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Abstract 

The properties of a material can be greatly enhanced by producing substances on nanoscales. Zinc oxide is 

attractive for numerous applications, and therefore it is significant in a number of industries. But as 

environmental concerns have grown, ecologically friendly manufacturing techniques have emerged. 

Recently, there has been an increase in interest in biological processes for making nanoparticles of metal 

and nanoparticles of metal oxides, as per the literature. This approach to producing nanomaterials was given 

the name "green synthesis." In this approach, the negative effects are less than the synthesis by 

physicochemical methods which are currently applied in industries. Zinc oxide nanoparticles could be 

sustainably produced using various biological substrates. However, the complications that exist in creating 

biological extracts are a barrier to comprehending the processes and formation mechanisms that occur 

throughout the synthesis. This makes it challenging to conduct production on a large scale via green 

synthesis approaches. Hence, this current study includes information on the many biological substrates and 

methods that could be employed to produce zinc oxide nanoparticles in an environmentally responsible 

manner.  

Keywords: ZnO nanoparticle, Green synthesis, Biotechnological application.

1. INTRODUCTION 

With multiple branches embedded in industries 

just as the chemical, pharmaceutical, 

mechanical, and meal processing industries, 

nanotechnology is currently regarded as a 

generation that has reached the repute of threat. 

Computing, energy technology, optics, 

medicinal shipping, and environmental 

sciences are a few fascinating fields where 

nanotechnology is used. Numerous nanoscale 

devices have been created since the birth of 

nanotechnology employing a type of 

techniques, including physical, chemical, and 

environmentally pleasant ways. Nevertheless, a 

tool of choice that is straightforward to create 

and tailor is green nanoparticle production. A 

traditional technique for manufacturing 

nanoparticles has encountered numerous 

disadvantages such as time consuming 

processes, being expensive, and employing 

hazardous substances. Hence, due to these 

limitations, most of the research has now 

concentrated on developing eco-friendly, fast, 

and economical protocols for producing 

nanoparticles [1].  Material scientists have 

particularly focused on developing sustainable 

methods for synthesizing materials on the 

nanoscale in recent years. As such, syntheses of 

nanoparticles by green synthesis by employing 
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various plants and their parts have resulted in 

being economical, non-toxic, straightforward, 

and attractive [2], [3]. Nanotechnology has 

raised the standards of living as it finds 

applications in multiple issues, including 

contributing to sufficiency in energy, changes 

in climate, cosmetics, textiles and medicines 

treatment of various diseases like various 

cancers,  Alzheimer’s, and various others [4].  

Nano-particulate zinc oxide is an n-type 

semiconducting metal oxide and is represented 

as ZnO. As a result of its several applications in 

fields such as electronics, optics, and 

biosystems in the past years zinc oxide 

nanoparticles have attracted interest [5]–[7]. 

TiO2, CuO, and ZnO are only a few examples 

of the inorganic metal oxides that are created 

and are still being applied for research today. 

As a result of lesser production costs and ease 

of preparation, ZnO NPs are the metal oxide of 

greatest interest amongst others [8]. ZnO has 

been designated by US FDA as GRAS 

(generally acknowledged as harmless) metal-

oxide [9]. A 3.37 eV band gap which is large, 

and a 60 meV exciton binding energy high 

enough, are the properties that make ZnO-NP 

exceptionally attractive for application as a 

semiconductor. The attractive properties of 

ZnO-NP include improved catalytic activity, 

desired optical properties, UV filtering 

characteristics, anti-inflammation 

characteristics, and healing of wounds [10]. As 

a result of its UV-filtering abilities, it has been 

widely utilized in cosmetics, sunscreen lotions, 

and creams [11]. ZnO-NP’s have numerous 

medicinal applications, including delivering 

drugs, anti-cancerous, antidiabetics, 

antimicrobial, and agronomic properties [12], 

[13]. Despite being engaged in delivering drugs 

at the site, ZnO also has cytotoxicity, which 

must be fixed. In line with research, ZnO NPs 

possess a strong antibacterial influence 

compared to ZnO NPs which are made using 

chemical route even at minute concentrations 

of gram-negative and positive bacteria [14], 

[15]. Additionally, they have been used to 

produce paint and rubber, eliminate impurities 

such as the adsorption of proteins, sulphur, and 

arsenic from water, and dentistry. ZnO-NPs 

possess pyro-electric and piezo-electric 

characteristics [16]. ZnO-NP’s are used to rip 

off aquatic vegetation that is resilient to all 

types of removal methods, including 

mechanical, biochemical, and physical ones. 

