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Abstract : The increasing demand for sustainable nanotechnology has stimulated the development of 

environmentally benign approaches for nanomaterial synthesis. Flowers represent an attractive 

biological resource because their tissues contain diverse phytochemicals capable of participating in 

precursor reduction, nucleation, growth, and surface stabilization. This mini-review summarizes 

recent advances in flower-mediated green synthesis of functional nanomaterials, with emphasis on 

metallic, metal oxide, doped, hybrid, and composite systems. The influence of synthesis parameters and 

mechanisms with the flower as a green nanofactory is discussed. The contribution of phenolics, 

flavonoids, terpenoids, proteins, carbohydrates, pigments. Recent applications in photocatalysis, 

environmental remediation, antimicrobial activity, sensing, agriculture, and biomedical fields are 

reviewed. Particular attention is given to emerging systems such as flower-derived CuO, ZnO, Fe2O3, 

Ag-doped ZnO, and multifunctional Ag/Au nanoparticles.  Overall, flower-mediated synthesis provides 

a promising route for producing functional nanomaterials while integrating green chemistry, 

phytochemistry, and sustainable materials development. 
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I. INTRODUCTION 

Nanotechnology has become an important multidisciplinary field because materials at the nanoscale exhibit 

physicochemical properties that can differ substantially from their bulk counterparts. High surface-to-volume ratio, 

tunable optical properties, enhanced catalytic activity, distinctive electronic behaviour, and size-dependent biological 

interactions have made nanomaterials valuable in catalysis, environmental remediation, antimicrobial systems, sensing, 

energy, agriculture, food technology, and biomedical research. Metallic nanoparticles, metal oxides, carbon-based 

nanostructures, and nanocomposites are therefore being extensively investigated to develop advanced functional 

materials [1]. 

The properties of nanomaterials depend strongly on particle size, morphology, composition, crystallinity, and surface 

chemistry, which are influenced by the synthesis route. Conventional physical and chemical methods such as chemical 

reduction, sol–gel processing, precipitation, hydrothermal synthesis, and thermal decomposition can provide effective 

control over material formation, but may require high energy input, elevated temperatures, organic solvents, or 

hazardous reducing and stabilizing agents [2]. These limitations have encouraged the development of greener synthesis 

strategies based on renewable biological resources. 

Plant-mediated synthesis has received considerable attention because plants contain diverse phytochemicals capable of 

participating in nanoparticle formation. Phenolics, flavonoids, terpenoids, alkaloids, proteins, carbohydrates, pigments, 

and organic acids may function as reducing, complexing, capping, and stabilizing agents [3]. Consequently, plant 

extracts can provide several functions simultaneously, reducing the need for additional synthetic reagents. 
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Among different plant resources, flowers represent an attractive and comparatively specialized feedstock. Floral tissues 

contain a complex mixture of secondary metabolites and pigments that can interact with metal precursors and 

developing nanoparticle surfaces. Earlier reviews established the potential of flowers for the synthesis of metallic and 

metal oxide nanoparticles and identified their antimicrobial, catalytic, antioxidant, and biomedical applications. More 

recent work has extended this field toward photocatalytic, sensing, agricultural, and multifunctional nanomaterials 

[4,5]. 

Flowers also have an important sustainability dimension. Large quantities of flowers are discarded after ornamental, 

horticultural, religious, and ceremonial use, creating an underutilized source of renewable biomass. Their utilization for 

nanomaterial synthesis provides an opportunity to convert floral waste into value-added functional materials within a 

waste-to-wealth framework. Recent research on floral waste-derived ZnO nanoparticles has highlighted their potential 

for water treatment, agriculture, and biomedical applications, demonstrating the broader role of floral residues in 

sustainable nanomaterial development [6]. 

