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Abstract: Nanotechnology is a science which deals with particles in the 
nanometre size range. They made from different metals such as copper, silver, 
zinc, gold, platinum etc. Gold nanoparticles have been synthesised at large 
scale due to their wide applications in diagnostics, treatment, food safety and 
forensic areas. Nanoparticles are synthesised using different strategies such as 
chemical synthesis, biogenic synthesis and via biological sources like plants, 
bacteria, algae, fungi. They are used because of their low toxicity and 
biocompatibility. Chemical synthesis methods have problems like toxicity so 
the stimulus of synthesis has shifted from physical and chemical processes 
towards ‘green’ chemistry and bioprocesses. Use of plant extracts has been 
increased widely for synthesis of gold nanoparticles. Microorganisms like 
bacteria, yeast, fungi, algae and blue green algae have been used mainly for 
synthesising gold nanoparticles. 
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1 Introduction 

Nanotechnology is an attractive field of science interconnected with various other fields 
of science. Nanotechnology is concerned with the application of 0.1–100 nm sized 
materials. Materials of nano size have completely different properties as compared to its 
native size or its abundant form. Nanoparticles hold great importance in the scientific 
world because they are capable of combining bulk materials and molecular constructs 
(Pacheco-torgal and Jalali, 2015). Nanoparticles are formed when 1 g of gold is 
transformed to nanoscale particles, which have the ability of expanding over an area of 
100 km2 (Buffat and Borel, 1976). Several attractive properties of gold nanoparticles 
(AuNPs) have made them more important in the past. AuNPs have strong surface 
plasmon, catalytic behaviour, redox activity, due to this reason it has been widely used 
over the past few years. These AuNPs are widely used in medicinal diagnostics, imaging, 
optical, and forensic areas (Han et al., 2013). Gold is a valuable, biocompatible metal. In 
ancient times, colloidal gold was used as a drinkable solution for its therapeutic 
properties for several diseases (Daniel and Astruc, 2004). 

For the economical, energy-efficient, and nontoxic production of AuNPs, many  
bio-mimic processes, utilising plants, algae, fungi, bacteria, and yeast, have been used. 
Various approaches which includes the employment of external chemical reductants such 
as sodium citrate or NaBH4 which reduces tetrachloroauric acid to produce AuNPs, are 
known for the production of various unwanted side products which are the cause of 
nanoparticles contamination. Herein, there are various functionalising agents being 
recently introduced which acts as a potent reducing agent as well as an effective stabiliser 
for AuNPs (Khan et al., 2013). The AuNPs have broad range of applications in the field 
of biomedicine, catalysis and photoelectronic materials. Nanomaterial technology is 
aimed at producing metal nanoparticles for accomplishing their many applications in the 
field of biology, photonics and in the production of sensor devices. Due to antibacterial 
properties and large surface area to volume ratio and biocompatibility, nanoparticles are 
considered as most promising for various purposes e.g., cancer and arthritis treatment 
(Ahmed et al., 2016). 

2 Synthesis 

2.1 Chemical methods 

In order to obtain different shapes of semiconducting systems, high temperature solution 
methods were used. Two different colloid chemical synthetic protocols were used (Chen 
et al., 2003). They formed mixture of branched gold nanoparticles. From rod to branched 
structures were formed by the solution based chemical route. This method produces high 
yield of Au particles at room temperature. Au particles were formed in the presence of a 
single surfactant in aqueous solution. Au particles were synthesised by preparing aqueous 
growth solutions with the combination of CTAB, HAuCl4, ascorbic acid with subsequent 
addition of small quantities of AgNO3. Monodispersed Au nanoparticles were produced 
by adjusting the concentrations of all the four reactants. Hexagonal and cubic 
nanoparticles were produced in very high yield about 90% at room temperature (Sau and 
Murphy, 2004). 
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2.1.1 Synthesis of octahedral gold nanoparticles 

