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I. INTRODUCTION 

Nanotechnology is a fast-growing approach in the modern 

era. It has become one of the most active areas of research 

across the globe in an effort to explore the potential of 

synthesizing nanoparticles using different plants [1]. 

Nanoparticles display characteristic properties in their 

distribution, size and morphology. Metals used to synthesize 

nanoparticles are numerous some of which are copper, 

silver, gold, iron oxide, platinum, silica and nickel [2]. Due 

to their unique properties and applications, metal 

nanoparticles have become quite popular over the years [3] 

as they are used in the electronic, pharmaceutical industry 

etc. Silver is the most commonly used metal for 

synthesizing nanoparticles. It is nontoxic to humans, active 

at low concentrations, and exhibits various applications in 

the following fields: antimicrobials and therapeutics, high 

sensitivity bimolecular diagnostics and detection as well as 

catalysis and micro-electronics [4], [5]. Due to the high 

antimicrobial properties of AgNPs they are used in 

numerous household products, the medical industry and in 

cosmetic and pharmaceutical products. Various methods 

have appeared in literature for the synthesis of nanoparticles 

and though chemical methods are the most popular but they 

are often too expensive and can be toxic [2]. Green synthesis 

has become a more widely used approach as it is cost 

effective, ecofriendly and has low toxicity. Biological 

methods include the use of enzymes, plant extracts and 

microorganisms [6]. Biosynthesis using plants is the best 

method because it is a safer option and plants are more 

easily available and widely distributed [7]. Plants have been 

used for centuries because of their medicinal properties. 

Currently, the biosynthesis of AgNPs with plant extracts is 

being exploited because it is more economical, minimizes 

processing time and can be done on a small to large scale 

basis [2], [4].  

Solenostemon monostachyus (S. monostachyus), is an 

herb widely spread in the African continent, Asia and 

Australia. It occurs as an annual weed in an anthropogenic 

habitats and rocky savannahs. Reports [8]-[10] have shown 

that the various part of the plant possess a wide range of 

pharmacological activities including antimicrobial, 

anticancer, antifertility, antifungal, anti-inflammatory, 

antimalarial and antioxidant. In this study we report the 

synthesis of AgNPs with S. monostachyus leaves extract and 
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evaluation of its antimicrobial activity. 

 

II. MATERIALS AND METHODS 

A. Plant material and preparation of the extract 

The plant (Solenostemo monastachyus) leaves were 

collected from Gombe State University campus using 

polyethene bags. The leaves were shade-dried for two weeks 

and pulverized using a pestle and mortar, and then sieved to 

fine particles. 

Aqueous extract of leaves was prepared using the fine 

particles (10 g) which was stirred in deionized water (50 ml) 

followed by heating at 60 ºC for one hour. The solution was 

then filtered with Whatman No. 1 filter paper. The filtrate 

was stored in a refrigerator. 

B. Biosynthesis and characterization 

0.001 M silver nitrate solution was prepared as follows: 

one molar silver nitrate stock solution was prepared by 

dissolving AgNO3 (0.17 g) (BDH Chemicals Ltd) in 

deionized water (100 ml). A 1 mM solution was prepared by 

diluting 1 M solution (10 ml) in distilled water (90 ml). This 

solution was stored in a dark bottle for further use at room 

temperature.  

AgNPs were biosynthesized by mixing 20 mL filtrate and 

1 mM AgNO3, and the total volume was 100 mL. It was 

heated at 60°C until the solution colour changed (this 

indicated the formation of the AgNPs). UV-vis spectroscopy 

(PerkinElmer UV-Visible spectrophotometer model 725), 

Infrared spectra (Perkin Elmer spectrum 10.03.09 FTIR 

spectrometer), SEM, EDX and XRD were applied to 

characterize the synthesized nanoparticles. 

C. Antimicrobial assay 

Preliminary in vitro antibacterial screening of the 

biosynthesized AgNPs was carried out against one gram-

positive bacterium (Staphylococcus aureus) and three gram-

negative bacteria (Klebsiella pneumonia and Escherichia 

coli and Salmonella typhimurium). The antifungal screening 

was carried out against two fungi namely Candida albican 

and Aspergellus niger. The microbial cultures were procured 

from the Microbiology Laboratory of the Federal Teaching 

Hospital, Gombe. The bacteria were sub cultured on nutrient 

agar media and incubated at 37 °C for 24 hours while, the 

fungi were sub cultured on potato dextrose agar at 37 °C for 

72 hours in order to obtain pure and fresh isolates. Three 

concentrations (50, 100 and 150 mg/mL) of both the particle 

were made using DMSO. Ditch Well diffusion method was 

used to assay the antibacterial and antifungal activities. 

The antibacterial effect of the AgNPs was performed 

using the procedure described by [11]. A sterile Mueller-

Hinton agar (MHA) plates were prepared and poured in to 

the petri dishes and allowed to solidify. Wells were made in 

each plate using a sterile cork-borer (6 mm), after which the 

concentration of AgNPs was dispensed into the bored holes. 