Numerous ZnO-NP morphologies in the 

nanoscale, such as flakes, flowers, belts, rods, 

and wires have been observed [17]. According 

to [18], the green manufacturing method 

increases the antibacterial activity, 

photocatalytic performance, and 

biocompatibility of ZnONPs [19]. As a result, 

green ZnONPs are very promising as an 

alternative to conventional ZnONPs and for 

application in the creation of nanocomposites. 

In the biomedical industry, biosynthesized 

ZnONPs, for instance, can be utilized to create 

nanocomposites for anti-cancer treatment, and 

anti-microbial coatings, and enhance dye 

degradation [20]–[22]. Over the past few years, 

zinc oxide nanoparticles' characteristics have 

improved. Its usage in photocatalysis [22], as 

an antibacterial mediator [23], [24], in energy 

cells [25], and sensors have all been described 

in various research [26]. ZnO-NPs have been 

employed for various novel applications in 

biomedical engineering, including regeneration 

of tissues, coatings on implants, biological 

imaging, healing of wounds, and improving 

cancer therapeutics [27], [28].  

Concerns over climate change, water 

pollutants, depletion of natural resources, the 

health of living beings, and similar issues have 

made the invention of environmentally friendly 

commodities and procedures more popular in 
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recent years [29], [30]. Researchers have been 

working on several procedures to improve the 

manufacturing of nanoparticles of metal and 

nanoparticles of metal oxide using 

environmentally friendly technologies [31]–

[33]. Extensive investigations are conducted to 

replace conventional physio-chemical 

processes in the industry with eco-friendly 

methods for synthesizing metal oxide NP’s 

using biological substances. Even though a 

sizable amount of research has been published 

in this area, the very complex biological 

extracts have made it difficult to describe and 

understand the process of production of the 

NP’s by green synthesis. 

Recent research indicates that green 

manufacturing of zinc oxide nanoparticles is 

becoming more significant [34]. Our goal is to 

create nanoparticles that may be used to create 

optical bio sensing devices, which favours 

substances with favourable optic characteristics 

like optic absorption, optic emission, photo-

luminescent devices, and chemo-luminescent 

devices [35]. According to the application, the 

synergistic effects of the produced 

nanoparticles may be measured when utilized 

for sensors, lasers, drug discovery, etc. 

Additionally, ZnO-NP’s are discovered as 

superior catalysts that may regenerate through 

minimal activity deterioration [36]. The 

capabilities of NP’s could be applied in diverse 

fields. These nanoparticles, however, were 

created to immobilize the enzyme glucose 

oxidase to enhance their development as a 

biosensor. Green syntheses immobilizations 

have been seen in the past. Nevertheless, this 

would be the first study in which the glucose-

specific enzyme glucose oxidase was 

immobilized using green-produced ZnO-NP’s. 

 

 

2. Synthesis of zinc oxide nanoparticles 

Over the past decade, a significant increase in 

the biological synthesis of ZnO-NP’s has been 

observed. According to several studies [31], 

[37]–[39], developing this novel approach and 

the substantial interest in it is primarily due to 

the lack of hazardous compounds or enormous 

energies used in biosynthesis. This terms the 

process economical and eco-friendly. Thus, 

"green synthesis" has become a more popular 

term to describe these biological techniques. 