One pot, non-seeding method was used to prepare gold octahedral nanoparticles at room 
temperature, it successfully prepares gold octahedral nanoparticles in a very high yield. 
High concentration of CTAB produces octahedral nanoparticles whereas in the high 
concentration of CTAB, ascorbic acid reduces HAuCl4. Moreover, CTAB acts as a 
stabilising and templating surfactant whereas ascorbic acid acts as a reducing agent which 
reduces CTAB-Au3+ complex to Au+. Due to the fact, both CTAB and ascorbic acid are 
extensively employed for the synthesis of various shapes of gold nanoparticles. Au seeds 
are widely used for the reduction of Au+ to Au0 (Johnson et al., 2002). Threshold energy 
of the reaction was decreased by the Au seeds i.e., Au seeds act as catalysts for the 
growth of particles. Gold nanoparticles are hardly to be produced without Au seeds 
especially in the densely surfactant-containing solution. Ascorbic acid is a mild reductant 
due to which low concentration and slow growth kinetics of the colloidal particles were 
observed while the process was not catalyzed by any pre-synthesised Au seeds. When a 
small amount of H2O2 was added to the reaction it produces high yield Au octahedral 
particles. H2O2 is a strong oxidising agent and it can also reduce gold ions to synthesise 
AuNPs. Activation of reduction-oxidation reactions of ascorbic acid is done by H2O2 
rather than reduction of HAuCl4 (Cao et al., 2008). 

2.2 Biological methods 

The impetus of synthesis has shifted from physical and chemical processes towards 
‘green’ chemistry and bioprocesses (Vigneshwaran et al., 2007). Toxic chemicals are not 
used for biosynthesis of gold nanoparticles so, it is environmentally safe. Gold 
nanoparticles can be synthesised by the extracts of biological systems e.g., microbes, 
plant, fungi and microbe extracts (Tiwari et al., 2011). 

2.2.1 From plants 

Plants parts are taken, cut and washed for the synthesis of gold nanoparticles for the 
production of nanoparticles from plant source material. Extract is obtained by boiling of 
plant parts in water. With the purification of extract is done by centrifugation and 
filtration. For the production of gold nanoparticles gold salt is used under different 
conditions of temperature and pH in different ratios. For the conversion of auric salt 
solutions into gold nanoparticles it is mixed with extract at 25 Celsius. There is no need 
for the addition of stabilising agents because phytochemicals are reducing agents. Change 
in colour is visualised when the reaction mixture is incubated and is converted into metal 
salts. These can be separated by filtration and centrifugation and can be used for further 
use (Ahmed et al., 2016). 

Use of plant extracts is getting common due to their eco friendliness and these 
processes can also be suitable for large scale synthesis of NPs. The use of 
environmentally benevolent plant material suggested massive advantages of Eco 
friendliness and suitability for biomedical and pharmaceutical applications (Govindaraju 
et al., 2011). 
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Neem leaf broth is used to synthesise gold NPs. The reduction of sugar and 
terpenoids in the neem leaf broth make the formation of pure metallic nanoparticles 
possible (Shankar et al., 2004). Geranium leaves and lemon grass extract are used to 
synthesise AuNPs (Shankar et al., 2004). Tamarind leaf extract is used for the synthesis 
for Au nanorods (Taylor et al., n.d.). AuNPs are synthesised within live alfalfa plants and 
this technique can be very proficient in the decontamination of soil contaminated with 
heavy metal ions (Parsons et al., 2002). Magnolia kobus and Diopyros kaki leaf extracts 
are used for the rapid synthesis of AuNPs (Song et al., 2009). Tea leaves were used to 
synthesise gold nanoparticles (Nune et al., 2009). For the formation of gold nanoparticles, 
a source for phytochemical reservoir is soybeans (Shukla et al., 2008). For the rapid 
synthesis of gold nanoparticles, banana peel extract is an efficient material. 

Seasonal variations affect the synthesis of nanoparticles by using leaf extract. Horse 
gram (M. uniflorum) is sovereign crop of seasonal variations. Horse gram is a dry land 
legume crop which grows mainly on the lands where it is difficult to grow crops. 
Different parts of this plant are used for the treatment of heart disorders, respiratory 
disorders, urinary systems disorder, etc. To control cholesterol level of human body, a 
water soup of horse gram is effective. Phenolic compounds serve as reduction power for 
nanostructure (Chavan et al., 2010) so, the choice of plant material is dependent in the 
presence of cholesterol in the plant. Phenolic contents serve as an antioxidant which helps 
to reduce gold cations to AuNPs. This is an easy, inexpensive, safe and effective 
technique to synthesise gold NPs (Aromal et al., 2012). 

