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Abstract  

In this modern era the use of nanoparticles has increased in biomedical science, drug delivery, food 

industry, and agriculture. This has led to the development of various approaches for the synthesis of 

nanoparticles. But the conventional methods used for the fabrication of nanoparticles have some 

limitations such as high energy consumption, high cost, and environmental hazards. Hence the need for 

the development of alternative approaches is in demand. Green synthesis is a promising approach that is 

clean, nontoxic, cheaper, and ecofriendly for the synthesis of nanoparticles.  

Keywords: 1. nanoparticles 2.fabrication 3. Green synthesis 

1. Introduction 

Nanoscience is the basis for the development of nanotechnology. Nanotechnology is an emerging field of 

science, which deals with nano scale objects. It allows the production and manipulation of atoms and 

molecules at nanoscale dimensions. The term nanotechnology was first given by the Professor Noro 

Taniguchi of Tokyo University of Science in 1974. (Singh et al., 2010). Nanotechnology is an auspicious 

field dealing with the synthesis and applications of nano size particles of 1 – 100 nm. Nanotechnology has 

two crucial aspects (1) To synthesize nano size materials and (2) Use of nanomaterials for the desired 

purpose. Nanotechnology has founduse in various disciplines like physics, biology, chemistry, material 

science, and engineering. (Khan and Rizavi., 2014). Recently, astonishing success was observed in the 

research due to nanotechnology. (Ghozali et al., 2015). 

 

2. Nanoparticles 
Nanoparticles are particles of nanometer size that has a large surface to volume ratio which increases their 

reactivity and biochemical activity. Nanoparticles have unusual and novel properties and as result applied  

in the fields of biotechnology, medical, sensors, catalysis, optical devices, DNA labeling, and drug 

delivery.  Due to the small size nanoparticles show different properties such as sensitivity, stability, high 

reactivity, strength, surface area, etc. Nanoparticle synthesis is not a simple process as it requires specific 

skills and facilities according to the method chosen for its synthesis (Khan and Rizvi, 2014) (Ghozali et 

al., 2015). 

3. Classification of Nanoparticles 

Nanoparticles are classified into three categories organic, inorganic, and carbon based nanoparticles.  

3.1.Organic nanoparticles mean they are made up of carbon plus other atoms. They are also known 

as polymers. Examples of organic nanoparticles are liposomes, dendrimers, micelle, ferritin, etc. 

Mostly these are used in the biomedical field for drug delivery.  

 

3.2.Inorganic nanoparticles are particles that do not contain carbon atoms. They are further 

classified into two categories (1) Metal based nanoparticles and (2) Metal oxide based 

nanoparticles.  

 

3.2.1. Metal based nanoparticles mean the nanoparticles fabricated from the metal and mostly used 

metals are aluminum (Al), silver (Ag), zinc (Zn), gold (Au), cobalt (Co), lead (Pb), copper 

(Cu), and iron (Fe).  

 

3.2.2. Metal oxide based nanoparticlesare synthesized because of their high reactivity and 

efficiency which is achieved by the changing of the properties of the relevant metal based 

nanoparticles. 
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3.3.Carbon based nanoparticles are those which only contain carbon atom, for example, carbon 

nanotube, carbon nanofiber, and Carbon black. (Ealia  and Saravanakumar , 2017) (Xu et al., 

2006). 

4. Approaches For Synthesis of Nanoparticles 

Specifically, two approaches Top down approaches and Bottom up approaches are used for the synthesis 

of nanoparticles. Figure 1 shows the schematic representation of the top-down and bottom-up approaches 

for the fabrication of nanoparticles. 

4.1.Top down approaches are the procedures in which some parts of the bulk materials are removed 

and this removal is done by chemical, mechanical, electrochemical, etc., depending upon 

requirements. Most of the conventional methods are top down approaches like milling, grinding, 

etc. (Singh et. al., 2010).  

 

4.2.Bottom up approaches are to make material from atoms to clusters to particles. Different 

methods used to achieve this are sol-gel, spinning, pyrolysis, chemical vapor deposition, 

biosynthesis methods, etc.  

