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AbstractThis bibliometric review examines the trends in green synthesis of CeO2 nanoparticles (NPs) emphasizing significant contributionsand emerging research applications. Through an analysis of keywords, co-authorship networks, countries, and affiliation metworks,findings highlight that green synthesis of nanoparticles, applications of CeO2 as antibacterial agent, catalyst, and photocatalysts arethe most used keywords reflecting strong interests. By evaluating the citation metrics within last 20 years, it could be concluded thatgreen synthesis of CeO2 still have position to fill the map on the use of nanoparticles for various applications, mainly in medicine andenvironmental engineering. Stronger collaborations to explore linkages for creating new route as greener and sustainable method asinnovation are still required.
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1. INTRODUCTION

Research on nanoparticles synthesis is one of the most popular
themes in term of nanotechnology in green chemistry. Using
the perspective of green chemistry, green synthesis of nanopar-
ticles is a central point. Even though the green synthesis is
actually referred to the synthesis procedure involving the use
of low-cost, less energy, and sustainable resources, in case of
nanoparticles synthesis, majority of the published paper high-
lighted the use of plant extract or plant-mediated synthesis
of metal oxide nanoparticles (Hussain et al., 2016) . The se-
lection of plant is usually based on the content of secondary
metabolites having potential to be bio-reductors to convert
metal precursor into single nanoparticles or metal oxide (Dhall
and Self, 2018) . In addition, selected plant which includes
medicinal plant, agricultural waste, and residues represents
a representative and significant sources to meet the low-cost
method.

Cerium oxide (CeO2) is one of metal oxides that have sig-
nificant interest due to their various applications in biology,
environment, energy, and medicine. Like many other metal
oxides, CeO2 in NP form demonstrates excellent performance
in various applications due to the quantum size effect (Prieur
et al., 2020) . Nanoparticles can be synthesized using various
methods. One of the most popular methods for CeO2 NP

synthesis is the co-precipitation technique using cerium salts
as precursors. Green synthesis methods using organic extracts
have been developed to produce biocompatible CeO2 NPs,
addressing safety concerns and enhancing their potential in
biomedicine (Javid et al., 2022; Gunasekaran et al., 2025) .
These nanoparticles exhibit promising properties for photo-
catalysis, antimicrobial activity, and antioxidant applications
(Shlapa et al., 2022) . The Scopus database provides some refer-
ences describing the various green synthesis methods.

Previous review articles on CeO2 nanoparticles (CeO2 NPs)
synthesis highlighted the applications and toxicological impli-
cations of the NPs (Mabood et al., 2020) , and focusing on
antibacterial activities (Mohajeri et al., 2025) . Previous review
on green synthesis CeO2 NPs resumed the subject content of
the papers, prospects for collaboration with other institutions or
authors, and impacted journals for publication of any study on
this topic. Meanwhile, references tracking for a specific topic
is challenging for researchers to faster look at the progress,
position, and the trend profile of rapid growth in the volume
of research works. Bibliometric analysis methods have been
widely used to figure out these researches and references big
data. Based on these backgrounds, this review is trying to figure
out better understanding on the current state and the trend of
research in green synthesis of CeO2 NPs.
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Using VOSviewer and Biblioshiny in RStudio, analysis to pub-
lished papers, linkage of authors/research collaborations, ci-
tation patterns, and keywords, identification of the key areas
of progress, gaps in knowledge, and emerging trends are pre-
sented. The description could be used for guiding the more
effective research.

Figure 1. Flowchart of Data Collection

2. METHODOLOGYOF REVIEW

This bibliometric review was performed by a systematic ap-
proach to collect, identify, and analyze relevant papers using the
Scopus database. Initial search for the documents was based on
the search query as follows: (TITLE-ABS-KEY (green synthe-
sis) AND TITLE-ABS-KEY (CeO2) AND TITLE-ABS-KEY
(nanoparticles)) and (TITLE-ABS-KEY (plant-mediated syn-
thesis) AND TITLE-ABS-KEY (CeO2) AND TITLE-ABS-
KEY (nanoparticles)), with year range limited at 2019-2025.
The selection of Scopus database was considered referred to the
tight selection criteria of indexing compared to other indexing
such as Google Scholar. However, potential drawback is the ex-
cluded scientific papers from journals that are not indexed by
Scopus, including local or non-English journals; in fact, some
papers in local or national level sometimes give novelty in term
of collected data. Additionally, Scopus may not capture the
grey literatures such as conference proceedings, government
reports, and technical documents, which could provide valu-
able insights into practical and policy-oriented applications.
Furthermore, the papers were screened objectively by looking
at the content in full papers or abstracts. Descriptive analysis
and visualization were performed using VOSviewer. Mapping
on keywords, authorship, and linkage were figured out by the
software. Further analysis was performed using Biblioshiny in
RStudio.

3. DATA COLLECTION AND SELECTION

From the search using the Scopus database, 613 documents were
collected. Further evaluation from the full papers and abstracts
resulted in 124 papers being sorted. The selection was based
on the content of the papers with consideration on the green
synthesis approach and the pure synthesized material of CeO2
NPs. The papers containing chemical synthesis were excluded.

Figure 1 provides the flowchart of procedure and Figure 2
depicts the annual publication during the last 13 years. From a
total of 124 documents, about 111 papers were collected from
the last 13 years. It is seen that, in general, an increased number
of papers is shown. The annual publication number shows an
increasing trend. This implies that the research theme is still
growing and an emerging area. The document searching was
performed on 7 July 2025. By using the annual growth rate of
publication of about 16.17%, there will be insignificant changes
for such crucial information. The selection of the documents
was based on the detail of the abstract which is closer to the topic
of green synthesis and chemical applications, and non-English
documents were excluded.

Figure 2. Annual Trend in Publications in Green Synthesis of
CeO2 NPs

Figure 3. Main Data Information

The details of the collected documents are summarized
in Figure 3. From 2009 to 2025, a total of 124 documents
were published across 94 sources, with an annual growth rate
of 16.17%. The publications involved 591 authors, of which
29.84% were international co-authorships. The average num-
ber of co-authors per document was 5.23. A total of 365 key-
words were recorded from these documents, and the average
number of citations per document was 15.21.
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Figure 4. Progress of Publications on Green Synthesis of CeO2
NPs

4. DATA ANALYSIS

From the documents collected, the number of publications
during the last 10 years and the citation average each year
are presented in Figure 4. It is seen an increased number of
publications appearing from year to year during 2015-2025,
but the citation average is decreased throughout the year. This
trend is common in some other topics of publications.

Figure 5 depicts three-field plots of the most selected key-
words, author’s institution and country. The popularity of the
keywords is as follows: catalytic activity, CeO2, catalysis, synthe-
sis, metal nanoparticles, synthesis (chemical), X-ray diffraction,
transmission electron microscopy, Fourier-transform infrared,
particle size, and cerium oxide nanoparticles, biosynthesis, pho-
tocatalytic activity, cytotoxicity, antioxidant, antibacterial activ-
ity. Meanwhile, the top author’s affiliations are: Islamic Azad
University, Mashhad University of Medical Science, College
Science, Chona, Tumkur University, Beijing University, Col-
lege of Chemistry and Chemical Engineering.