2.2.2 From microbes 

Micro-organisms can be used for biosynthesis of gold nanoparticles either extracellularly 
or intracellularly. Extracellular method is most popular as it eliminates various processing 
steps required for recovery of gold nanoparticles. In extracellular biosynthesis, after the 
subculture of micro-organisms for 1–2 days, the culture is centrifuged to remove the 
biomass. The gold nanoparticles can be synthesised by adding supernatant to auric salt 
solution. The gold nanoparticles synthesis can be monitored by change in colour of 
culture media from ruby red to deep purple colour. After bio reduction, the gold 
nanoparticles can be collected by similar methodologies as in plant extract mediated 
synthesis. Synthesis of gold nanoparticles using biogenic agents (plants and  
micro-organisms) is an eco-friendly method and this method requires only a short period 
for the conversion of metal ions into nanoparticles (Ahmed et al., 2016). 

Such microorganisms have recognised which are eco-friendly. Gold nanoparticles are 
synthesised by microorganisms because microbes have a great potential for productions 
of NPs (Mukhopadhyay and Sarkar, 2006). Microbes like yeast, bacteria, and fungi are 
being widely used in the biosynthesis of AuNPs because microbes have a great potential 
to reduce toxic metals under stress conditions so they play a vital role in the remediation 
of toxic metals. Metal ions are reduced to metals by various microbes (Sastry et al., 
2003). The process of active metal conversion is speeded up if the enzymes are present in 
compatible microbes. The microorganisms undoubtedly play a vital role in providing 
assembly of nucleation centres. The condition for a highly disperse nanoparticles system 
is achieved by microbes. The microbes slow down or avoid collection by providing a 
viscous medium (Melillo et al., 2002). 



   

 

   

   
 

   

   

 

   

   74 F. Javeria et al.    
 

    
 
 

   

   
 

   

   

 

   

       
 

2.2.2.1 From bacteria 

Magnetite nanoparticles are prepared by magneto-tactic bacteria (Lowenstam, 1981) and 
gypsum and calcium carbonate layers are prepared by S-layer bacteria (Pum and Sleytr, 
1999). 

Methanotrophs are a group of Gram-negative bacteria. Methanotrophs use methane as 
energy source. Methanotrophs use methane monooxygenase enzyme to oxidise methane. 
Copper regulates the activity of methane monooxygenase (Hanson and Hanson, 1996). 
Methanobactin (Mb) is secreted by methanotrophs. Methanobactin is a small,  
copper-binding peptide. Methanobactin extracts and uptakes copper outside the bacterial 
cell (Balasubramanian and Rosenzweig, 2008). A number of metals such as gold, iron, 
nickel, zinc, cobalt, cadmium,mercury and uranium can also be fixed with Mb. Au(III) 
can be reduced to Au(0), and Au(0) remains attached with the Mb. By transmission 
electron microscopy (TEM) the examination of Au-Mb complexes shows very little to 
zero detection of nanoparticles. Gold nanoparticles were observed if Au-Mb sample 
solutions were centrifuged or exposed to one freeze thaw cycle (Choi et al., 2006). For 
the preparation of monodispersed gold nanoparticles, a one-step synthetic scheme is used. 
It is demonstrated that gold nanoparticles can be rapidly formed if hydroquinone is 
provided as a reductant. Mb is responsible for the catalysed reduction of Au(III) and the 
stabilisation of gold nanoparticles. By adjusting the ratio of Au(III) to Mb in solution the 
size can be tuned. The nanoparticles formed are homogeneous, spherical in shape. The 
nanoparticles will not aggregate and remain stable even after several months (Xin et al., 
2013). 

2.2.2.2 From fungi 

By using Aspergillus niger NCIM 616 extracellular biosynthesis of stable AuNPs was 
done. This fungus was previously used in submerged fermentation for the production of 
squalene. Gold nanoparticles were stabilised by the secretion of proteins in aqueous 
filtrate. The bio-synthesis of nanoparticles has advantage over other methods presently in 
use. Nanoparticles have great advantage due to their relative stability in the solution. This 
study paved the way towards the production of a simple bioprocess for the synthesis of 
AuNPs (Bhambure et al., 2009). 

Use of fungal systems in extracellular biosynthesis of AuNPs has advantages like 
homogeneous catalysis and non-linear optics. This fungal system is free from any 
harmful chemicals or solvents. There are various parameters for the production of 
AuNPs, however, the important parameters include pH and temperature (Sanghi and 
Verma, 2009). 

The production of AuNPs was confirmed by visual monitoring. Three different 
solutions of fermented filtrate of Aspergillus niger NCIM616 in aqueous form, AuCl3 
solution, and reaction mixture of the aqueous filtrate with AuCl3 were employed for the 
synthesis of gold nanoparticles (Bhambure et al., 2009). 

