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ABSTRACT

Green processes are the best method to prepare nanoparticles that are economical and
environment-friendly. Current reviews focus on the synthesis of TiO, NPs and their potential
applications. Plant extracts (leaves, fruit, shell and flower) and other biological sources are used
in the environment-friendly synthesis of TiO, NPs. Through a reduction mechanism, TiO, NPs are
made by reacting titanium salt with these biological sources. These biological sources are rich of
metabolites. The TiO, NPs have exclusive morphology and its surface chemistry shows a wide
range of applications. The TiO, NPs are mainly spherical with a particle size range between 1-100
nm, there is always a rich source of metabolites. They have been studied as a photocatalyst to
remove toxic element from water. TiO,NPs are also used for photocatalytic removal of dye RG-19
and many other dyes which are toxic and hazardous pollutants. TiO, NPs exhibit potent
antiparasitic and antibacterial activities against parasitic insects and pathogenic microorganisms.
These TiO, NPs exhibited size and dose-dependent antimicrobial and antiparasitic activities.

KEY WORDS : Environment-friendly synthesis, Titanium oxide nanoparticles, Plant part

extracts, Photocatalysis, Antimicrobial activity, Antiparasitic activity

INTRODUCTION

Nanotechnology has a lot of potential for scientific
discovery in the twenty-first century. The
nanoparticles are 1 nm to 100 nm in size. The metal
nanoparticles (MNPs) are made using a variety of
techniques. Chemical reduction, sol-gel technique,
sonochemical, electrolysis, arc discharge,
environment-friendly and microorganisms are just a
few of them. Researchers are particularly interested
in the environmentally friendly production of
nanoparticles utilising plant extracts (Manjare and
Chaudhari, 2020a; Manjare and Chaudhari, 2020b;
Manjare et al., 2020). Environmentally-friendly
nanoparticle synthesis is a simple and cost-effective
method that has been employed in numerous
environmental evaluation and treatment processes
(Pushpamalini et al., 2020).

Nadeem et al. (2018) have taken a review on the
synthesis of TiO, NPs using plant part extracts. The
highlight of the study was the synthesis of TiO, NPs
and its applications in antimicrobial and
photocatalytic activity. The review was unable to
clarify the mechanism by which TiO, NPs are
prepared and how they are used for different
bioactivities. The photocatalytic activity of TiO,
NPshas been reported by various authors for
reduction of various dyes and compounds (Nadeem
et al., 2018). The main aim of this review to analyse
the betterment of environment-friendly methods
and its application in photocatalytic and
antimicrobial analysis.

Goutam et al. (2018) published research paper an
environment-friendly method for producing TiO,
NPs. These TiO, NPs are utilised to remove
chromium and chemical oxygen demand from
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tannery effluent that has been secondary treated
(Goutam et al., 2018). The results against
antibacterial activity are determined using TiO, NPs.
Gram-negative bacteria were used to test the
antibacterial activity (E. coli and P. aeruginosa). For
the gram studied above, these have remarkable
results (Ajmal et al., 2019).

In this review, we discussed the environment-
friendly synthesis of TiO, NPs using various plant
part extracts and their applications in the
photocatalytic, antibacterial and antiparasitic
activities.