Figure 5. Three-Field Plots of Collected Documents [Analysis
Parameter: Left-field: Keywords, Middle-field: Affiliations,
Right-field: Countries, Number Items: 20]

Figure 6. Corresponding Authors Countries of The Collected
Documents [Parameter: 20]

Figure 7. The Most Relevant Source of Selected Documents
[Parameter: 10]

The top five authors’ countries are China, India, Iran, Saudi
Arabia, and Pakistan. The most relevant sources are presented
in Figure 6, and the popular sources are provided in Figure
7. Beyond China, the affiliated countries are mostly Asian
nations classified as low socioeconomic countries. The high
number of publications may be associated with the abundant
plant diversity, which contributes to the novelty of research in
green synthesis.

Based on number of documents, India affiliated authors
contributed the most documents followed by China, Iran, Pak-
istan, and Korea. The plot identifies the variability of the source
of plant extracts for reduction of Ce precursors in those coun-
tries rather than some countries such as European countries.
The multiple country publications from India, China and Iran
affiliation countries reflect the collaborative research supporting
the output of research.

Figure 7 shows that the green synthesis of CeO2 research is
widely published in various international journals focusing on
materials and nanotechnology. Based on the graph, the Ceram-
ics International, International Journal of Nanomedicine, Journal
of Molecular Structure, and Materials Research Express are the
main sources and media in disseminating green synthesis of
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Figure 8. Co-occurrence Network of the Most Used Keywords in the Articles

Figure 9. Topic Map of The Selected Documents

CeO2 research, each with four publications. Meanwhile, the
journals AIP Conference Proceedings, BioNanoScience, and RSC
Advances each have three publications. Finally, the Journal of
Applied Physics A: Materials Science and Processing, Asian Journal
of Chemistry, and Bioinorganic Chemistry and Applications each
contain two publications.

The topic map is presented in Figure 8. Based on this map,
several significant keywords appear, including cerium oxide
nanoparticle, green synthesis, synthesis (chemical), cerium, X-

ray diffraction, bacteria, photocatalysis, wastewater treatment,
and bio-nanocomposite.

The keyword map represents the recent topics mainly re-
lated to characterization and application fields. X-ray diffrac-
tion and particle size analysis are mentioned as keywords due
to their importance in confirming the phase of CeO2 and its
nanoparticle form. Meanwhile, some keywords reflecting ap-
plication aspects include antibacterial, biomedical, and photo-
catalysis.
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Figure 10. Important Keywords of The Selected Documents
[Parameter; 20]

Based on Figure 9, the themes related to the green synthesis
of CeO2 show that the topics of “green synthesis” and “cerium
oxide nanoparticles” are highly relevant basic themes. Mean-
while, topics such as “biosynthesis,” “antibacterial,” and “cyto-
toxicity” are core themes connected to other fields. Themes
such as “plant extracts” and “biomaterials” indicate specialized
research focuses, while “photocatalysis” and “antifungal activ-
ity” represent declining themes. This shows that the green
synthesis of CeO2 still has significant potential for further ex-
ploration.

Based on Figure 10, it is shown that during 1994-2022
the popular keywords included ammonia synthesis, photocata-
lyst, nanostructure, ceria, CeO2 nanoparticles, green synthesis,
photoluminescence, and green chemistry. Meanwhile, in 2023-
2025, the discussions focused more on CeO2 nanoparticles,
heterogeneous catalysis, antioxidant, multicomponent reaction,
magnetic properties, bacterial, toxicity, and anticancer activity.
The evolution of the authors’ keywords implies the trends in
CeO2 nanoparticle research focuses.

Figure 11. Authors Mapping of Selected Documents

In the previous era, CeO2 nanoparticle research utilized the
terms green synthesis and green chemistry, while the keywords

photoluminescence, photocatalysis, and antibacterial suggested
the applications of CeO2 in photocatalysis and as an antibac-
terial agent. Recent progress highlights additional keywords
such as antioxidant, heterogeneous catalyst, multicomponent
reaction, and anticancer activity. The wider scope of the re-
search purposes is identified from this map. The applicability
of CeO2 nanoparticles in heterogeneous catalysis and multi-
component reactions represents the vast role of nanoparticles in
various catalytic reactions such as ammonia oxidation, catalytic
oxidation of dyes, and methanation (Mohajeri et al., 2025) .
In addition, some papers presented the anticancer activity of
CeO2 nanoparticles in various cancer cells (Amiri et al., 2025) .

Figure 12. Capping Agent Mechanism of Polyphenol and
Cerium Ion

The review papers entitled “Cerium Oxide Nanoparticles:
Green Synthesis and Biological Applications” and “Green Syn-
thesis of Cerium Oxide Nanoparticles (CeO2 NPs) and Their
Antimicrobial Applications: A Review” published in the Inter-
national Journal of Nanomedicine received the highest citations of
253 and 210, respectively. From the classification of research
papers, an article in the International Journal of Nanoscience ti-
tled “A Green Approach for the Synthesis of Cerium Oxide
Nanoparticles: Characterization and Antibacterial Activity” ob-
tained 183 citations. The paper employed Acalypha indica leaf
extract for the synthesis process, representing innovative re-
search utilizing various plant extracts. The high citation num-
bers highlight the significance of CeO2 NPs applications in
diverse fields, including as photocatalysts, antimicrobial agents,
and anticancer materials.

5. GREEN SYNTHESIS OF CeO2 NPs

Green synthesis of CeO2 NPs has been carried out from many
perspectives related to the principles of green chemistry. The
methods include the utilization of renewable resources, less
hazardous chemicals, and also intensified energy sources such
as ultrasound (US) and microwave (MW) irradiation. The
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Table 1. Most Cited Papers in Green Synthesis of CeO2 NPs

Authors Paper Title Year Journal Citations

Charbgoo F.; Ahmad M.B.;
Darroudi M.

Cerium oxide nanoparticles: Green synthesis
and biological applications

2017
International

Journal of
Nanomedicine

253

Nadeem M.; Khan R.;
Afridi K.; Nadhman A.;

Ullah S.; Faisal S.; Mabood
Z.U.; Hano C.; Abbasi

B.H.

Green synthesis of cerium oxide nanoparticles
(CeO2 NPs) and their antimicrobial

applications: A review
2020

International
Journal of

Nanomedicine
210

Kannan S.K.; Sundrarajan
M.

A green approach for the synthesis of a cerium
oxide nanoparticle: Characterization and

antibacterial activity
2014

International
Journal of

Nanoscience
183

Pansambal S.; Oza R.;
Borgave S.; Chauhan A.;
Bardapurkar P.; Vyas S.;

Ghotekar S.

Bioengineered cerium oxide (CeO2)
nanoparticles and their diverse applications: A

review
2023

Applied
Nanoscience

(Switzerland)
103

Ahmed H.E.; Iqbal Y.;
Aziz M.H.; Atif M.; Batool

Z.; Hanif A.; Yaqub N.;
Farooq W.A.; Ahmad S.;
Fatehmulla A.; Ahmad H.

Green synthesis of CeO2 nanoparticles from the
Abelmoschus esculentus extract: Evaluation of
antioxidant, anticancer, antibacterial, and

wound-healing activities

2021 Molecules 94

Magudieshwaran R.; Ishii
J.; Raja K.C.N.; Terashima

C.; Venkatachalam R.;
Fujishima A.;

Pitchaimuthu S.

Green and chemical synthesized CeO2
nanoparticles for photocatalytic indoor air

pollutant degradation
2019

Materials
Letters

87

Miri A.; Beiki H.;
Najafidoust A.; Khatami

M.; Sarani M.