Furthermore, this was named as green 

synthesis, which obeys the twelve principles of 

green chemistry. These principles—which take 

account of guidelines for putting novel 

chemical products, novel synthesis, and 

processes into practice—have been regarded as 

the basics for promoting sustainability. The 

principles of green chemistry, in brief, are built 

on 1) the economics of atoms, which aims to 

increase the efficiency of reaction; 2) the 

efficiency of energy, which avoids the 

consumption of high energy; 3) harmless 

chemicals, which seek to reduce the harmful 

effects of procedures and products, 4) avoiding, 

which seeks to reduce waste in each stage in the 

process, 5) utilizing substances derived from 

reusable feedstocks, 6) Create items that 

degrade quickly and are non-toxic. 7) fewer 

dangerous chemicals, harmless synthesis 

methods 8) Prevention of pollution, stop the 

discharging of dangerous materials; 8) lessen 

derivatives; 9) avoid derivatives like stabilisers 

or protectors, 10) non-toxic solvents and aids, 

to employ the minimum dangerous chemicals 

possible, 11) Catalysts, which uses catalysts to 

increase efficiency or reduce energy 

consumption, as well as 12) preventing 

accidents, which lowers the likelihood of 

accidents. For example, the key benefits of 

biosynthesis are the producing safer 

compounds when using renewable resources, 

harmless solvents, and safer auxiliaries. 
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Since biosynthesis has only been carried out on 

a laboratory scale, producing nanoparticles on 

a wider scale using green synthesis remains 

difficult. Nevertheless, it is expected that its 

application in industries will occur 

immediately because it does not require heavy 

machinery. Also, there is excellent progress in 

understanding the making of biological extracts 

using chemicals and how they interact with 

their metal ions [2], [31]. Green syntheses 

alternate biological substrates such as bacteria, 

florae, algae, and fungi instead of solvents with 

chemical bases and stabilizers to reduce the 

product's toxicity and the manufacturing 

process [31], [38]. Varieties of biological 

substances are successful in producing ZnO-

NP’s. Generally speaking, the biological 

synthesis of ZnO-NP’s is a pretty 

straightforward procedure and involves the 

addition of zinc salts such as nitrate or acetate 

to the already prepared biological extract. The 

ZnO powder is produced by subjecting this 

solution to a thermal process after the reaction. 

Fig. 1. Green synthesis of ZnO-NP’s 

 

Thus, we required a method for synthesizing 

nanoparticles that was both economical and 

environmentally friendly. High vacuum is used 

in physical processes like the evaporation of 

heat, pulsed laser deposition (PLD), MBE 

(molecular beam epitaxy), and various others 

[40], and chemical methods include 

microemulsion, wet chemical method, 

pyrolysis by spray, deposition using electrodes, 

direct and chemical precipitation, and 

combustion assisted by microwave [40], [41]. 

In the case of chemical and physical 

approaches, there is a need for stabilizing and 

capping agents [42]–[44]. 

2.1 Green synthesis 

The eco-friendly processes recognized as 

"green synthesis" aim to minimize energy use, 

employ environmentally acceptable solvents, 

and remove hazardous waste. This strategy is 

economical, safe, biocompatible, green, and 

safe for the environment. Synthesis of NP’s by 

employing micro-organisms and plants is 

referred to as "green synthesis." They allow 

large-scale manufacturing of impurity-free 

ZnO-NP’s [45]. Improved catalytic activity can 

be seen in NPs formed using methods that 

mimic biochemical processes that reduce the 

need for pricey and toxic chemicals. 

Synthesizing nano-flowers of ZnO that has 

uniform size using soluble protein cells of B. 

licheniformis demonstrated improved activity 

of photocatalysis and photostability. This 

visibly depicts methylene blue (MB) pollutant 

dye degradation by 83% when ZnO nano-

flowers were used. This also demonstrated that 

MB's self-degradation was null (MB's self-

degradation was observed to be 0%). The use 

of natural strains and extracts of plants contain 

some phytochemicals that aid in degradation 

[46]. Using the fungus Aspergillus fumigatus 

TFR-8, particles with spherical and hexagonal 

ZnO having a size range between 1.2 to 6.8 nm 

were created. These nanoparticles were stable 

for 90 days, which was confirmed by gauging 

the hydro-dynamic NP diameter with a particle 

size analyzer. This indicated the high stability 

of the nanoparticles created using the fungus. 

