resistance to currently 

existing antibiotics is one of the most serious problems. 

Therefore, it is crucial to find new antibacterial agents with low 

cost and adverse effects.  

Nanotechnology is one of the ways for the development of 

efficient antibacterial agents (Sing et al., 2008; Esteban-Tejeda et 

al., 2009). Silver nanoparticles (AgNPs) are a very noteworthy 

part of nanotechnology as they do not induce modification on 

living cells and are not able to cause microbial resistance 

(Shrivastava et al., 2007; Vasilev et al.., 2010). Although there 

are various conventional approaches utilized to obtain AgNPs 

(Tan et al., 2002; Starowicz et al., 2006; Esumi et al., 1990; 

Henglein, 2001; Zhu et al., 2000; Pastoriza-Santos and Liz-
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Marzán, 2002), green chemistry and biosynthetic techniques have 

become more attractive ways. These unconventional techniques 

utilize either biological microorganisms (Vahabi et al., 2011; 

Sharma et al., 2010), i.e. yeasts, marine algae, bacteria, fungi, or 

different aqueous plant extracts (Mahitha et al., 2011; Babu and 

Prabu, 2011). Biosynthesis has various advantages as they are 

inexpensive, eco-friendly, and not require high pressure, energy, 

temperature or the utilization of toxic chemical reagents. 

Nevertheless, plant-mediated synthesis of AgNPs is more 

advantageous compared to methods utilizing microorganisms 

because they can be easily improved, are less biohazardous and 

not involving the elaborate stage of growing cell cultures (Raut 

Rajesh et al., 2009). Plant parts like seeds (Bar et al., 2009), leaf 

(Narayanan and Sakthivel, 2008), bark (Sathishkumar et al., 

2009), stem (Daisy and Saipriya, 2012), and fruit extracts 

(Ankamwar et al., 2005) have been effectively used for 

synthesizing AgNPs. 

Arachis pintoi (A. pintoi) is a tropical legume, originated from 

South America and has been widespread in the subtropics and 

wet tropics. It has been introduced to many areas including 

Argentina, Australia, Colombia and the USA, and countries in 

South-East Asia, Central America, and the Pacific. A. pintoi can 

be utilized as a ground cover as well as an ornament. It is 

compatible with aggressive grasses such as Brachiaria and is 

tolerant of heavy grazing. Previous chemical analyses of the plant 

indicated the presence of phytosterols, flavonoids, phenolic acids, 

triterpenes, alkaloids, fatty acids, etc. (Lopes et al., 2011). 

However, much less investigation of AgNPs synthesis has been 

reported to date utilizing A. pintoi extract as a combined reducing 

and stabilizing agent.  

In this paper, AgNPs were synthesized by the reduction of 

AgNO3 solution utilizing A. pintoi extract as a combined 

reducing and stabilizing agent. Effects of the synthesis duration, 

the volume ratio of AgNO3 solution/A. pintoi extract, stirring rate 

and AgNO3 concentration of AgNPs were assessed. The obtained 

AgNPs’ properties were investigated, and the antibacterial 

activity was evaluated against S. aureus. Its antibacterial activity 

on mouse pad against S. aureus was also examined. 

Material and Methods 

Synthesis of AgNPs 

Fig. 1 illustrates the green synthesis and characterization of 

AgNPs from A. pintoi extract. A. pintoi plants (both leaves and 

stems) were collected and washed several times with distilled 

water to eliminate the dust particles, and then ground to the fine 

powder in distilled water with the mass ratio of A. pintoi/water 

being 1/10. The mixture was boiled at 70 ºC for 2 hours to extract 

reducing agents in the presence of leaves and stems of A. pintoi. 

The obtained extract was cooled to room temperature and then 

filtered with Whatman filter paper 0.22 m before centrifuging at 

5,000 rpm for 30 min to eliminate the heavy biomaterials. The 

extract was stored in the refrigerator at 4 ºC for further 

experiments.  

