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ABSTRACT

Nanomaterials have attracted significant attention due to their unique physicochemical properties, which differ
substantially from their bulk materials counterparts and enable diverse applications in biomedical, environmental,
and industrial fields. However, conventional nanoparticle synthesis methods often involve hazardous chemicals,
high energy consumption, and environmentally harmful byproducts. Green synthesis has emerged as a sustainable
alternative by utilizing biological resources as natural reducing and stabilizing agents. Among these resources,
mangrove ecosystems represent a promising source of biomass because of their abundance, rich phytochemical
composition, and ecological significance. This review highlights the potential of mangrove-derived materials for
green synthesis of nanomaterials and discusses their ecological importance, phytochemical constituents, and roles
in nanoparticle formations. Various mangrove species contain bioactive compounds, including phenolics,
flavonoids, tannins, alkaloids, and terpenoids, which facilitate the synthesis and stabilization of nanoparticles
while enhancing their functional properties. Recent studies have demonstrated that mangrove-mediated
nanomaterials exhibit promising antimicrobial, antioxidant, catalytic, and environmental remediation activities.
Furthermore, the utilization of mangrove biomass and its residues contribute to sustainable resource management
and support circular bioeconomy principles. Despite these advantages, challenges related to synthesis
standardization, mechanistic understanding, toxicity evaluation, and large-scale production remain to be
addressed. Future research focusing on process optimization and practical implementation is essential to advance
the development of mangrove-based nanomaterial. Overall, mangrove ecosystems offer a sustainable and
environmentally friendly platform for green nanotechnology, providing opportunities for innovative applications
while promoting environmental conservation.
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INTRODUCTION
Nanomaterials are materials with at least one dimension in the nanometer scale (1-100 nm), where

matter exhibits unique physical, chemical, and biological properties that differ significantly from their
bulk counterparts®. At this scale, materials demonstrate enhanced surface area to volume ratio, improved
reactivity, distinctive optical characteristic and remarkable antimicrobial activity, making them highly
valuable for biomedical, environmental and industrial applications. These unique properties arise from
guantum effects and increased surface energy that dominate at the nanoscale, enabling applications in
drug delivery, catalysis, sensing, water purification and advanced coatings. Traditional synthesis
methods often involve toxic chemical reducing agents, high energy consumption, and environmental
hazardous byproducts, which have driven the development of green synthesis approaches. Green
synthesis utilizes biological materials such as plant extracts, microorganisms, and marine biomass to
produce nanoparticles through eco-friendly, low cost, and sustainable processes that align with green
chemistry principles. Among these biological sources, mangrove ecosystems have emerged as
promising candidates for nanoparticle synthesis due to their abundant coastal biomass, rich bioactive
compounds (phenolics, flavonoids, tannins), and economic viability, offering a sustainable alternative
to conventional chemical synthesis while supporting environmental conservation and economic
development in coastal communities.

Mangroves are a group of territorial plants that group in tropical and subtropical coastal region.
Globally, mangrove ecosystems are estimated to cover approximately 17 million hectares. Indonesia
hosts the largest extent of mangrove forests, accounting for about 4.2 million hectares, which represents
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nearly 23% the global mangrove area®®. Mangrove contain various genera such as Rhizophora,
Avicennia, Sonneratia, Bruguiera, Ceriops, Lumnitzera and others, which can grow in coastal areas *.
Among these, species such as Rhizophora apiculata, Avicennia marina, and Sonneratia caseolaris, have
been extensively investigated for their bioactive potential.

Mangrove species have been widely utilized for their antimicrobial, anti-inflammatory, antioxidant,
and even anticancer activities®. These biological activities are primarily attributed to the presence of
secondary metabolites such as alkaloids, flavonoids, steroids, tannins, and triterpenoids®. Importantly,
this phytochemical also functions as effective reducing and stabilizing agents in the green synthesis of
nanoparticles.

In addition, the high availability of mangrove biomass, encompassing leaves, stems, bark, roots, and
fruits, together with the potential utilization of its natural residues, positions mangrove plants as
promising and sustainable precursors for the development of nanomaterials via green synthesis
approaches.

Ecology and ecosystem function of mangroves

Mangrove ecosystem played a crucial role in coastal protection by acting as natural barriers against
shoreline erosion, wave action, and extreme weather event such as storms and tidal surges ’. Their
complex root systems, characteristic of genera such as Rhizophora, and Avicennia, effectively dissipate
wave energy and stabilize sediments there by reducing coastal vulnerability 8.