REVIEW

Synthesis of Titanium oxide (TiO,) nanoparticles

Synthesis of metal nanoparticles (MNPs) using
green chemistry is the utilization of a set of
principles that might eliminates the use or
generation of hazardous substances in the design.
Chemical products may have synthesized by using
green chemistry principles. This method has been
proposed as cost-effective and environment-friendly
alternative to chemical and physical methods. The
employment 6f green synthesis of nanoparticles is
bound to the use of biological hosts including
bacteria, algae, fungi, yeast and plant part extracts.
Plant extracts containing phytochemical
components as reducing and capping agents cause
the reduction of metal ions and stabilization of
nanoparticles using different mechanisms including
steric stabilization, electrostatic stabilizationand
stabilization by hydration forces and Van der Waals
forces. The well stabilized nanoparticles play an
important role in their functions and applications as
catalyst in organic synthesis (Kaur et al., 2021).
Irshad et al. (2021) published a review on the
synthesis, characterisation and advanced
applications of TiO, NPs. Fourier transform infrared
spectroscopy (FTIR), UV-Visible, X-ray diffraction
(XRD), High resolution scanning electron
microscopy (HR-SEM), Energy dispersive X-ray
spectroscopy (EDX) and Transmission electron
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microscopy (TEM) have all been used to characterise
TiO, NPs (Irshad et al., 2021). Environment-friendly
synthesis is the best pathway for the synthesis of
TiO, NPs. In this review, we are focussing
environment-friendly synthesis of TiO, NPs using
plant part extract.

Environment-friendly synthesis of TiO, NPs using
plant part extracts

Nadeem et al. (2018) conducted a review on the
environment-friendly production of TiO, NPs. The
production of TiO, NPs from various biological
sources was one of the highlights of this review. The
photocatalytic, antiparasitic and antibacterial
activities of TiO, NPs seems likely to produce
noteworthy outcomes. Many authors in this review
were unable to describe the mechanism of TiO, NP
production. The synthesis of TiO, NPs is attributed
to different metabolites found in plant component
extracts. Figure 1 depicts the mechanism of TiO, NP
production utilising various plant extracts.

Goutam et al., (2018) used Jatropha curcas leaf
extract to make TiO, NPs. UV-Visible, FTIR, XRD,
SEM and Brunauer-Emmett-Teller analyses were
used to characterise the biosynthesized TiO, NPs.
Environment-friendly produced TiO, NPs had an
average crystalline size of 13 nm, a surface area of
27.038 m*/g, a pore size diameter of 19.100 nm and
a total pore volume of 0.1291cm?/g, respectively.
The green synthesis of TiO, NPs using a
biodegradable and non-toxic extract from J. curcas
leaves is a very promising method. Figure 2 depicts
a possibleme chanism for the production of TiO,
NPs in the presence of hydroxyl groups from J.
curcas L. extract as a capping agent.

Ajmal et al., (2019) synthesized TiO, NPs using
methanolic extract of P. domestica L. (Plum), A.
deliciosa (Kiwi) and P. Persia L. (Peach) fruit peels.
The biosynthesized TiO,NPs were characterized by
XRD, FTIR and SEM. The size of TiO, NPs
synthesized from plum, kiwi and peach were found
to be 47.01, 54.17 and 85.1 nm respectively. The SEM
images of all three TiO, NPs revealed cylindrical in
shape. XRD spectrum of identified TiO, NPs found

Stable
Growth TiO, NPs
_—
Stabilization

Fig. 1. Reduction mechanism of TiO, NPs (Nadeem et al., 2018)
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Fig. 2. Reaction mechanism for the formation of TiO,
NPs in presence of hydroxyl group of leaf extract
of Jatropha curcas (Goutam et al., 2018)

noncrystalline in nature. All the TiO, NPs exhibited
the size and dose dependent antibacterial and
antioxidant activities.

Kaur et al. (2019) used titanium (IV)-
isopropoxide (TTIP) to make TiO, NPs from Carica
papaya leaf extract. The cages like morphology with
spherical nanoparticles of particle size 15.9 nm was
observed during characterisation. TiO, NPs have a
mesoporous structure, and at a dosage of 25 mg,
they have a fantastic removal effectiveness for RO-4
dye (91.19%). The TiO, NPs were obtained by using
Carica papaya extract. These TiO, NPs were calcined
at 400 °C. The obtained TiO,NPs were crystalline in
the form.

Bhullar et al. (2021) published a paper describing
a fast green production of TiO, NPs (Bhullar et al.,
2021). The extracts of black pepper, coriander and
clove were used to make TiO, NPs in this study. For
the production of TiO, NPs, they use the sol-gel
process. XRD, HR-TEM and SEM analyses were
used to characterise the nanoparticles. The produced
nanoparticles have sizes ranging from 6.7 to 8.3 nm
as determined by HR-TEM. This shows that the
XRD analysis and the HR-TEM results are in good
agreement. Nanomedicine and other drug delivery
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applications benefit greatly from these
nanoparticles. Figure 3 depicts the general concept
for making titanium oxide nanoparticles.

