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Abstract. The field of nanotechnology has been one of the major focus of research for scientists
across the world. This field deals with the production and usage of nanoscale materials. The
popularity of nanotechnology is due to its unique properties that cannot be found in its large
counterpart. In these recent years, zinc oxide nanoparticles (ZnO NPs) emerged as an important
ceramic material that can be utilized across various fields such as medicine, cosmetics, textiles,
wastewater treatment and many others. The fabrication of ZnO NPs can proceed through three
major pathways which are physical, chemical and green synthesis. Among these synthesis
method, green synthesis is preferable as it is more environmentally friendly. In this review, we
summarize the various techniques of green synthesis in fabrication of ZnO NPs.

1. Introduction
In 1959, Richard Feynman introduced nanotechnology into the field of science and since then, it has
spread to wide range of applications such as electronic, optical or magnetic device, medicine, energy,
agriculture and others [1]. Nanotechnology can be defined as technology that manipulate materials at
nanometer range (1 — 100 nm). Due to its size, nanomaterials exhibit unique physicochemical properties
which make them favourable to be applied across various fields [2]. In nanomaterials production, there
are two main approaches which are top-down and bottom-up approach. In top-down approach, bulk
materials are broken down into nanoscale materials via various techniques while bottom-up approach
involves the building of nanomaterials through joining of atoms [3]. Bottom-up approach is preferable
as the resulted nanomaterials has lesser defects and homogeneous chemical compositions and this
approach relies on chemical and green methods of production [3, 4]. Between these two methods,
chemical synthesis considered unfavourable due to high cost and usage of toxic chemicals which may
lead to environmental pollution. Furthermore, a previous study shows that chemical synthesized
nanomaterials interfered in biomedical applications due to its toxicity [5]. Therefore, a method that can
overcome problems posed by chemical method is needed and green synthesis emerged as the solution.
In these recent years, due to low-cost and eco-friendly of green synthesis, researches regarding the
production of nanomaterials has been focused toward this method. Green synthesis which also
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commonly known as biological synthesis can be defined as a process that uses biomaterials such as
plants and their extract, microorganism and biopolymer to produce the target nanomaterials [3, 6]. In
green synthesis, the biomaterials can serve both capping or stabilizing agents thus no additional reagents
are needed [7]. Besides its low-cost and environmental friendly, green synthesized nanomaterials have
similar physicochemical properties to those chemically synthesized [6]. The three main biomaterials
used in green synthesis have their own advantages and disadvantages. For plants extract, the synthesis
process is simple and economical but polydisperse nanomaterials are generated. This is due to various
phytochemical present in the extract. Utilizing microorganisms in nanomaterials production can
overcome nanomaterials’ polydispersity. However, the growth of microorganisms must be in controlled
and sterile conditions which are relatively complex. Production of nanomaterials using biopolymers are
relatively easy but some of biopolymers are insoluble in water which make them difficult to handle [7,
8].

There are many different types of nanomaterials classification with the most common being metallic,
such as Ag, Au, Pt and Cd, and metal oxide, such as ZnO, TiO,, ZrO, and CeO,, nanomaterials. Among
them, metal oxides, especially ZnO, have been widely investigated due to their unique size and shape
dependent properties [9]. It was reported that ZnO has been used in ointments for skin treatment since
at least two millennia B.C, in ancient Egypt and Rome. Today, ZnO is currently being used across
different industries such as rubber, ceramics, concrete manufacturing, cosmetic, food and others [10].
With the rise of technology, development of micro- and nanosized ZnO are feasible and this can further
broaden its applications.

ZnO is a semiconductor materials with a wide band gap width (3.37 ev) and large excitation binding
energy (60 meV) [11]. It has strong pyroelectric and piezoelectric characteristic [12]. It has three crystal
form which are hexagonal wurtzite, cubic zinc blend and rock salt. Among the crystal structures,
wurtzite is the most stable and the other two only occur in special condition [1]. ZnO can also exist in
many different nanostructures such as nanospheres, nanoplates, nanorods, nanotubes, nanoneedles,
nanoribbons, nanobelts, nanosheets, nanoflowers and many more [10]. These various structures of ZnO
can be produced through different synthesis method. US Food and Drug Administration has considered
ZnO materials to be GRAS (generally recognized as safe) thus it is frequently used in food packaging
as antimicrobial agent [1]. Due to the high interest in green synthesis, the production of ZnO
nanoparticles (NPs) in these recent years has been shifted towards this method. Hence this review
provides an overview on the green synthesis of ZnO NPs with a focus on type of biomaterials being
used in green synthesis and its technique.