The plates were left to stand to allow diffusion of the 

particle after which it was incubated at 37 °C for 24 hours. 

The diameter of zone of inhibition (ZI) was measured and 

recorded using a meter rule (in mm). Based on the 

preliminary screening results, the minimum inhibition 

concentrations (MICs) were determined. The aqueous 

dispersions of AgNPs were serially diluted 2-fold with water 

ranging from 0.1−500 µgmL-1 and 5 µl of each 

concentration was spotted on the lawn inoculated MHA 

plates and incubated at 37 °C for 24 hours. The crude 

extracts and AgNO3 solution served as controls. 

The antifungal activity of the AgNPs was tested by well 

diffusion method [12,13]. The activity was tested for in vitro 

growth inhibitory activity against two fungi C. albican and 

A. niger cultured on potato dextrose agar. Three different 

solutions of 50, 100, and 150 mg/mL of the AgNPs were 

prepared in DMSO. The crude extracts and AgNO3 solution 

were used as a control. Solution of the AgNPs was poured 

on to the culture agar medium and was incubated for a 

period of 72 hours at 37 °C. After the incubation period the 

plates were observed for ZI (in mm) [12,13]. These 

activities were performed three times and reported as mean 

of all the three readings. 

 

III. RESULTS AND DISCUSSION 

A. Biosynthesis of AgNPs 

Previous studies [2], [7], [14], [15] have shown that the 

first step indicating the biosynthesis of the Ag nanoparticles 

is the bio-reduction of AgNO3 (Ag+) to elemental silver 

(Ag°) and that it is accompanied by a colour change from 

pale yellow to reddish brown. This visual colour change was 

indeed observed in this study and also by some other 

previous studies [15]-[18].  

B. UV - visible spectra analysis 

Singh et al., [19] reported that the absorption spectra of 

AgNPs have unique absorption maximum in the range 440–

460 nm. The UV-vis spectrum from this work showed a 

strong absorption peak at 450 nm. This absorption band has 

been attributed [20] to surface plasmon resonance (SPR) in 

AgNPs 

The UV-Vis spectra recorded implied that the bio-

reduction was achieved at 60 °C. This was denoted by 

broadening of the peaks that was indicative of the formation 

of large polydispersed nanoparticles due to slow reduction 

rates [3]. However, there was no obvious characteristic 

absorbance peak of AgNPs for AgNO3 or leaf filtrate alone. 

It has been proven that the two portions were both needed 

for the biosynthesis of AgNPs, and the biological method 

also avoided the disadvantages of chemical and physical 

approaches such as the usage of additional chemical 

reagents, high energy consumption, and high cost [21]. 
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Fig. 1. UV-spectrum of AgNPs supernatant acquired on a PerkinElmer 725 

UV-visible spectrophotometer in 1 cm path length quartz cuvette against 

deionized water in the reference beam. 

 

C. FTIR spectra analysis 

FTIR analysis was carried out to characterize the potential 

biomolecules responsible for the reduction of Ag+ ions and 

the stabilization of the bio-reduced silver nanoparticles to 

prevent nanoparticles clustering and capping in the aqueous 

medium as was done by Basavaraja et al., [22]. The 

absorption peak at 1640-1550 cm-1 is close to that reported 

for proteins, suggesting that proteins are interacting with 

biosynthesized AgNPs. Absorption peaks occurring between 

3650-3200 cm-1 denote alcohols (O-H bands) possibly 

arising from proteins and carbohydrates present in the 

sample which is in agreement with the value reported in the 

literature [19,23-24]. The FTIR spectra of the extract and the 

bio-reduced silver nanoparticles recorded from 500 to 4000 

cm-1 are presented in Figures 2(a) and 2(b). A broad peak at 

around 3500 cm-1 and other intensive peaks at 1601, 1384 

and 1031.cm-1 were corresponding to various functional 

groups and demonstrated the existence of protein stabilizing 

molecules.  

The broad peak around 3500 cm-1 corresponding to O-H 

stretching [25]. The strong peak at 1601 cm-1 is associated 

with -C=O [26]. The very sharp peak at 1384 cm-1 can be 

assigned to be associated with benzene ring stretching of 

C=C and C-C bonds [27-28]. The peak at 1031 cm-1 can be 

attributed to C-O. The reduction and stability of silver ions 

Ag+ into Nano size silver particles Ag° could be due to the 

presence of phytochemicals such as flavonoids triterpenoids, 

phenolic, carboxylic and amide groups in the leaves extract 

of S. monostachyus. These phytochemicals have powerful 

ability to bind silver nanoparticles, acting as capping agents 

and hence provide the stability to them which is consistent 

with the earlier reports of plant extracts mediated synthesis 

of AgNPs [19,29]. FTIR analysis revealed that polyphenols 

could function as bio reducing agents, while proteins could 

play a dual role as bio-reducing and stabilizing agents. 