Cerium oxide nanoparticles: Green synthesis
using banana peel, cytotoxic effect, UV

protection and their photocatalytic activity
2021

Bioprocess and
Biosystems

Engineering
59

Foroutan Z.; Afshari A.R.;
Sabouri Z.; Mostafapour

A.; Far B.F.; Jalili-Nik M.;
Darroudi M.

Plant-based synthesis of cerium oxide
nanoparticles as a drug delivery system in
improving the anticancer effects of free

temozolomide in glioblastoma (U87) cells

2022
Ceramics

International
51

Iqbal A.; Ahmed A.S.;
Ahmad N.; Shafi A.;

Ahamad T.; Khan M.Z.;
Srivastava S.

Biogenic synthesis of CeO2 nanoparticles and its
potential application as an efficient photocatalyst

for the degradation of toxic amido black dye
2021

Environmental
Nanotechnol-

ogy,
Monitoring

and
Management

45

Parvathy S.; Manjula G.;
Balachandar R.; Subbaiya

R.

Green synthesis and characterization of cerium
oxide nanoparticles from Artabotrys hexapetalus
leaf extract and its antibacterial and anticancer

properties

2022
Materials

Letters
41

Irshad M.S.; Aziz M.H.;
Fatima M.; Rehman S.U.;

Idrees M.; Rana S.;
Shaheen F.; Ahmed A.;
Javed M.Q.; Huang Q.

Green synthesis, cytotoxicity, antioxidant and
photocatalytic activity of CeO2 nanoparticles

mediated via orange peel extract (OPE)
2019

Materials
Research
Express

40

Zinatloo-Ajabshir S.;
Mehrabadi Z.; Khojasteh

H.; Sharifianjazi F.

Innovative fabrication of highly efficient CeO2
ceramic nanomaterials for enhanced
photocatalytic degradation of toxic

contaminants under sunlight

2024
Ceramics

International
36
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Zinatloo-Ajabshir S.;
Mehrabadi Z.; Khojasteh

H.; Sharifianjazi F.

Innovative fabrication of highly efficient CeO2
ceramic nanomaterials for enhanced
photocatalytic degradation of toxic

contaminants under sunlight

2024
Ceramics

International
36

Rahdar A.; Beyzaei H.;
Askari F.; Kyzas G.Z.

Gum-based cerium oxide nanoparticles for
antimicrobial assay

2020

Applied
Physics A:
Materials

Science and
Processing

33

Zinatloo-Ajabshir S.;
Ahmadi-Zeidabadi M.;

Amiri M.; Sharifianjazi F.

Innovative sono-synthesis of cerium dioxide
nanomaterials using Mentha extract with efficient

activity for cancer therapy application
2024

Results in
Engineering

32

Alotaibi M.O.; Alotaibi
N.M.; Ghoneim A.M.; Ain
N.U.; Irshad M.A.; Nawaz

R.; Abbas T.; Abbas A.;
Rizwan M.; Ali S.

Effect of green synthesized cerium oxide
nanoparticles on fungal disease of wheat plants:

A field study
2023 Chemosphere 30

Table 2. Varied CeO2 Nanoparticle Sizes Obtained from Different Plant Extracts used for Green Synthesis

Plant Extract Particle Size (nm) Reference

Gloriosa superba 5 (Arumugam et al., 2015)
Hibiscus sabdariffa 3.9 (Thovhogi et al., 2015)

Vigna radiata 2.94 (Ahmad, 2023)
Linum usitatissimum seed 20 (Foroutan et al., 2024)

Oroxylum indicum 23.58 (Mim et al., 2024)
Centella asiatica 10 (Mamatha et al., 2024)
Prosopis juliflora 3.7 (Arunachalam et al., 2017)

Azadirachta indica 2 (Arunachalam et al., 2017)
Pimpinella anisum 100 (Alarfaj et al., 2024)

Acacia concinna fruit 22.7 (Muduli and Sahoo, 2022)
Petroselinum crispum 12.6 (Korotkova et al., 2019)

Lemon grass 10–40 (Maensiri et al., 2009)
Azadirachta indica 10–15 (Sharma et al., 2017)

Acalypha indica 35–45 (Magdalane et al., 2020)
Melissa officinalis <10
Pometia pinnata 6–9 (Naidi et al., 2022)

Citrus limon 10–15 (Kumar et al., 2022)
Linum usitatissimum seed 20 (Foroutan et al., 2024)

use of plant extracts aligns with the green chemistry principles
of using less hazardous chemicals and renewable resources
as replacements for conventional chemical reductors such as
sodium borohydride.

General methods for CeO2 NPs synthesis include precipi-
tation, mechanochemical, combustion, and sol–gel approaches
(Lim et al., 2004; Farahmandjou et al., 2016; Ravishankar
and Ramakrishnappa, 2015; Nosrati et al., 2023) . The pre-
cipitation method can be performed using cerium(III) nitrate
hexahydrate as a precursor and water (H2O) as a solvent at var-
ied pH values, or by mixing cerium precursors with ammonia
solution (Liu et al., 2014; Shlapa et al., 2022) . As the precip-
itate forms under alkaline conditions, the pH of the solution

determines the particle size and characteristics, including the
morphology of the nanoparticles (Yan et al., 2007; Liu et al.,
2014; Alpaslan et al., 2017) .

The combustion method has been applied to synthesize
CeO2 using (NH4) 2Ce(NO3) 6 and EDTA disodium salt as ox-
idizer and fuel. In another approach, the combustion method
involves mixing cerium precursors with polymer followed by
firing at 800 °C (Secerov et al., 2008; Bakkiyaraj et al., 2016;
Wang et al., 2022; Hosseny et al., 2024) . Mixing cerium hy-
droxide and urea as precursors forms a stable water-dispersed
sol. The sol–gel system is produced by peptization using HCl,
where H3O+ acts as a charge stabilizer to prevent agglomeration
of cerium hydroxide nanoparticles. The sol remains stable at
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Table 3. Photocatalytic Activities of Some Plant-mediated CeO2 NPs

Plant Extract Used
for Synthesis

Band Gap Energy
(eV)

Photocatalysis Reaction Efficiency Reference

Psidium guajava leaf 3.62
Methylene blue (MB)

photocatalytic degradation

Degradation
efficiency (DE) of

80% at 80 min
(Ahamed, 2022)

Aloe vera leaf 2.92–3.00
Malachite green (MG)

photocatalytic degradation
DE of 97.5% at 180

min
(El-salamony and
Aboutaleb, 2022)

Mangifera indica 3.3

Photocatalytic
transformation of
4-nitrophenol to
4-nitrophenolate

Photocatalytic
conversion of

17–19%

(Najihah et al.,
2024)

Manilkara zapota 3.25–3.45
Photocatalytic degradation
of crystal violet (CV) and

tetracycline (TC)

DE for CV: 97.33%,
TC: 93.4%

(Ayodhya et al.,
2022)

Tea waste No information
Photocatalytic degradation

of Congo red (CR)
DE for CR: 95% (Liu et al., 2021)

Portulaca ortelacea No information
Photocatalytic degradation

of methyl orange (MO)
DE for MO: 97% (Hkiri et al., 2024)

Crataegus sp. No information
Photocatalytic degradation

of acid orange 7 (AO7)
DE of 98%

(Mutashar et al.,
2025)

Stevia rebaudiana leaf No information
Photocatalytic degradation

of TC
DE of 80.06%

(Malakootian et al.,
2024)

Turmeric 2.80–3.21
MB photocatalytic

degradation
DE of 93% at 60

min
(Kalaycıoğlu et al.,

2022)

Saccostrea cucullata No information
MB photocatalytic

degradation
DE of 99% at 70

min
(Safat et al., 2021)

Tectona grandis No information
Rhodamine B (RhB)

photocatalytic degradation
DE of 90% at 60

min
(Shetty et al., 2025)

pH ranging from 1.8 to 2 (Secerov et al., 2008) . Calcination
temperature is an important parameter influencing crystallite
size, specific surface area, and pore diameter of CeO2 NPs
(Ramos-Huerta et al., 2025) .

