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Abstract. Dhuldhaj UP, Deshmukh SD, Gade AK, Yashpal M, Rai MK. 2012. Tagetes erecta mediated phytosynthesis of silver nanoparticles: 

an eco-friendly approach. Nusantara Bioscience 4: 109-112. Nanotechnology is a multidisciplinary field having applications in various 

fields like medicine, pharmacy, engineering, and biotechnology. An important step in nanotechnology is to develop simple and eco-

friendly method for the nanomaterial synthesis. Here we describe simple and eco-friendly method for synthesis of silver nanoparticles 

by extract of Tagetes erecta plant leaves. The phytosynthesis (synthesis by plant) of silver nanoparticles was detected by color change 

from light-green to dark-brown. Synthesis of silver nanoparticles was confirmed by UV-Vis spectrophotometry, further characterization 

includes nanoparticle tracking analysis system (NTA) (LM20) and transmission electron microscopy (TEM). TEM analysis confirms the 

synthesis of the polydispersed spherical silver nanoparticles of 20-50 nm, with an average size of 30 nm.  

Keywords: Tagetes erecta, eco-friendly, nanoparticles, phytosynthesis, TEM.  

Abstrak. Dhuldhaj UP, Deshmukh SD, Gade AK, Yashpal M, Rai MK. 2012. Fotosintesis nanopartikel perak yang diperantarai oleh 

Tagetes erecta: pendekatan ramah lingkungan. Nusantara Bioscience 4: 109-112. Nanoteknologi merupakan bidang multidisiplin yang 

dapat diaplikasikan pada berbagai bidang seperti kedokteran, farmasi, teknik, dan bioteknologi. Sebuah tahap penting pada 

nanoteknologi adalah mengembangkan metode yang sederhana dan ramah lingkungan untuk menyintesis nanomaterial. Dalam 

penelitian ini, digambarkan metode sederhana dan ramah lingkungan untuk sintesis nanopartikel perak oleh ekstrak daun tanaman 

kenikir Tagetes erecta. Fotosintesis (sintesis oleh tanaman) dari nanopartikel perak terdeteksi oleh perubahan warna dari hijau-terang ke 

gelap-coklat. Sintesis nanopartikel perak dikonfirmasi dengan spektrofotometer UV-Vis, lebih lanjut karakterisasi meliputi sistem 

analisis pelacakan nanopartikel (NTA) (LM20) dan mikroskop elektron transmisi (TEM). Analisis TEM menegaskan terjadinya sintesis 

bola nanopartikel perak dari 20-50 nm yang multidispersi, dengan ukuran rata-rata 30 nm. 

Kata kunci: Tagetes erecta, ramah lingkungan, nanopartikel, fotosintesis, TEM. 

INTRODUCTION 

Nanotechnology is the branch of science dealing with 

the synthesis of nanomaterials and nanoparticles of size 1-

100 nm and their technological applications in various 

fields (Tenover 2006). The combination of the 

nanotechnology and biology presents the new branch of 

nanotechnology called Nanobiotechnology. It deals with 

the application of biotechnological principle for the 

development of devices, and systems at nano level 

(Hassellov et al. 2008; Kholoud et al. 2010).  

There are different methods for nanoparticles synthesis 

as chemical, physical and a recently developed biological 

method. Biological method is cost-effective and eco-

friendly than chemical and physical methods (Rai et al. 

2008; Raveendran et al. 2003). In biological method, fungi, 

bacteria, and plants are used for the synthesis of 

nanoparticles. Biosynthesis of inorganic materials, 

especially metal nanoparticles using microorganisms 

(Mandal et al. 2006, Gade et al. 2010) and plants (Gardea-

Torresdey et al. 2003) were carried out. Various plants and 

fungi having the potential of metal nanoparticle synthesis, 

proving that biological synthesis of metal nanoparticles is 

simple and cost-effective (Rai et al. 2008). Among the 

biological agent Fusarium sp. (Ingle et al. 2008, 2009; 

Bawaskar et al. 2010), Aspergillus niger (Gade et al. 2008), 

was proved to be a novel agent for synthesis of silver 

nanoparticles.  

Use of plant extracts for the nanoparticles synthesis is 

rapid, eco-friendly and simple alternative to bacterial and 

fungal system as leaf extract is easily prepared and there is 

no need of isolation, culture, and maintenance of bacterial 

and fungal culture. Plant extracts have more potential for 

reducing metal ions than microbes (Rai et al. 2008). The 

successful examples of synthesis of nanoparticles either 

intracellularly or extracellularly include geranium leaf-

extract (Shivshankar et al. 2003, 2004, 2005) sun-dried 

leaves of Cinnamomum (Huang et al. 2007), Azadirachta 

indica (neem) (Shankar et al. 2004), Aloe vera (Chandran 

et al. 2006), Capsicum annuum (Li et al. 2007), Carica 

papaya (Mude et al. 2009), Opuntia ficus-indica (Gade et 

al. 2010b), and Murraya koenigii (Bonde et al. 2012).  
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The present study focuses on the development of the 

simple, novel and eco-friendly method for phytosynthesis 

of silver nanoparticles from Tagetes erecta. 

MATERIALS AND METHODS 

Synthesis of silver nanoparticles 

Leaves of the Tagetes erecta were collected from the 

garden of S.G.B. Amravati University, Amravati, 

Maharashtra, India. After several washes with tap water, 

leaves were surface sterilized with HgCl2 (0.1%) for 1-2 

min to remove microbial contamination, if any. These 

leaves were cut into small pieces and crushed with mortar 

and pestle by adding little amount of double sterilized 

distilled water. The extract obtained was filtered with 

Whatman filter paper No. 42, the volume was adjusted to 

100 ml by double sterilized distilled water. The extract was 

challenged with the silver nitrate (1mM) solution, and 

incubated at room temperature. Only leaf extract without 

silver nitrate (1 mM) treatment was used as the control and 

the experiments were carried out in triplicate.  

