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Introduction 
 

Nanotechnology is derived from the Greek word 

“Nano” implying „dwarf‟ or very small in size, 

refers to a science and art of manipulating matter at 

nanoscale to create new and unique material and 

products. Nanotechnology was started in 1958 by 

Richard Feynman (Feynman, 1906). It comprises of 

the study of extremely small sized structures ranging 

from 1 to 100 nm. Nanobiotechnology is a branch of 

nanotechnology and it refers to the intersection of 

Nanotechnology and Biology. An important area of 

research in nanobiotechnology is the synthesis of 

nanoparticles with different chemical compositions, 

size, morphologies and controlled disparities. 

Nanoparticles are microscopic particles generally 

defined as particulate matter with at least one 

dimension that is less than 100nm. Nanoparticles 

have large surface area to volume ratio and this 

property helps in the development of antibiotic 

resistant microbial strains leading to their increase in 

survival rate in soils (Gonzalez et al., 2021).  

 

Structure of nanoparticles 

 

Structurally, Nanoparticles are divided into shell and 

core part. The term “shell” is outer layer of 

inorganic nanomaterial. The “core” is essentially 

centred of the nanoparticle and refers as nanoparticle 

itself. In general, the properties of interest to the 

physics and chemistry communities are generally 

dominated by the properties of core. The core of 

nanomaterials plays a key role in nanoparticle 

toxicity (Christian et al., 2008)  
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Owing to their distinctive properties in comparison to their bulk counterparts, 

nanomaterials have broadened the horizon of applications of science. Properties 

such as high surface area ratio, electrical conductivity, magnetism, stability, etc 

have enabled their mulitidisciplinary use. Biological synthesis of nanoparticles 

using plant material extract has proved to be cost effective, nontoxic and more 

efficient as compared to other methods. In this review, biogenic synthesis of 

nanoparticles has been discussed in addition to their properties, applications and 

characterization. 
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Classification of Nanoparticles 

 

Nanoparticles are classified as Silver, Gold, Alloy 

and magnetic based on their metallic composition. 

Each type of nanoparticles has distinguished 

characteristics enabling to their various applications. 

Silver nanoparticles have proved to be most 

effective because these particles have great 

antimicrobial properties against bacteria, virus and 

other eukaryotic microorganisms. Their 

antimicrobial properties can be applied in paints, 

varnishes, textile industries for waste water 

treatment, cosmetics etc. Gold nanoparticles are 

used in immunochemical studies for identification of 

protein interactions. They are used as a tracer in 

DNA finger printing and identification of wide 

range of bacterial species (Das et al., 2012). 

Magnetic nanoparticles like iron oxide are known to 

be biocompatible. They have been actively 

investigated for targeting cancer treatment, gene 

therapy and DNA analysis etc (Hassan, 2015). 

 

Properties of Nanoparticles 

 

The properties of nanoparticles influence their 

behaviour in vivo. Morphological properties like 

shape and size can influence nanoparticles 

circulation and targeting within body (Christian et 

al., 2008). Nanoparticles have unique properties due 

to their high surface area to volume ratio. Silver 

nanoparticles can be produced with various sizes 

and shapes depending up on their preparation 

methods. Silver sphere, rods, wires, and plates can 

be produced by varying the manufacturing methods. 

Silver nanoparticles can be functionalized with wide 

range of materials. Polymers such as 

polyvinylpyrrolidone (PVP) and tannic acid are 

commonly used as capping agents for silver 

nanoparticles material as a biological application 

(Baalausha et al., 2008). 

 

Manufacturing Approaches 

 

Manufacturing of nanomaterials is an 

interdisciplinary field covering Physics, Chemistry, 

Biology, Materials science and Engineering. Two 

approaches widely used in manufacturing of 

Nanomaterials are Top down approach and Bottom 

up approach (Charitidis et al., 2014) 

 

Top down approach 

 

The nano objects are made from large entities 

without involving the control at atomic level. It 

involves construction of parts through carving, 

moulding and cutting. Laser ablation, milling, 

hydrothermal technology, lithographic and 

electrochemical method uses top down approach for 

build-up nanomaterials. It is increasingly used in 

miniaturization in Computer technology, which 

relies on silica-based chips (Wolfsteller et al., 2010). 

 

Bottom up approach 

 

It helps in building components which are made up 

of single molecules and covalent forces which hold 

them together are far stronger than forces that hold 

macro scale components. This approach starts with 

atom or molecule to build up nanostructure. 

Enormous amount of information could be obtained 

from bottom up approaches by use of AFM, liquid 

phase technique based on inverse micelles, sol gel 

processing, chemical vapour deposition and 

molecular self-assembly for nanoscale material 

manufacturing. The bottom up approach is largely 

the realm of nanoscience and nanobiotechnology.  

 

Applications of Nanoparticles 

 

Nanomaterials vaccines are used to produce greater 

immunity to pathogens by delivering medications 

directly to specialized dendrite cells in immune 

system e.g. like hepatitis and malaria vaccines 

(Singh, 2017). Haque et al., In his research they 

concluded that when nanoparticles activated with X-

rays, generate electron that cause destruction of only 

cancer cells.  