2. Green synthesis of ZnO NPs

In general, synthesis of ZnO NPs can proceed through three methods which are physical, chemical and
green (biological) method. Physical method belongs to the top-down approach of nanomaterials
production. This physical method can be divided into two types which are direct (American) and indirect
(French) process. In American process, through heating process with anthracite, zinc ore is reduced
followed by oxidation of zinc vapour which then lead to the formation of ZnO NPs. For French process,
ZnO NPs is formed through melting of zinc metal and vaporization at 910 °C. [13] Other physical
methods for ZnO NPs production include UV irradiation, sonochemistry, laser ablation, radiolysis and
other. However, there are several problems posed by physical method which are the agglomeration of
the particles, the need for specific instruments, chemical and high power consumption which may lead
to high cost [14]. Chemical method is a synthesis method that utilized chemical to produce ZnO NPs.
This method can proceed through both top-down and bottom-up approach. Through top-down approach,
ZnO NPs production is through mechanochemical method where the mixture of zinc salt and sodium
bicarbonate undergo milling process [13]. The bottom-up approach is much more common in ZnO NPs
via chemical method. Chemicals of reducing and capping agent are added to the solution which will
promote and control the growth of ZnO NPs through nucleation and aggregation of atoms. The main
problem with chemical method is the toxicity of the chemicals used in the synthesis process. In some
cases, due to the usage of these toxic chemicals, the ZnO NPs produced are unsuitable for certain
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applications [14]. The need to overcome the problems posed by both physical and chemical methods led
to the emergence of green synthesis of ZnO NPs with an increasing attention in the past few years.

Green synthesis or also known as biological synthesis can be defined as a synthesis process that
utilizes biological entities or natural products such as plants and their extracts, microorganism and
biopolymer in production of ZnO NPs [15]. It has been reported that green synthesized nanoparticles
exhibited a better size and morphology compared to physical and chemical methods [14]. The properties
of generated nanomaterials are similar to those synthesized chemically [6].Besides that, there are many
advantages of green synthesis such as environmentally friendly, easy, simple, economical and mild
synthesis condition. With these key advantages, green synthesis is a process that is aligned with green
chemistry principle which makes them a favourable method in the production of ZnO NPs over the other
methods [15, 16].

2.1. Plants and plant extracts

The most common biomaterial used to green synthesize ZnO NPs is plants and their extracts and this
process is also known as phytogenic synthesis [12]. There are two ways to utilize plants in production
of ZnO NPs which are through extraction of zinc from hyperaccumulator and mixture of plants’ extract
and zinc salt. Certain plants have the tendency to absorb metals from the soils by their roots and store
these metals in their leaves and shoots. These plants are called as hyperaccumulator and due to their
tendency to absorb metals in the soil, they can serve as phytoremediator for contaminated soils [6].
Sedum alfredii Hance plant is a zinc accumulator plant and it is found growing on soil contaminated
with Zn. The process of obtaining ZnO NPs from hyperaccumulator proceed in three stages. The first
stage is extraction of chlorophyllin followed by extraction of zinc (using H.SO4) and formation of zinc
chlorophyllin and finally synthesis of ZnO NPs through precipitation from zinc chlorophyllin and
calcination process [17]. The main advantages of using hyperaccumulator in production of ZnO NPs
are it is a renewable and recyclable resource and it can treat the zinc contaminated soil. However, this
method has their own disadvantages as well such as low yield, many steps and possible contamination.
Besides that, determining hyperaccumulator of zinc also takes some time and cost.

Plant extracts are the most commonly used biomaterials in production of ZnO NPs. The usage of
plant extracts in production of nanomaterials began since the early 1900s but the mechanism on
nanomaterials production is still not well known and understood [14]. The extract contains various
phytochemical compounds such as phenol, alkaloids, tannins, flavonoids, terpenes, saponins and
protein. These compounds can act as reducing, capping and stabilizing agent in production of ZnO NPs
[5]. In general, the production of ZnO NPs using plant extract has two stages and it began with collection
of plant extract. The plants are washed and dried to remove any debris or dust on it. The target part is
cut into small pieces or crushed into powder form. They were then boiled in water for specific duration
to extract the phytochemical out of the plant. The extract was purified through centrifugation or filtration
process and this is the end of the first stage. In the second stage, the purified plant extract was mixed
zinc salt solution. The phytochemical in the plant extract which contain many hydroxyl groups will form
bonds with the zinc ions and this led to a stable complex. Through heat treatment, ZnO NPs is obtained
through decomposition of the complex. High temperature of calcination will improve the crystallinity
of produced ZnO NPs [12, 18]. Although ZnO NPs produced using plant extracts is simple and cost
effective, this process still have a few disadvantages such as polydisperse nanoparticles due to diverse
phytochemicals and reproducibility of ZnO NPs using seasonal plants as variation of season will lead to
variation of phytochemical present in the extracts [7].