Detection and characterization of silver nanoparticles  

Visual observation 

Synthesis of silver nanoparticles was detected by 

change of color from light-green to dark-brown of the 

filtrate challenged with silver nitrate.  

By UV-visible spectrophotometer 

The synthesis was confirmed with the help of UV-Vis 

spectrophotometer (Perkin-Elmer, Lambda 25) by scanning 

the absorbance spectra in the range of 200-800 nm 

wavelengths. 

Nanoparticle tracking and analysis system (NTA) (LM 20) 

The nanoparticles tracking analysis was carried out by 

using the liquid sample of silver nanoparticles prepared by 

diluting with the nuclease-free water and 0.5 ml of diluted 

sample was injected onto the sample chamber and observed 

through LM 20. Nanoparticles present within the laser 

beam path were observed by optical instrument (LM-20, 

NanoSight Pvt. Ltd., UK) having CCD camera and size of 

the nanoparticles was measured on the basis of Brownian 

motion of the particles. 

TEM analysis 

The synthesized silver nanoparticles were also 

characterized by TEM (Philips, CM 12), on conventional 

carbon-coated copper grids (400 meshes, Plano Gmbh, 

Germany). For TEM analysis, 5 µL of silver nanoparticles 

sample was taken, and three images of each sample were 

selected for the clarification of the composition.  

RESULTS AND DISCUSSIONS 

The indication of the silver nanoparticles synthesis was 

marked by the rapid change in the color of plant extract 

from light-green to dark-brown after treatment with silver 

nitrate (1 mM AgNO3) at room temperature. The color 

change was due to the reduction of silver ions to silver 

nanoparticles, i.e. Ag+ to Ag0 and appearance of brown 

color indicates Silver nanoparticle synthesis (Figure 1). The 

conformation of the silver nanoparticle synthesis was done 

by UV-visible spectrophotometer analysis, which shows 

the absorbance peak at 438 nm (Figure 2). These 

observations are similar to those reported by many 

researchers (Ingle et al. 2008; Raheman et al. 2011).  

The dispersion characteristics, i.e. average size and 

particle size distribution were measured with NTA by 

NanoSight LM-20. NTA allows individual nanoparticles in 

a suspension to be microscopically visualized, and based 

on the Brownian motion the size distribution and average 

size of the particle were obtained. It shows that the average 

size of nanoparticles is 40 nm most repeated nanoparticles 

was of 37 nm, the concentration of the nanoparticles was 

1.47x 108 particles/mL-1 The particle size distribution 

histogram and 3-D plot of particle size distribution were 

shown in Figure 3 and 4, respectively. Particle size and 

intensity distribution of nanoparticles were shown in Figure 

4 which was found to be similar to the results obtained by 

Montes-Burgos et al. (2010) and Raheman et al. (2011).  

Finally, the synthesis of spherical and polydispersive 

silver nanoparticles by the leaf extract was confirmed by 

TEM analysis and it was found that the particles are in the 

range of 20-50 nm having 30 nm as the average diameter 

(Figure 5). Even the size predicted by TEM analysis was 

smaller than predicted by NTA analysis. Generally, NTA 

analysis resulted in larger particle sizes measurements 

compared to TEM, which is in agreement with previous 

work (Farkas et al. 2010, 2011). The differences can be 

mainly explained by the bias from each specific method 

(Hassellov et al. 2008). For example, TEM is a number 

based method has a bias towards the smaller particle sizes 

compared to NTA which is a number based method but 

fails to probe the weakly scattering particles (below 10-20 

nm) and is consequently mainly measuring the NP 

aggregates which may explain some of the differences in 

size measurements. 

 

 

 
Figure 1. Synthesis of silver nanoparticles from leaf extract of 

Tagetes erecta (A) Leaf extract before treatment with AgNO3 

(control) and (B) Leaf extract after treatment with AgNO3 

(experimental)  
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Figure 2. UV-visible spectra of leaf extract (showing no peak) 

and silver nanoparticles showing peak at 438 nm  

 

 

 
 

Figure 3. NTA (Nanosight-LM 20) nanoparticle size distribution 

histogram showing the average size of 37 nm 

 

 
Figure 4. NTA (Nanosight-LM 20) 3-D plot of nanoparticle size 

distribution 

 

 

 
 

Figure 5. TEM micrograph showing synthesis of polydispersed 

and spherical silver nanoparticle having average size of 30 nm 

(scale bar 200 nm)  

For the development of green synthesis, Raveendran et 

al. (2003) suggested three main factors in nanoparticle 

synthesis should be considered, i.e. solvent choice, the use 

of an environmentally benign reducing agent, and the use 

of a non-toxic material for nanoparticle stabilization. In the 

present study, water is used as an environmentally benign 

solvent, replacing toxic organic solvents from chemical 

methods and biomolecules from leaf extract of Tagetes 

erecta was used as both reducing and stabilizing agents for 

green synthesis. 

CONCLUSION 

The leaf extract of Tagetes erecta has potential of silver 

nanoparticles synthesis. These synthesized silver 

nanoparticles are found to be stable. The green synthesis 

method is not only cost effective but also eco-friendly,  

simple and efficient than the others, and has appreciable 

control over size and shape of the nanoparticles.  
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