Green synthesis of TiO, NPs using Moringa oleifera
leaf extract has been reported by Patidar and Jain
(Patidar and Jain, 2017). Structural properties of the
synthesized nanoparticleswere characterized by
using XRD analysis. XRD analysis showed that the
anatase TiO,NPs sample having trigonal structure.
The energy band gap of TiO, NPs was calculated 3.9
eV which was greater than bulk TiO, having band
gap of 3.2 eV. In 2019, Kulkarni et al. synthesized
TiO, NPs using Azadirachta indica (Neem) leaf
extract and characterization was carried out using
XRD, Zetasizer, SEM and AFM (Kulkarni et al.,
2019). The TiO,NPs were prepared by 24 hours
heating of Azadirachta indica (Neem) extract and
TTIP mixture. The average size of TiO,NPs
measured by Zetasizer was 56.13 nm which was
spherical in shape and having a fine particle.

Subhapriya and Gomathipriya, (2018)
synthesized TiO, NPs by Trigonella foenum-graecum
leaf extract. The 15 ml of leaf extract was added to
0.5 M solution of titanium-oxy-sulphate and stirred
for 15 minutes for synthesis of TiO, NPs and these
nanoparticles were characterized using FTIR, UV,
XRD, SEM, EDX and HR-TEM. Synthesized
TiO,NPs nanoparticles showed significant
antimicrobial activity. Likewise, Psidium guajava leaf
extract was used to synthesis TiO,NPs which
showed spherical shape and clusters with an
average size of 32 to 58 nm which was reported by
Santoshkumar et al. (2014).

The synthesis of TiO, NPs using plant part
extracts is simple and environment-friendly.
Therefore, there are more reports on the production
of TiO, NPs using plant part extracts. Some of them
with mechanism of bioreduction are summarized in
Table 1.
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Fig. 3. Environment-friendly and cost effective route for the green synthesis of nanoparticles using plants part extracts

(Bhullar et al., 2021)
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Applications of biosynthesized TiO, NPs

The biosynthesized nanoparticles are of great
interest as these exhibit exclusive morphologies and
surface chemistry. These biosynthesized TiO,NPs
have a wide range of applications in antiparasitic,
antimicrobial and antioxidant activity. The most
important application which is widely exploited is
their incredible photocatalytic activity to clean the
contaminated water and in the degradation of
various dyes and pollutants. The TiO, NPs have
been reported by various authors for reduction of
various dyes and compounds (Jadoun et al., 2021).

Photocatalytic activity of TiO, NPs

Many industries discharge their waste into the river.
Hazardous contaminants, such as toxic dyes and
hazardous organic and inorganic chemicals, are
found in these effluents. These effluents may be
highly stable, posing numerous dangers to aquatic
life.

An environment-friendly approach for the
synthesis of TiO, NPs using Jatropha curcas leaf
extract was reported by Goutam et al., 2017 (Goutam

High
adsorption
of RG-19 dye

et al., 2018). The synthesized TiO, NPs were used as
a solar photocatalytic removal of Cr*® from tannery
wastewater. According to TWW wastewater, the
chemical oxygen demand removal effectiveness of
TiO, NPs is 82.26%, while Cr removal efficiency is
74.48%. The removal of Cr from TWW wastewater
employing TiO, NPs as a photocatalyst is observed
to be very slow when compared to chemical oxygen
demand. The following is the mechanism for the
conversion of Cr*® to Cr*3:

