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ABSTRACT

The use, formation and manipulation of materials at nanoscale level is known as Nanotechnology, which change 
their properties at nanoscale. The nanoscale materials can be synthesized by using physical and chemical processes. 
Size, shape, morphology, stability and properties of nanoparticles can have direct impact on their potential appli-
cations. The design of an eco-friendly, time effective and economic synthesis method with easy control over their 
essential properties has become a leading area of research. Now a days, the biological entities are employed to 
improve nanoparticles production without the use of any harsh chemicals. The biological synthesis of nanoparticles 
is an eco-friendly method. Nanoparticles have broad range of applications such as optical, electronics, electrical, 
medical, environment, textile, energy science, optoelectronics, catalysis, single electron transistors, light emitters, 
nonlinear optical devices, photo-electrochemical applications, cosmetics and food industries owing to their unique 
physiochemical properties. The aim of this critical review is to provide an insight into the ecofriendly synthesis of 
nanoparticles with signifi cant applications in various fi elds.
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INTRODUCTION

The mechanical, magnetic, electrical and optical proper-
ties of materials having particle size between 0.1 and 100 
nm can be different from the same materials at larger 
size. Now scientists are changing the form and size of 
materials at nano scale level to recognize the uncommon 
properties of the material. Metal nanoparticles like gold, 

titanium, titanium oxide, zinc oxide, iron, copper, silver 
and platinum are widely used in various domestic and 
commercial products. Silver nanoparticles are of interest 
owing to the distinctive properties which may be assimi-
lated into antimicrobial applications, cosmetic products, 
biosensor materials, refrigerant super-conducting mate-
rials, composite fi bres and electronic components. Gold 
nanoparticles are presently under intensive study for 
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Table 1. Various bacterial entities responsible for the synthesis of nanoparticles

Biological entity
Size of 
nanoparticles

Type of 
Nanoparticle

Extracellular/ 
intracellular 

References

Bacteria

Pseudomonas aeruginosa 30-40nm Silver Extracellular Jeevan et al., (2012)

Lysinibacillus varians. 10-20nm Silver Extracellular Bhatia et al., (2018)

Burkholderia fungorum 95-100nm Gold Extracellular Khoei et al., (2017)

Lactobacillus casei 50-80nm Silver Intracellular Xu et al., (2018)

Fungi

Aspergillus niger 15-80nm Silver Extracellular Elegbede et al., (2018)

Helminthosporium sp. 15-20nm Silver Extracelluler
Lachmapure et al., 
(2017)

Cladosporium cladosporioides 10-20nm Gold Extracellular Joshi et al.,(2017)

Pestalotiopsis microspora 2-10nm Gold Extracellular Netala et al., (2016)

Plants

Viburnum lantana 2- 80 nm Silver Leaves Shafaghat (2015)

Tinospora cordifolia 60nm Silver Stem Selvam et al., (2017)

Vitis viniera 10-80 nm Silver Fruit Ahmed et al., (2016)

applications in ultrasensitive chemical, optoelectronic 
devices and biological sensors and as catalysts, (Perez 
et al., 2012 Khoei et al., 2017 Xu et al., 2018 ). 

Evaporation-condensation and optical device abla-
tion are the leading physical approaches for the synthe-
sis of nanoparticles. However, Physical-chemical tech-
niques of synthesis have many diffi culty in scaling-up 
the process, separation and purifi cation of nanoparti-
cles. Microorganisms have been utilized in biotechnol-
ogy implementations like bioremediation and bioleach-
ing (Stephen et al., 1999). Microorganisms are able to 
carry out a range of oxidoreduction mechanisms and 
promote biochemical translation (Sastry et  al., 2004). 
The biological methods are responsible for the synthe-
sis of mono-dispersed silver nanoparticles starting from 
5 to 15 nm in size (Karthik et al., 2014, Hassan et al., 
2018). Now a days, biological methods are used for the 
synthesis of nanoparticles, to construct the sustainable 
processes, which do not produce any harmful chemi-
cals in to the environment. The plants and microorgan-
isms used for the synthesis of nanoparticles are listed in 
Table 1. 

