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Abstract 

The biomimetic method, which relies on natural resources such as plant extracts, bacteria, and fungi, offers an alternative for 

synthesizing silver nanoparticles (AgNPs). The use of biomimetic method for synthesizing AgNPs have various benefits including 

cost effectiveness, low toxicity, and suitabiity for biomedical application. This study synthesizes plant mediated nanoparticle using 

Eleusine indica to determine its antibacterial activity. Eleusine indica methanol extract is treated with 1 mM of silver nitrate at 

room temperature (25-27 °C) for 24 hours. The resulting product is characterized using UV-Vis spectroscopy and transmission 

electron microscope (TEM). UV-Vis absorption spectroscopy displays a strong resonance centered on the surface of AgNPs at 

approximately 413 nm. Physical appearance of AgNPs as characterized by transmission electron microscopy (TEM) showed 

formation of AgNPs with average particle size of 20 nm. In the antibacterial activity of the synthesized AgNPs, minimum inhibitory 

concentration (MIC) and minimum bactericidal concentration (MBC) assays are performed. The plant mediated AgNPs has 

predicted bacteriocidal activity according to the ratio of MBC to MIC values against selected Gram-positive and Gram-negative 

bacteria. In this study, plant mediated AgNPs has been successfully synthesized by reduction of silver nitrate with Eleusine indica 

leaves methanol extract. 

 

Keywords:   Plant-mediated silver nanoparticles, Eleusine indica, UV-Vis analysis, transmission electron microscope, 

antibacterial activity 

 

Abstrak 

Kaedah biomimetik yang bergantung kepada sumber alam seperti ekstrak tumbuhan, bakteria dan kulat, menawarkan alternatif 

dalam sintesis nanopartikel perak (AgNPs). Penggunaan kaedah biomimetik dalam sintesis AgNPs mempunyai pelbagai kelebihan 

termasuk keberkesanan kos, ketoksikan yang rendah, dan kesesuaian dalam kegunaan biomedik. Objektif kajian ini adalah untuk 

mensintesis nanopartikel perak diperantara tumbuhan menggunakan Eleusine indica dan menentukan aktiviti antibakteria. Ekstrak 

metanol Eleusine indica telah dirawat dengan 1 mM larutan perak nitrat pada suhu bilik (25 – 27 °C) selama 24 jam. Sampel telah 
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dicirikan menggunakan spektroskopi UV-Vis dan mikroskopi transmisi elektron (TEM). Spektroskopi penyerapan UV-Vis 

menunjukkan resonans berpusat yang kuat atas permukaan AgNPs pada kira-kira 413 nm. Rupabentuk fizikal AgNPs yang 

dicirikan melalui mikroskopi transmisi elektron (TEM) menunjukkan pembentukan AgNP dengan purata saiz partikel 20 nm. 

Aktiviti antibakteria nanopartikel perak perantaraan-tumbuhan yang disintesis telah diasai melalui penentuan kepekatan perencatan 

minimum (MIC) dan kepekatan bakterisidal minimum (MBC). Gabungan nanopartikel perak perantaraan-tumbuhan diramal 

mempunyai aktiviti bacteriosidal berdasarkan nisbah nilai MBC kepada MIC terhadap bakteria Gram positif dan Gram negatif 

bakteria. Dalam kajian ini, AgNPs perantaraan-tumbuhan telah berjaya disintesis melalui penurunan perak nitrat dengan ekstrak 

metanol daun Eleusine indica. 

 

Kata kunci:  nanopartikel perak perantaraan-tumbuhan, Eleusine indica, analisa UV-Vis, mikroskopi transmisi elektron, aktiviti 

antibakteria 

 

 

Introduction 

Nanotechnology is developing - rapidly in the growing 

field with the applications of science and technology for 

the purpose of making new nanoscale materials [1]. 

Communication, electronics, chemistry, physics, 

robotics, biology, and medicine can benefit from 

nanotechnology research [2]. Different forms of 

nanoparticles (NPs) such as copper, zinc, titanium, 

magnesium, gold, alginate and silver have emerged, but 

silver NPs have proven to be the most effective since 

they have strong antimicrobial efficiency against 

bacteria, viruses and other eukaryotic microorganisms 

[1] 

 

Conventional methods for synthesizing AgNPs, such as 

physical and chemical procedures, involved the usage of 

heavy equipment, substantial amounts of energy 

consumption, highly toxic and hazardous chemical 

compounds that can cause biological hazards and 

therefore, they are not environmentally sustainable and 

they are unsafe [3]. As a result, biomimetic nanoparticle 

syntheses or plant-mediated silver nanoparticles are 

often used because they are simple, cost-effective, 

environmentally friendly, and they are easily reproduced 

[4]. AgNPs synthesized in a biomimetic method - useful 

in a variety of fields, including optoelectronic devices 

[5], catalytic activities [6], and the food packaging 

industry [7]. AgNPs is has also be regarded as the agent 

of wound-healing, antioxidant, antimicrobial, antiviral, 

and anticancer [8]. 