Despite its advantages, flower-mediated synthesis faces challenges arising from variations in plant source, 

phytochemical composition, extraction conditions, and reaction parameters, which can affect nanoparticle properties 

and reproducibility. Standardization, mechanistic understanding, scale-up, safety assessment, and lifecycle evaluation 

are therefore essential [7]. This mini-review highlights recent advances in flower-mediated green synthesis of 

functional nanomaterials, synthesis mechanisms, key parameters, characterisation, and emerging applications in 

photocatalysis, environmental remediation, sensing, agriculture, and biomedicine, etc. 

 

II. FLOWERS AS GREEN NANOFACTORIES: PHYTOCHEMICAL BASIS 

The ability of flowers to support nanomaterial synthesis is closely associated with their rich phytochemical 

composition. Floral tissues contain primary metabolites such as carbohydrates and proteins as well as secondary 

metabolites including phenolic acids, flavonoids, tannins, terpenoids, alkaloids, pigments, sterols, and other bioactive 

molecules. The relative abundance of these compounds differs considerably between plant species and can change with 

environmental and physiological conditions. The term “green nanofactory” is useful because a flower extract may 

provide several chemical functions during synthesis. Electron-donating groups present in phenolic and flavonoid 

molecules can participate in reduction processes, while hydroxyl, carbonyl, carboxyl, amino, and other functional 

groups may coordinate metal ions or adsorb onto nanoparticle surfaces. Such interactions can influence nucleation and 

subsequent particle growth. Once nanoparticles form, organic molecules adsorbed on their surfaces may act as capping 

or stabilizing species, limiting uncontrolled aggregation [4,5,8]. 

 

III. MECHANISM AND FACTORS AFFECTING FLOWER-MEDIATED SYNTHESIS 

Flower-mediated synthesis generally follows a bottom-up process in which phytochemicals interact with metal 

precursors, promoting reduction or complexation, nucleation, particle growth, and surface capping/stabilization: 

Flower → extraction → phytochemical release → precursor interaction → nucleation → growth → stabilization → 

nanomaterial 

For metallic nanoparticles, phytochemicals can reduce metal ions to zerovalent atoms, followed by nucleation and 

growth, while adsorbed biomolecules help prevent aggregation. In metal oxide synthesis, phytochemical–metal 

complexes may undergo hydrolysis, precipitation, drying, and, when required, calcination. Thus, both synthesis and 

post-treatment influence the final nanoparticle properties [4,9]. 

3.1 Influence of Synthesis Parameters 

Nanoparticle size, morphology, crystallinity, and stability are strongly affected by flower species, extract concentration, 

precursor concentration, pH, temperature, reaction time, and post-treatment. The phytochemical composition varies 

among flower species, while extract and precursor concentrations influence nucleation and growth. pH affects 

phytochemical ionization and metal-ion interactions, whereas temperature and reaction time control reaction kinetics. 

For metal oxides, calcination can improve crystallinity and remove organic residues but excessive heating may increase 
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particle size and reduce surface area. Recent studies confirm that optimization of these parameters is essential for 

obtaining reproducible nanomaterials with desired properties. Flower-derived AgNPs from Xanthoceras sorbifolia and 

floral-waste-mediated ZnO nanoparticles demonstrate the importance of controlling extract composition and reaction 

conditions [6,10] 

 

VI. FLOWER-MEDIATED SYNTHESIS OF FUNCTIONAL NANOMATERIALS 

4.1 Metal Nanoparticles 

4.1.1 Silver nanoparticles 

Silver nanoparticles (AgNPs) remain the most extensively investigated flower-mediated nanomaterials because of their 

strong optical properties, antimicrobial activity, and catalytic performance. Recent studies demonstrate increasing 

diversification of flower sources and applications. 

Erythrina indica flower extract has been used for the synthesis of spherically shaped AgNPs, with polyphenols 

proposed to contribute to both reduction and capping. The resulting particles showed antibacterial activity and 

photocatalytic degradation of Reactive Orange 16, achieving approximately 90% degradation under sunlight irradiation 

[11]. 

