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Abstract 

Silver nanoparticles (AgNPs) have recently gained significant attention in the medical field due to their diverse 

biological properties. The present study aimed to green-synthesis and characterize AgNPs using the aqueous leaf 

extract of Bruguiera gymnorhiza. In addition, the in vitro antibacterial, antioxidant, and antidiabetic activities of 

both the plant extract and its synthesized AgNPs were evaluated. The powdered leaves were extracted to obtain 

an aqueous extract, which served as a reducing and stabilizing agent for the synthesis of AgNPs using silver 

nitrate. 

The synthesized nanoparticles were characterized using UV–Visible spectroscopy, Fourier-transform infrared 

spectroscopy (FTIR), scanning electron microscopy with energy-dispersive X-ray analysis (SEM–EDX), 

transmission electron microscopy (TEM), and X-ray diffraction (XRD). All experiments were conducted in 

triplicate (n = 3), and results are expressed as mean ± standard deviation. The UV–Visible spectrum exhibited a 

surface plasmon resonance (SPR) peak at 424 nm, confirming AgNP formation. FTIR analysis indicated the 

involvement of functional groups such as C=O, C–H, and O–H in the reduction and capping processes. SEM and 

TEM analyses revealed predominantly spherical nanoparticles, with sizes ranging from 10 to 50 nm and an 

average size of 17 nm. EDX analysis showed a characteristic silver peak at 3 keV, while XRD confirmed the 

crystalline nature of the nanoparticles. 

Biological activity assays demonstrated that the synthesized AgNPs exhibited significantly enhanced antibacterial, 

antioxidant, and antidiabetic activities compared to the crude plant extract. Overall, the findings suggest that B. 

gymnorhiza-mediated AgNPs possess promising therapeutic potential. Further studies are warranted to elucidate 

their underlying mechanisms and validate their efficacy through in vivo models. 
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INTRODUCTION 

Nanotechnology has become a transformative field in 

science, providing innovative solutions in medicine, 

agriculture, and environmental sustainability. Among 

various nanomaterials, silver nanoparticles (AgNPs) 

have gained significant attention due to their 

exceptional physicochemical properties and broad 

biological activities, including antimicrobial, 

antioxidant, and other effects1,2. Traditionally, chemical 

and physical methods have been used to produce 

nanoparticles; however, these approaches often involve 

toxic reagents, high energy use, and environmental 

risks. Green synthesis, which utilizes plant extracts, 

microorganisms, or other biological systems, has 

gained prominence as an eco-friendly, non-toxic, cost-

effective, and sustainable alternative, aligning with 

principles of green chemistry. Plant-mediated 
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synthesis, in particular, leverages phytochemicals such 

as flavonoids, tannins, alkaloids, and phenolic 

compounds that act as reducing and stabilizing agents, 

thereby eliminating the need for harmful chemicals3,4.  

The mangrove Bruguiera gymnorhiza, belonging to the 

family Rhizophoraceae, is commonly known as the 

black mangrove. This species is widely distributed in 

the Machilipatnam coastal ecosystems and is rich in 

bioactive compounds with medicinal and ecological 

significance. The plant extract is known for its rich 

phytochemical composition, crucial for generating 

silver nanoparticles. Its phytoconstituents provide a 

natural platform for reducing silver ions to 

nanoparticles while simultaneously capping and 

stabilizing them5,6. The green synthesis method 

leverages the inherent reducing capabilities of 

biomolecules present in the plant extract, such as 

flavonoids and terpenoids, to reduce silver ions into 

metallic silver nanoparticles7. The biogenic reduction 

not only circumvents the need for hazardous chemical 

reducing agents but also yields nanoparticles with 

distinct surface properties that can enhance their 

stability and biological efficacy8-10. This 

environmentally benign approach aligns with green 

chemistry principles, offering a cost-effective and 

scalable alternative to conventional physical and 

chemical synthesis routes11,12. The use of plant 

material-assisted synthesis for AgNPs, incorporating 

unpurified plant extracts, contributes to the complexity 

and diversity in their behavior, selectivity, and 

sensitivity, which can be leveraged for advanced 

applications13. This approach not only significantly 

reduces manufacturing costs but also reduces energy 

consumption compared to traditional methods14. 