The green synthesis approach refers to the role of secondary
metabolites in reducing Ce2+ precursors through simple mixing
or intensified procedures such as microwave-assisted or ultra-
sound (US) irradiation methods. Phytoconstituents present
in plant parts such as polyphenols, flavonoids, and flavanones
act not only as reducing agents but also influence the mor-
phology of nanoparticles, serving as stabilizing, capping, and
reducing agents (Fatimah et al., 2020; Citradewi et al., 2021) .
Compared to sol–gel or combustion methods, the use of plant
extracts reduces the need for solvents, surfactants, bases, and
other templating agents.

For example, in the synthesis using Ocimum tenuiflorum,
eugenol, quercetin, linolenic acid, palmitic acid, and guanosine
are the main compounds responsible as reducing agents. Mean-
while, when using Hibiscus sabdariffa flower extracts, the major
constituents include pyrogallol, glycerol, pyranone, linolenic
acid, and palmitic acid. The nanoparticles are formed via com-
plexation of cerium ions with hydroxyl or phenolic sites of the

secondary metabolites, as represented in Figure 12.
The use of Quercus infectoria as a bioreductor for CeO2

NPs produced nanoparticles with sizes ranging from 26.8 to
50.28 nm, showing potential applications as antioxidant and
antibacterial agents (Fahimeh et al., 2024) . Other plant extracts
utilized for the synthesis in the listed papers include Abelmoschus
esculentus, Jatropha curcas, banana peel, Caccinia macranthera,
Phoenix dactylifera fruit, Artabotrys hexapetalus, orange peel, and
Chenopodium quinoa L., in addition to glucose and xanthan gum
as green bioreductors (Ahmed et al., 2021; Iqbal et al., 2021;
Miri et al., 2021; Parvathy et al., 2022) . Various applications
of CeO2 NPs have been reported, including their use as an-
tibacterial agents, photocatalysts, antifungal agents, and cancer
therapeutics (Irshad et al., 2019; Magudieshwaran et al., 2019;
Zinatloo-Ajabshir et al., 2024) .

Different components in the plant extracts determine the
particle size distribution of the nanoparticles. Using Stevia re-
baudiana and Syzygium aromaticum extracts, the particle sizes
of CeO2 NPs were found to be 20–30 nm and 65.6 nm, re-
spectively (Malakootian et al., 2024; Alarfaj et al., 2024) . Olea
leaf-mediated CeO2 NPs demonstrated distinct morphologies
depending on the employed hydrothermal and microwave ir-
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Figure 13. Photocatalytic Mechanism on CeO2 NPs (Prieur et al., 2020; Doustkhah et al., 2023)

radiation methods (Gharbia et al., 2022) . Table 2 summarizes
the use of various plant extracts in CeO2 NPs synthesis, high-
lighting the resulting nanoparticle sizes.

Figure 14. Anticancer Mechanism of CeO2 NPs

6. APPLICATIONS OF GREEN SYNTHESIZED-CeO2
NPs
The potency of CeO2 NPs is regarded as its band gap energy
within the range of 2.6 eV-3.2 eV that is responsible for captur-
ing photons within the visible range, and it has been confirmed
by some research exploring the efficacy of degradation efficien-
cies toward dyes and organic pollutants (You et al., 2019; Muru-
gadoss et al., 2023) . As light impinges on CeO2 NPs, there will
be an electron excitation from the valence band (VB) into the
conduction band (CB), together with the formation of a hole
(h+). Furthermore, the interaction between the hole and the
solvent, in this case producing OH–, will lead to the formation

of hydroxyl radicals ( ·OH). The propagation steps produce
more radicals as oxidants to degrade organic compounds or
pollutants Figure 13. From the CB site, ·O –

2 is created by
the interaction with the solvent. Similar to other metal ox-
ide semiconductors, the photocatalytic activity depends on the
physicochemical features of the particles, such as the particle
size, which is governed by the synthesis method (Prieur et al.,
2020; Mohajeri et al., 2025) . With some parameters governing
the photoactivity, band gap energy is the main factor, which
in many cases also depends on the morphology, particle size,
and purity of nanoparticle phases (Fatimah, 2018; Haq et al.,
2021) . Table 3 summarizes some green synthesized CeO2 NPs
by varied plant extracts and their photocatalytic activity.

Another application of CeO2 NPs is as an anticancer agent.
In some studies, the examination of anticancer activity was cor-
related with antioxidative and antibacterial activities (Parvathya
and BR, 2017; Lu et al., 2022; Mohamed et al., 2025) . The
antibacterial activity of some plant-mediated synthesized CeO2
NPs revealed sufficient evidence and potential against many
bacterial strains such as Escherichia coli, Pseudomonas aeruginosa,
Bacillus subtilis, and Staphylococcus aureus (Sehar et al., 2020;
Zamani et al., 2021; Dar et al., 2022; Khan et al., 2024) . The
proven activity has been further developed for wound dressing
applications (Shabrandi et al., 2017; Li et al., 2025) . Chitosan-
supported CeO2 NPs have been applied on cutaneous experi-
mental excisional wounds infected with Pseudomonas aeruginosa
(Shabrandi et al., 2017; Huang et al., 2018) .

The cytotoxicity of CeO2 NPs has also been confirmed in
various cancer cell tests (Chukavin et al., 2023; Yang et al.,
2025) . The anticancer mechanism of CeO2 NPs is attributed
to their ability to penetrate cancer cells through endocytic path-
ways Figure 14. Although the mechanism of anticancer activity
involves reactive oxygen species (ROS) or reactive nitrogen
species (RNS), many experiments tend to suggest that ROS is
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primarily responsible for inducing cell stress, mitochondrial
dysfunction, endoplasmic reticulum (ER) stress, autophagy,
and DNA damage, ultimately leading to apoptosis (Das et al.,
2013; Roshani et al., 2023) . In addition, metal NPs can in-
hibit the cell cycle to prevent cancer proliferation. CeO2 NPs
have been reported to actively diminish the viability of breast
cancer cell line AMJ13, brain cancer cell line AMGM5, and
esophageal cancer cell line SK-GT-4 (Al-attar et al., 2025) .

7. FUTURE PERSPECTIVES

Based on the published papers during 2023–2025, research
on the green synthesis of CeO2 NPs shows 331 documents,
indicating a rapid growth and high potential for diverse ap-
plications in the future. Studies on CeO2 nanocomposites,
doped-CeO2, and related biomedical applications have gained
significant attention. The formation of CeO2-based nanocom-
posites with materials such as g-C3N4, graphene, and ZSM-5
has been highlighted for their enhanced activity and functional-
ity in environmental and biomedical fields (Huang et al., 2013;
Kaur et al., 2016; Barathi et al., 2021) . A hybrid material of
mesoporous silica-CeO2 conjugated with iRGD-grafted poly-
oxyethylene glycol exhibited high stability for wound dressing
applications, which was attributed to the antibacterial activity
of CeO2 NPs (Zhou et al., 2022) .