 

This method is used in place radiation therapy with 

lesser damage to healthy cells (Haque et al., 2010). 

Chemotherapy nanoparticles integrate multimodal 

imaging with combination therapy, have been 
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introduced to eliminate tumour impressively and 

increasing researchers focus in the field of nanodrug 

(Zhao et al., 2018). 

 

Nanotechnology as drug delivery system improve 

bioavailability of drug, efficacy and selectivity as 

well as reduce side effects and toxicity of drug 

(Witharena et al., 2016). The nanoparticulate 

systems have great potential, to convert poorly 

soluble, poorly absorbed and labile biologically 

active substance into promising deliverable drugs 

(Velavan et al., 2015). Through the manipulation of 

molecular size and surface properties, researchers 

are able to deliver drugs at particular target site for 

longer period of time with less frequent dosing 

(Rizvi et al., 2018). 

 

Nanoparticles have widely used to recognized as the 

best to achieve safe and targeted delivery of siRNA, 

but there is much progress still needed for curing 

cancer using siRNA (Tatipari et al., 2017). Gold 

nanoparticles are efficient carrier of siRNA for gene 

silencing (Bonoiu et al., 2009).  

 

Silver nanoparticles are used for different textile 

fibres in textile industries. The cotton fibre 

containing Silver nanoparticles exhibit high 

antibacterial activity against E. coli (Natsuki et al., 

2015). 

 

Silver nanoparticles shows inhibition activity against 

breast cancer cells, it inhibits proliferation and 

arresting cell cycle phase of human breast cell line 

MCF7 (Abdel-Fateah et al., 2018). 

 

Zinc nanoparticles have been known to demonstrate 

distinctive antimicrobial activites and tus can be 

used in the manufacturing of food and cosmetics. 

Gonzalaz et al., 2021) 

 

Synthesis of Silver nanoparticles 

 

Silver nanoparticles are increasingly used in various 

fields including food, health care and industrial 

purposes owing to its physical and chemical 

properties such as size, shape, surface area, 

solubility and aggregation. Optical, electrical, 

thermal and high electrical conductivity and 

biological property (Natsuki et al., 2015). Synthesis 

of silver nanoparticles can be carried out using 

physical, chemical or biological methods (Goutam et 

al., 2019). 

 

Physical methods 

 

Metallo nanoparticles are generally synthesized by 

evaporation condensation and laser ablation physical 

approaches. It has more advantages in comparison 

with chemical methods because of uniform 

distribution of solvent nanoparticles. Nanoparticles 

formed are highly stable because the temperature of 

heater surface does not fluctuate with time. Laser 

ablation method is advantageous as it aids in 

production of metal colloids even in the absence of 

chemical reagents in the solutions. The ablation 

efficiency and characteristics of nanoparticles 

depends upon wavelength of laser, duration of laser 

pulses, laser influence, ablation time duration and 

effective liquid medium, with or without the 

presence of surfactants. 

 

Chemical methods 

 

 

Chemical approach is the most commonly used for 

the synthesis of silver nanoparticles by organic and 

inorganic reducing agents viz ascorbate, sodium 

citrate, sodium borohydride, elemental hydrogen, 

tollen reagent, polymers are used for reduction of 

silver ions in aqueous or non-aqueous solution.  

 

The reduction of agent Ag
+
 lead to the formation of 

metallic silver Ag° which is followed by 

agglomeration into oligomeric clusters. These 

clusters eventually lead to formation of metallic 

colloidal silver particles. Use of protective agents 

such as surfactants e.g. thiols, amines, acids and 

alcohols help in stabilizing particle growth of 

nanoparticles during preparation process and also 

protect from sedimentation agglomeration and 

maintain their surface properties. It has been 

reported that small changes in synthesis process can 
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lead to drastic changes in nanoparticle structure, 

average size, size distribution width, stability and 

self-assembly patterns. Microemulsion techniques 

help to synthesize uniform and controlled size of 

silver nanoparticles.  

 

Biological methods 
 

Biological methods are eco-friendly, non-toxic, safer 

and low-cost process as compared to chemical 

methods. Synthesis of silver nanoparticles using 

plant extract is more popular. Silver nanoparticles 

prepared by eco- thermal hydrothermal method 

using Aloevera plant leaf extract (Tippayawat et al., 

2016).  

 

Leaf extract of Datura metelcan also be employed 

for the biosynthesis of AgNPs (Banupriya et al., 

2016). Additionally, AgNPs can be prepared from 

Brassica oleracea and Brassicaoleracea capitata 

using silver nitrate and incubated 15 minutes at 

room temperature (Tamileswari et al., 2015). Leaf 

extract of Acalypha indica can be used for formation 

of silver nanoparticles within 30 minutes (Krishnaraj 

et al., 2010). 