More recently, Murraya paniculata flower-mediated AgNPs were characterized using UV–Visible spectroscopy, FTIR, 

XRD, FESEM, TEM, and XPS; the particles were predominantly spherical with an average size of 27.8 nm and 

exhibited catalytic activity towards 4-nitrophenol reduction [12]. 

Recent work has also demonstrated applications beyond conventional antimicrobial testing. AgNPs prepared using 

Plumeria obtusa flower extract were reported as highly sensitive materials for Cr (VI) detection, with a reported 

detection limit in the picomolar range [13]. This illustrates the potential of flower-mediated nanoparticles for analytical 

sensing. 

The recent literature also includes Senna auriculata, Bougainvillea glabra, Punica granatum, and Peltophorum 

pterocarpum flower-mediated AgNPs [14,15,16]. The 2025 Peltophorum pterocarpum study, investigated AgNPs for 

catalytic degradation of Acid Blue 113, demonstrating the continued expansion of flower-mediated AgNPs into 

environmental catalysis [17]. 

4.1.2 Gold nanoparticles 

Gold nanoparticles (AuNPs) are attractive because of their optical, catalytic, and biomedical properties. Floral extracts 

containing phenolic compounds and pigments can participate in Au (III) reduction and stabilize the resulting 

nanoparticles. Recent comparative research using Hibiscus sabdariffa and Pelargonium domesticum floral extracts 

reported AuNPs and AgNPs with antioxidant properties and comparatively low cytotoxic and ecotoxic effects 

compared with chemically synthesized controls [18]. Such comparative studies are important because they move 

beyond the assumption that green synthesis is automatically safer and instead provide experimental toxicity 

comparisons. Alghuthyami et al. (2021) synthesized gold nanoparticles from floral extract of Polianthes tuberosa L for 

antibacterial and cytotoxicity studies [19]. Rey-Mendez et al. (2022) synthesized AuNPs by Hypericum perforatum L. 

flower extract for antioxidant activities, along with stem and leaf extracts employed for the same purpose [20]. 

4.1.3 Selenium nanoparticles 

Selenium nanoparticles provide another important class of flower-mediated materials because selenium has potential 

applications in agriculture, antioxidant systems, and biomedicine. Allamanda cathartica flower extract has been used as 

both reducing and capping medium for SeNP synthesis. The resulting particles demonstrated antimicrobial activity and 

promoted seed germination and growth of Brassica campestris under salt stress [21]. This study illustrates the potential 

of flower-mediated nanomaterials in nanofertilizer and agricultural stress-management applications. 
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4.2 Metal Oxide Nanomaterials 

4.2.1 Zinc oxide 

ZnO nanoparticles possess optical, antimicrobial, photocatalytic, and semiconductor properties. Flower extracts have 

been investigated for their preparation because floral phytochemicals can participate in precursor complexation and 

stabilization. 

A comprehensive 2024 review specifically examined floral-waste-mediated ZnO nanoparticles and their applications in 

water treatment, agriculture, and biomedical engineering [6]. The review emphasized that floral extracts containing 

polyphenols, flavonoids, reducing sugars, tannins, and related compounds can influence ZnO formation and surface 

properties. 

Experimental studies have also reported ZnO nanoparticles synthesized using Althea officinalis flower extract, with 

wound-healing properties [22]. These results demonstrate how flower-derived ZnO can combine material functionality 

with biologically active surface chemistry. 

 

4.2.2 Copper oxide 

CuO is particularly attractive for environmental applications because of its semiconductor properties and photocatalytic 

potential. In 2024, Tecoma stans flower extract was used for biosynthesis of CuO nanoparticles, followed by 

investigation of antibacterial, anticancer, and photocatalytic activities [23]. Another recent study employed Jasminum 

sambac flower extract for CuO synthesis and investigated its ability to degrade methylene blue in water under UV and 

solar irradiation [24]. Such studies are particularly relevant to sustainable wastewater treatment. Calotropis gigantea 

flower-mediated CuONPs were synthesized in most recent studies for antioxidant and antibacterial applications [25]. 