ZnO-NP’s size of 36 nm was created by 

synthesising Sargassum myriocystum, a 
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microalga found in the Mannar Gulf. They did 

not exhibit any obvious variations when 

analyzed after six months, proving their 

stability. It was determined by FTIR result 

analyses that microalgal fucoidan pigments, 

which were soluble, are responsible for the 

NPs' reduction as well as stability. Synthesis of 

NP’s by employing different plant parts, 

including seeds, stem, roots, fruits and leaves. 

These parts have been used as their extracts are 

abundant in phyto-chemicals that can serve as 

both a reducing agents and stabilising agent [9], 

[47]. Nanoparticles of ZnO were synthesized 

using the flower extracts of Trifolium pratense; 

the stability NP’s were seen to be stable when 

analyzed for five days with a gap of 24 hr by 

UV-vis-spectrophotometry [48]. 

Similarly, the extracts from the fruit Rosa 

canina were employed to produce ZnO-NP’s; 

when FTIR analyzed the particles, the extract 

was seen to function as both reducing and 

stabilizing agents. The fruit contains carboxylic 

and phenolic acids, which can be bio-capped. 

Extracts of the leaf Aloe Vera were investigated 

for synthesizing spherical-shaped ZnO-NP’s, 

here, the carboxylic and amino groups, which 

are freely present in the leaf extract, was 

capable of serving as reducing as well as 

stabilizing agent. Understanding the 

mechanism through which green synthesis 

forms is of great significance for the 

establishment of large-scale processes. Herein 

we have presented a review that summarizes 

the most significant and recent findings of 

literature that are related to the synthesis of 

ZnO-NPs from various biological substrates: 

2.1.1. Bacteria 

ZnO nanoparticle production utilizing 

microbial biomass or culture may take place 

extracellularly or intracellularly. Studies 

indicate proteins and enzymes created and 

freed by the microorganisms can lower the 

metal ions and stabilize the NP’s in the case of 

extracellular production [49]. ZnO-NPs are 

stabilized by metabolites released by bacterial 

cells, according to literature [17]. They 

researched the reaction between zinc acetate 

and sodium bicarbonate to produce zinc 

hydroxide; this later undergoes heat 

degradation to produce ZnO nuclei. The 

ZnONPs will subsequently be stabilized by the 

enzymes found in the bacteria, preventing 

agglomeration and particle development while 

maintaining the metal oxide's nanoscale size. 

Additionally, the research conducted by [50] 

shows that the microorganisms' enzymes are 

what cause ZnONPs to form. According to the 

authors, however, the pH of the solution pH and 

the electro-kinetic potential of bacteria can 

influence the synthesis pathway by lowering 

the ions of metals and causing the NP’s to be 

biosynthesized instead of just creating zinc 

hydroxide. Using the same ideology, 

extracellular ZnO-NP’s were produced using 

Staphylococcus aureus [51]. According to more 

research, ammonia which is activated by 

Serratia ureilytica's which was taken from 

ureolytic bacteria, was successfully employed 

to produce ZnO-NPs. The methodology of 

nanoparticle production suggested in this work 

relies on the interaction among ions of zinc (II) 

ions with the ammonia-rich culture of 

microorganisms to produce zinc hydroxide and 

zinc complex with ammonia. The crystalline 

ZnONPs powder is then produced by the 

thermal breakdown of these materials at 50°C 

[52]. 

2.1.2. Fungus  

Similar mechanistic pathways apply to the 

creation of ZnO nanoparticles from fungal 

biomass or cultures as those outlined for the 

green synthesis employing bacteria. They 
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proposed that the creation and encapsulating of 

the nanomaterial were caused by the proteins 

and enzymes released by this bacterium. 

Additionally, utilizing Aspergillus Niger cell-

free filtrates, the production of extracellular 

ZnO-NP’s was demonstrated [53]. Since the 

fungus can release a higher quantity of 

metabolites than bacterial cells to the culture 

media, it is thought that it may have greater 

promise for the green synthesis of NP’s. Cells 

of fungus appear to be vigorous to conditions 

of the process and fluctuations like flow rate, 

rate of stirring, and pressure; these parameters 

can cause an increase in their potential for 

large-scale synthesis [54] [33]. 