The AgNPs synthesis was performed by mixing silver nitrate 

(AgNO3, Merck, >99.8%) solution with A. pintoi extract under 

stirring at room temperature and illuminated by the sunlight. The 

effects of the factors such as the AgNO3 concentration, the 

volume ratio of AgNO3 solution/A. pintoi extract, the stirring rate, 

and the duration of AgNPs synthesis were surveyed. 

The mousepad was cut into small pieces with a size of 4 cm2 (2 

cm  2 cm). Then, the as-prepared AgNPs were implanted on the 

pieces of mouse pad according to the following procedure. 

Firstly, the synthesized AgNPs solution was mixed with 0.5 wt.% 

of cloth starching and heated at 80 C for 1 hour. Nextly, the 

mouse pads were soaked in this solution with 30 minutes of 

ultrasound. Then, it was taken out and dried at 60 °C under 

vacuum pressure (‒700 mmHg) within 12 hours to obtain the 

pieces of mouse pad coated with AgNPs. The concentrations of 

AgNPs coated on mouse pad were tested at 0.5 and 1.0 wt.% 

denoted as 0.5 wt.% Ag/MP and 1.0 wt.% Ag/MP. 

Characterization of AgNPs 

The presence of synthesized AgNPs in the solution was 

determined by UV-Vis spectrophotometer (UV-1800, Shimadzu) 

in the range of 200−800 nm. The crystalline structure of the 

synthesized AgNPs powder dried at 60 C under vacuum pressure 

(−700 mmHg) within 12 hours was confirmed by X-ray 

diffractometer (Bruker D2 Pharser X-Ray Diffractometer) with 

Cu K radiation (40 kV, 40 mA) and the scanning step of 0.02. 

The FT-IR spectra were measured using Bruker Tensor 2700 

FTIR spectrometer operated in the range of 400−4,000 cm−1 with 

a resolution of 4 cm−1 using thin transparent KBr pellets to 

describe the functional groups of synthesized AgNPs. The 

elemental analysis of the synthesized nanoparticles was carried 

out utilizing EDX (JED-2300, Akishima). The size and 

morphology of AgNPs were assessed using TEM (JEOL 1400). 

According to the TEM image, by utilizing the ImageJ software, 

the size distribution of AgNPs was determined.  

Antibacterial activity of samples 

The synthesized AgNPs were tested for antibacterial activity 

against S. aureus ATCC 43300 (MRSA) utilizing an agar well 

diffusion technique. Pre-cultivation of the bacteria was performed 

on nutrient agar slant at 37 C in 24 hours by pricking a single 

colony of microbial strains. The bacterial cultures were then 

diluted from slants in 0.85% NaCl with a density equivalent to 

0.5 McFarland standard (1.5108 CFU.mL−1) to prepare the 

inoculum of each strain. Later, Muller Hinton Agar plates were 

prepared and four wells of 6 mm in diameter were provided on 

each agar plate. 70 μL of synthesized AgNPs solution was poured 

into three out of the four wells on each plate. The remaining well 

was utilized as a control. After 15 minutes for AgNPs to diffuse 

into the agar, the samples were maintained at 37 C for 24 hours. 

Finally, the diameter of the inhibition zone around the agar was 

determined. 

To determine the minimum inhibitory concentration (MIC) of 
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AgNPs against S. aureus, various concentrations of AgNPs (N/2, 

N/4, N/8, N/16, N/32, N/64, and N/128 with N as the initial 

concentration of AgNPs solution in deionized water; N = 151.2 

µg/mL) were prepared by diluting AgNPs solution with deionized 

water. Subsequently, the diluted samples were mixed with the 

sterile nutrient agar. By using sterile sticks, five points on agar 

plates mixed with AgNPs samples from low to high 

concentrations were inoculated with the standardized inoculum of 

bacteria with 1.5×107 CFU/ml. A plate of the sterile nutrient agar 

without AgNPs was utilized as control (Wayne, 2013). Finally, 

the plates were kept at 37 C for 24 hours. The lowest 

concentration of AgNPs inhibiting the growth of tested bacteria 

was considered as the MIC value (Washington and Wood, 1995). 