 

4.2.3 Iron oxide nanoparticles 

Iron oxide nanomaterials, particularly Fe₂O₃ and Fe₃O₄, offer magnetic, catalytic, adsorption, and environmental 

applications. Melia azedarach flower extract has been used to synthesize iron oxide nanoparticles, with phenolic 

compounds proposed as reducing and capping constituents towards biological applications [26]. 

A particularly significant recent development is the green synthesis of Fe2O3 nanoparticles using Rhododendron 

arboreum flower extract. The resulting material demonstrated anti-inflammatory and other bioactivities [27]. This 

represents a significant shift from simple nanoparticle synthesis toward application-oriented functional magnetic 

nanomaterials. 

 

4.2.4 Doped, Hybrid and Composite Nanomaterials 

The field is gradually moving beyond single-component nanoparticles toward multifunctional systems. Doping and 

composite formation can modify optical, electronic, magnetic, catalytic, and biological properties. 

An important example is the green synthesis of Ag-doped ZnO using Nelumbo nucifera flower extract. The resulting 

material was evaluated for antibacterial activity and structural, morphological, and optical characteristics [28]. 

Incorporating Ag into ZnO can improve charge separation and antimicrobial properties compared with the individual 

components. 

Flower extracts have also been used in the preparation of nanocomposite systems. Recent work using Andrographis 

paniculata flower extract and gum ghatti produced a silver nanocomposite and investigated its anticancer potential [29]. 

Such systems demonstrate that plant extracts can participate not only in nanoparticle formation but also in the 

development of more complex functional materials. Singh et al. synthesized Cu-ZnO NPs using flower extract of Rosa 

sinesis towards antibacterial studies [30]. The ZnO-Ag nanocomposites were prepared using Tagetes erecta flower 

extract for photocatalytic and antibacterial studies [31]. The ZnO-CuO nanocomposites were recently reported from 

hibiscus extract and optical, morphological and antioxidant properties were highlighted in this study [32].  
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Table 1. Representative recent flower-mediated functional nanomaterials 

Flower Source Synthesized 

Nanomaterial 

Applications Reference 

Erythrina indica AgNPs Antibacterial activity and photocatalytic 

degradation 

[11] 

Murraya paniculata AgNPs Reduction of 4-nitrophenol [12] 

Plumeria obtusa AgNPs Sensing of Cr (VI) [13] 

Hibiscus sabdariffa and 

Pelargonium domesticum 

AuNPs and 

AgNPs 

Antioxidant and anticancer activities [18] 

Polianthes tuberosa L AuNPs Antibacterial and cytotoxicity studies [19] 

Allamanda cathartica SeNPs Seed germination [21] 

Althea officinalis ZnONP Wound healing [22] 

Tecoma stans CuONPs Antibacterial, antioxidant and 

photocatalytic 

[23] 

Rhododendron arboreum Fe2O3NPs Anti-inflammatory and other biological 

applications 

[27] 

Nelumbo nucifera Ag-doped ZnO 

NPs 

Antibacterial [28] 

Tagetes erecta ZnO-Ag NCs Antibacterial and Photocatalytic [31] 

Hibiscus rosa sinsis ZnO-CuO NCs Antioxidant [32] 

 

V. CHARACTERIZATION OF FLOWER-MEDIATED NANOMATERIALS 

Comprehensive characterization is essential to confirm nanoparticle formation and establish their structural, 

morphological, optical, and surface properties. UV–Vis spectroscopy monitors nanoparticle formation through 

characteristic absorption/SPR bands, while FTIR identifies phytochemical functional groups involved in reduction and 

capping. XRD determines crystalline phase, crystallinity, and crystallite size, whereas SEM/TEM provide information 

on morphology, particle size, and aggregation. EDX/XPS establish elemental composition and surface chemical states, 

while DLS, zeta potential, TGA, and BET provide information on colloidal stability, organic content, thermal 

behaviour, and surface area. Thus, combining complementary techniques provides more reliable characterization than 

relying on a single analytical method [33,34].  