TiO, + hv - h* + e

Cr,0* +14h* + 6e— 2Cr** + 7THO

2H,0 + 4h'— O + 4H*

HO + h*— OH + H*

OH" + organics — CO, + H,O

H* + organics — CO, + H,0O

In an acidic solution, these TiO, NPs demonstrate
good photocatalytic activity against a hazardous
reactive green-19 dye (Kaur ef al., 2019). When
compared to artificially generated TiO, NPs, these
nanoparticles remove 98.88% of the hazardous
reactive green-19 dye. 30 mg of catalyst and 120
minutes of UV light irradiation were employed to

Low
adsorption
g of RG-19 dye

Fig. 4. Effect of pH on adsorption of dye on TiO, NPs (Kaur et al., 2019)

Table 1. TiO, NPs synthesized using plant part extracts

Plant Part Extract Metal salt  Sizeinnm  Morphology Reference

Jatropha curcas leaf TiCl, 13 Spherical Goutam ef al.(2018)

L. Siceraria leaf TTIP 8.6 Spherical Kaur et al. (2021)

Carica papaya leaf TTIP 15.6 Spherical Kaur et al. (2019)

Trigonella foenum leaf TiOSO, 42-66 Spherical Subhapriya and Gomathipriya, (2018)
P. gquajava leaf TiO(OH), 32.58 Spherical Santhoshkumar et al. (2014)

Moringa oleifera leaf TTIP 12.22 Tetragonal Sivaranjani and Philominathan (2016)
Azadirachta indica leaf TTIP 56.13 Spherical Thakur et al. (2019)

S. cumini leaf TTIP 18 Spherical Sethy et al. (2020)

N. oleander leaf TTIP 65-75 Spherical Vijitha et al. (2019)

Jasmine flower TTIP 32-48 Spherical Aravind et al. (2021)

Cucurbita pepo seeds TiClL, - Tetragonal Abisharani et al. (2019)

Glycosmis cochinchinensis leaf TiO(OH), 45 Spherical Rosi and Kalyanasundaram, (2018)

E. H. Jaub root TiO(OH), 25.2 Spherical Nasrollahzadeh and Sajadi, (2015)
Arbor-tristis leaf TTIP 75 Spherical Sundrarajan and Gowri, (2011)
Caricaceae (Papaya) shell TTIP 15 Spherical Saka et al. 2022
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Fig. 5. Photocatalytic mechanism for pollution removal by using TiO, NPs under light (Kaur et al., 2019)

remove reactive green-19 dye. In acidic medium, UV
absorption is higher for harmful RG-19 dye than in
basic medium, resulting in dye photodegradation.
The effect of pH on dye adsorption on TiO, NPs is
shown in Figure 4.

Kaur et al. (2019) reported an environmentally
friendly TiO, NPs production utilising Carica papaya
leaf extract. The photodegradation of an aqueous
solution of RO-4 dye with synthesized nanoparticles
showed improved outcomes at various pH values of
the dye solution. The percentage dye elimination by
nanoparticles increased from 85.18% to 92.16%
when the dosage of TiO, NPs was raised from 15 mg
to 30 mg. The dye removed is 91.19% at the
optimum dosage of TiO, NPs, which is 25 mg.
Figure 5 depicts the photocatalytic pathway for
pollution removal utilising TiO, NPs under light.

Sethy et al. (2020) published research paper an

Table 2. Various parameters of water before and after
treatment of TiO, NPs (Sethy et al., 2020)

environmentally friendly synthesis of TiO, NPs
using Syzygium cumini extract for photocatalytic
removal of lead in explosive industrial waste water
in the same year. The TiO, NPs were spherical and
aggregated into an irregular structure with an
average diameter of 18 nm. These TiO, NPs
eliminate lead from explosives and industrial waste
water in a cost-effective manner. TiO, NPs remove
82.53% of lead from explosive industrial effluent
and 75.5% of chemical oxygen demand. Various
parameters of water before and after treatment are
summarized in the Table 2.

Aravind et al. (2021) reported a biosynthesis of
TiO, NPs using Jasmine flower extract. They
examined the photodegradation of methylene blue
dye with the help of UV-Visible irradiation
technique using biosynthesized nanoparticles.
Which results in the degradation of methylene blue
to leuco methylene blue. Biosynthesized TiO,NPs
showed maximum degradation efficiency of 89%
under 120 minutes of irradiation.