Microencapsulation of CeO2 NPs also represents a promis-
ing and challenging direction for future applications (Shcher-
bakov et al., 2021; Zhang, 2022) . However, studies on the inte-
gration of green-synthesized CeO2 NPs into nanocomposites-
evaluated not only for their advantages but also their poten-
tial drawbacks-remain limited. In many other metal oxide
nanocomposites, the combination of functional features en-
hances their overall applicability, particularly in the context of
green chemistry principles.

Nevertheless, reproducibility remains a critical issue, as the
inconsistency in physicochemical characteristics of NPs hinders
their industrial and medical applications, complicating com-
parisons across different studies. The variation in secondary
metabolite content of plant extracts due to differences in cli-
mate, geography, and growth conditions contributes to this
problem. Standardization of both the quantity and quality
of bioreductive components in plant extracts could serve as a
potential solution to improve consistency. Moreover, the scala-
bility of green synthesis approaches for nanoparticle production
remains a strategic and necessary focus for future industrial-
scale implementation.

8. CONCLUSIONS

Based on bibliometric analysis, the green synthesis of CeO2
NPs has emerged as one of the critical research focuses in
nanoparticle synthesis, offering numerous applications com-
pared to conventional synthesis methods. The utilization of
plant extracts for nanoparticle preparation aligns with the prin-
ciples of green chemistry, including the use of less hazardous
chemicals, renewable resources, minimized environmental im-

pact, and safety-oriented design. Several studies have demon-
strated the significant potential of CeO2 NPs synthesis, as re-
flected by the increasing number of publications and citations.
Based on the authors’ affiliated countries, researchers from re-
gions with abundant biodiversity have greater opportunities
to contribute to this field. The mapping of keywords and co-
authorship networks implies that strengthening international
collaborations remains essential to enhance the capability of
translating green-synthesized CeO2 NPs into industrial appli-
cations.

9. ACKNOWLEDGMENT

Authors acknowledge Ministry of Higher Education, Science
and Technology Republic of Indonesia for Penelitian Tesis
Magister 2025, Contract No: 053/PTM-KEMDIKTISAIN-
TEK/VI/2025 Research Funding.

REFERENCES

Ahamed, A. J. (2022). Green Synthesis, Characterization and
Photocatalytic Applications of CeO2 Nanoparticles Using
Leaf Extract of Psidium guajava. Bulletin of Environment, Phar-
macology, and Life Sciences, 1(4); 479–485

Ahmad, N. M. (2023). Synthesis of Green Cerium Oxide
Nanoparticles Using Plant Waste from Colocasia esculenta for
Seed Germination of Mung Bean (Vigna radiata) . Journal of
Nanomaterials, 2023; 9572025

Ahmed, H. E., Y. Iqbal, M. H. Aziz, M. Atif, Z. Batool,
A. Hanif, N. Yaqub, W. A. Farooq, S. Ahmad, A. Fatehmulla,
and H. Ahmad (2021). Green Synthesis of CeO2 Nanopar-
ticles from the Abelmoschus esculentus Extract: Evaluation of
Antioxidant, Anticancer, Antibacterial, and Wound-Healing
Activities. Molecules, 26(15); 4659

Al-attar, H. M., M. H. Mohammad, A. M. Majeed, H. T.
Hussein, and A. A. Ahmed (2025). Investigating the Anti-
cancer Activity of Cerium Nanoparticle Decorated on GO
Produced by Green Methods Against Cancerous Cell Lines.
Asian Pacific Journal of Cancer Prevention, 26(2); 541–549

Alarfaj, N. A., E. M. Alshehri, S. A. Al-Tamimi, and M. F. El-
Tohamy (2024). Plant Extract Mediated Synthesis of ZnO
and CeO2 Nanoparticles for Spectrofluorometric Assay of
Omeprazole and Domperidone in Pharmaceuticals. Heliyon,
10; e26164

Alpaslan, E., B. M. Geilich, H. Yazici, and T. J. Webster (2017).
pH-Controlled Cerium Oxide Nanoparticle Inhibition of
Both Gram-Positive and Gram-Negative Bacteria Growth.
Scientific Reports, 7(1); 45859

Amiri, M., S. Zinatloo-Ajabshir, and M. Ahmadi-Zeidabadi
(2025). Innovative Ultrasound Assisted Synthesis of Sponge
Like Cerium Dioxide Nanostructure Using Rosa Damascena
Extract and Its Efficient Performance for Cancer Therapy.
Scientific Reports, 15(1); 933

Arumugam, A., C. Karthikeyan, A. Syedahamed, H. Hameed,
K. Gopinath, S. Gowri, and V. Karthika (2015). Synthesis
of Cerium Oxide Nanoparticles Using Gloriosa superba L.

© 2026 The Authors. Page 191 of 195



Prihatiningsih et. al. Science and Technology Indonesia, 11 (2026) 182-195

Leaf Extract and Their Structural, Optical and Antibacterial
Properties. Materials Science and Engineering: C, 49; 408–
415

Arunachalam, T., M. Karpagasundaram, and N. Rajaratnam
(2017). Ultrasound Assisted Green Synthesis of Cerium
Oxide Nanoparticles Using Prosopis juliflora Leaf Extract and
Their Structural, Optical and Antibacterial Properties. Ma-
terials Science-Poland, 35(3); 791–798

Ayodhya, D., A. Ambala, G. Balraj, M. Pradeep, and P. Shyam
(2022). Green Synthesis of CeO2 NPs Using Manilkara
zapota Fruit Peel Extract for Photocatalytic Treatment of
Pollutants, Antimicrobial, and Antidiabetic Activities. Results
in Chemistry, 4; 100441

Bakkiyaraj, R., G. Bharat, K. H. Ramsait, A. Abdel-Wahab,
E. H. Alsharaeh, S. Chen, and M. Balakrishnan (2016). So-
lution Combustion Synthesis and Physico-Chemical Proper-
ties of Ultrafine CeO2 Nanoparticles and Its Photocatalytic
Activity. RSC Advances, 6(27); 22617–22627

Barathi, D., N. Rajalakshmi, R. Ranjith, R. Sangeetha, and
S. Meyvel (2021). Controllable Synthesis of CeO2/g C3N4
Hybrid Catalysts and Its Structural, Optical and Visible Light
Photocatalytic Activity. Diamond and Related Materials, 111;
108161

Chukavin, N. N., V. K. Ivanov, and A. L. Popov (2023).
Calcein-Modified CeO2 for Intracellular ROS Detection:
Mechanisms of Action and Cytotoxicity Analysis In Vitro.
Cells, 12(19); 2416

Citradewi, P. W., H. Hidayat, G. Purwiandono, I. Fatimah,
and S. Sagadevan (2021). Clitorea ternatea-Mediated Silver
Nanoparticle-Doped Hydroxyapatite Derived from Cockle
Shell as Antibacterial Material. Chemical Physics Letters, 769;
138412

Dar, M. A., R. Gul, P. Karuppiah, N. A. Al-Dhabi, and A. A.
Alfadda (2022). Antibacterial Activity of Cerium Oxide
Nanoparticles Against ESKAPE Pathogens. Crystals, 12(2);
179

Das, S., J. M. Dowding, K. E. Klump, J. F. Mcginnis, W. Self,
and S. Seal (2013). Cerium Oxide Nanoparticles: Applica-
tions and Prospects in Nanomedicine. Nanomedicine (Future
Medicine), 8(9); 1483–1508