 

 
Fig. 1 Top down and Bottom up approaches for nanoparticle synthesis (Ealia and Saravanakumar, 

2017) 

 

5. Methods for nanoparticle synthesis  

Nanoparticles used for commercial purposes are mostly synthesized by conventional methods. Physical 

and chemical methods are the conventional methods widely used but are found too expensive. Physical 

methods such as ultrasonication, irradiation, laser ablations, etc are used for nanoparticle synthesis. 

Chemical methods used for nanoparticle synthesis are chemical reduction, condensation, sol-gel method, 

etc. These approaches are not eco friendly and sometimes toxic compounds are released during their 

formation. These compounds have an adverse effect on human health as well as on the environment 

(Sandhu et al., 2019).Green nanotechnology are an alternative approach that minimizes human health and 

potential environmental risk. This method synthesizes nanoscale material through green chemistry and 

green engineering (Eckelman et al., 2008). A green synthesis is a biological approach for the synthesis of 

nanoparticles using environmentally benign materials like plants, bacteria, actinomycetes, fungi, algae, 

etc. The biological approach is eco friendly, cost effective and can be easily scaled up. Figure 2 shows the 

different types of Physical, Chemical, and biological methods used for nanoparticle synthesis. 
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Fig. 2. Different methods used for Nanoparticles synthesis 

 

6. Green Synthesis of Nanoparticles 

There are numerous methods used for the synthesis of nanoparticles, physical, chemical, and biological 

methods. The drawback of the physical method is high energy consumption for maintenance of 

temperature and pressure during its synthesis. (Chen, 2003). Chemical methods require a short time and 

produce large amounts of nanoparticles but are expensive, outdated, inefficient, and produce hazardous 

toxic waste as byproducts that are not environmentally benign. Apart from these, the biogenic approach is 

the most convenient for the production of nanoparticles as it produces notoxic substances. Also,the 

advantage of using this method is the omni presence of the materials used in the production of 

nanoparticles and easily available in sufficient quantities.  The green route is more reliable as compared to 

the other methods as it is not energy intensive. (Xiangqian et al., 2011, Vithiya and Sen 2011). 

Nanoparticles synthesized from biological methods are classified into two categories based on their 

locations synthesized (1) Intracellular nanoparticles and (2) Extracellular nanoparticles (Mann, 2001). 

Plants, bacteria, algae, fungi, etc are used for biological methods (Table 1). Biological approaches for the 

fabrication of nanoparticles are bottom up approaches due to the results of reduction or oxidation 

reactions. 

Methods of 

Nanoparticles 

Synthesis 

Physical Methods 

1. Ultra Sonication 

2.  Irradiation 

3.  Laser ablation 

4.  Microwave 

5. Electrochemical 

6. Ball milling 

 

 

Biological Methods 

1. Bacteria 

2. Fungi 

3. Plants 

4. Algae 

5. Actinomyceties etc. 

Chemical Methods 

1. Chemical reduction 

2. Condensation 

3. Sol Gel method 

4. Precipitation 

5. Laser pyrolysis 
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Table1: Green synthesis of Nanoparticles 

Sources Name of the organisms Type of 

nanoparticles 

produced 

References 

 

 

Bacteria 

 

 Escherichia coli 

Ag Divya et al., 2016 

Desulfovibrio desulfuricans Pd Deplanche et al., 2008 

Pseudomonas aeruginosa Au Husseiny et al. 2007 

Desulfovibrio desulfuricans NCIMB 

8307 

Pt Yong et al., 2002 

 

 

Fungi 

Candia albicans Au Chuhan et. al., 2011 

Aspergillus niger Ag Jaidev and Narasimha, 2010 

Aspergillus terreus CZR-1  Ag Raliya and Tarafdar, 2012 

Fusarium oxysporum  TiO2& SiO2 Bansal et al., 2005 

 

 