Physico-chemical ~ Before After Antimicrobial and antiparasitic activity
t treatment treatment
paramerer reatmen reatmen When compared to chemically manufactured TiO,
pH 7.6 7.8 NPs, green synthesised TiO, NPs demonstrated
Lead (ppm) 8.621 L5 superior antimicrobial or antibacterial action against
EOID (mg/L) ?{430 015 iOOﬁ How (0.07 negative microorganisms. S. saprophyticus, B. subtilis,
olour (a.u.) ellow (0.15) ightyellow 007) g " i and P, aeruginosa were used to test the
= Enzymatic damage
I,”’ E s
RNA/DNA damage Dead
TiIO, NPg —= — - Bacterial

cell

uoRdNpoid SOy

Macromolecules damage

Cell

Cell membrane
damage

Fig. 6. Mechanistic representation of green synthesized titanium nanoparticles effect on the bacterial cell (Rosi and

Kalyanasundaram, 2018)
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Table 3. ZOI against different bacteria with TiO, NPs concentration (Ajmal et al., 2019)

Bacteria Type gram Zone of inhibition NPs conc. in ig/ml
E. coli Negative 3-20 mm 12.5-100

P. aeruginosa Negative 2-19 mm 12.5-100

A. Substilis Positive 17-19 mm 100

antibacterial activity of green produced TiO, NPs
against a variety of harmful bacteria.

Ajmal et al. (2019) synthesized TiO, NPs using
fruit peel agro waste. The zone of inhibition against
different bacteria is shown in Table 3. It found that
TiO, NPs exhibited good antimicrobial activity
against all gram negative bacteria with which E. coli
being most affected.

The biogenesis of TiO, NPs by Trigonella foenum-
graecum leaf extract was reported by Subhapriya and
Gomathipriya (2018). The antibacterial activity of
these nanoparticles against Y. enterocolitica (10.6
mm), S. faecalis (11.6 mm), S. aureus (11.2 mm), E.
faecalis (11.4 mm) and E. coli (10.8 mm) is
noteworthy. The inhibition zone for TF-TiO, NPs is
observed between 8.5 mm-11.5 mm. Because of the
hydroxyl group, TiO, NPs have the ability to
disintegrate the outer membrane of bacteria,
resulting in the microorganisms death.

An environment-friendly fabrication of TiO, NPs
using Psidium guajava leaf extract was reported by
Santoshkumar et al. (2014). The biosynthesized TiO,
NPs (20 ug/mg) observed maximum zone of
inhibition against S. aureus (25mm) and E. coli (23
mm). The disk diffusion method was performed
against the pathogenic strains of bacteria.

Aravind et al., (2021) designed an
environmentally friendly synthesis of TiO, NPs that
exhibit good antibacterial activity. The inhibitory
zone for gram negative bacteria like E. coli and
Klebsiellan was 14 mm and 12 mm respectively, when
these nanoparticles were used. These TiO, NPs have
a remarkable zone of inhibition for gram positive
bacteria like S. aureus, which is 8 mm. Reactive
oxygen species including hydroxyl group and
superoxide were used to breakdown bacterial cell
walls which results in death of microbes.

Rosi and Kalyanasundaram, (2018) developed an
environment-friendly synthesis of TiO, NPs using G.
cochinchinensis leaf extract. These TiO, NPs have
antibacterial action against both gram positive (S.
saprophyticus and B. Subtilis) and gram negative
bacteria (E. coli and P. aeruginosa). The comparison
reveals that gram negative bacteria have the largest
inhibitory zone. Figure 6. depicts a plausible

mechanistic pathway for TiO, NPs impacts on
bacterial cell walls.