Furthermore, green synthesis methods, besides their 

cost-effectiveness and scalability, mitigate the 

environmental and health risks associated with 

conventional chemical reduction methods15,16. The 

biogenic production of AgNPs has garnered significant 

interest within the scientific community, particularly 

due to its inherent simplicity, environmental 

consciousness, and the elimination of toxic and 

expensive chemicals17,18. Such plant-mediated 

synthesis methods are increasingly recognized for their 

ability to produce nanoparticles with enhanced size 

uniformity and stability, alongside intriguing 

pharmacological properties attributable to their 

biocompatibility and nano-dimension19. These eco-

friendly synthesis methods also overcome the 

limitations of physical and chemical approaches, which 

often involve high energy requirements, high 

fabrication costs, and the generation of toxic 

byproducts20.  The use of mangrove plants not only 

highlights the potential of underexplored biodiversity 

but also aligns with sustainable resource utilization. 

The synthesized silver nanoparticles were 

characterized using various analytical techniques to 

confirm their successful formation. UV–Visible 

spectroscopy was used to monitor surface plasmon 

resonance, while Fourier-transform infrared 

spectroscopy (FTIR) identified functional groups 

involved in reduction and stabilization. Morphological 

features were examined using Scanning Electron 

Microscopy (SEM) coupled with Energy Dispersive X-

ray (EDX) for elemental analysis. Transmission 

Electron Microscopy (TEM) is commonly used to 

determine particle size and shape, and X-ray 

Diffraction (XRD) provides information on crystalline 

structure. These techniques collectively help in 

confirming the size, shape, composition, crystallinity, 

and stabilization of the synthesized nanoparticles. 

In addition to synthesis and characterization, the 

evaluation of the biological activities of Bruguiera 

gymnorhiza-mediated silver nanoparticles is of 

considerable interest. Plant-derived silver 

nanoparticles have been widely reported to exhibit 

significant antibacterial activity against both Gram-

positive and Gram-negative bacteria, including 

Staphylococcus aureus and Escherichia coli, attributed 

to the synergistic effects of silver and plant-derived 

bioactive compounds21. Furthermore, their antioxidant 

potential can be assessed using in vitro assays such as 

DPPH radical scavenging, ferric reducing antioxidant 

power (FRAP), and nitric oxide scavenging, which 

reflect the ability to neutralize reactive species22. In 

addition, the antidiabetic potential of such 

nanoparticles is commonly evaluated through α-

amylase and α-glucosidase inhibition assays, along 

with glucose uptake studies, indicating their possible 

role in glycemic control23. 

The present study aims to synthesize and characterize 

silver nanoparticles using the aqueous leaf extract of 

Bruguiera gymnorhiza and to evaluate their 

antibacterial, antioxidant, and antidiabetic activities. 

Previous studies have reported that B. gymnorhiza is 

rich in diverse bioactive compounds, including 

terpenoids, flavonoids, alkaloids, phenolics, and 

quinones, which are associated with various 

pharmacological properties. These phytoconstituents 

are known to contribute to significant biological 

activities such as antimicrobial, antioxidant, and 

antidiabetic effects. Therefore, the green synthesis of 

silver nanoparticles using B. gymnorhiza offers a 
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promising, eco-friendly approach for the development 

of biologically active nanomaterials. This work 

highlights the potential of mangrove-derived resources 

in advancing sustainable nanotechnology and 

biomedical applications. 