 

Biological based methods employ Bacteria, yeast, 

fungi, and the plant for synthesis of highly stable 

and well characterized nanoparticles. Size and 

morphology of nanoparticles can be controlled by 

altering some experimental conditions including 

substrate concentration, pH, light, temperature, and 

buffer strength, electron donor (e.g. glucose or 

fructose) (Gudikandula etal., 2016). 

 

Materials and Methods 

 

Plant Material: Datura metel 

 

Silver nanoparticles can be biosynthesized from leaf 

extracts of Datura metel plant. Datura metel has 

been extensively used as a medicinal plant and it is 

very well known due to their ayurvedic properties. 

Medicinal property of Datura metel leaves extract 

can be recognised due to presence of several active 

phytochemical components. 

Biosynthesis of Silver Nanoparticles from Datura 

metel leaf extract 

 

Datura metel leaves extract was prepared using hot 

percolation method and subjected to different 

experimental conditions in order to access its anti-

microbial properties (Ahmed et al., 2016). Bio 

reduction of Ag
+
 to Ag° was observed when extract 

was augmented with silver nitrate solution and 

placed at different experimental temperatures (60°C 

and 100°C) and concentrations (2.5 ml and 4.5 ml) 

conditions. (Kaur et al., 2019).  

 

Characterization of Silver nanoparticles  

 

The preliminary characterization of nanoparticles 

was done by change in colour and calorimetric 

analysis at specific concentrations at 540 nm. 

Further, confirmatory analysis was performed using 

TEM (Transmission Electron Microscopy) and SEM 

(Scanning Electron Microscopy). (Kaur et al., 2019) 

and by UV-vis, FTIR spectroscopy and XRD 

technique (Bharathi et al., 2014). 

 

Potential antimicrobial medicinal properties of silver 

nanoparticles extracted from Datura metel plant 

leaves against four pathogenic strains via two 

bacterial strains (E. coli and Pseudomonas sp.) and 

two fungal strains (Aspergillus Niger and 

Penicillium sp.) (Kaur et al., 2019), were assessed 

by disc diffusion method (Bauer et al., 1959) 

 

It is justified by various scientists that low 

temperature is favourable to growth of nanoparticles 

but as the temperature increases the nanoparticles 

become smaller in size and their activity increases 

(Liu et al., 2017). The antifungal activity may be 

due to production of some inhibitory compounds 

produced by leaf extracts of Datura (Dellavalle et 

al., 2011). 

 

Antimicrobial activities of Datura metel 

 

Rao Venkateswara et al., (2016) observed the 

antimicrobial activity of silver nanoparticles 

extracted from Datura metel leaf extract against 
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pathogenic bacteria such as Pseudomonas 

aeruginosa and Escherichia coli by disc diffusion 

method. They showed that silver nanoparticle 

extract shows abrupt zone of inhibition in case of 

Pseudomonas aeruginosa as compared to E. coli. 

 

Antibacterial Activity  

 

Aqueous extracts of leaf, stem bark and roots of D. 

metel were investigated against eight clinical 

bacterial isolates (Streptococcus betahemolytic, S. 

dysenteriae Pseudomonas aeruginosa, Escherichia 

coli, Staphylococcus aureus, Klebsiella pneumoniae, 

Bacillus cereus and Salmonella typhi). The leaf and 

stem bark extracts were antagonistic against the test 

bacteria species with inhibitor Activity (Guchande et 

al., 2013).  

 

Antifungal Activity 

 

Different preparation of solvent extracts such as 

hexane, chloroform, acetone and methanolic 

fractions of D. metel were showed significant 

antifungal activity against many different pathogenic 

species. The compound was found to be active 

against different species of Candida and Aspergillus 

such as Candida albicans, C. tropicalis, 

A.fumigatus, A. flavus and A. Niger (Dabur et al., 

2005). Asma et al., 2013., Results showed that 

F.oxysporum f. sp. melonis was more sensitive to D. 

metel aqueous extracts than F. oxysporum f. sp. 

lycopersici (Asma et al., 2013).  

 

Results and Discussion  

 

The production of silver nanoparticles from Datura 

leaf extract was regulated by several factors such as 

temperature, and pH which exhibited prominent 

affects such as antimicrobial activity, change in 

absorbance, etc. Morphological characteristics of 

nanoparticles were almost identical viz spherical 

shape with size of 20 nm, as observed by Gupta et 

al., 2018. 

 

Datura metel leaf extract has been successfully used 

for green synthesis of silver nanoparticles. 

Reduction of metal ions with reducing agent of 

Silver nitrate from leaf extracts leads to the 

formation of silver nanoparticles. Major success of 

such silver nanoparticles synthesised from biogenic 

extract is that it is alternative to chemical synthesis 

and is nontoxic, safe and low-cost process. Silver 

nanoparticles were characterized by Colour change 

and UV- vis Spectrophotometer readings. The 

Confirmatory analysis was performed by 

Transmission Electron Microscope (TEM) and 

Scanning Electron Microscope (SEM). These 

nanoparticles have antimicrobial properties too. 
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