Plant 

Ocimum gratissimum Ag Lakshmana prabhu et al., 

2017 

Sageretia Thea ZnO Mayedwa, Khalil, 

Mongwaketsi, et al., 2017 

Pterocarpus marsupium Ag Bagyalakshmi and Haritha, 

2017 

Solanum Lycopersicum Cu Batoool and Masood, 2017 

Algae Phaeodactylum tricornatum CdS Scarano & Morelli, 2003 

Shewanella algae Pt Konishi et al., 2007 

 

Actinomycete 
Streptomyces viridogens 

strain HM10 
Au Balagurunathan et al., 2011 

Streptomyces hygroscopicus Ag Sadhasivam et al., 2010 

Rhodococcus sp. Au Ahmad et al., 2003a and 

2003b 

 

 

 

6.1  Biosynthesis of  Nanoparticles from Bacteria 

Bacteria are widely used for the green synthesis of nanoparticles due to their fast growth and ease of 

genetic manipulation. Pseudomonas stutzeri isolated from silver mines are used for the synthesis of metal 

nanoparticles (Mohanpuria et al., 2008) (Klaus et al., 1999). Extracellular biosynthesis of silver 

nanoparticles using Escherichia coliwas reported by Manonmani and Juliet, 2011.Silver nanoparticles 

synthesized from Escherichia coli by reduction of Ag+ shows antimicrobial activity against Salmonella 

typhi, Bacillus subtilis, Klebsiella pneumonia, and Vibrio cholera as studied by Shaikmoideen et al., 

2016. Gold nanoparticles are used in imaging, as drug transporters, and in thermo treatment of biological 

targets (Cheon and Horace, 2009).Hybrid polymer-silver nanoparticle is an important functional tool in 

optical, thermal, mechanical, electrical, and antimicrobial applications (Ananth et al., 2011). Silver 

nanoparticles have many applications like therapeutics, catalysts, sensors, microelectronics and filters, 

high sensitivity biomolecular detection and diagnosis and antimicrobial agents (Raiet al., 2009). Sunkar 

and Nachiyar, 2012 reported the green synthesis of silver nanoparticles using Bacillus cereus isolated 

from the Garcinia xanthochymus. Extracellular gold nanoparticles synthesized from Pseudomonas 

aeruginosa was reported by Husseiny et al. 2007. Bacterial strain Aeromonas hydrophila formed 

spherical and oval shaped ZnO nanoparticles with an average diameter of 57.72nm (Jayaseelan et al., 

2012).  Bacterial isolate retrieved from the soil identified as Agrococcus sp. was used for the green 

synthesis of silver nanoparticles. Ag NPs are characterized through TEM which reveals that the particle 

size ranges from 5 to 80nm was reported by (Jangra et al., 2014). Dhandapani et al., 2014 reported the 

biological approach of ZnO NPs synthesis from Serratia ureilytica ( HM475278). Probiotic bacterium 

Lactobacillus plantarum VITES07 was used by Selvarajan and Mohanasrinivasan, 2013 for the green 

synthesis of zinc oxide nanoparticles. 
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6.2   Biosynthesis of Nanoparticles from Plants 

Different parts of plants like fruits, leaves, seeds, flowers, peels, bark, roots, etc are used for the synthesis 

of the nanoparticles. Santhoshkumar et al., 2014 discussed the synthesis of titanium dioxide nanoparticles 

from Psidium guajava. Biosynthesized TiO2 nanoparticles showed maximum antibacterial activity against 

Staphylococcus aureusas compared to Escherichia coli. Camellia sinensis aqueous leaf extract was used 

for iron oxide nanoparticle synthesis and the particles obtained were of 116 nm sizes as studied by 

Gottimukkala et al., 2017. Silver nanoparticles synthesized from Acalypha indica plant leaf effectively 

control water borne pathogenic bacteria (Krishnaraj et al. 2010). Copper nanoparticles were synthesized 

from the Punica granatumand reported by Kaur et al., 2016. Particle size ranging between 15-20 nm and 

evaluated to determine antibacterial activity against Micrococcus luteus, Pseudomonas aeruginosa, 

Salmonella enteria,and Enterobacter aerogens. Biosynthesis of copper nanoparticles by using a mixture 

of Zingiber officinale, Piper nigrum, and Piper longum was carried out and characterization was done 

using FEG-SEM with EDS, FTIR, HR-TEM, XRD, and was confirmedby UV-visible spectroscopy. 