2.1.3. Plants 

Green production of metallic NP’s by use of 

plants as biological substrates is most popular 

[2].. As vegetable substrates have advantages 

such as less toxicity, ease of availability and 

use, and economical when compared to 

microorganisms, they are becoming more 

popular. Furthermore, employing plant-based 

substrates reduces the risks related to health and 

safety, which are to be considered when using 

microorganisms. Moreover, on exposure of the 

plant to a solvent such as ethanol or distilled 

water, one can easily create plant extracts [55]. 

Different parts of plants, from the roots to the 

fruits, can be employed as the substrate for NP 

synthesis [56]–[58]. It is suggested in studies 

that when ZnONPs are made from Eclipta alba 

leaves, the active elements plant reduces zinc 

(II) ions to zinc metal zinc instead of just 

establishing coordinated complexes. Once zinc 

undergoes bioreduction, the zinc metal 

combines together with aqueous O2 to create 

nuclei of ZnO. Additionally, suggestions are 

also made about plant chemicals that serve as 

stabilizers, reducing crystal development and 

particle aggregation. Similarly, [59] reported 

the biosynthesis of ZnO-NPs by employing 

extracts of plants and suggested that 

metabolites comprising the substrate can be 

responsible for reducing metal ions and also 

stabilizing the particles. A proposal was 

reported that ascorbic acid from Lycopersicon 

esculentum can cause bio reduction of zinc (II) 

ions for synthesizing ZnO-NPs [60]. 

2.1.4. Algae 

Even though algae are straightforward 

creatures, their phytochemical makeup is 

comparable to that of plant extracts. Different 

types of algae include active substances with 

functional groups, including hydroxyl and 

carboxyl groups, and antioxidant behaviour has 

been described [61]. Additionally, while using 

algae extracts as substrates to green synthesis 

ZnONPs, other investigations found the 

manifestation of similar active chemicals as 

analyzed by FTIR [62]. 

Table 1: Biological substrate-mediated synthesis of ZnONPs. 

Source Substrate Zinc 

Complex 

Treatment Shape Size in 

nm 

References 

Plants Azadirachta 

Indica 

Acetate No treatment Spherical 18 [63][64][65] 

 

Agathosma 

Betulina 

Acetate Overnight Quasi-

spherical 

agglomerate

s 

15.8 

Aloe Vera Nitrate 7-8 hours Hexagonal, 

Spherical, 

Oval 

8-20 

Bacteria Aeromonas Nitrate 6 hours Spherical  58 [8][66] [67] 
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Hydrophila Oval  

 Pseudomonas 

Aeruginosa 

Nitrate Overnight Spherical 27 

Lactobacillus 

Sporogens 

Sulphate 4 hours Hexagonal 11 

Algae Chlamydomonas reinhardtii Nitrate No treatment Rods 21 [62][68][69] 

 Sargassum 

Muticum 

Acetate 4 hours Hexagonal 

Wurzite 

42 

S. myriocystum Nitrate No treatment Spherical 

 

20-36 

Fungus Aspergillus 

fumigatus TFR- 

8 

Nitrate No treatment Oblate 

spherical 

Hexagonal 

aggregate 

1.2-6.8 [54][68][70][7

1] 

  

Aspergillus 

Terreus 

Nitrate No treatment Spherical 29 

Candida 

albicans 

  Quasi-

spherical 

25 

3. Conclusion 

Overall, according to the study reviews, green 

ZnO NP production is regarded as being 

considerably safer and more ecologically 

friendly than physical and chemical 

approaches. Due to their numerous qualities, 

functions, advantages, and uses for humans, 

ZnO-NPs can be classified among the utmost 

adaptable and significant substances. When 

creating nanoparticles with precise size and 

shape, employing the green method is 

advantageous as the substrates work as both 

stabilizing and reducing agents. By utilizing 

ZnO-NPs for agricultural application can cause 

a significant improvement in growth and yield 

across the sustenance in agriculture. 
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