In addition, their protective function, mangrove forests are recognized as significant carbon sinks,
often referred to as “blue carbon” ecosystems, due to their extraordinary capacity to adsorb and store
carbon on both biomass and sediment °. This function contributes significantly to global climate change
mitigation effort. Mangrove ecosystems also support rich biodiversity by providing essential habitats,
nursery grounds, and feeding zone for countless organisms such as fish, crustaceans, mollusks, and
numerous bird species . This ecological importance highlights their vital function in sustaining coastal
food webs and underpinning the livelihoods of local communities.

Furthermore, the harsh environmental conditions in which mangroves thrive, characterized by high
salinity tidal fluctuations, and low oxygen availability induce the production of diverse secondary
metabolites such as polyphenols, flavonoids, and tannins. These bioactive compounds are not only
essential for plant adaptation but also hold significant potential in nanotechnology, particularly as
natural reducing and stabilizing agents in the green synthesis of nanoparticles.

Mangrove as a source of bio-reducing agents
2.1 Polyphenol
Polyphenols are one of the most abundant bioactive compounds present in mangrove plant,
found ubiquitously across species such as Rhizophora mucronata, Avicennia marina, and
Excoecaria agallocha. These compounds possess strong antioxidant activity due to the presence
of multiple hydroxyl groups capable of donating electrons during redox reaction, as demonstrated
by DPPH inhibition reaching 93,40% in RHIZHOPHORA mucronata mature leaves. In
nanoparticle synthesis, polyphenol contributed to the reduction of metal ions such as Ag* — Ag°
and Au®* to AUC into their corresponding metallic nanoparticles **. Furthermore, polyphenols
enhance nanoparticle stability by performing protective layers on the particle surface.
2.2 Tannins
Tannins are high molecular weight polyphenolic compounds abundant in mangrove bark and
leaves (Rhizophora spp.). Due to their strong metal binding ability, tannins accelerate metal ion
reduction (Ag*, Au®") and control nanoparticle growth during biosynthesis 2. They also enhance
nanoparticle stability and antimicrobial bioactivity through antioxidant properties.
2.3 Alkaloid
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Alkaloids are nitrogen containing secondary metabolites known for their diverse
pharmacological activities, including antibacterial, antioxidant, and cytotoxic effects. Mangrove
species such as Avicennioa marina, Rhizophora apiculata, Rhizophora murconata, and Sonneratia
alba contain alkaloid compounds that contribute significantly to biological activities 3. In
mangrove mediated nanoparticle synthesis, alkaloids participate in the reduction process through
interactions between nitrogen functional groups and metal ions. Phytochemical screening indicates
that mangrove extracts have high concentrations of alkaloid compounds, as demonstrates in
Sonneratia alba root extract which showed antibacterial activity against S. aureus and E. coli 4.
The presence of alkaloids, along with other secondary metabolites, has been confirmed in
mangrove species including Ceriops tagal and Bruguiera cylindruica **. There compounds may
also improve the biological activity of nanoparticles, including antibacterial and antioxidant
properties. For instance, alkaloids from Avicennia marina and Rhizophopa species have
demonstrated antimicrobial and cytotoxic activities in therapeutic applications.

2.4 Saponin

Saponins are amphiphilic glycosides characterized by their surfactant-like properties, found in
mangrove species such as Bruguiera gymnorrhiza, Rhizophora murconata, Rizophora apiculata,
and Cerriops tagal*®1"1819, In nanoparticles synthesis, saponins contribute to particle stabilization
by reducing surface tension and preventing agglomeration. Comparative analyses of saponin
content in mangrove plants Rhizophora mucronata and Rhizophora apiculata confirm their
presence as major bioactive phytochemical components. Saponins, together with flavonoids,
tannin, and alkaloids, are consistently detected in mangrove leaf extract and contributes to the
formation of stable nanoparticles. Their ability to interact with both hydrophilic and hydrophobic
components make them beneficial for their maintaining nanoparticle dispersion and colloidal
stability. Saponin stabilized nano-emulsions demonstrate stability up to 30 days, with saponin
acting as both emulsifier and stabilizer 2. Additionally, saponins from mangrove leavers
(Sonneratia sp.) have shown potential antioxidant properties when incorporates into herbal
formulations 2.