Synthesized copper nanoparticles exhibited antimicrobial activity against Bacillus subtilis, Escherichia 

coli, Pseudomonas aeruginosa,and Staphylococcus aureus and showed high stability after six months at 

room temperature (Shah et al., 2019). Stable Au nanoparticles were synthesized by using Almond 

(Terminalia Catappa ) leaf extract as a reducing agent and the size of biosynthesized gold nanoparticles 

ranging from 10 to 35 nmwith average size of 21.9 nm (Ankamwar., 2010). Green synthesis of silver 

nanoparticles synthesized from the Citrullus lanatus fruit peel extract was reported by Ndikau et al., 

2017. TEM analysis reveals that the particles were spherical and average diameterof 17.96 ± 

0.16nm.Sesbania grandiflora leaf extract was used as a reducing agent for the green synthesis of zinc 

oxide and iron oxide nanoparticles. SEM analysis of zinc oxide nanoparticles reveals that particles were 

spherical in shape and size ranged from 15 to 35 nm while iron oxide nanoparticles were nonspherical and 

ranged from 25 to 60 nm. Biosynthesized nanoparticles are used for the treatment of seafood industry 

effluent for the efficient removal of organic pollutants. (Sorna and Kandasamy., 2018). Drumstick 

(Moringa oleifera) leaves are used for the production of ZnO nanoparticles. Formation and 

characterization of the particles was done by UV-VIS spectroscopy, FTIR, XRD, and SEM. Studies 

performed by Pal, et al 2018 using biosynthesized nanoparticles revealed their antibacterial activity 

against gram positive bacterium Bacillus subtilis and gram negative bacteria Escherichia coli. Plant-

mediated synthesis of AuNPs was performed using Chenopodium formosanum shell extract as a reducing 

and stabilizing agent and was reported by Chen et al., 2019. The synthesized Au NPs exhibit antibacterial 

activity against Escherichia coli and Staphylococcus aureus.The green ZnO nanoparticles of 

Catharanthus roseus synthesized under different physical conditionsrevealed its significant antibacterial 

activity against both gram positive and gram negative organisms, Staphylococcus aureus, Streptococcus 

pyogenes, Bacillus cereus, Pseudomonas aeruginosa, Proteus mirabilis, and Escherichia coli. (Gupta et 

al., 2018) 

6.3 Biosynthesis of Nanoparticles from Fungi 

Fungi are important in the biogenic approach due to the easy scale up process and as they produce 

extracellular enzymes which are easily recovered.  Silver nanoparticles synthesized from Aspergillus 

flavus, which size ranged from 8.92 ± 1.61 nm (Vigneshwaran et al., 2007). Trichoderma viride was used 

for the study of the influence of reaction temperature on the synthesis of silver nanoparticles. In this, the 

particle size decreased when an increase in temperature (Fayaz et al., 2010). Xue et al., 2016 mixed silver 

nitrate solution with Arthroderma flavum for the synthesis of silver nanoparticles. Ag NPs are confirmed 

by the UV- Vis analysis and characterization was done by XRD which revealed the diameter of particles 

of 15.5 ± 2.5 nm. They also reported the antifungal activity of AgNPs against Candida spp., Aspergillus 

spp., and Fusarium spp. Helar et al., 2015, observed that gold nanoparticles synthesized from Fusarium 

oxysporum have a good effect on seed germination and enhances seed viability in the agricultural field. 

Four Aspergilli species named A. fumigatus, A. clavatus, A. niger,and A. flavuswere used for the 

biological synthesis of silver nanoparticles by Zomorodian et al., (2016). Ag NPs from different fungal 

spp. were exhibit different particle sizes, 5 - 95 nm size for A. fumigatus, 25 - 145 nm for A. clavatus, 25 - 

175 nm for A. niger, and 45 - 185 nm for A. flavus.  A white rot fungus named Stereum hirsutumwas used 

for the fabrication of copper and copper oxide nanoparticles was documented by Cuevas et al., 2015. 