 

Synthesis methods using either plant extract or fruit 

extract have several advantages over other biological 

approaches. This includes no requirement in cell culture 

that can take more time to produce which can scale up 

the synthesis process [9]. Plant extracts contain a wide 

range of metabolites that can act as capping and 

stabilizing agents and thus avoids the need to add these 

agents from other sources [3]. There are other studies 

whereby plant-mediated AgNPs have been investigated 

for the antibacterial properties such as using Rhazya 

stricta [10] and Azhadirachta indica [11] to synthesis 

AgNPs. This study aims to add the possibility of 

Eleusine indica as a plant candidate to synthesize 

AgNPs. Eleusine indica or locally known as sambau has 

been known to possess antioxidant, antibacterial and 

antiviral activities among others [12,13]. Thus, it is a 

good potential for producing AgNPs against bacterial 

candidates known to be pathogenic. The strategy 

involves the reduction of silver nitrate and the methanol 

extract of Eleusine indica which can be used as a 

reductant as well as a stabilizer. The synthesized AgNPs 

is evaluated for its physical characteristics and 

antibacterial activity against four pathogenic 

microorganisms. 

 

In this study, an extract of Eleusine Indica is used in the 

synthesis of plant-mediated AgNPs, and the relation 

between AgNPs and the extract's metabolites, and 

evaluate its antibacterial properties The characterization 

of synthesized AgNPs is analyzed with the use of UV-

Vis spectroscopy and transmission electron microscopy 

(TEM). 

 

Materials and Methods 

All the reagents purchased were of laboratory grade and 

used as received. Silver nitrate (AgNO3) were purchased 

from R&M Chemicals, US. Methanol was purchased 
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from Sigma Aldrich, Germany. (3-[4,5-dimethylthiazol-

2-yl]-2,5 diphenyl tetrazolium bromide) (MTT), 

Mueller Hinton agar and nutrient broth was obtained 

from Universiti Kebangsaan Malaysia. The fresh leaves 

of Eleusine indica were collected in Kuala Pilah, Negeri 

Sembilan. Authentication of this species was done by 

Forest Research Institute Malaysia (FRIM) where 

voucher specimen (FRI-51486) was deposited. 

Deionized water was used throughout the experiment. 

 

Extractions of Eleusine indica 

About 250 g of ground dried Eleusine indica leaves was 

soaked in 2500 mL of methanol for 72 hours at room 

temperature by using maceration technique [14]. The 

sample was filtered and concentrated by using rotary 

evaporator. The extract was placed in a fume hood until 

almost dried to obtain Eleusine indica methanol extract 

and kept in a vial for further analysis.  

 

Biomimetic synthesis and characterization of silver 

nanoparticles 

The biomimetic method was followed by Lee and Jun 

[15] with some modification. About 10 mL of Eleusine 

indica methanol extract was added drop by drop into 30 

mL of 1 mM silver nitrate solution and was allowed to 

be reacted at room temperature for 24 hours at 25-27 ºC. 

The appearance of yellowish-brown color of the solution 

indicates the formation of silver nanoparticles [16]. The 

formation of plant-mediated AgNPs was analyzed using 

UV-Vis spectroscopy and TEM. 

 

Characterization of plant-mediated silver 

nanoparticles  

Physicochemical properties of the synthesized plant-

mediated silver nanoparticles were characterized using 

UV-Vis spectra and TEM analysis. The UV-Vis spectra 

analysis was conducted using a UV 2450 Shimadzu 

double-beam spectrophotometer, operated at a 

resolution of 2 nm in the range from 300 to 500 nm. The 

formation of AgNPs was confirmed by transmission 

electron microscopy (TEM). TEM analysis of AgNPs 

was performed using a Philips CM12 instrument 

operated at an accelerating voltage at 80 kV. The size 

distribution of the AgNPs was calculated from the TEM 

images by measuring the diameter in nm of 

approximately 50 nanoparticles.  