2.2. Microorganisms

Green synthesis using microorganism, also known as microbial synthesis, is a process that utilizes
microorganism such as bacteria, algae, antinomycetes, fungi, algae, virus and yeast as nanofactories for
production to ZnO NPs [19]. There are two main ways of microbial synthesis which are intracellular
and extracellular. For intracellular microbial synthesis, the production of ZnO NPs occurs within the
cell of the microbes. The metal ions are absorbed into the cell well and reduced to a metal atom by the
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enzymes in the microbes. Then nucleation and growth process occur in the periplasmic space and
cytoplasm. The purified nanoparticles are obtained through ultrasonication. In extracellular microbial
synthesis, the enzyme from the microbes is secreted in the growth medium. This enzyme is responsible
in reduction, nucleation and growth of the nanoparticles. The protein excreted by the microbes serve as
capping agent for nanoparticles stabilization. Formation of nanoparticles are indicated by the formation
of white precipitate in the medium [5, 20]. However, it should be noted that not all microbes are able to
synthesized ZnO NPs as each of them has their own enzyme activities. Therefore, the selection of
microbes is crucial and this screening process is a disadvantage as it requires time and cost. Furthermore,
the production of ZnO NPs using microbes depend on their ability to tolerate heavy metals and high
heavy metal stress may affect their activity [5].

2.3. Biopolymers

Besides plants, plant extracts and microorganism, biopolymers are also being used as green materials to
synthesized ZnO NPs. There are many different types of biopolymers such as polysaccharide, protein
and others. In this review, polysaccharide such as plant gums are considered as biopolymers although
they are obtained from plants. Most of the methods that utilizes biopolymer will follow the same
pathway as plant extracts. First the biopolymer was dissolved in water. In cases of insoluble biopolymer
being used, similar to plant extraction process will be applied. Then the solubilized biopolymer solution
was mixed with zinc salt. ZnO NPs was then obtained through calcination process. Although
biopolymers have been used to produce ZnO NPs, their potential are relatively unexplored. This might
be due to difficulty in handling the water insoluble biopolymer and high production cost.

3. Synthesis technique
As it has been stated in section 2, green synthesis is a process that utilizes biomaterials to product ZnO
NPs. There are various techniques in green synthesis and in this section, the techniques will be explored
and discussed. Techniques in this review refer to the methods or procedures that utilize biomaterials to
produce ZnO NPs. Table 1 shows the techniques being used in green synthesis of ZnO NPs and the
respective biomaterials.