Green synthesis and characterization of nanoparticles using mangrove

Green nanotechnology has emerged as a sustainable and environmentally friendly approach for
nanoparticle synthesis. Compared with conventional physical and chemical methods, plant mediated
synthesis offers several advantages, including simpler procedures, lower cost, reduced energy
consumption, and minimal use of toxic chemical. In recent years, mangrove plants have gained
increasing attention as promising biological resources for green nanoparticle synthesis due to their rich
phytochemical composition and adaptability to extreme coastal environments.
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Fig 1. (a)Rhizophora apiculata, (b)Rhizophora mucronata, (c)Rhizhophora stylosa, and
(d)Avicennia marina

Several mangrove species, including Rhizophora apiculata, Rhizophora mucronata, Rhizhophora
stylosa, and Avicennia marina, as shown to Figure 1, contain diverse secondary metabolites such as
flavonoids, polyphenol, tannins, alkaloids, and saponins that can function as natural reducing and
stabilizing agents during nanoparticle morphologies, have been reported in numerous studies. Among
the numerous mangrove species reported in the literature, Rhizophora apiculata, Rhizophora
mucronata, Rhizophora stylosa, and Avicennia marina have been extensively studied for green
nanoparticle synthesis. Their morphological characteristics are presented in Figure 2, while previous
studies employing these species for nanoparticle production are summarized in Table 1.
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Fig 2. (2)SEM of Rhizophora apiculata, (0)SEM of Avicennia marina, (C)HRTEM of
Rhizhophora stylosa, and (d)TEM of Rhizophora mucronata

Table 1. Overview of nanoparticle synthesis using mangrove extracts and their resulting
physicochemical and biological properties.
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The successful synthesis of mangrove-mediated nanoparticles has been confirmed using various

characterization techniques, including UV-Vis spectroscopy, XRD, PSA or DLS, zeta potentioal

measurements, and electron microscopy.

3.1 UV-Vis spectroscopy

UV-Vis spectroscopy is commonly employed as the initial characterization technique to

confirm nanoparticle formation. Silver nanoparticles synthesized using Rhizophora apiculata,
Rhizophora mucronata, and Avicennia marina generally exhibit surface plasmon resonance (SPR)
successful reducing Ag® ions into metallic silver nanoparticles. Meanwhile, ZnO nanoparticles
synthesized using Rhizophora apiculata and Avicennia marina exhibit characteristic absorption
band in the ultraviolet region, confirming the formation of ZnO nanostructures.

3.2 XRD

XRD analysis further confirms the crystalline structure of synthesized nanoparticles. Silver

nanoparticles generally exhibit diffraction peaks corresponding to the face-centered cubic (FCC)
crystal structure of metallic silver, particularly the (111), (200) and (220) planes at approximately
20=138.1°,44.3°, and 64.4°, of the sample to the JCPDS 652871 *. For example, AgNPs synthesized
using Rizophora mucronata exhibited these characteristic FCC reflections, confirming the formation
of crystalline metallic silver. Similarly, AQNPs prepared from Avicennia marina showed reflections
at approximately 30.04°, 37.02°, 40.13°, 48.33°, and 78.01°, which were indexed to the (120), (200),
(230), (240), (301), and (410) plane of FCC silver. This pattern sorrelated with JCPD no (04-0783)
45

3.3 PSAand DLS
Particle size measurements obtained using PSA and DLS reveal that mangrove-derived
nanoparticles generally possess hydrodynamic diameters ranging from tens to hundreds of
nanometers depending on the mangrove species, precursor concentration, and synthesis parameters.
For example, Rhizophora stylosa mediated AgNPs exhibited primary particle size of approximately
5-87 nm based on TEM, whereas their hydrodynamic diameters measured by DLS ranged from 98
to 125 nm“*2. Differences between DLS and TEM particle sizes are frequently observed because DLS
measures the hydrate particle diameter in suspension whereas TEM determines the actual particle
core size
3.4 Zeta potential
Zeta potential values reported in several studies indicate that mangrove-mediated nanoparticles
exhibit good colloidal stability. For example, silver nanoparticles synthesized using Rhizoma stylosa
leaf extract exhibited zeta potential values ranging from -24.9 to -277.7mV and remained stable for
more than one month. Similarly, AgNPs synthesized using Rhizophora mucronata bark extract
showed a zeta potential of -20.3 mV and maintained stability for up to two months. The negative
surface charges are generally attributed to the adsorption of negatively charged phytochemicals on
the nanoparticle surface, reducing particle aggregation through electrostatic repulsion 4243,
4. Applications of Mangrove-Derived Nanoparticles
4.1 Biomedical
Mangrove-derived nanoparticles have emerged as promising candidates for various biomedical
applications due to their unique properties, biocompatibility, and bioactive compounds from green
synthesis. Silver nanoparticles (AgNPs), gold nanoparticles (AuNPs), and zinc oxide nanoparticles
(ZnO NPs) synthesized from mangrove extracts exhibit remarkable antibacterial, anticancer,
antioxidant, and wound healing properties.
4.1.1 Antibacterial Activity (Gram + & Gram -)
Mangrove-derived AgNPs demonstrated significant antibacterial against both Gram-
positive (S. aureus) and Gram-negative (E. coli, S. mutans, Klebsiella sp.) bacteria.
Rhizophora apiculate AgNPs (30-100 nm) and Avicennia marina AgNPs (10-20 nm) shoe
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effective inhibition at 100 pg/mL. The tannin and flavonoid content in mangrove extracts
acts as reducing and capping agents. This makes mangrove AgNPs ideal for antimicrobial
coating in medical devices and wound dressing 2223.26.28,