MATERIALS AND METHODS 

Collection of samples and preparation of plant 

extract  

The fresh leaves of Bruguiera gymnorrhiza were 

collected from the Pedapatnam of the Machilipatnam 

coastal regions of Andhra Pradesh (Figure 1). The plant 

genus and the species were confirmed by the 

Department of Biosciences and Biotechnology, 

Krishna University, Machilipatnam, Andhra Pradesh, 

India.  The collected leaves were washed in running 

water to remove dust and other impurities, followed by 

rinsing with double-distilled water and shade-dried at 

room temperature for 10-15 days. The fully dried 

leaves were powdered with a sterile electric blender. 

The powdered samples were preserved in an airtight 

container and away from the sunlight for further use. 

For the preparation of the aqueous extract, 10 grams of 

leaf powder was mixed with 1000 ml of double-

distilled water in a beaker, followed by heating at 65°C 

for 30 minutes with a magnetic hot plate stirrer. This 

was then cooled and filtered by Whatman No. 1 filter 

paper. The obtained extract was stored at 4°C for 

further experiments.  

 

Figure 1: Bruguiera gymnorrhiza from the 

Pedapatnam of the Machilipatnam coastal region 

Phytochemical analysis 

The crude aqueous leaf extract of Bruguiera 

gymnorrhiza was assessed for the presence of various 

groups of metabolites, including glycosides, alkaloids, 

reducing sugars, carbohydrates, proteins, flavonoids, 

phenolic compounds, amino acids, tannins, terpenoids, 

saponins, phytosterols, triterpenoids, diterpenes, 

quinones, and anthraquinones, using standard 

procedures24. 

Synthesis of Silver Nanoparticles  

A total of 10 mL of Bruguiera gymnorrhiza leaf extract 

was added to 90 mL of 1 mM aqueous AgNO₃ solution 

(1:9 ratio) in a beaker and subjected to vigorous mixing 

for 30 s using a magnetic hot plate stirrer maintained at 

80 °C. The reaction mixture was incubated in the dark 

at room temperature (26–27 °C) to minimize unwanted 

photochemical reactions. The formation of silver 

nanoparticles was initially indicated by a visible colour 

change of the reaction mixture from colourless to 

brown, confirming the reduction of Ag⁺ ions. 

Following complete reaction, the colloidal suspension 

containing AgNPs was centrifuged at 10,000 rpm for 

10 min. The obtained pellet was washed and 

redispersed in double-distilled water to remove 

residual plant biomolecules and unreacted constituents. 

This purification step was repeated as necessary. The 

purified nanoparticles were then dried to obtain a fine 

powder for further characterization and analysis. 

Characterization of Synthesized Silver 

Nanoparticles 

All the characterizations performed in this 

investigation used a single batch of the synthesized 

Bruguiera gymnorhiza AgNPs. An array of analytical 

methods was employed to characterize the produced 

AgNPs and these included UV–Vis, FTIR, SEM, EDX, 

TEM and XRD. 

UV–Visible Spectroscopy Analysis  

To confirm the reduction of silver ions and the 

formation of colloidal silver nanoparticles, UV–visible 

spectroscopy was performed using a Shimadzu UV-

1900 spectrophotometer. An aliquot of 1 mL of the 

reaction mixture was placed in a quartz cuvette, and the 

absorption spectrum was recorded over a wavelength 

range of 200–800 nm. Distilled water was used as the 

control, while a 1 mM AgNO₃ solution served as the 

blank. The characteristic surface plasmon resonance 

(SPR) peak of silver nanoparticles was monitored to 

confirm their formation. 
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Fourier Transform Infrared Spectroscopy (FTIR) 

Analysis  

Fourier Transform Infrared (FTIR) spectroscopy was 

performed to identify the functional groups involved in 

the reduction and stabilization of silver nanoparticles. 

The analysis was carried out using an FT/IR-4700 Type 

A spectrophotometer. The nanoparticle sample was 

prepared by centrifuging the colloidal suspension at 

10,000 rpm for 15 min, followed by drying to obtain a 

fine powder. The dried AgNP sample was then 

subjected to FTIR analysis in the transmission mode 

over a spectral range of 4000–400 cm⁻¹ with a 

resolution of 4 cm⁻¹. The obtained spectra were used to 

determine the biomolecular functional groups 

responsible for the reduction of silver ions and capping 

of the nanoparticles. 