FTIR study suggests that the extracellular protein of fungus was responsible for the green synthesis of 

nanoparticles.  TEM analysis exhibit that the particles are spherical in shape and size was 5 to 20 nm. The 

biological synthesis of gold nanoparticles using intracellular protein extracts of Pycnoporus sanguineus 
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was reported by Shi et al., 2015. Biosynthesized Au NPs show catalytic activity and degrade 12.5 μmol of 

4-nitroaniline within 6 min. Shamsuzzaman et al., 2017 used Candida albicans as a capping and reducing 

agent for the fabrication of ZnO nanoparticles . Abdel Rahim et al., 2017 used Rhizopus stolonifer 

aqueous mycelium extract for the green synthesis of silver nanoparticles. Confirmation and 

characterization of nanoparticles was done XRD, FTIR, and TEM.  

 

6.4 Biosynthesis of nanoparticles from Actinomycetes  
Streptomyces are commonly found in the soil and belong to the order Actinomycetales. Actinomycetes are 

transitional forms between fungi and bacteria. The culture supernatant of Streptomyces albogriseolus was 

used for the production of silver nanoparticles. Only a few studies are done on the usage of actinomycetes 

such as Thermomonospora sp. (Ahmad et al., and Sastry et al., 2003) and Rhodococcus sp. (Otari et al., 

2012) for the synthesis of nanoparticles. Thermomonospora sp., and Rhodococcus sp., has been utilized 

for gold nanoparticle synthesis by extracellular and intracellular modes respectively (Ahmad et al., 2003a 

& 2003b).  

6.5 Biosynthesis of nanoparticles from Algae 

Algae are also widely used in biogenic methods to decrease the side effects of the physical and chemical 

methods. Algae possess functional groups and enzymes in their cell wall which act as a reducing agent for 

the reduction reaction. (Gade et al., 2008). Copper nanoparticles synthesized from the brown algae 

Sargassum polycystum display anticancer and antibacterial activity (Ramaswamy et al., 2016). Studies 

conducted by Jayashree and Thangaraju., 2015 on  Sargassum plagiophyllum  usingsilver nanoparticles 

showed antibacterial activity against Escherichia coli, Proteus vulgaris, Proteus mirabilis, Pseudomonas 

aeruginosa, Bacillus subtilis, Staphylococcus aureus, Vibrio cholera,and Enterococcus aerogens. 

Biological synthesis of copper and silver nanoparticles by using green Algae Botryococcus braunii has 

been reported by Arya et al., 2018. Characterization of nanoparticles was carried out by FTIR, SEM, 

XRD, and UV visible spectroscopy. Biosynthesized nanoparticles exhibit antibacterial and antifungal 

activity against Escherichia coli, Pseudomonas aeruginosa, Staphylococcus aureus, Klebsiella 

pneumonia,and Fusarium oxysporum. Silver nanoparticles synthesized from the red algae Laurencia 

papillosa revealed the antibacterial and antifungal activity against Bacillus subtilis and Aspergillus flavus 

(Omar et al., 2017). Sharma et al., 2014a used dried biomass of green alga, Prasiola crispa for the 

fabrication of extracellular Au NPs and characterization done by the FTIR. Red seaweed Gracilaria 

edulis was used for the green synthesis of copper oxide nanoparticles and was confirmed by UV 

spectroscopy. The synthesized nanoparticles characterization was done using different techniques X-ray 

spectrometry (EDX), Field emission scanning electron microscopy (FESEM), X-ray diffraction (XRD), 

and UV-visible absorption spectroscopy (Niji et al., 2018). 

7 Applications of Nanoparticles 

Due to novel physical, chemical, and biological properties, nanoparticles have incredible applications in 

different filedsof biology, medicine, environment, agriculture, and commercial industries.   

7.1 Pharmacological 
Nanoparticles have various effects on human health related to bulk material from which it fabricated 

(Albrecht et al., 2006).Due to theirsmall size nanoparticles has access to the skin, brain, and lung. 

(Koziara et al., 2003). Nanomedicines have applications in the diagnosis and treatment of human disease. 