Table 1. Techniques in green synthesis

Techniques Biomaterials Names (types/parts) Sizes and shapes Refs
Sol-gel Plant extracts Beta vulgaris (leaf) 20 + 2 nm, spherical | [25]
Commamum tamala (leaf) 30 £ 3 nm, rod-
Cinnamomum verum (leaf) shape
Brassica pleracea var. Itallica | 46 + 2 nm, spherical
(leaf) 47 + 2 nm, spherical
Plant extract Quince seed mucilage 25 nm, spherical [26]
Plant extract Hibiscus sabdariffa (flower) 5-12 nm, spherical | [27]
agglomerated
Plant extract Simarouba glauca (leaf) 17-37 nm, | [28]
hexagonal
Biopolymer Boswellia mukul gum | 20-50 nm, | [29]
(Polysaccharide) hexagonal
Biopolymer Xanthan gum (polysaccharide) | 53.5 nm, spherical | [30]
Konjak gum (polysaccharide)
Biopolymer Almond gum (polysaccharide) | ~25.2 nm, spherical | [31]
Precipitation Plant extracts Spinacia oleracea (leaf) 22.61 nm, spherical | [32]
Biopolymer Sodium alginate | 20-30 nm, star like | [33]
(polysaccharide) cluster
Plant extracts Punica granatum (fruit juice) | 50 nm, ball-shaped | [34]
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Plant extracts Hypericum Triquetrifolium | 48.69 = 9.71 nm, | [35]
(aerial parts) nanoflowers
Plant extracts Calotropis gigantea (leaf) 149.4-304.8  nm, | [36]
agglomerated
Plant extract Ocimum teniuflorum (leaf) Nanomushroom [37]
Spherical
Nanocapsules
(Variation of Zn salt
cong)
Plant extract Butea monosperma (seed) 25 nm, spherical | [38]
and rod
Plant extract Sambucus ebulus (leaf) 40-50 nm, spherical | [39]
Plant extract Durio zibethinus (rind) 283 nm, spherical [40]
Plant extract Jujube (fruit) 29 + 8 nm, spherical | [41]
Plant extract Cycas pschannae (leaf) 177-249 nm, | [42]
nanorods
Plant extract Selaginella convolute (leaf) 40-60 nm, spherical | [43]
Biopolymer Starch (polysaccharide) 68.2 nm, rod-like, | [44]
spherical,
hexagonal
Plant extract Echinochloa frumentacea | 35-90 nm, | [45]
(grain) hexagonal
Hydrothermal | Plant extract Prosopis juliflora (leaf) 65 nm, hexagonal [46]
Plant extract Aerva lanata (flower) 10 + 5 nm, spherical | [47]
Aerva javanica (flower) 20 £+ 5 nm, spherical
Plant extract Phyllantus emblica (fruit) 38 nm, spherical [48]
Plant extract Thymus vulgaris (leaf) 46..74 nm, spherical | [49]
Plant extract Psidium guajava (leaf) 43 nm, aggregated | [50]
spherical
Sonosynthesis | Plant extract Vaccinium arctostaphylos | 21 nm, spherical [51]
(leaf)
Plant extract Psidium guajava (leaf) 12 nm, (no shape | [50]
mention)
Plant extract Eucalyptus spp. (Leaf) 20-40 nm, spherical | [52]
Biopolymer Gum tragacanth | 55-80 nm, nanorods | [53]
(polysaccharide)
Plant extract Nasturtium officinale (leaf) 14 nm, Spindle and | [54]
spherical
Microwave Plant extract Azadirachta indica (leaf) 4.2 nm, spherical [55]
Plant extract Indian baels (fruit) ~20 nm, Sheet like, | [56]
spindle, hexagonal
Combustion Plant Potato (peel) ~10-15 nm, | [57]
nanocauliflower
Plant extract Azadirachta indica (leaf) 10-30 nm, | [58]
mushroom, bullet,
nanobuds,
hexagonal flakes in
the form of cones,
bundles, closed pine
like structure
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Plant extract Beta vulgaris (juice) 52.75-76.45  nm, | [59]
agglomeration  of
particles which
form  sponge-like
structure
Intracellular Microorganism | Lactobacillus plantarum | 124.2 nm [60]
microbial (Bacteria)
synthesis
Extracellular Microorganism | Bacillus paramycoides 35-90 nm, spherical | [61]
microbial (Bacteria)
synthesis Microorganism | Escherichia hermannii 6-18.5 nm, | [62]
(Bacteria) spherical and cubic
Microorganism | Trichoderma harzianum | 30.34 nm, spherical | [63]
(Fungi)
Microorganism | Pseudomonas putida | 25-45 nm, spherical | [64]
(Bacteria)

3.1. Sol-gel technique

Sol-gel technique was first used as early as 1930s through the production of aerogels. Since then, this
technique evolved by including heat treatment to produce nanomaterials in powder form [65]. In the
fabrication of ZnO NPs via green synthesis, sol-gel technique is one of the most widely used. The
process began by mixing the plant extract with metal salt solution followed by gentle heating and stirring
until gel or paste is form. In some research papers, this gel or paste was subjected to drying process
before calcination but there have been several literatures that reports immediate calcination after the gel
or paste was obtained. Pillai and co-workers reported on the fabrication of ZnO NPs via sol-gel method
using four different plant extracts. They found that the properties of ZnO NPs were affected by the types
of plant extracts used especially in terms of the particle morphologies [25]. Besides plant extracts,
biopolymers were also used in the production of ZnO NPs via sol-gel technique. A mixture of two
polysaccharides, xanthan gum and konjak gum, with various weight percentage were dissolved in
aqueous solution of zinc salt. The mixture was heated until gel was formed and the gel was dried in the
oven before it was subjected to annealing process. This study indicated at 0.8 wt. % of polysaccharides,
uniform ZnO NPs was obtained. Higher and lower weight percentage of polysaccharides produced
polydisperse ZnO NPs [30]. In another work, the effect of calcination temperature on the production of
ZnO NPs using pomegranate peel extract via sol-gel technique was investigated. Based on the result in
the study, increased of calcination temperature lead to an increased in the particle size of ZnO NPs [66].