4.1.2 Anticancer and Cytotoxicity

Mangrove AgNPs exhibit cytotoxicity against various cancer cell lines. Rhizophora
apiculata AgNPs showed ICso of 45.6 pug/mL against MG®3 (osteosarcoma), 31.84%
against skin cancer, 56.09% against lung cancer, and 22.59% against oral cancer.
Rhizophora apiculata fruits AgNPs demonstrated 1Cso of 578.5 pg/mL against MCF~’
(breast cancer). These finding support potential for targets cancer therapy and drug delivery
applications 222331,

4.1.3 Wound Healing and Anti-inflammatory

Rhizophora apiculata AgNPs achieved 82.79% wound closure and demonstrated
71.65% anti-inflammatory activity. The high antioxidant content (DPPH 17.5-51.8 %)
reduce oxidative stress at the wound site. These properties make mangrove nanoparticles
ideal for tropical wound dressing that promote accelerates tissue regeneration 2>,

4.1.4  Antioxidant activity

Mangrove AgNPs show strong antioxidant activity. Rhizophora apiculata leaf AgNPs
demonstrated DPPH scavenging of 17.5 — 51.8% and make nitric oxide scavenging of
19.5%. Rhizophora mucronata bark showed ICsg 0f 65.59 pg/mL. This makes them suitable
for antioxidant rich biomedical formulation %,

4.1.5 Larvicidal activity

Mangrove AgNPs effectively control disease transmitting mosquitoes. Rhizophora
mucronata and Avicennia marina AgNPs showed LCs of 0.585 — 20.33 pg/mL against Ae.
Aegypti, An. Stephensi, and Cx. Quinquefasciatus. This offered an eco-friendly alternative
to chemical larvicides for malaria and dengue control 343,

4.1.6 Drug delivery (Potential Future Application)

Mangrove AgNPs show promising potential for drug delivery due to their
biocompatibility, nanomaterial size (5-100 nm), and high zeta potential (-20.3 to -60.7 mV)
indicating excellent colloidal stability. The spherical morphology and 2-month stability
make them suitable for targeted cancer therapy and sustained release formulations 23 303,

4.2 Environmental Applications
The growing environmental crisis caused by metal contamination, organic pollutants, and
waterborne pathogen has driven intensive research into sustainable nanomaterial for environmental
remediation. Mangrove derives nanoparticles offered a green, eco-friendly solution for addressing
these critical environmental challenges. Their unique surface chemistry, high adsorption capacity,
antimicrobial properties, and photocatalytic activity make them highly effective for heavy metal
removal, pollutant degradation, water purification, and environmental monitoring.
4.2.1 Heavy Metal Adsorption
Mangrove biochar effectively adsorbs heavy metals. Charcoal from bark mangrove
demonstrated Pb (1) adsorption capacity. The high surface area and functional groups
(phenolic, carboxyl) enable metal ion binding through complexation. This makes mangrove
adsorbents valuable for industrial wastewater treatment *'.
4.2.2  Water Filtration
Mangrove soil derived AgNPs (10-100 nm) showed antimicrobial activity (MIC: 2.5 —
20 pg/mL), suitable for water filtration membrane. The natural humic/fulvic acid coating
provides stability and biocompatibility. Mangrove nanocomposites can effectively remove
both microbial contaminants and heavy metal from water 2.
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4.2.3 Photodegradation of Pollutants
Iron oxide nanoparticles (Fes0.) show potential for photodegradation of organic
pollutants. Mangrove derived metal oxide nanoparticles could be enhanced by bioactive
compounds acting as sensitizers, representing a potential research area for degrading dyes,
pesticides, and pharmaceutical residues in wastewater %,