Benelli et al. (2017) found that metal nanoparticles
were efficient against a variety of parasitic larval
and adult insect species. Green TiO, NPs have also
been discovered to be potent larvicidal agents
against a variety of parasitic bug species. Reduced
levels of biochemical parameters related in growth
and development, such as proteins, lipids, lactate
dehydrogenase, alkaline phosphatase and acid
phosphatase, are among the subcellular events that
lead to mortality as shown in Figure 7. TiO, NPs
were found to be effective against a variety of
parasites including B. ovis, Aedes aegypti, H. maculate
and others. This is more effective against Zika virus.

Decrease in total lipids,

acid phosphatase, alkaline Dead
phosphatase protein, lactate Parasite
dehydrogenase level

Parasite

Fig. 7. Effect of biogenic TiO, NPs on larvas biochemical
factors (Benelli et al., 2017)

These findings show that green produced TiO,
NPs have exceptional photocatalytic activity,
however the reducing phenomena is yet unknown
and needs to be investigated further. It possesses a
wide range of antibacterial and antiparasitic
properties. It’s also employed as an antioxidant and
in the creation of gel-based ointments(Jadoun et al.,
2021).

CONCLUSION

The focus of this review study was on the
environment-friendly production of TiO, NPs using
a variety of plant extracts and their applications. The
formation of TiO, NPs was initially verified using
morphological and spectroscopic measurements,
followed by a change in the reaction mixtures colour.
Characterization of biosynthesized TiO, NPs was
done using XRD, UV-Visible, FTIR, SEM and TEM.
This review emphasises TiO, NPs photocatalytic,
antibacterial and antiparasitic properties. In order to
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eliminate hazardous metals from TWW, TiO, NPs
were used as a photocatalyst. It’s also utilised as a
photocatalyst to remove poisonous dyes and other
harmful contaminants. Future expectations from
environment-friendly nanoparticle synthesis are
finding new routes of synthesis and the applications
of these nanoparticles in catalysis and the
biomedical area will rise tremendously.

Abbreviations

1) TiO,NPs Titanium oxide nanoparticles

2) FTIR-Fourier transform infrared spectroscopy
3) TEM-Transmission electron microscopy

4) XRD-X-ray diffraction spectroscopy

5) SEM-Scanning electron microscopy

6) EDX-Energy dispersive X-ray spectroscopy
7) TTIP-Titanium (IV)-iso-propoxide

8) RG-19-Reactive green — 19

9) COD-Chemical oxygen demand

10) TWW-Tannery wastewater

11) ZOI-Zone of inhibition

12) ROS-Reactive oxygen species

REFERENCES

Abisharani, J.M., Devikala, S., Dinesh Kumar, R.,
Arthanareeswari, M. and Kamaraj, P. 2019. Green
synthesis of TiO, nanoparticles using Cucurbita
pepo seeds extract. Materials Today: Proceedings.
14: 302-307. https://doi.org/10.1016/
j-matpr.2019.04.151

Ajmal, N., Saraswat, K., Bakht, M.A., Riadi, Y., Ahsan,
M.J. and Noushad, M. 2019. Cost-effective and
eco-friendly synthesis of titanium dioxide (TiO,)
nanoparticles using fruit's peel agro-waste extracts:
characterization, in vitro antibacterial, antioxidant
activities. Green Chemistry Letters and Reviews.
12(3): 244-254. https://doi.org/10.1080/
17518253.2019.162964 1

Aravind, M., Amalanathan, M. and Mary, M.S.M. 2021.
Synthesis of TiO, nanoparticles by chemical and
green synthesis methods and their multifaceted
properties. SN Applied Sciences. 3(4): 1-10. https:/
/doi.org/10.1007/s42452-021-04281-5

Benelli, G., Caselli, A. and Canale, A. 2017. Nanopatrticles
for mosquito control: Challenges and constraints
Nanoparticles for mosquito control. Journal of King
Saud University-Science. 29(4): 424-435. https://
doi.org/10.1016/j.jksus.2016.08.006

Bhullar, S., Goyal, N. and Gupta, S. 2021. Rapid green-
synthesis of TiO, nanoparticles for therapeutic
applications. RSC Advances. 11(48): 30343-30352.
https://doi.org/10.1039/d1ra05588¢g