Actinomycetes and Algae

Biogenesis of metal nanoparticles by using actinomy-
cetes and algae is seeking attention since decade due 
to their unique property of intra and extra cellular syn-
thesis of nanoparticles (Abdeen et  al., 2014). Reduc-
tion of metal ions may be due to interacting enzymes 
being released from the cell membrane and cell wall. 
Actinomycetes mediated synthesis of copper oxide 
nanoparticles and study for its antibacterial activity 

against selected human and fi sh pathogens was reported 
by Nabila et al., (2018). In algae mediated synthesized 
nanoparticles decahedral, polyhedron and tetrahedral 
structure were observed (Luangpipat et al., 2011). Raja-
sulochana et al. (2010) reported the synthesis of silver 
nanoparticles by using Kappaphycus alvarezii. Senapati 
et al. (2012) reported the intracellular synthesis of silver 
nanoparticles via Tetraselmis kochinensis. Castro et al. 
(2013) reported the use of red Chondrus crispus and 
green algae Spirogyra insignis for the synthesis of gold 
and silver nanoparticles.

Bacteria and Fungi

Ability of bacteria to survive in diverse and sometimes 
extreme environmental situations renders them a suit-
able candidate for nanoparticles synthesis. Survival in 
these harsh conditions ultimately depends on their abil-
ity to resist the effects of environmental stresses. Bac-
teria are able to synthesize metallic nanoparticles by 
either intracellular or extracellular mechanisms. The 
various bacterial species were reported to synthesize the 
nanoparticles such as Actinobacter sp., Escherichia coli, 
Klebsiella pneumonia, Lactobacillus sp., Bacillus cereus, 
Corynebacterium sp. and Pseudomonas sp. (Mohanpuria 
et al., 2008; Iravani et al., 2014; Sunkar et al., 2014; Tol-
lamadugu et al., 2011). The silver nanoparticles were syn-
thesized by Pseudomonas stutzeri AG259 by reduction 
of Ag ions (Ahmad et al., 2003). Husseiny et al. (2007) 
reported extracellular synthesis of silver nanoparticles 
by using Pseudomonas. Sneha et al. (2010) reported that 
Corynebacterium sp. shows a non-enzymatic reduction 
mechanism in nanoparticle synthesis. The dried biomass 



136 BIOLOGICAL ECO-FRIENDLY SYNTHESIS OF NANOPARTICLES AND THEIR APPLICATIONS  BIOSCIENCE BIOTECHNOLOGY RESEARCH COMMUNICATIONS

Vivek Singh et al.

of Lactobacillus sp. and Bacillus megaterium reduced 
silver ions using interaction of molecules present on the 
cytomembrane to produce silver nanoparticles (Fu et al., 
2000). 

Fungi being able to secrete large amounts of enzymes 
and proteins per unit of biomass can be utilized for 
synthesis of huge amounts of nanoparticles (Naray-
anan et al., 2010). The Aspergillus sp., Fusarium sp. and 
Penicillium sp. have been reported for their biosynthetic 
ability of silver and gold nanoparticles (Vigneshwaran 
et al., 2007; Shankar et al., 2003; Philip et al., 2009). The 
extracellular synthesis of silver nanoparticles by using 
Aspergillus fumigatus has been reported (Bhainsa and 
D’Souza, 2006). The biological synthesis of Au nanopar-
ticles was carried out by reduction of Au ions by using 
Trichothecium sp. biomass (Ahmad et  al., 2005). The 
extracellular synthesis of nanoparticles due to its pro-
teins discharged by fungal biomass was reported (Mac-
donald et al., 1996). Bansal et al. (2007) reported that 
Fusarium oxysporum synthesized silica and titanium 
nanoparticles from binary compound solutions of SiO6

2- 
and TiF6

2- respectively. 