5. Benefits of Using Mangrove-Derived Nanomaterials
5.1 Economics Benefit

Mangrove serve as naturally abundant biomass resources in coastal regions, offering significant
economic advantages for nanoparticle production. The low-cost raw material availability reduces
dependency on expensive chemical reagents used in conventional synthesis, making mangrove-
derived nanoparticles economically viable for large-scale industrial applications 3. The
biosynthesis approach eliminates the need for high temperature, energy consumption, and high
pressure, resulting in substantial cost savings compared to physical and chemical methods .
Mangrove derived nanoparticles can be developed into a valueable products such as antibacterial
coating, water filters, wound dressing, and environmental sensors. The use of fallen leaves and
waste biomass support circular economics principal by converting waste into a high-value
nanomaterials.

5.2 Environmental Benefit

The green synthesis process using mangrove extracts is environmentally friendly, producing
minimal toxic waste that uses toxic sodium borohydride and hydrazine, mangrove derived
nanoparticle utilized natural bioactive compounds (phenolic, flavonoids, and tannins) as reducing
and capping agents 3440,

The process supported circular economy concepts by utilizing biomass waste (fallen leaves).
Mangrove ecosystems naturally harbor diverse biogeochemical pathways that enhance resilience
against pollutants, making mangrove derived nanoparticles ecologically relevant 2. This approach
aligns with natural mangrove functions as blue carbon sinks (32 tons C/ha/year) and coastal
ecosystem predator “. Thus, the utilization of mangrove biomass for nanomaterial synthesis not
only provides functional materials but also aligns with sustainable environmental management.

6. Challenges and future perspectives
6.1 Limitations
Mangrove derived nanoparticles face significant challenges that limit their industrial
application. The composition of mangrove extracts varies significantly due to seasonal changer,
geographical location, and extraction methods, leading to inconsistent phenolic and flavonoid
content. The complex mixture of alkaloids, tannins terpenoids, and saponin create synergistic
effect that are difficult to characterize limiting optimization potential and scaling feasibility.
6.2 Future Directions
Future research must address these limitations through methods standardization developing
fixed extraction protocols with standardized solvent ratios, temperature, time, and pH conditions,
along with quality control for phytochemical quantification. Production scale up from laboratory
to industrial scare requires continuous flow system, cost optimization through automation, and
sustainable biomass supply on water treatment (heavy metal adsorption, filtration) which represent
the most promising near-term opportunities due to proven efficacy and growing market demand.
These efforts will enable mangrove derived nanoparticles to transition from laboratory research to
commercial applications in water treatment, biomedical, and environmental sectors.
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CONCLUSION

Mangrove-derived biomass has emerged as valuable and sustainable resource for the green
synthesis of materials. The rich diversity of phytochemicals presents in mangrove species, including
phenolics, flavonoids, tannins, alkaloids, and terpenoids, enables their effective use as a natural
reducing, capping, and stabilizing agents during nanoparticle synthesis. This approach offers a greener
alternative to conventional physicochemical methods by reducing the reliance on hazardous chemicals
and energy, intensive processes.

In addition to their ecological significance as coastal protectors, biodiversity hotspot, and blue
carbon reservoirs, mangrove ecosystems provide abundant renewable biomass that can be utilized for
the production of functional nanomaterials with promising biomedical, environmental, and industrial
applications. Recent studies have demonstrated that mangrove-mediated nanoparticles exhibit enhanced
antimicrobial, antioxidant, catalytic, and sensing performances, highlighting their potential in
addressing current technological and environmental challenges.

Despite the advantages, several limitations remain, including the lack of standardized synthesis
protocols, incomplete understanding of the underlying synthesis mechanism, and limited large scale
production studies. Future research should focus on process optimization, mechanistic investigation,
toxicity assessments, and scalability to facilitate the practical implementation of mangrove-based
nanomaterials. Overall, the integration of mangrove resources with green nanotechnology represents a
promising strategy for advancing sustainable material development while supporting environmental
conservation and circular bioeconomy initiatives.