A change in the original colour of mixed supernatant of auric chloride (fungal 
aqueous filtrate and the AuCl3 solution) into dark purple after incubation for 24 hours 
was observed. The dark purple colour in solution is a conformation of the production of 
AuNPs (Underwood and Mulvaney, 1994). 
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2.2.2.3 From algae and blue green algae 

Algae have the advantage over other microorganisms due to high resistance under severe 
environmental conditions. The synthesis of AuNPs from algae takes place under normal 
conditions in water which is environmentally friendly and economical, because any 
poisonous chemicals are not the part of AuNPs synthesis. The various advantages of 
AuNPs synthesis using algae include simplicity, low cost, cleanliness, non-poisonous and 
environmentally friendly nature (Khan et al., 2018). AuNPs were produced from algae 
Chlorella vulgaris (Ting et al., 1995), Sargassum wightii (Singaravelu et al., 2007) and 
Plectonemaboryanum (Lengke et al., 2006). The production of AuNPs involves the 
exploitation of aqueous filtrate of marine algae Gracilariacorticata which acts as a 
reducing agent. The results were confirmed by the use of UV-visible spectroscopy and 
scanning electron microscopy (Synthesis et al., 2013). 

By interacting Sargassum muticum extract, the green biosynthesis of AuNPs was 
done. This method reported in vitro anticancer activity in human leukemia cell lines 
(Namvar et al., 2015). Green algae Pithophoraoedogonia was used as reducing agent for 
the biosynthesis of AuNPs. During this method, Au salts interact with algal extract within 
one hour in the formation of AuNPs. They showed admirable electrolytic activity towards 
the determination of carbendazim in soil (Li and Zhang, 2016). Red seaweed porphyran 
was used as a reducing agent for the one pot, size-controlled biosynthesis of AuNPs. 
Porphyran is derived from red algae of the porphyra. It is a sulphated carbohydrate. The 
manufactured AuNPs were used as a vehicle for the delivery of an anticancer drug. For 
the controlled biosynthesis of AuNPs, Porphyrin was used as a reducing agent and has 
biological potential as a vehicle for the delivery of anticancer drug (Venkatpurwar et al., 
2011). 

3 Applications 

Applications of AuNPs have become widespread in several fields like pharmaceuticals, 
biomedical, catalysis, drug delivery and antimicrobial etc. due to their enhanced 
properties. 

3.1 In cancer diagnostics 

Lipid and polymeric nanoparticles encapsulate the therapeutic molecule to increase drug 
solubility. Due to the fast and simple preparation and bio conjugation, AuNPs are most 
important. Gold nano-spheres are prepared by reduction of auric acid with sodium citrate. 
Gold nanorods are developed by gold ionisation and reduction. Due to the enhanced 
optical property they are used in cancer therapy and phototherapy. The molecular specific 
cancer can be detected and diagnosed by using gold nanoparticles. Light scattering 
imaging, two-photon luminescence imaging, and plasmonic photo-thermal therapy etc. 
AuNPs have light scattering property and due to this they are used in cancer therapy. 
Expose that molecularly targeting to cancer tissues done by conjugation with  
anti-epidermal growth factor receptors antibodies (Tiwari et al., 2011). 
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3.2 Food safety screening 

The gold nanoparticles due to their physiochemical properties are used in food safety 
screening technologies by forming covalent and non-covalent bonds with target 
substance. Calorimetric sensors based on gold nanoparticles have high sensitivity and are 
widely applied in real time on-site monitoring for food quality and safety (Liu et al., 
2018). 

3.3 In gene delivery 

The problems facing during viral vectors thus now can be solved by using  
non-viral systems as metallic nanoparticles. AuNPs of different shapes protect the nucleic 
acid by protecting DNA and RNA from degradation by nuclease. AuNPs by forming 
conjugation with oligonucleotides make potential gene regulatory system. 

3.4 In agri-food 

Nanosensors are used to check the quality of food products and in bacteria identification. 
In 2004 through the cellular injection the rice colour changed cellular injection with 
carbon nanofibres having DNA used to genetically modify rice to increase food 
production, and phytomedicine content in fruits the based nanoparticle fullerol 
(C60(OH)20) used as causal factor. Metals (palladium, gold and platinum) are used as 
nanobiosensors in agricultural food production. This is to extract gold from a crop such 
as alfalfa grown in AuCl4 through which the plant absorbs gold metal. 

3.5 In poultry production 

Gold nanoparticle-based diagnosis kits locate influenza virus by using nanotechnology so 
the poultry production becomes safe and faster. Nanobiotic silver has antimicrobial 
property in poultry. 
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