A piece of mouse pad coated with AgNPs was put in Petri plates 

in a UV stove (λ = 254 nm) within 2 hours to kill all bacteria. 50 

µL of the prepared bacterial solution was filled in a plate where 

the nutrient agar slant was previously prepared in the area of the 

sample. The sample was put into the prepared agar plate at the 

position where the sample surface was in contact with the surface 

of a nutrient agar plate. The plate was preserved at 37 C in 24 

hours. The sample uncoated with AgNPs was used as a control. 

The antibacterial activity of samples was evaluated by the levels 

of bacterial colonies not detected on the surface of samples. 

Results and Discussion 

Synthesis of AgNPs 

The impact of time on the formation of AgNPs was shown in Fig. 

2a. The production of AgNPs was taken placed with the presence 

of direct sunlight after 30 minutes; the band indicating the 

presence of AgNPs in the solution was observed in the range of 

400–450 nm. When the synthesis time increased, the absorbance 

peak was broadened, revealing a high conversion of silver ions to 

metallic silver nanoparticles. Prolonging the reaction time up to 

90 min resulted in an outstanding enhancement in the plasmon 

intensity indicating that large amounts of silver ions were reduced 

and utilized for AgNPs formation. In the synthesis duration up to 

120 and 150 min, the formed silver nanoparticles decreased 

slightly which could be attributed to some aggregation of the 

formed silver nanoparticles. Therefore, 90 minutes was selected 

as the optimal reduction time for the AgNPs synthesis process 

utilizing A. pintoi extract as a combined reducing and stabilizing 

agent. 

With the volume ratio of AgNO3 solution/A. pintoi extract at 

4.0/1.0, the production of AgNPs reached the highest 

performance (Fig. 2b). The components in the extract had 

effectively reduced the Ag+ ions to Ago with high extract 

concentrations, and provided enough capping agent for the 

stabilization of the synthesized nanoparticles through steric 

hindrance so, inhibiting their aggregation (Rastogi and 

Arunachalam, 2013). These findings were a good agreement with 

those obtained by Subramanian et al. 

In Fig. 2c, the AgNO3 concentration increased as using the initial 

Ag+ concentrations from 1.25 to 1.75 mM. However, the 

production of AgNPs decreased in the case of a continuous 

increase in AgNO3 concentration up to 2 mM. At a low 

concentration, nanoparticles have appeared no more, while 

nanoparticles have been formed at a higher concentration (Moosa 

et al., 2015). However, when silver concentrations were too high, 

silver nanoparticles agglomerated together reducing the 

efficiency of the process. 

Fig. 2d demonstrates that the production of the AgNPs increased 

when the stirring rate increased from 100 to 300 rpm. However, 

when the stirring rate continuously rose up to 400 rpm, this 

formation remained almost unchanged. Because of the increase in 

nanostructure concentration, stronger mixing was essential to 

provide uniform heat and mass transfer (Hemmati and Barkey, 

2017). So, the stirring rate of 300 rpm was consistent for the 

synthesis process. 

So, the suitable conditions for AgNPs synthesis using A. pintoi 

extract as a reducing and stabilizing agent were determined such 

as AgNO3 concentration of 1.75 mM, the volume ratio of AgNO3 

solution/A. pintoi extract of 4.0/1.0,  stirring rate of 300 rpm, and 

the synthesis duration of 90 minutes. 

Characterization of AgNPs 

AgNPs solution was synthesized using A. pintoi extract, and 

AgNPs powder is depicted in Fig. 3. The spectrum for A. pintoi 

extract showed typical broad O-H stretching (3600−3300 cm−1) 

and C=O stretching (1730−1690 cm−1), suggesting the presence 

of flavonoids, phenolic acids, and alkaloids in the extract that 

acted both as the reducing and stabilizing agents. The difference 

was not much on samples of pure extract and AgNPs solution. 