Goutam, S.P., Saxena, G., Singh, V., Yadav, A.K,,
Bharagava, R.N. and Thapa, K.B. 2018. Green

synthesis of TiO, nanoparticles using leaf extract of
Jatropha curcas L. for photocatalytic degradation of
tannery wastewater. Chemical Engineering Journal.
336: 386-396. https://doi.org/10.1016/
j.cej.2017.12.029

Irshad, M.A., Nawaz, R., Rehman, M.Z. ur., Adrees, M.,
Rizwan, M., Ali, S., Ahmad, S. and Tasleem, S.
2021. Synthesis, characterization and advanced
sustainable applications of titanium dioxide
nanoparticles: A review. Ecotoxicology and
Environmental Safety. 212: 111978. https://doi.org/
10.1016/j.ecoenv.2021.111978

Jadoun, S., Arif, R., Jangid, N.K. and Meena, R.K. 2021.
Green synthesis of nanoparticles using plant
extracts: a review. Environmental Chemistry
Letters. 19(1): 355-374. https://doi.org/10.1007/
s$10311-020-01074-x

Kaur, H., Kaur, S., Kumar, S., Singh, J. and Rawat, M.
2021. Eco-friendly Approach: Synthesis of Novel
Green TiO, Nanoparticles for Degradation of
Reactive Green 19 Dye and Replacement of
Chemical Synthesized TiO,. Journal of Cluster
Science. 32(5): 1191-1204. https://doi.org/10.1007/
s10876-020-01881-w

Kaur, H., Kaur, S., Singh, J., Rawant, M. and Kumar, S.
2019. Expanding horizon: Green synthesis of TiO,
nanoparticles using Carica papaya leaves for
photocatalysis application. Material Research
Express. 1-18. https://iopscience.iop.org/article/
10.1088/2053-1583/abe778

Kulkarni, V., Palled, V., Hiregoudar, S., Prakash, K.V,
Maski, D. and Sushilendra, 2019. Bio-Synthesis
and Characterization of Titanium Dioxide
Nanoparticles (TiO,) Using Azadirachta indica Leaf
(Neem Leaf) Extract. International Journal of
Current Microbiology and Applied Sciences. 8(10):
2309-2317. https://doi.org/10.20546/
ijcmas.2019.810.268

Manjare, S.B. and Chaudhari, R.A. 2020a. Environment-
friendly synthesis of palladium nanoparticles loaded
on Zeolite Type-Y (Na-form) using Anacardium
occidentale shell extract (Cashew nut shell extract),
characterization and application in -C-C- coupling
reaction. Journal of Environmental Chemical
Engineering. 8: 104213. https://doi.org/10.1016/
j-jece.2020.104213

Manjare, S.B. and Chaudhari, R.A. 2020b. Palladium
Nanoparticle-Bentonite Hybrid Using Leaves of
Syzygium aqueum Plant from India: Design and
Assessment in the Catalysis of -C-C- Coupling
Reaction. Chemistry Africa. 3(2): 329-341. https://
doi.org/10.1007/s42250-020-00139-2

Manjare, S.B., Paranjape, P.P., Gurav, V.L., Shinde, P.P.,
Chavan, R.R. and Thopate, S.R. 2020. Silver
nanoparticles synthesis using AH leaf extract and
its antimicrobial activity. Bioinspired, Biomimetic
and Nanobiomaterials. 9(3): 190-193. https://
doi.org/10.1680/jbibn.19.00047



540 PATIL ET AL

Nadeem, M., Tungmunnithum, D., Hano, C., Abbasi, B.
H., Hashmi S.S., Ahmad, W. and Zahir, A. 2018.
The current trends in the green syntheses of
titanium oxide nanoparticles and their applications.
Green Chemistry Letters and Reviews. 11(4): 492-
502. https://doi.org/10.1080/17518253.2018.
1538430

Nasrollahzadeh, M. and Sajadi, S.M. 2015. Synthesis and
characterization of titanium dioxide nanoparticles
using Euphorbia heteradena Jaub root extract and
evaluation of their stability. Ceramics International.
41(10): 14435-14439. https://doi.org/10.1016/
j.ceramint.2015.07.079

Patidar, V. and Jain, P. 2017. Green Synthesis of TiO,
Nanoparticle Using Moringa oleifera Leaf Extract.
International Research Journal of Engineering and
Technology(IRJET). 4: 1-4.