Dhall, A. and W. Self (2018). Cerium Oxide Nanoparticles: A
Brief Review of Their Synthesis Methods and Biomedical
Applications. Antioxidants, 7(8); 97

Doustkhah, E., R. Hassandoost, N. Yousef Tizhoosh, M. Es-
mat, O. Guselnikova, M. Hussein, and A. Khataee (2023).
Ultrasonically-Assisted Synthesis of CeO2 Within WS2 In-
terlayers Forming Type II Heterojunction for a VOC Pho-
tocatalytic Oxidation. Ultrasonics Sonochemistry, 92; 106245

El-salamony, R. A. and W. A. Aboutaleb (2022). Preparation,
Characterization of Green Synthesis CeO2 Nanoparticles
and Their Photocatalytic Activity Towards Malachite Green
Dye. ChemistrySelect, 7(2); e202103722

Fahimeh, S., P. Mohammadparast-Tabas, S. Ali, A. Shahriari,
M. Zare-Bidaki, S. Fatemeh, and M. Yousefi (2024). Green
Synthesis of Cerium Oxide Nanoparticles Using Quercus

infectoria: Characterization and Evaluation of Antibacterial
and Antioxidant Activities. Results in Chemistry, 10; 101741

Farahmandjou, M., M. Zarinkamar, and T. P. Firoozabadi
(2016). Synthesis of Cerium Oxide (CeO2) Nanoparticles
Using Simple Co-Precipitation Method. Revista Mexicana de
Física, 62(5); 496–499

Fatimah, I. (2018). Biosynthesis and Characterization of ZnO
Nanoparticles Using Rice Bran Extract as Low-Cost Tem-
plating Agent. Journal of Engineering Science and Technology,
13(10); 3033–3043

Fatimah, I., I. Sahroni, O. Muraza, and R.-A. Doong (2020).
One-Pot Biosynthesis of SnO2 Quantum Dots Mediated
by Clitoria ternatea Flower Extract for Photocatalytic Degra-
dation of Rhodamine B. Journal of Environmental Chemical
Engineering, 8(6); 103879

Foroutan, Z., Z. Sabouri, A. R. Afshari, A. Mostafapour, B. F.
Far, M. Jalili-Nik, and M. Darroudi (2024). Green Synthe-
sis of Cerium Oxide Nanoparticles Via Linum usitatissimum
Seeds Extract and Assessment of Its Biological Effects. Micro
& Nano Advanced Materials, 2(1); 1–9

Gharbia, N., S. Elsabbagh, A. Saleh, and H. Hafez (2022).
Green Microwave Synthesis of ZnO and CeO2 Nanorods
for Infectious Diseases Control and Biomedical Applications.
AMB Express, 12(1); 148

Gunasekaran, N. K., N. Nazario Bayon, P. P. Tumkur, K. Prab-
hakaran, J. C. Hall, and G. T. Ramesh (2025). Anticancer
Activity of Cerium Oxide Nanoparticles Towards Human
Lung Cancer Cells. Nanomanufacturing, 5(2); 6

Haq, S., F. Abbasi, M. Ben Ali, A. Hedfi, A. Mezni,
W. Rehman, M. Waseem, A. R. Khan, and H. Shaheen
(2021). Green Synthesis of Cobalt Oxide Nanoparticles and
the Effect of Annealing Temperature on Their Physicochem-
ical and Biological Properties. Materials Research Express,
8(8); 085002

Hkiri, K., H. Elsayed, A. Mohamed, S. Ghotekar, and
M. Maaza (2024). Green Synthesis of Cerium Oxide
Nanoparticles Using Portulaca oleracea Extract: Photocat-
alytic Activities. Inorganic Chemistry Communications, 162;
112243

Hosseny, Y. A., M. Mahmoud, M. Y. Nassar, and S. Arabia
(2024). Characterization of ZnO and CeO2 from Plant
Extract and Its Effect on Growth of Onion (Allium cepa L.) .
Journal of Basic and Environmental Sciences, 4(2); 278–284

Huang, L., Y. Li, H. Xu, Y. Xu, J. Xia, K. Wang, H. Li,
and X. Cheng (2013). Synthesis and Characterization of
CeO2/g C3N4 Composites with Enhanced Visible-Light
Photocatalytic Activity. RSC Advances, 3(44); 22269–22279

Huang, X., L. Li, G. Lyu, B. Shen, and Y. Han (2018). In-
organic Chemistry Frontiers Accelerate Cutaneous Wound
Healing by Curtailing Persistent Inflammation. Inorganic
Chemistry Frontiers, 5(2); 386–393

Hussain, I., N. B. Singh, A. Singh, H. Singh, and S. C. Singh
(2016). Green Synthesis of Nanoparticles and Its Potential
Application. Biotechnology Letters, 38(4); 545–560

Iqbal, A., A. S. Ahmed, N. Ahmad, A. Shafi, T. Ahamad, M. Z.

© 2026 The Authors. Page 192 of 195



Prihatiningsih et. al. Science and Technology Indonesia, 11 (2026) 182-195

Khan, and S. Srivastava (2021). Biogenic Synthesis of CeO2
Nanoparticles and Its Potential Application as an Efficient
Photocatalyst for the Degradation of Toxic Amido Black Dye.
Environmental Nanotechnology, Monitoring and Management,
16; 100505

Irshad, M. S., M. H. Aziz, M. Fatima, S. U. Rehman, M. Idrees,
S. Rana, F. Shaheen, A. Ahmed, M. Q. Javed, and Q. Huang
(2019). Green Synthesis, Cytotoxicity, Antioxidant and
Photocatalytic Activity of CeO2 Nanoparticles Mediated Via
Orange Peel Extract (OPE) . Materials Research Express, 6(9);
0950A4

Javid, H., S. I. Hashemy, M. F. Heidari, A. Esparham, and
S. Gorgani-Firuzjaee (2022). The Anticancer Role of
Cerium Oxide Nanoparticles by Inducing Antioxidant Ac-
tivity in Esophageal Cancer and Cancer Stem-Like ESCC
Spheres. BioMed Research International, 2022; 3268197

Kalaycıoğlu, Z., B. Ge¸cim, and F. B. Erim (2022). Green Syn-
thesis of Cerium Oxide Nanoparticles From Turmeric and
Kinds of Honey: Characterisations, Antioxidant and Pho-
tocatalytic Dye Degradation Activities. Advances in Natural
Sciences: Nanoscience and Nanotechnology, 13(1); 015016

Kaur, B., R. Srivastava, and B. Satpati (2016). Highly Efficient
CeO2 Decorated Nano-ZSM-5 Catalyst for Electrochemical
Oxidation of Methanol. ACS Catalysis, 6(4); 2654–2663

Khan, M., R. Wali, Z. Mashwani, N. I. Raja, R. Ullah, A. Bari,
and S. Zaman (2024). Nanowarriors from Mentha: Un-
leashing Nature’s Antimicrobial Arsenal with Cerium Oxide
Nanoparticles. ACS Omega, 9(12); 13725–13735

Korotkova, A. M., P. O. Borisovna, G. I. Aleksandrov, K. D.
Bagdasarovna, B. D. Vladimirovich, K. D. Vladimiro, F. A.
Alexandrovich, K. M. Yurievna, B. E. Nikolaevna, K. D.
Aleksandrovich, C. M. Yurievich, and L. Svyatoslav (2019).
Green Synthesis of Cerium Oxide Particles in Water Ex-
tracts. Current Nanomaterials, 4(3); 176–190