This could be due to the fact that the compounds of extract 

covered the peaks of the silver nanoparticles by the functional 

groups present in the extract, so the production of the peaks of the 

silver nanoparticles was unclear. Nevertheless, compared to the 

extract, the FT-IR spectrum of AgNPs solution indicated the 

existence of weaker signals, verifying the components of the 

extract reacted to form silver nanoparticles, so the concentration 

of the extract was significantly decreased. On the FT-IR spectrum 

of AgNPs powder, a band centered at 2950 cm−1 was related to 

the axial stretching of C−H bonds, a band centered at 1810 cm−1 

was attributed to the axial stretching of C=O bonds of the 

acetamide groups, a band at 1420 cm−1 corresponded to the 

symmetric angular deformation of CH3, the absorption at 1340–

1340 cm−1 has been assigned to C−H bending and CH2 wagging, 

and the bands around 1200–1300 cm−1 are related to N–H bend 

amines. There was broadband in the wavenumber range of 1150–

890 cm−1 demonstrating the polysaccharide skeleton, including 

the vibrations of the C–O and C–O–C stretching, and glycoside 

bonds. From the analysis of FT-IR examinations, it was 

confirmed that the flavonoids and alkaloids components together 

with phenolic acids in A. pintoi extract possibly did dual 

functions for the production and stabilization of AgNPs. 
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X-ray diffraction analysis (XRD) result of AgNPs synthesized 

from A. pintoi extract was shown in Fig. 4. Several Bragg 

reflections with 2θ = 38.5, 46.7, 64.5, and 77.3° associated with 

the sets of (111), (200), (220) and (311) reflection planes are 

obtained, which may be recorded as the band for the face-

centered cubic (JCPDS card No. 89-3722) structure of AgNPs. 

Therefore, XRD verifies that the samples are pure AgNPs with a 

highly crystalline nature. Besides, a few intense and unassigned 

peaks at 2 = 28.1, 32.4, 55.6, and 57.0° in the vicinage of silver 

peaks exhibited the presence of bio-organic phase crystals 

(AbdelHamid et al., 2013), which were present in the extract and 

responsible for silver ions reduction and stabilization of 

nanoparticles. The average crystal size of the sample at the (111) 

crystallographic plane can be determined by the Debye–Scherrer 

equation (Patterson, 1939) with K = 0.94. The mean particle size 

calculated from the XRD patterns is 11.4 nm.   

SEM images obtained from the sample showed the presence of 

nano-sized particles (Fig. 5a). This result showed that the 

particles were spherical in shape and the size of the prepared 

nanoparticles reached a range of 5–50 nm. The size was more 

than the average crystal size determined by Debye–Scherrer 

equation on X-ray diffraction as a result of the bio-organics in the 

extract which were bound in the surface of the nanoparticles or 

AgNPs particles linked together. TEM image revealed further 

insight into the morphology and size details of the silver 

nanoparticles. The result of the TEM image of the AgNPs sample 

(Fig. 5b) also demonstrated that nanoparticles were highly 

dispersed with a spherical shape. The image clearly revealed a 

bio-organic layer coating around AgNPs. This layer was because 

of the surrounded phytochemicals in the extracts that served as a 

capping agent to prevent agglomeration. From the TEM image, 

by utilizing the ImageJ software, the size distribution of the 

AgNPs sample was elucidated in Fig. 5c, and the average size of 

the obtained AgNPs was assessed at approximately 11.4 nm. This 

finding was consistent with the XRD result. 