Other applications of nanoparticles are play important role in drug delivery, imaging, and cancer 

therapies. Silver nanoparticles are widely used in the medical field due to their antimicrobial activity. A 

lower concentration of silver nanoparticles ruptures the cell wall of bacteria (Kasthuri et al., 2009). Silver 

and gold nanoparticles inhibit the cell cycle functions of the bacteria.  (Kim et al., 2007). Metallic 

nanoparticles show antibacterial, antifungal, antiplasmodial, and anti-inflammatory actions. This novel 

property increases the use of nanoparticles in different areas of the medical field. Diabetes mellitus is a 

medical condition in which blood sugar level is uncontrolled. Metallic nanoparticles are used as anti 

diabetic agents. Synthetic drugs have some drawbacks like liver damage; renal failure while nanoparticles 

develop as a drug that effective against microbes.Daisy and Saipriya, 2012 reported that gold 

nanoparticles have good therapeutic effects against diabetic models. Iron, zinc oxide, selenium 

nanoparticles have antibacterial applications (Goswami et al., 2018) (Shah et al., 2015). Nanoparticles 

play important role in imaging. ZnO NPs are used as anticancer and antibacterial agents. Zinc oxide 

nanoparticles have a good ability to trigger excess ROS production and release zinc ions and induced cell 

apoptosis. Also, it is used for diabetic treatment because zinc is responsible for keeping the structural 

integrity of insulin. Another application of ZnO nanoparticles is bioimaging because of its excellent 

luminescent properties. (Jiang et al., 2018). ZnO nanomaterial has some properties like biosensing, strong 
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adsorption capability, high isoelectric point, and high catalytic activity which are helpful for the 

adsorption of proteins like antibodies and enzymes. (Kalpana and Devi Rajeswari., 2018). Nanoparticles 

are an important tool for the biomedical field. Medical devices coated with the biosynthesized Ag NPs 

inhibit the biofilm of Staphylococcus aureus. (Raja et al., 2013). CONPs (Copper Oxide Nanoparticles) 

synthesized from the brown alga, Bifurcaria bifurcata exhibit antibacterial activity against Enterobacter 

aerogenes and Staphylococcus aureus (Abboud et al., 2013). Tilia extract is used for the biogenic 

synthesis of copper nanoparticles, which exhibit antibacterial and antifungal activity against Bacillus 

subtilis, Staphylococcus aureus, Pseudomonas aeruginosa, Escherichia coli, and Candida albicans. Also 

shows potent cytotoxic activity against Caco-2, HepG2 and Mcf-7 cell. Their result suggested that 

nanoparticles can find usage in the treatment of cancer also (Reda et al., 2018). 

7.2  Environment 
Some harmful chemicals are released into the environment due to industrial and household activities. 

Biosynthesized nanoparticles absorb these contaminants on their surface and eliminate them. 

(Swadeshmukul et al., 2001) Also nanoparticles are helpful for the removal of heavy metals like mercury, 

lead, cadmium, arsenic from natural waters (Mueller and Nowack, 2008).  Biosynthesized nanoparticles 

also performed noteworthy activities like remediation and biosensoring. (Tratnyek and Johnson, 2006).  

Nanoparticles are used for water purification and also for the reduction of air emissions. The conventional 

techniques used for the remediation purpose are costly and require a longer period time to achieve the 

goals (Salipira et al., 2007). Nanoparticles are easily transported with the flow of water because of their 

small size (Karn et al.ṁ, 2009) and useful for the treatment of underground water. Due to their small size 

nanoparticles enter into small space and remain active for a long time (Zhang, 2003).Continuous 

monitoring and sensing of pollutants are important to protect environments. Biological contaminations 

generally occur due to the Enterobacteriaceae family, which are toxic for humans. Lin et al., 2002 

developed mannose encapsulated gold nanoparticles for the detection of the Escherichia coli. Mannose 

was used due to the good affinity of it for the type I pili of Escherichia coli. A sensor for Pb detection was 

developed by Liu and Lu in 2004. The sensor consists of the gold nanoparticles coated with the lead 

dependent DNA enzymes. Titanium dioxide nanoparticles possess photocatalytic properties which were 

helpful for the reduction of pollution they work as oxidizing agents when exposed to UV radiation, 

andbreakdownpollutants to less harmful compounds ( Parkin and Palgrave, 2005). 