REFERENCES

1. Insyira DAH, Wardana AP, llhami FB. Nanomaterial untuk Aplikasi Biomedis. Malang: PT
Octopus Corpora Indonesia; 2025.

2. Taluke D, Lakat RS, Sembel A. Analisis preferensi masyarakat dalam pengelolaan ekosistem
mangrove di pesisir pantai Kecamatan Loloda Kabupaten Halmahera Barat. Jurnal Spasial.
2019; 6(2): 531-540.

3. Sinabang I, Waruwu KD, Pauliana G, Rahayu W, Harefa MS. Analisis pemanfaatan
keanekaragaman mangrove oleh masyarakat di pesisir pantai mangrove Paluh Getah. J-CoSE:
Journal of Community Service & Empowerment. 2022; 1(1): 10-21.

4. Schaduw JN. Distribusi dan karakteristik kualitas perairan ekosistem mangrove pulau kecil
Taman Nasional Bunaken. Majalah Geografi Indonesia. 2018; 32(1): 40.

5. Safitri AA, Putra GM, Rizali A. Identification of mangrove plants with medicinal potential in
Muara Kintap Village Tanah Laut Regency. Jurnal Biologi Tropis. 2026; 26(1): 841-851.

6. Hartono NMR. Potensi ekstrak air dan ekstrak etanol daun Avicennia marina sebagai
nutraceutical. Wahana. 2021; 73(1): 52-61.

7. Latumahina FS, Syahadat RM, Adriani H, Bato M, Botha PM, Wattimena CM, Pelupessy WV.
Perlindungan Hutan Mangrove dalam Menghadapi Dampak Perubahan Iklim. Bandung:
Widina Media Utama; 2025.

Purnobasuki H. Mangrove Lestari, Bumi Berseri. Surabaya: Airlangga University Press; 2024.

9. ZhuJJ, Yan B. Blue carbon sink function and carbon neutrality potential of mangroves. Science
of The Total Environment. 2022; 822: 153438.

10. Tobing RMN, Lumbantobing RN, Sirait AL. Peran ekosistem mangrove sebagai penopang
keanekaragaman hayati laut dan keberlanjutan lingkungan di wilayah pesisir Desa Sei Naga
Lawan, Kec. Perbaungan, Sumatera Utara. Jurnal Geografi. 2025; 21(2): 162-171.

11. Singh M, Botosoa E, Karoui R. Monitoring of antioxidant efficacy of mangrove-derived
polyphenols in linseed oil by physicochemical and fluorescence methods. Antioxidants. 2025;
14(2): 192.

12. Chacén-Calderon A, Zuhiga-Umafia JM, Villarreal C, Vega-Baudrit JR, Pereira-Reyes R,
Corrales-Urefia YR. Mangrove soil as a natural catalyst for green synthesis of silver
nanoparticles. Frontiers in Chemistry. 2025; 13: 1589836.

©

Plant Nanomater J., 2(1), 1-12 (2026) http://doi.org/10.26740/pnj.v2i1.54537



11

13. Aini KM, Astuti I, Syahirah A, Ulfa ML. Article review: Potential of alkaloid compounds from
East Kalimantan mangrove plants as antibacterial agents. Hydrogen: Jurnal Kependidikan
Kimia. 2026; 14(1): 150-161.

14. Latief M, Muhaimin M, Amanda H, Tarigan IL, Aisyah S. Isolation of alkaloids compound of
ethanol extract of mangrove perepat (Sonneratia alba) root and its antibacterial activity. Jurnal
IImiah Farmasi. 2021; 17(1): 9-18.

15. Ranjana, Jadhav BL. Phytochemical composition, in vitro studies on o-amylase and o-
glucosidase inhibitory activity of selected mangrove plants. International Journal of
Pharmaceutical Sciences and Drug Research. 2019; 11(5): 181-186.

16. Liem AF, Holle E, Gemnafle 1Y, Wakum S. Isolasi senyawa saponin dari mangrove tanjang
(Bruguiera gymnorrhiza) dan pemanfaatannya sebagai pestisida nabati pada larva nyamuk.
Jurnal Biologi Papua. 2013; 5(1): 29-36.

17. Vittaya L, Charoendat U, Janyong S, Ui-eng J, Leesakul N. Comparative analysis of saponin,
phenolic, and flavonoid contents in different parts of Rhizophora mucronata and Rhizophora
apiculata and inhibition of aquatic pathogenic bacterial growth. Journal of Applied
Pharmaceutical Science. 2022; 12(11): 111-121.