3.2. Precipitation technique

Precipitation technique is another widely used technique in production of ZnO NPs. Initially,
precipitation technique used as a chemical synthesis where precipitating and capping agent were used
to generate ZnO NPs with controllable properties. However, in these recent years, precipitation
technique has been used in green synthesis. There are two pathways in precipitation technique which
are direct and in-direct. In direct precipitation, the biomaterials serve as both precipitating and capping
agent. Ali and colleagues reported a direct precipitation fabrication of ZnO NPs using aqueous extract
of Butea monosperma seed. The extract and aqueous solution of zinc salt were mixed and heated. After
a few hours, cream coloured precipitate was obtained. This precipitate was collected and dried. The
result indicated that when a higher concentration of plant extract was used, less agglomerated ZnO NPs
was obtained [38]. In in-direct precipitation, precipitating agent, typically sodium hydroxide, was added
and the biomaterials serve solely as capping or stabilizing agent. Dodero and co-workers reported on
production of ZnO NPs using sodium alginate via precipitation method. In this study, the precipitating
agent used was sodium hydroxide and sodium alginate served as capping agent. Through addition of
sodium hydroxide, zinc hydroxide complexes were formed and formation of this complex was indicated
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through the presence of white precipitate. Drying of this white precipitate led to ZnO NPs production
[33]. In another literature, the precipitate obtained from the synthesis process was subjected to
calcination process to improve the crystallinity of ZnO NPs. This work reported that the ZnO NPs
produced through precipitation method with the aid of sodium hydroxide and pomegranate juice extract.
The formation of ZnO NPs were determined through the appearance of surface plasmon resonance
(SPR) through ultraviolet-visible (UV-Vis) spectrophotometer. Once confirmed, the precipitate was
collected, washed and subjected to calcination [34].

3.3. Hydrothermal technique

Hydrothermal technique can be defined as a process that employs homogeneous or heterogeneous phase
reaction in water at elevated temperature and pressure to crystallize ZnO NPs directly from the solution.
The main advantage of this technique is regulable nucleation, growth and ageing rate which can lead to
controllable particles morphology. Furthermore, through this technique, highly crystalline ZnO NPs can
be obtained directly from the solution without additional sintering process [67]. Similar to precipitation
technique, green synthesized ZnO NPs via hydrothermal technique can proceed through two pathways
which are direct and in-direct. For direct path, the biomaterials serve as both reducing and capping or
stabilizing agent and for in-direct path, the biomaterials only serve as capping or stabilizing agent.
Duraimurugan and colleague reported the production of ZnO NPs via direct hydrothermal technique
with the presence of Aerva lanata and Aerva javanica flower extracts. The extract and zinc salt were
mixed and autoclaved at 120 °C for 12 hours. The precipitate was directly collected, washed and dried.
The TEM images of synthesized ZnO NPs showed that with different flower extracts, the average
particle size differ from one extract to the other [47]. Through in-direct hydrothermal technique, sodium
hydroxide was added to the mixture of zinc salt and Thymus vulgaris leaf extract to facilitate the
precipitation of ZnO NPs from the solution during the hydrothermal reaction. The plant extract served
as size reducing agent and the effect of its amount on the properties of synthesized ZnO NPs was studied.
Overall, with the addition of 1 mL plant extract, the particles obtained were the smallest and free of
agglomeration [49].

3.4. Sonosynthesis

Sonosynthesis which also known as ultrasound assisted synthesis is a synthesis process that utilizes
bubbles cavitation in water to synthesize materials. The basic principle in sonosynthesis began with
irradiation of ultrasound through water which will cause the formation of cavities. The magnitude of
cavities can be controlled through manipulating the amplitude and power of the ultrasound. High energy
which consist of high pressure (~1000 atm) and high temperature (5000K) will be generated from the
collapse of cavities. Using this generated energy, the targeted materials can be synthesized [68-70].
Chauhan and co-workers reported on the production of ZnO NPs with ultrasound assist using Fucalyptus
spp. leaf extract as the capping agent. In this study, bath sonicator was used as the source of ultrasound
and precipitating agent (ammonia) was added to facilitate the formation of ZnO NPs [52]. In another
study, tracaganth gum was used as the capping agent in the production of ZnO NPs. Ultrasound probe
was used as the energy source and the effect of ultrasound time on the properties of generated ZnO NPs
was studied. The morphology of ZnO NPs obtained through this synthesis process was nanorods with
average diameter around 55-80 nm and 240 nm in length [53].