Viruses, Yeast and Plants 

The virus capsid proteins make an extremely reactive 
surface able to interact with metallic ions (Makarov 
et al., 2014). The selection of proteins will act as attach-
ment area for the deposition of materials (Kobayashi 
et al., 2012). In virus mediated synthesis, size was sig-
nifi cantly reduced along with increase in their numbers 
as compared to non viral mediated synthesis (Makarov 
et al., 2014). The low concentrations of TMV’s were sup-
plementary to silver or gold salts before adding plant 
extracts of Nicotiana benthamiana or Hordeum vulgare. 

Yeasts can absorb and accumulate significant amounts 
of toxic metals from their surrounding environment 
(Mandel et al., 2006). Due to this property, yeast has been 
exploited for synthesis of metal nanoparticlesn. Yeasts 
use different mechanism for the synthesis and stability 
of nanoparticles which leads to variation in particle size, 
location and properties (Hulkoti et  al., 2014). Dameron 
et al. (1989) reported Candida glabrata mediated intracel-
lular synthesis of CdS quantum dots. Schizosaccharomy-
ces pombe cells were used for the synthesis of CdS quan-
tum dots (Reese et al., 1998). The intracellular synthesis of 
PbS quantum dots was carried out by Torulopsis sp. when 
exposed to Pb2- ions (Kowshik et al., 2002). 

Plants mediated synthesis is a relatively simple, less 
time consuming, cost effective and an ecofriendly pro-
cess. The process begins by mixing a sample of plant 
extract with a metal salt solution. In plants medi-
ated synthesis of nanoparticles, metal ions changed 
from mono or divalent oxidation states to zero-valent 
states. As growth progresses nanoparticles combine to 

form different morphologies (Akhtar et al., 2013; Malik 
et al., 2014). The plants extract properties and incuba-
tion temperature significantly influence the synthesis of 
nanoparticles (Dwivedi et al., 2010). The plant mediated 
nanoparticles synthesis are to be safe, less synthesis time 
and lesser cultivation value as compare to biological 
systems (Mittal et al., 2013).

Applications of nanoparticles

One of the major applications of nanotechnology is in 
biology and medicine. Nanoparticles are used for detec-
tion of pathogens (Edelstein et al., 2000), detection of 
proteins (Nam et  al., 2003), analysis of DNA structure 
(Mahtab et  al., 1995), Tissue engineering (Ma et  al., 
20039, de la isla et al., 2003). Now days, superbugs with 
multi drug resistance are major threat to human being. 
Nanotechnology can be a solution to combat antimicro-
bial drug resistance. Nanotechnology provides synthesis 
and design strategies to develop antimicrobial nanother-
apeutics to fi ght the trouble of antimicrobial resistance. 
The large surface area-to-volume ratio at nanoscale 
may be the reason of antimicrobial mechanism against 
a broad spectrum of microorganisms. Nanoparticles can 
also be manipulated for effective and targeted delivery 
of drugs and imaging labels by overcoming the many 
biological, biophysical, and biomedical barriers. Nano-
particles has been also employed for targeted drug deliv-
ery at the tumor site or a certain group of cells with-
out affecting non target cells (Huang, et al., 2015 Shen 
et al., 2016, Escarcega et al., 2018). 

The silver nanoparticles accumulate in tumours and 
their distinctive optical and chemical properties may be 
utilized in thermal treatment procedures (Hirsch et al., 
2003). Nanoparticles have been used in anti-odour 
clothes, furnishings textiles, kitchen cloths, sponges, 
towels, antibacterial drugs, patient dresses, reusable sur-
gical gloves, protecting face masks, suits against biohaz-
ards, cosmetic products, toothbrushes, ultra hydrophobic 
materials with potential applications within the produc-
tion of extremely water repellent materials, bactericide 
material to coat hospital instrumentation, antitumor 
medication, active wear, food packaging and waste 
water treatments (Pissuwan et  al., 2009, Cheng et  al., 
2010, Lee et al. 2007, Ramaratnam et al. 2008, Hassan 
et al., 2012). TiO2 nanoparticles, as a result of their anti-
bacterial activity, are utilized in antibacterial coatings 
and effl uent disinfection processes (Miller et al., 2012). 
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