18. Nabila, D. M., Rudiyanto, W., & Busman, H. (2022). Efek Potensial Ekstrak Kulit Batang
Bakau (Rhizophora apiculata). Jurnal Kesehatan dan Agromedicine, 9(1), 15-20.

19. Bibi SN, Fawzi MM, Gokhan Z, Rajesh J, Nadeem N, Kannan RRR, Abdulla RDGD, Pandian
SK. Ethnopharmacology, phytochemistry, and global distribution of mangroves: A
comprehensive review. Marine Drugs. 2019; 17(4): 231.

20. Kaur K, Kumar R, Mehta SK. Formulation of saponin stabilized nanoemulsion by ultrasonic
method and its role to protect the degradation of quercetin from UV light. Ultrasonics
Sonochemistry. 2016; 31: 29-38.

21. Sumartini S, Hasibuan NE, Ratrinia PW, Azka A, Pamaharyani LI, Harahap KS, Saputra EN,
Suryono M, Basri B. Karakteristik fitokimia dan sensori teh herbal daun Sonneratia sp. dengan
penambahan jahe (Zingiber officinale) dan kayu manis (Cinnamomum sp.): Potential utilization
of mangrove leaves (Sonneratia sp.) with the addition of various natural ingredients as
mangrove herbal tea. Jurnal Pengolahan Hasil Perikanan Indonesia. 2026; 29(1).

22. Wen X, Wang Q, Dai T, Shao J, Wu X, Jiang Z, Jacob JA, Jiang C. Identification of possible
reductants in the aqueous leaf extract of mangrove plant Rhizophora apiculata for the
fabrication and cytotoxicity of silver nanoparticles against human osteosarcoma MG-63 cells.
Materials Science and Engineering: C. 2020; 116: 111252.

23. Alsareii SA, Alamri AM, AlAsmari MY, Bawahab MA, Mahnashi MH, Shaikh |IA, Shettar
AK, Hoskeri JH, Kumbar V. Synthesis and characterization of silver nanoparticles from
Rhizophora apiculata and studies on their wound healing, antioxidant, anti-inflammatory, and
cytotoxic activity. Molecules. 2022; 27(19): 6306. DOI: 10.3390/molecules27196306.

24. Ramalingam V, Rajaram R. Enhanced antimicrobial, antioxidant and anticancer activity of
Rhizophora apiculata: An experimental report. 3 Biotech. 2018; 8: 200.

25. Willian N. Marine bio-nanotechnology silver (AgNPs) of mangrove extract and its application:
A review. Jurnal Zarah. 2018; 6(1): 13-20.

26. Soni M, Pitchiah S, Suresh V, Ramasamy P. Fabrication and partial characterization of silver
nanoparticles from mangrove (Avicennia marina) leaves and their antibacterial efficacy against
oral bacteria. Cureus. 2024; 16(1): e52131.

27. A Gramah H, Ahmad Z, Ibrahim EH. Facile Synthesis of Silver and Gold Nanoparticles Using
Mangrove (Avicennia marina) Leaves Extract and Its Cytotoxicity and Larvicidal Activity.
Pakistan Journal of Pharmaceutical Sciences. 2024; 37(2): 297-305.

28. 1 S, Pitchiah S, Suresh V, et al. Synthesis of Zinc Oxide Nanoparticles From Aqueous Extract
of Avicennia marina Mangrove Leaves and Their Antibacterial Activities Against Oral
Pathogens. Cureus. 2023; 15(10): e47627.

29. AT, Ajjovitha JI, Deivasigamani B. Biosynthesis and Characterization of Silver Nanoparticles
From Mangrove Bark — Rhizophora mucronata Extract. Asian Journal of Pharmaceutical and
Clinical Research. 2020; 13(7): 91-94.

Plant Nanomater J., 2(1), 1-12 (2026) http://doi.org/10.26740/pnj.v2i1.54537



12

30. Aji Jovitha AT, Deivasigamani B. Optimization & Characterization of Silver Nanoparticles
from Rhizophora mucronata Mangrove Bark Extract. I0SR Journal of Pharmacy and
Biological Sciences (IOSR-JPBS). 2020;15(3):48-55. DOI: 10.9790/3008-1503014855.

31. Willian N, Pardi H, Arief S. Pembuatan dan Karakterisasi Nanopartikel Perak Menggunakan
Ekstrak Buah Mangrove Rhizophora stylosa. ALCHEMY Jurnal Penelitian Kimia.
2023;19(1):53-60.