 

  

Fig. 2. FTIR spectra of (a) plant extract (b) AgNPs acquired on a 

PerkinElmer spectrum 10.03.09. 

D. Scanned Electron Microscopy (SEM) and X-ray 

Diffraction studies (XRD) 

The morphology of the biosynthesized AgNPs were 

studied using scanned electron microscopy. Fine 

nanoparticles of silver which are nearly spherical having 

smooth surface and well dispersed with close compact 

arrangement were observed in the SEM micrographs as 

shown in Figure 3(a). The uniform distribution of AgNPs 

was found, and it may be due to the phenomenon of 

stabilization of synthesized AgNPs by the phytochemicals 

present in the S. monostachyus leaves extract. The EDX 

spectrum revealed the elemental composition of 

biosynthesized AgNPs as presented in Figure 3(b). A strong 

peak for the silver signal at 82.32 % (weight percentage) 

was observed in the EDX spectrum. The EDX profile 

confirmed that pure AgNPs were synthesized by S. 

monostachyus leaves extract and the presence of extra peaks 

may be due to the chemical or biological impurities present 

in the plant extract. 

  

  a   b 

Fig. 3. (a) SEM micrographs (b) EDX spectrum of 

 

AgNPs synthesized with S. monostachyus extract. Figure 

4 shows the XRD analysis of the AgNPs. The diffractogram 

illustrates diffraction peaks at 2θ = 28.2°, 32.6°, 34.0°, 

38.5°, 44.7° and 46.5°. The well-defined peaks indicate high 

crystallinity of the AgNPs, corresponding to a unitary cell 

for Nano crystals with crystal size of 32.17 nm. The UV-vis 

spectroscopy, FTIR, SEM, EDX and XRD results confirm 

the formation of AgNPs when using the S. monastachyus 

leaves extract as a reducing and stabilizing agent. 
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The results of the antimicrobial assay of the silver 

nanoparticles synthesized by S. monostachyus are given in 

Table 1. It is clear from the results that the bactericidal 

action of AgNPs against gram-negative bacterium E. coli 

(13.0 mm) was found to be better in comparison to gram-

positive bacterium S. aureus (11.5 mm). The activity 

increased with increase in concentration of the synthesized 

AgNPs. However, the biosynthesized AgNPs showed a 

weak activity against the remaining tested gram-negative 

bacteria S. typhimurium (6.0 mm) and K. pneumonia (6.0 

mm). More so, AgNPs was also effective against the tested 

fungal strains (Table 1). The bactericidal mechanism of 

AgNPs was attributed by either attaching to cell membrane 

surface disturbing the permeability or by penetrating inside 

the cytoplasm to inhibit the metabolic activities leading to 

cell lysis as reported in literature [30-31]. 

Our results provide a valuable reference for the future 

treatment of bacterial and fungal diseases. The ability to 

biosynthesize AgNPs using S. monostachyus is highly 

promising as a simple and reproducible process of 

sustainable green synthesis. Nevertheless, additional in vivo 

studies should be undertaken to better understand the 

efficacy of the particles before developing them for clinical 

applications. 

 
TABLE 1: Antimicrobial activity AgNPs synthesized with S. 

monostachyus leaves extract. 

Tested 

organism 

Zone of Inhibition (mm) 

100 µg/L            200 µg/L          300 µg/L          400 µg/L     

Gram-positive 

S. aureus 

 

6.00 

 

6.00 

 

6.00 

 

11.50 

Gram-negative 

S. typhimurium 

 

6.00 

 

6.00 

 

6.00 

 

6.00 

E. coli 6.00 6.50 8.00 13.00 

K. pneumonia 6.00 6.00 6.00 6.00 

Fungi 

A. niger 

 

14.00 

 

18.00 

 

20.50 

 

22.50 

C. albican 6.00 6.00 6.00 6.00 

Key: Inhibitory action < 9: weak, 9-16: moderate, >16: significant. 

 

IV. CONCLUSION 

Green synthesis of AgNPs using S. monostachyus leaves 

extract was investigated in this study. The presence of 

phytochemicals in the S. monostachyus leaves was 

examined by FTIR analysis. Furthermore, phytochemicals 

present in the leaves extract of S. monostachyus could assist 

the formation of AgNPs and the corresponding compounds 

might work as the reducing and capping agent. More so, the 

biosynthesized AgNPs were found to be spherical with the 

size lesser than 100 nm which was confirmed by SEM and 

XRD analyses respectively. The presence of Ag in the 

biosynthesized AgNPs was confirmed by EDX analysis. The 

synthesized AgNPs were found to be a potential 

antimicrobial agent thus, demonstrating that AgNPs could 

be used as an alternative for treating bacterial and fungal 

infections. This work has further affirmed that the 

biosynthesis of nanoparticles by S. monostachyus plant 

extract is feasible, safe, cheap, less time consuming and no 

hazardous chemicals involved.  
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