Kumar, J., S. Meera, Y. Anindita, H. Hardeo, S. Yadav,
N. Takio, and S. Ameen (2022). Influence of CeO2 Nanopar-
ticles Synthesized From Plant Extracts on the Catalytic
Performance of Isolated Catalase From Carrots. Applied
Nanoscience, 12(3); 673–682

Li, Y., J. Zhang, X. Lei, L. Li, B. Mu, Q. Du, Y. Li, and Y. Zuo
(2025). Polyurethane @ CeO2 Nanozyme Core–Shell Fi-
brous Membranes for Enhanced Wound Healing Via Bal-
anced Redox Modulation. ACS Applied Materials & Interfaces,
15(7); 8948–8960

Lim, G., J. Lee, J. Kim, H. Lee, and S. Hyun (2004).
Mechanochemical Synthesis of Nano-Sized CeO2 and Its
Application for CMP Slurry. Materials Science Forum, 452;
1105–1108

Liu, C., X. Liu, Y. Wu, Z. Chen, Z. Wu, S. Wang, H. Han,
Z. Xie, Y. Wang, and T. Ko (2021). Green Synthesis of
Nanostructure CeO2 Using Tea Extract: Characterization
and Adsorption of Dye From Aqueous Phase. Journal of
Nanomaterials, 2021; 5285625

Liu, Y. H., J. C. Zuo, X. F. Ren, and L. Yong (2014). Synthesis
and Character of Cerium Oxide (CeO2) Nanoparticles by

the Precipitation Method. Metalurgija, 53(3); 463–465
Lu, H., L. Wan, X. Li, M. Zhang, A. Shakoor, W. Li, and

X. Zhang (2022). Combined Synthesis of Cerium Ox-
ide Particles for Effective Anti-Bacterial and Anti-Cancer
Nanotherapeutics. International Journal of Nanomedicine, 17;
5733–5746

Mabood, Z. U., C. Hano, B. H. Abbasi, M. Nadeem, R. Khan,
K. Afridi, A. Nadhman, S. Ullah, and S. Faisal (2020). Green
Synthesis of Cerium Oxide Nanoparticles (CeO2 NPs) and
Their Antimicrobial Applications: A Review. International
Journal of Nanomedicine, 15; 5951–5961

Maensiri, S., S. Labuayai, P. Laokul, J. Klinkaewnarong, and
E. Swatsitang (2009). Structure and Optical Properties of
CeO2 Nanoparticles Prepared by Using Lemongrass Plant
Extract Solution. Ferroelectrics, 379(1); 202–206

Magdalane, C. M., K. Kaviyarasu, B. Siddhardha, and G. Ra-
malingam (2020). Synthesis and Characterization of CeO2
Nanoparticles by Hydrothermal Method. In Materials Today:
Proceedings, volume 33. pages 2018–2020

Magudieshwaran, R., J. Ishii, K. C. N. Raja, C. Terashima,
R. Venkatachalam, A. Fujishima, and S. Pitchaimuthu
(2019). Green and Chemical Synthesized CeO2 Nanopar-
ticles for Photocatalytic Indoor Air Pollutant Degradation.
Materials Letters, 239; 40–44

Malakootian, M., S. N. Asadzadeh, M. Mehdipoor, D. Kalantar-
Neyestanaki, and N. Firouzeh (2024). Stevia rebaudiana
Leaf Extract Mediated Green Synthesis of Cerium Oxide
Nanoparticles for Antibacterial Activity and Photocatalytic
Degradation of Tetracycline. Desalination and Water Treat-
ment, 317; 100126

Mamatha, M. G., M. A. Ansari, M. Y. Begum, D. P. B,
A. A. Fatease, U. Hani, M. N. Alomary, S. Sultana, S. M.
Punekar, M. B. Nivedika, T. R. Lakshmeesha, and T. Raviki-
ran (2024). Green Synthesis of Cerium Oxide Nanoparti-
cles, Characterization, and Their Neuroprotective Effect on
Hydrogen Peroxide-Induced Oxidative Injury in Human
Neuroblastoma (SH-SY5Y) Cell Line. ACS Omega, 9(13);
14152–14163

Mim, J., M. S. Sultana, P. K. Dhar, K. Hasan, and S. K. Dutta
(2024). RSCAdvances Green Mediated Synthesis of Cerium
Oxide Nanoparticles by Using Oroxylum indicum for Evalu-
ation of Catalytic and Biomedical Activity. RSC Advances,
14(37); 25409–25424

Miri, A., H. Beiki, A. Najafidoust, M. Khatami, and M. Sarani
(2021). Cerium Oxide Nanoparticles: Green Synthesis Us-
ing Banana Peel, Cytotoxic Effect, UV Protection and Their
Photocatalytic Activity. Bioprocess and Biosystems Engineering,
44(9); 1891–1899

Mohajeri, M., R. Momenai, S. Karami-Mohajeri, M. Ohadi,
and M. A. Raeisi Estabragh (2025). Cerium Oxide Nanopar-
ticles, Physical and Chemical Properties, Applications and
Toxicological Implications: A Review. Results in Chemistry,
15; 102302

Mohamed, M. V., A. J. Ahamed, A. S. Begum, M. Hanan,
A. A. Khojah, F. M. M. Ahamed, S. Sarkar, M. Hailah, and

© 2026 The Authors. Page 193 of 195



Prihatiningsih et. al. Science and Technology Indonesia, 11 (2026) 182-195

D. E. Uti (2025). Investigation of the Anticancer, Antibacte-
rial, and Photocatalytic Properties of CeO2 and Cu CeO2
Nanoparticles Synthesized by a Green Method. Green Chem-
istry Letters and Reviews, 18(1); 2543911

Muduli, S. and T. R. Sahoo (2022). Green Synthesis of
Cerium Oxide, Co-Doped Cerium Oxide Nanoparticles
and Its Dielectric Properties. In Materials Today: Proceedings,
volume 67. pages 1147–1151

Murugadoss, G., T. Kannappan, and J. R. Rajabathar (2023).
Rapid Photocatalytic Activity of Crystalline CeO2-CuO-
Cu(OH) 2 Ternary Nanocomposite. Journal of Electronic Ma-
terials, 52(7); 4415–4429

Mutashar, D. S., R. F. Kadhim, A. Q. Jabbar, and M. J. Tuama
(2025). Optical, Morphological, and Structural Characteri-
zation of Green Synthesized CeO2 Nanoparticles for Pho-
tocatalytic Degradation of Acid Orange 7 Dye. Plasmonics,
20(3); 6817–6824

Naidi, S. N., M. H. Harunsani, A. L. Tan, and M. M. Khan
(2022). Structural, Morphological and Optical Studies of
CeO2 Nanoparticles Synthesized Using Aqueous Leaf Ex-
tract of Pometia pinnata. BioNanoScience, 12(2); 393–404

Najihah, S., M. Mohammad, and M. Khan (2024). A Green
Approach for Morphology and Size-Controlled Fabrication
of Cerium Oxide Using Leaf Extract of Mangifera indica for
Photocatalytic Activities. Journal of Umm Al-Qura University
for Applied Sciences, 25(2); 13–28

Nosrati, H., M. Heydari, and M. Khodaei (2023). Cerium
Oxide Nanoparticles: Synthesis Methods and Applications
in Wound Healing. Materials Today Bio, 23; 100823