Evaluation of antibacterial activity 

The antibacterial potential of the synthesized plant-

mediated silver nanoparticles was determined using 

minimum inhibitory concentration (MIC) and Minimum 

Bactericidal Concentration (MBC) assays [17]. In the 

assay, four bacteria were tested with two Gram-positive 

bacteria (Staphylococcus aureus, Bacillus subtilis) and 

another two Gram-negative bacteria (Escherichia coli, 

Enterobacter aerogenes). MIC assay was performed in 

triplicate in a 96-well microtiter plate. Serial double 

dilutions of plant-mediated silver nanoparticles 

(AgNPs) varying from 100% to 1.562 % in nutrient 

broth were prepared in the MIC assay. Each dilution 

(100 μL) was dispensed into the wells and then 100 μL 

of the bacterial suspension in nutrient broth was 

incubated at 37ºC for 24 hours. After 24 hours, 10 μL of 

0.2 mg/mL (MTT) solution was added into each well 

and incubated for another 2 hours. The solution color 

change from pale yellow to red/purple, which indicated 

biologically active bacteria [18]. MBC is the 

determination of the lowest concentration without 

colony growth on the agar plates. This was determined 

by plating 10 μL from each well that showed no growth 

on a Mueller Hinton agar plate. Plates was then 

incubated for further 24 hours at 37°C. Lowest 

concentration that shows no colony growth was 

determined as MBC. 

 

Results and Discussion 

Extractions of Eleusine indica 

Dried ground Eleusine indica leaves was used in this 

study in order to enhance the surface area and optimize 

the extraction process (Figure 1). The percentage yield 

of the crude extract was calculated and presented in 

Table 1.  

 

Methanol extraction resulted in moderate weight and 

percentage yield of Eleusine indica. Methanol is a polar 

solvent that can extract most of the key phytochemical 

compounds [19]. Compared with aqueous solvent, 

methanol solvent has less polarity which gives more 

efficiency in term of extraction because of its capability 

in degradation of cell wall. Thus, methanol provides 

excellent capability in extraction of secondary 

metabolites such as phenolics, glycosides, tannins, 

flavonoids, saponins, steroids and alkaloids [20, 21]. 
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These secondary metabolites have polyhydroxy group 

that are suitable in reducing metal ions to nanoparticles 

[22]. According to Iberahim et al. [23], Eleusine indica 

methanol extract have several groups of metabolites 

including phenolics, glycosides, flavonoids and 

terpenoids. These metabolites substantiate the selection 

of Eleusine indica in this study to potentially act as 

reducing and stabilizing agent in the synthesis of 

AgNPs.  

 

 

 

Figure 1. (a) Eleusine indica plant, (b) the dried ground leaves, (c) Eleusine indica methanol extract 

 

 

Table 1. Percentage yield of Eleusine indica crude extract 

Type of  

Crude Extract 

Weight of Sample 

(g) 

Weight of Crude 

(g) 

Percentage of Crude Extract 

(%) 

Methanol 250 13.3 5.32 

 

 

Biomimetic synthesis and characterization of silver 

nanoparticles 

Formation of silver nanoparticles in this study is 

monitored by color change. Figure 2 shows the color 

changes when the Eleusine indica methanol extract was 

mixed with a 1 mM AgNO3 solution and treated at room 

temperature for 24 hours. The appearance of a yellowish 

solution in the reaction vessel indicated the formation of 

AgNPs due to excitation of surface plasmon resonance 

in the AgNPs [24,25]. 

 

Characterization of silver nanoparticles 

Ultraviolet-visible spectroscopy (UV-Vis) and 

transmission electron microscopy (TEM) were used to 

characterize the synthesized AgNPs. As illustrated in 

Figure 3, the surface plasmon resonance of the AgNPs 

is centered at approximately 413 nm, indicating the 

presence of AgNPs in the solution. AgNPs are known to 

exhibit a UV-Visible absorption maximum in the range 

of 400-500 nm because of surface plasmon resonance 

[26]. The conduction band and valence band in AgNPs 

are relatively close to one other, allowing the electrons 

to travel freely. The collective oscillation of electrons of 

silver nano particles in resonance with the light wave 

produces a surface plasmon resonance (SPR) absorption 

band, which is caused by these free electrons [27]. 

According to Kerker [28], the absorbance of AgNPs 

depends mainly upon size and shape. thus, this will 

affect the absorbance of AgNPs that obtained. 

 

The morphology and size distribution of plant-mediated 

AgNPs was analyzed using TEM micrograph. The TEM 

image in Figure 4 (left) shows that the particles are 

almost spherical. The particles size histograms of the 

plant-mediated AgNPs (Figure 4-right) suggest that the 

particles diameter is within the range of 10 nm to 55 nm 
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with an average size of 20 nm. Silver nanoparticles, in 

particular, have varying scale sizes depending on the 

type of plant extracts used [16]. For example, the silver 

nanoparticles synthesized using Plumbago auriculata 

leaves has average size between 15 to 30 nm [29]. [30] 

found that AgNPs synthesized using Datura stramonium 

leaf extract has average size of 15 to 20 nm. Based on 

the theory of quantum restraint, a smaller wavelength 

leads to a higher energy of the wave and a smaller 

particle size [31]. 