3.5. Microwave technique

Microwave is a form of electromagnetic energy with longer wavelength and low energy compared to
the other electromagnetic energy. Through microwave irradiation, the materials will absorb the energy
and transform them into heat. Thus the heat is generated from the inside of the material while
conventional heating involve heat transfer from outside to inside via conduction [71]. This technique
has several advantages such as fast process speed, pure products, lower heat lost, low cost of operations
and others. However, to utilize this technique, good absorber of microwave energy must be used to
ensure that the microwave energy is converted to heat energy which act as the energy source in ZnO
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NPs formation [68]. Currently, there are not many reports on the utilization of microwave in the
production of ZnO NPs. A work reported on the production of ZnO NPs using domestic microwave
oven with Azadirachta indica leaf extract as the biomaterial. TEM image indicated that the ZnO NPs
obtained through this technique has spherical morphology with average particle size of 4.2 nm [55].

3.6. Combustion technique

Combustion technique involve self-sustaining chemical reaction accompanied by rapid heat release that
typically occur in the form of high temperature. This technique has short reaction time and produces
product with unique electrochemical, physical, biological and mechanical properties. In general, there
are three types of combustion technique which are solid phase combustion, gas phase flame synthesis
and solution combustion. In solid phase combustion, thermal is supplied as ignition to the combustion
process which will then convert the precursor to the desired product. Gas flame synthesis occur between
gaseous components and this method is used for large-scale manufacturing for carbon black. Solution
combustion involves the usage of fuels and oxidizer in the water which make a reactive mixture.
Through ignition, combustion of the solution will occur. This solution combustion technique is most
commonly used in the production of ZnO NPs. Solid combustion was used to produce ZnO
nanocauliflower with powder of potato peel and zinc nitrate as the precursor [57]. Various ZnO
morphology was produced through solution combustion process with neem extract as the fuel. Through
this study, it was discovered that varying the amount of neem extract will change the morphology of the
ZnO NPs produced [58].

3.7. Microbial synthesis

Synthesis using microorganism is also known as microbial synthesis. As it has been explained in section
2.2, there are two ways for microbial synthesis which are intracellular and extracellular. For intracellular
microbial synthesis, the production of ZnO NPs occurred within the cell of the microorganism while for
extracellular microbial synthesis, the extract from the microorganism was collected and used to produce
the ZnO NPs [72]. From the literatures search, it was discovered that extracellular microbial synthesis
is more common compared to intracellular microbial synthesis. Saravanakumar and colleague reported
on the production of ZnO NPs using fungi via extracellular microbial synthesis. TEM result indicated
that the ZnO NPs produced exhibited spherical morphology with average particle size of 30.34 nm [63].
In another work, a bacteria, Pseudomonas putida extract was used to produce ZnO NPs [64].
Intracellular microbial synthesis of ZnO NPs was successful using Lactobacillus plantarum strain TA4.
The ZnO NPs was extracted out of the cell of the bacteria through sonication process [60].

4. Conclusion

In conclusion, there are numerous studies have been reported on production of ZnO NPs through green
synthesis. Overall, the biomaterials used in green synthesis can be generally categorized into three which
are plants and their extracts, biopolymers and microorganism. Further investigation through literatures
of green synthesized ZnO NPs, there are various techniques being used for its fabrication. Some of the
main techniques being used are sol-gel, precipitation, hydrothermal, sonosynthesis, microwave and
combustion. These techniques specifically used plants and their extracts and biopolymer as the
biomaterials to synthesize ZnO NPs. For microorganism, there are only two techniques which are
intracellular and extracellular microbial synthesis. Between these two microbial techniques, the most
commonly use is extracellular microbial synthesis where the extract of the microorganisms is collected
and used to synthesize ZnO NPs. It is noted that there are variation of techniques and in some cases,
combination of techniques were also used. However, in this review, only singular and main techniques
are being discussed. All the ZnO NPs produced through all these techniques have various application
across fields of energy, environmental, biomedical and others.
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