32. Antony JJ, Sivalingam P, Siva D, Kamalakkannan S, Anbarasu K, Sukirtha R, Krishnan M,
Achiraman S. Comparative Evaluation of Antibacterial Activity of Silver Nanoparticles
Synthesized Using Rhizophora apiculata and Glucose. Colloids and Surfaces B: Biointerfaces.
2011;88(1):134-140. DOI: 10.1016/j.colsurfb.2011.06.022.

33. Preethi Raj M, Rajeshkuma S. Green Synthesis of Zinc Nanoparticles from Rhizophora
apiculata and Its Characterisation and Biological Property (Antibacterial). REDVET - Revista
Electronica de Veterinaria. 2022;23(1):101.

34. Gnanadesigan M, Anand M, Ravikumar S, Maruthupandy M, Vijayakumar V, Selvam S,
Dhineshkumar M, Kumaraguru AK. Biosynthesis of Silver Nanoparticles by Using Mangrove
Plant Extract and Their Potential Mosquito Larvicidal Property.” Asian Pacific Journal of
Tropical Medicine. 2011;4(10):799-803. DOI: 10.1016/S1995-7645(11)60197-1.

35. Balakrishnan S, Srinivasan M, Mohanraj J. Biosynthesis of Silver Nanoparticles from
Mangrove Plant (Avicennia marina) Extract and Their Potential Mosquito Larvicidal Property.
Journal of Parasitic Diseases. 2016;40(3):991-996. DOI: 10.1007/s12639-014-0621-5.

36. Antony PTL, Aafreen, Thiraviyam P, Kannan K, Ganapathy D, Sivaperumal P, Thangavelu L.
Characterization and Biological Activities of Silver Nanoparticles from Mangrove Rhizophora
apiculata Extracts. Nanotechnology Perceptions. 2024;20(S7):155-168.

37. Andayani R, Najih YA. Adsorpsi Pb (II) Oleh Arang Aktif dari Tumbuhan Mangrove
Avicennia marina. J-Tropimar. 2020;2(2):75-84.

38. Riyanto CA, Wibowo NA. Karakterisasi Nanopartikel Fe304 dan Aplikasinya dalam Adsorpsi
Ni () dan Co (II). Jurnal Kimia dan Kemasan. 2019;41(1):26-30. DOI:
10.24817/jkk.v41i1.4013.

39. Das J, Mollah KI, Dewan D, Ghosh S, Das S, Jana M, Sahu S, Debnath B, Sahoo AK, Jana S.
Mangrove-Derived Nanoparticles: A Review of Synthesis and Biomedical Applications. Next
Nanotechnology. 2026; 9:100374. DOI: 10.1016/j.nxnan0.2026.100374.

40. Katta A, Lanka S. Harmonizing Nature and Technology: Green Synthesis of Nanoparticles
from Mangroves for Sustainable Living. International Journal of Creative Research Thoughts
(IJCRT). 2025;13(8):h80.

41. Dewi DK, Nugraha S. Integrating Blue Carbon Estimation into Mangrove-Based Coastal
Protection Infrastructure Planning: A Case Study in Dompak Island, Tanjungpinang. JIT
Journal of Innovation and Technology. 2025;6(1):12-20.

42. Willian N, Syukri S, Zulhadjri Z, Pardi H, Arief S. Marine plant mediated green synthesis of
silver nanoparticles using mangrove Rhizophora stylosa: Effect of variable process and their
antibacterial activity. F1000Research. 2022; 10: 768.

43. Jovitha AAT, Deivasigamani B. Optimization & characterization of silver nanoparticles from
Rhizophora mucronata mangrove bark extract. IOSR Journal of Pharmacy and Biological
Sciences. 2020; 15(3): 48-55.

44. Umashankari J, Inbakandan D, Ajithkumar TT, Balasubramanian T. Mangrove plant,
Rhizophora mucronata (Lamk, 1804) mediated one pot green synthesis of silver nanoparticles
and its antibacterial activity against aquatic pathogens. Aquatic Biosystems. 2012; 8(1): 11.

45. Tian S, Saravanan K, Mothana RA, Ramachandran G, Rajivgandhi G, Manoharan N. Anti-
cancer activity of biosynthesized silver nanoparticles using Avicennia marina against A549
lung cancer cells through ROS/mitochondrial damages. Saudi Journal of Biological Sciences.
2020; 27(11): 3018-3024.

Plant Nanomater J., 2(1), 1-12 (2026) http://doi.org/10.26740/pnj.v2i1.54537