Antibacterial activity of samples 

The antibacterial activity of the AgNP sample was evaluated 

against S. aureus bacterial strain on an agar plate. Fig. 6 depicts 

the inhibition zone of the synthesized AgNP sample against the 

bacteria. The average inhibition zone diameters against S. aureus 

was 14 mm. It has been stated that AgNPs can quickly attach to 

the bacterial cell membrane and penetrate the cytoplasm (López-

Esparza et al., 2016). This produced structural modifications in 

the cell, and consequently the elimination of this organism. The 

average inhibition zone diameter of AgNPs against S. aureus 

bacteria in this work was higher than that of previous publication 

utilizing Melissa officinalis leaf extract (6−11.5 mm) (De Jesús 

Ruíz-Baltazar et al., 2017). The smaller size of AgNPs exhibited 

higher antibacterial features due to higher surface area and faster 

release of silver ions. 

The antibacterial activities of the AgNPs sample were further 

determined by the MIC value. Fig. 7 depicts the inhibition zone 

against S. aureus treated with AgNPs solutions under various 

concentrations. It was observed that the exponential phase of 

bacteria delayed in the existence of AgNPs and this phenomenon 

was more obvious with the enhancement of AgNPs concentration. 

The sample could delay the exponential phase of S. aureus and 

could completely inhibit the bacterial growth at a MIC of 18.9 

µg/mL (N/8). 

As seen in Fig. 8, both mouse pads coated with AgNPs had high 

antimicrobial activity against S. aureus. No colonies appeared on 

the surface of both samples coated with 0.5 wt.% and 1.0 wt.% 

AgNPs synthesized by utilizing A. pintoi extract. Besides, the 

antibacterial activity of samples can also be found in the 

antibacterial width of 3.0–3.5 mm on four edges of the pieces of 

mouse pad coated with AgNPs. Compared with mouse pad 

coated with 0.5 wt.% AgNPs (0.5 wt.%Ag/MP), the antibacterial 

activity of the one coated with 1.0 wt.% AgNPs was not much 

stronger. With these promising findings, the process is potential 

to be expanded in the green synthesis where the AgNPs could be 

utilized for various antibacterial applications including 

household appliances, personal belongings, self-sterilizing 

textiles, etc. 

Conclusion 

The reduction of silver ions into silver nanoparticles by green 

chemistry utilizing A. pintoi extract under direct sunlight at room 

temperature was verified to be efficient and rapid. The XRD, 

SEM, and TEM images of silver nanoparticles confirmed the 

production of highly crystalline particles possessing a spherical 

shape with the size in a range of 4-24 nm. The silver 

nanoparticles synthesized utilizing A. pintoi extracts as a 

combined reducing and stabilizing agent revealed efficient 

antibacterial activity against S. aureus with the average inhibition 

zone diameters of 14 mm and the MIC value of 16.52 µg/mL. 

Hence, the properties of silver nanoparticles obtained from A. 

pintoi extract can unfasten new pathways in the development of 

new antibacterial agents derived from plant drugs. The mouse pad 

coated with silver nanoparticles synthesized from A. pintoi extract 

as an eco-friendly product has the potential to provide the health 

of office workers. 
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Figure 1. Biosynthesis and characterization of AgNPs using A. pintoi extract 

  
a) b) 
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c) d) 

Figure 2. UV-Vis spectra of AgNPs suspension samples synthesized at different conditions. a) effect of  synthesis duration; b) effect of 

the volume ratio between AgNO3 solution and extract (VAg/VExt); c) effect of AgNO3 concentration; and d) Effect of stirring rate. 

 
Figure 3. FT-IR spectra of A. pintoi extract and AgNPs samples 

 
Figure 4. XRD diffraction patterns of synthesized powder AgNPs 
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a)                                                                                       b) 

 
c) 

Figure 5. SEM (a), TEM (b) images and the size distribution histogram (c) of AgNPs sample synthesized at the suitable conditions 

 

Figure 6. Image of inhibition zone against S. aureus of synthesized AgNPs solution 
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Figure 7. The minimum inhibitory concentration against S. aureus of AgNPs 

 

Figure 8. Antibacterial activity of mouse pads coated AgNPs against S. aureus. 

 