Parvathy, S., G. Manjula, R. Balachandar, and R. Subbaiya
(2022). Green Synthesis and Characterization of Cerium
Oxide Nanoparticles From Artabotrys hexapetalus Leaf Extract
and Its Antibacterial and Anticancer Properties. Materials
Letters, 314; 131811

Parvathya, S. and V. BR (2017). In Vitro Antibacterial and
Anticancer Potential of CeO2 Nanoparticles Prepared by
Co-Precipitation and Green Synthesis Method. Journal of
Nanosciences & Current Research, 2(2); 111

Prieur, D., W. Bonani, K. Popa, O. Walter, K. W. Kriegsman,
M. H. Engelhard, X. Guo, R. Eloirdi, T. Gouder, A. Beck,
T. Vitova, A. C. Scheinost, K. Kvashnina, and P. Martin
(2020). Size Dependence of Lattice Parameter and Elec-
tronic Structure in CeO2 Nanoparticles. Inorganic Chemistry,
59(8); 5760–5767

Ramos-Huerta, L. A., O. Aguilar-Martínez, Y. Piña-Pérez,
V. Santes, L. L. R. F. Tzompantzi, and Santolalla-Vargas
(2025). Effect of Calcination Temperature on CeO2-Based
Catalysts with Enhanced Photocatalytic Degradation of Phe-
nol Under UV Light. Materials Science in Semiconductor Pro-
cessing, 187; 109123

Ravishankar, T. N. and T. Ramakrishnappa (2015). Synthesis
and Characterization of CeO2 Nanoparticles Via Solution
Combustion Method for Photocatalytic and Antibacterial
Activity Studies. Open Chemistry, 13(1); 146–154

Roshani, M., A. Rezaian-Isfahni, M. H. Lotfalizadeh, N. Khas-

safi, M. H. J. N. Abadi, and M. Nejati (2023). Metal Nanopar-
ticles as a Potential Technique for the Diagnosis and Treat-
ment of Gastrointestinal Cancer: A Comprehensive Review.
Cancer Cell International, 23(1); 286

Safat, S., F. Buazar, S. Albukhaty, and S. Matroodi (2021).
Enhanced Sunlight Photocatalytic Activity and Biosafety of
Marine-Driven Synthesized Cerium Oxide Nanoparticles.
Scientific Reports, 11(1); 15607

Secerov, B. L., N. Abazovic, and R. K. Whiffen (2008). Com-
bustion Synthesis and Characterization of CeO2 Nanopow-
der. Acta Chimica Slovenica, 55(3); 486–491

Sehar, S., I. Naz, A. Rehman, and M. N. Zahid (2020). Shape-
Controlled Synthesis of Cerium Oxide Nanoparticles for
Efficient Dye Photodegradation and Antibacterial Activities.
Applied Organometallic Chemistry, 34(12); e6069

Shabrandi, A., S. Azizi, R. Hobbenaghi, A. Ownagh, and S. Ke-
shipour (2017). The Healing Effect of Chitosan Supported
Nano-CeO2 on Experimental Excisional Wound Infected
With Pseudomonas aeruginosa in Rat. Iranian Journal of Veteri-
nary Surgery, 12(1); 9–20

Sharma, J. K., P. Srivastava, S. Ameen, M. S. Akhtar, S. K.
Sengupta, and G. Singh (2017). Phytoconstituents Assisted
Green Synthesis of Cerium Oxide Nanoparticles for Ther-
mal Decomposition and Dye Remediation. Materials Re-
search Bulletin, 98; 220–226

Shcher-bakov, A. B., V. V. Reukov, A. V. Yakimansky, E. L.
Krasnopeeva, O. S. Ivanova, A. L. Popov, and V. K.
Ivanov (2021). CeO2 Nanoparticle-Containing Polymers
for Biomedical Applications: A Review. International Journal
of Molecular Sciences, 22(2); 616

Shetty, A. T., D. N. Shetty, N. Raghavendra, and S. Rani
(2025). Highly Efficient Green Synthesized Cerium Ox-
ide Nanoparticles From Tectona grandis Seed Extract for
Rhodamine B Dye Degradation and Biological Applications.
Next Materials, 8; 100796

Shlapa, Y., S. Solopan, V. Sarnatskaya, K. Siposova, I. Gar-
carova, K. Veltruska, I. Timashkov, O. Lykhova, D. Kolesnik,
A. Musatov, V. Nikolaev, and A. Belous (2022). Cerium
Dioxide Nanoparticles Synthesized Via Precipitation at Con-
stant pH: Synthesis, Physical-Chemical and Antioxidant
Properties. Colloids and Surfaces B: Biointerfaces, 220; 112960

Thovhogi, N., A. Diallo, A. Gurib-Fakim, and M. Maaza
(2015). Nanoparticles Green Synthesis by Hibiscus Sabdariffa
Flower Extract: Main Physical Properties. Journal of Alloys
and Compounds, 647; 392–396

Wang, Z., J. Zhao, and S. Yin (2022). Solution Combustion
Synthesis of CeO2 Powders and Its Application in Water
Treatment. Applied Ceramic Technology, 19(4); 2990–2997

Yan, M., W. Wei, and N. Zouren (2007). Influence of pH on
Morphology and Formation Mechanism of. Journal of Rare
Earths, 25(1); 53–57

Yang, C., J. He, S. Chen, Q. Li, and X. Lin (2025). Enhancing
Antioxidant and Cytotoxic Properties of CeO2 Through
Silver Decoration: A Study on Ag@CeO2 Nanocomposites.
Nanomaterials, 15(10); 748

© 2026 The Authors. Page 194 of 195



Prihatiningsih et. al. Science and Technology Indonesia, 11 (2026) 182-195

You, A., M. A. Y. Be, and I. In (2019). Structural, Optical
and Antimicrobial Properties of Green Synthesized Cerium
Oxide Nanoparticles. E3S Web of Conferences, 98; 020022

Zamani, K., N. A. Bakhshi, F. Akhavan, M. Yousefi, R. Gol-
moradi, A. P. Parizi, M. Tafrihi, and F. Ramezani (2021).
Antibacterial Effect of Cerium Oxide Nanoparticle Against
Pseudomonas aeruginosa. BMC Biotechnology, 21(1); 71

Zhang, Y. (2022). Layer-by-Layer Pirfenidone/Cerium Oxide
Nanocapsule Dressing Promotes Wound Repair and Pre-
vents Scar Formation. ACS Applied Materials & Interfaces,
14(39); 43899–43912

Zhou, D., M. Du, H. Luo, F. Ran, X. Zhao, Y. Dong, T. Zhang,
and J. Hao (2022). Multifunctional Mesoporous Silica-
Cerium Oxide Nanozymes Facilitate miR129 Delivery for
High-Quality Healing of Radiation-Induced Skin Injury.
Journal of Nanobiotechnology, 20(1); 484

Zinatloo-Ajabshir, S., M. Ahmadi-Zeidabadi, and M. Amiri
(2024). Innovative Sono-Synthesis of Cerium Dioxide
Nanomaterials Using Mentha Extract With Efficient Activity
for Cancer Therapy Application. Results in Engineering, 23;
102720

© 2026 The Authors. Page 195 of 195


	INTRODUCTION
	METHODOLOGY OF REVIEW
	DATA COLLECTION AND SELECTION
	DATA ANALYSIS
	GREEN SYNTHESIS OF CeO2 NPs 
	APPLICATIONS OF GREEN SYNTHESIZED-CeO2 NPs
	FUTURE PERSPECTIVES
	CONCLUSIONS
	ACKNOWLEDGMENT