7.3 Agriculture  
In agricultural fields nanoparticles are used to increasecrop yields. Biosynthesized nanoparticles increase 

growth of plants like root, shoot, leaves, etc. and can also be used for the coating of the plant seeds. ZnO 

possesses pesticidal activity when it is sprayed on tomato and eggplant, ZnO reduces disease by 28% as 

compared to control (Kalpana and Devi Rajeswari., 2018). Nanoparticles are used as a biosensor in the 

agricultural field. The biosensors are small, portable, rapid in response, stable, accurate, and real time 

processing sensor by using this farmer get proper information about soil and plant in agricultural fields. 

(Sharon et al., 2010). Green synthesis of MgO nanoparticles from Aspergillus flavus shows a positive 

effect on clusterbeans.  The synthesized nanoparticles enhance root shoot growth and chlorophyll 

pigments in clusterbeans (Raliya et al., 2014).  ZnO nanoparticles synthesized from Aspergillus fumigates 

increases rhizospheric microbes populations, acid phosphatase, alkaline phosphatase, and phytase activity 

in clusterbeans. ( Raliya and Tarafdar., 2013).Nanoparticles of  ZnO NPs are used for the seed coating of 

several plants (Z. mays, G. max, Cajanus cajan, and Abelmoschus esculentum) . When germination was 

carried out it indicated that the seeds coated with ZnO NPs germinated better as compared to uncoated 

seeds (Adhikari et al., 2016). Jeyasubramanian et al., 2016, reported the positive effect of iron oxide 

(Fe2O3) nanoparticles on spinach (Spinacea oleracea) . The nanoparticles increased the growth of spinach 

in terms of root and stem length as well as biomass.  

7.4 Commercial Industry 

Nanoparticles are widely used in the food industry for the packaging of food and also protect food from 

spoilage. Zinc and titanium nanoparticles are used in cosmetics for the preparation of sunscreen. 

Nanoparticles have a high surface to mass ratio due to which they have high catalytical activity. Because 

of their high catalytical activity nanoparticles are widely used in water purifications and dye degradation. 

Silver nanoparticles show good activity against azo dyes. Zinc oxide nanoparticles are mainly used for 

industrial products like rubber, paint, coating, and cosmetics.(Jiang et al., 2018). ZnO NPs possess some 

properties like semiconducting, piezoelectric, and pyroelectric and have versatile applications in spin 

electronics, transparent electronics, UV light emitters, personal care products, catalysts, coating and 

paints. ZnO NPs are also used in the food preservation and packing industry.  It improved food quality 

and packing in three ways (1) by releasing antimicrobial ions (2) By destroying the integrity of the 
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bacterial cells and (3) By producing ROS due to light radiation. (Kalpana and Devi Rajeswari., 2018). 

ZnO enhanced the sun protection factor (SPF) so it can be used in cosmetics for the whitening of the skin 

and foot care and ointment preparations (Osmond and McCall, 2010(Singh and Nanda, 2014). 

Biosynthesized ZnO nanoparticles show photocatalytic activity and degrade the organic dye. ZnO NPs 

degrade 96% titan yellow dye. ( Pal et al, 2018) 

Conclusion 

The main aim of this review was to explore the potentials of nanoparticles regarding the different fields 

like agriculture, pharmacology, Environment, etc. The green approach for the fabrication of nanoparticles 

is an eco accommodating and cost adequate compared to other physical and chemical approaches. 

However, Green sources used for nanoparticles synthesis act as both reducing and stabilizing agent.  

Nanoparticles due to their properties have acceptable solutions to the global sustainability challenges 

facing the society. 
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	Specifically, two approaches Top down approaches and Bottom up approaches are used for the synthesis of nanoparticles. Figure 1 shows the schematic representation of the top-down and bottom-up approaches for the fabrication of nanoparticles.