 

It has been reported that Eleusine indica extract contains 

12 metabolites such as hydroxycinnamic acid, 

naringenin (flavanones), 2(3,4-dihydroxyphenyl)-7-

hydroxy-5-benzenepropanoic acid, antraquinone, 

caffeic acid derivative, caffeoyl glucose, 

hydroxybenzoic acid derivatives methyl 2-[cyclohex-2-

en-1-yl(hydroxy)methyl]-3-hydroxy-4-(2-hydroxy 

ethyl)-3-methyl-5-oxoprolinate (aglycone) from the 

flavonoid and phenolic groups [12]. Active oxygen 

found in phenols, flavonoids, and triterpenoic acid can 

donate electrons into AgNPs to reduce silver precursors 

[32]. This reduction of silver ions to silver nanoparticles 

could be possibly due to -OH groups in flavonoids such 

as quercetin, which can be released during the 

tautomeric change of flavonoids from the enol to keto 

type that releases reactive hydrogen atoms that are 

responsible for the reduction of silver nanoparticles 

[33]. Figures 5 show the possible mechanism of 

reduction of silver ions to AgNPs by naringenin 

(flavonone) molecule.

 

 

Figure 2.  (a) Eleusine indica extract, (b) Eleusine indica extract mixed with silver nitrate after 24 hours 

 

 
Figure 3. (a) UV-Vis absorption spectrum of Eleusine indica extract (EI-MeOH) and (b) synthesized silver 

nanoparticles (EI-MeOH-AgNPs) 
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Figure 4. TEM micrograph and particle histogram 

 

 

 

Figure 5.  The proposed mechanism for the formation of plant-mediated AgNPs 

 

 

 

Antibacterial activity of silver nanoparticles 

The efficacy of AgNPs as promising antimicrobial has 

been experimentally tested against a wide range of 

medically important planktonic and sessile pathogenic 

microorganisms including bacteria, viruses, 

champignons, lichens and yeasts [34, 35]. In this study, 

the plant-mediated silver nanoparticles were tested 

against Gram-positive bacteria and Gram-negative 

bacteria. Table 2 shows the MIC and MBC test of 

synthesized silver nanoparticles against Staphylococcus 

aureus, Bacillus subtilis, Escherichia coli and 

Enterobacter aerogenes. 

 

Based on the MIC and MBC values, the synthesized 

nanoparticle suggest the display of bacteriocidal 

potentials. The formal definition of a bactericidal agent 

is the ratio of MBC to MIC is ≤ 4, while a bacteriostatic 

agent has an MBC to MIC ratio of > 4 (CLSI). AgNPs 

antibacterial effects may be determined by the 

characteristics of certain bacterial species and the type 

of metabolite present in the plant [36] as well as the size 
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ranges and shapes of the AgNPs [27]. Theoretically, 

upon interaction with bacteria, nanoparticles bind with 

bacterial membrane which causes changes to both its 

physical and chemical nature. Nevertheless, the normal 

physiological process such as respiration and 

permeability of cells will be compromised [37]. Besides, 

the formation of various reactive nitrogen and oxygen 

species can be induced by nanoparticles that generates 

oxidative stress on DNA, and other important cell 

constituents which disrupt the overall functioning of 

bacterial cells. 

 

 

 

Table 2.  MIC and MBC test of silver nanoparticles synthesized by Eleusine indica against four bacteria 

Bacteria  MIC 

(μg/mL) 

MBC 

(μg/mL) 

MBC to MIC 

Ratio 

Staphylococcus aureus 12.5 12.5 1 

Bacillus subtilis 1.56 1.56 1 

Escherichia coli 6.25 12.5 2 

Enterobacter aerogenes 3.13 6.25 2 

 

 

Conclusion 

In conclusion, the biomimetic method was demonstrated 

as a simple, safe, cost-effective, and ecofriendly 

preparation of AgNPs using Eleusine indica methanol 

extract. The synthesized plant-mediated AgNPs gave 

UV-Vis reading at 413 nm and have an average particle 

size of 20 nm. They showed potential antibacterial 

activity against Gram-positive and Gram-negative 

bacteria including Staphylococcus aureus, Bacillus 

subtilis, Escherichia coli and Enterobacter aerogenes. 

Thus, application of these synthesized AgNPs based on 

the findings may lead to valuable discoveries in various 

fields, including medical devices and in the 

pharmaceutical and biomedical industries. Toxicity 

studies of these AgNPs using human pathogens may 

open the door to a new range of antibacterial agents and 

the possibility to the use of AgNPs as antiviral agents. 
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