Pushpamalini, T., Keerthana, M., Sangavi, R., Nagaraj, A.
and Kamaraj, P. 2020. Comparative analysis of
green synthesis of TiO, nanoparticles using four
different leaf extract. Materials Today: Proceedings.
40 : S180-S184. https://doi.org/10.1016/j.matpr.
2020.08.438

Rosi, H. and Kalyanasundaram, S. 2018. Synthesis,
characterization, structural and optical properties of
titanium-dioxide nanoparticles using Glycosmis
cochinchinensis Leaf extract and its photocatalytic
evaluation and antimicrobial properties. World
News of Natural Sciences An International Scientific
Journal. 17: 1-15.

Saka, A., Shifera, Y., Jule, L. T., Badassa, B.,
Nagaprasad, N., Shanmugam, R., Dwarampudi, L.
P., Seenivasan, V. and Ramaswamy, K. 2022.
Biosynthesis of TiO2 Nanoparticles by Caricaceae
(Papaya) Shell Extracts for Antifungal
Application.Scientific Reports. 12 (1): 1-10. https://
doi.org/10.1038/s41598-022-19440-w.

Santhoshkumar, T., Rahuman, A.A., Jayaseelan, C.,
Rajakumar, G., Marimuthu, S., Kirthi, A. V.,

Velayutham, K., Thomas, J., Venkatesan, J. and
Kim, S.K. 2014. Green synthesis of titanium dioxide
nanoparticles using Psidium guajava extract and its
antibacterial and antioxidant properties. Asian
Pacific Journal of Tropical Medicine. 7(12): 968-
976. https://doi.org/10.1016/S1995-7645(14)60171-
1

Sethy, N.K., Arif, Z., Mishra, P.K. and Kumar, P. 2020.
Green synthesis of TiO, nanoparticles from
Syzygium cumini extract for photo-catalytic removal
of lead (Pb) in explosive industrial wastewater.
Green Processing and Synthesis. 9(1): 171-181.
https://doi.org/10.1515/gps-2020-0018

Sivaranjani, V. and Philominathan, P. 2016. Synthesize of
Titanium dioxide nanoparticles using Moringa
oleifera leaves and evaluation of wound healing
activity. Wound Medicine. 12 : 1-5. https://doi.org/
10.1016/j.wndm.2015.11.002

Subhapriya, S. and Gomathipriya, P. 2018. Green
synthesis of titanium dioxide (TiO,) nanoparticles by
Trigonella foenum-graecum extract and its
antimicrobial properties. Microbial Pathogenesis.
116 : 215-220. https://doi.org/10.1016/j.micpath.
2018.01.027

Sundrarajan, M. and Gowri, S. 2011. Green synthesis of
titanium dioxide nanoparticles by nyctanthes arbor-
tristis leaves extract. Chalcogenide Letters. 8(8):
447-451.

Thakur, B. K., Kumar, A. and Kumar, D. 2019. Green
synthesis of titanium dioxide nanoparticles using
Azadirachta indica leaf extract and evaluation of
their antibacterial activity. South African Journal of
Botany. 124: 223-227. https://doi.org/10.1016/
j-sajb.2019.05.024

Vijitha, G., Vaigainithiya, M. and Bhuvaneswari, R. 2019.
Green Synthesis of Zinc-Oxide and Titanium
Dioxide Nanoparticles. International Journal of
Chemical Engineering Research. 6(1): 1-3. https://
doi.org/10.14445/23945370/ijcer-v6i1p101