 

VI. SOME SELECTED APPLICATIONS OF FLOWER-MEDIATED NANOPARTICLES 

6.1 Photocatalysis and Environmental Remediation 

Flower-mediated nanomaterials have gained significant interest in photocatalysis and environmental remediation. 

Semiconductor nanoparticles such as ZnO, CuO, Fe₃O₄, and their composites can generate reactive oxygen species 

under suitable irradiation, enabling the degradation of organic pollutants in water and wastewater [6,24,35]. 

Flower-derived AgNPs have been reported to catalyse the reduction of 4-nitrophenol and the degradation of synthetic 

dyes [4,12,17]. Similarly, flower-mediated CuO nanoparticles have shown photocatalytic activity toward methylene 

blue degradation [36].  

6.2 Antimicrobial Applications 

Silver, ZnO, CuO, and other flower-mediated nanomaterials have demonstrated activity against Gram-positive and 

Gram-negative bacteria and, in some cases, fungi. Potential mechanisms include membrane disruption, oxidative stress, 

interaction with proteins and nucleic acids, and release of metal ions[4,5,18,34]. 

Recent AgNP studies involving Senna auriculata, Bougainvillea glabra, and other flowers have reported antibacterial 

activity [14,15]. However, antimicrobial performance should be interpreted together with concentration, exposure time, 

particle size, surface chemistry, and toxicity toward non-target cells. 
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6.3 Biomedical Applications 

Flower-mediated nanoparticles are being investigated for antioxidant, anticancer, wound-healing, and drug-related 

applications. ZnO nanoparticles prepared using Calendula officinalis flower extract demonstrated antioxidant and 

wound-healing potential [37]. Senna auriculata-mediated AgNPs exhibited activity against MCF-7 breast cancer cells 

[14]. 

Nevertheless, in vitro biological activity should not automatically be interpreted as therapeutic efficacy. Future 

biomedical studies require detailed pharmacokinetic, toxicity, cellular-mechanism, and in vivo investigations. 

6.4 Sensing Applications 

The optical and surface properties of metallic nanoparticles make them useful for chemical and biological sensing. A 

notable example is Plumeria obtusa flower-mediated AgNPs used for selective Cr(VI) detection [13]. Carica papaya 

male-flower-mediated AgNPs have also been investigated for tryptophan sensing [38]. 

Flower-derived nanoparticles could therefore provide low-cost sensing platforms for environmental contaminants, 

biomolecules, and food-related analytes. 

6.5 Agricultural Applications 

Nanomaterials prepared using flowers may also have agricultural applications. The Allamanda cathartica-mediated 

SeNP study demonstrated antimicrobial effects against phytopathogens and improved mustard seed germination and 

growth under salt stress [21]. This suggests potential applications in nanofertilizers, plant protection, and stress 

management. 

However, agricultural applications require careful assessment of nanoparticle dose, soil persistence, plant uptake, 

microbial interactions, and long-term ecological effects. 

 

VII. CONCLUSION 

Flower-mediated green synthesis provides a promising route for producing a diverse range of functional nanomaterials 

using renewable biological resources. Floral phytochemicals can participate in precursor reduction, nucleation, growth, 

capping, and stabilization, thereby reducing the dependence on conventional chemical reagents. Recent research 

demonstrates the preparation of Ag, Au, Se, ZnO, CuO, Fe₂O₃, Fe₃O₄, doped materials, and composites using different 

flower extracts. Their applications have expanded from conventional antimicrobial studies toward photocatalysis, 

pollutant degradation, sensing, agriculture, wound healing, and other biomedical areas. 
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