Scanning Electron Microscopy (SEM) and Energy 

Dispersive X-ray (EDX) Analysis 

The surface morphology and elemental composition of 

the synthesized silver nanoparticles were analyzed 

using scanning electron microscopy (SEM) coupled 

with Energy Dispersive X-ray (EDX) spectroscopy 

(TESCAN VEGA 3 / TESCAN MIRA LMS). 

For SEM analysis, the nanoparticle sample was 

dispersed in distilled water and subjected to sonication 

for 5–10 min to achieve uniform dispersion. A drop of 

the suspension was placed onto a carbon-coated 

grid/stub and allowed to air-dry completely under 

ambient conditions. The dried sample was examined 

under SEM at an accelerating voltage of 15–20 kV with 

suitable magnifications ranging from ×10,000 to 

×100,000 to evaluate the morphology, size, and surface 

characteristics of the nanoparticles. 

For EDX analysis, the purified AgNPs were deposited 

onto a carbon-coated copper grid and dried thoroughly. 

The sample was then subjected to EDX analysis at an 

accelerating voltage of 15–20 kV, and the obtained 

spectra were used to determine and confirm the 

elemental composition of the synthesized 

nanoparticles. 

Transmission Electron Microscopy (TEM) 

The synthesized silver nanoparticles' particular size, 

shape, and crystalline features were visualized by using 

a TEM (Talos L120C) manufactured by Thermo Fisher 

Scientific. One aliquot of the silver nanoparticle 

dispersion was carefully mounted on a carbon-coated 

copper grid and dried naturally under laboratory 

conditions before analysis. Then, imaging was 

performed at an accelerating voltage of 120 kV. The 

acquired Transmission electron microscopy 

micrographs enabled direct assessment of nanoparticle 

shape and size distribution, revealing predominantly 

spherical particles, and the crystalline nature of the 

silver nanoparticles was verified using selected area 

electron diffraction patterns. 

X-ray Diffraction (XRD) Analysis  

The crystalline structure, phase purity, and average 

crystallite size of the synthesized silver nanoparticles 

were determined using X-ray diffraction (XRD) 

analysis. The measurements were carried out on a 

Bruker D8 Advance X-ray diffractometer (USA) 

equipped with Cu-Kα radiation (λ = 1.5406 Å). 

The dried nanoparticle powder was uniformly mounted 

onto the sample holder and scanned over a 2θ range of 

20°–80° at a scanning rate of 2° min⁻¹ under an 

operating voltage of 40 kV and a current of 30 mA. The 

obtained diffraction patterns were analyzed to identify 

the characteristic Bragg reflections corresponding to 

the face-centered cubic (fcc) structure of metallic 

silver. 

Biological Activities of Synthesized Silver 

Nanoparticles 

Antimicrobial Activity  

The test microorganisms used for antibacterial 

sensitivity testing included two gram-positive and two 

gram-negative organisms. Bacillus subtilis and 

Staphylococcus aureus were used as model Gram-

positive bacteria, and Pseudomonas aeruginosa and 

Escherichia coli were used as model Gram-negative 

bacteria. All cultures used are pure and obtained from 

a standard organisation like the National Collection of 

Industrial Microorganisms (NCIM), Pune, India.  All 

strains were maintained on Nutrient agar at 4°C, and 

the bacterial strains were subcultured on nutrient agar 

slants for 24 h before being used for antibacterial 

assays.  

Antibacterial activity  

Disc Diffusion Method  

The antibacterial efficacy of the synthesized silver 

nanoparticles using Bruguiera gymnorrhiza aqueous 

leaf extract was evaluated by the disc diffusion method. 

The bacterial strains were cultured on nutrient agar 

(HiMedia) slants and incubated at 37 °C for 24 h. A 

loopful of each culture was inoculated into nutrient 
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agar medium, which was then poured into Petri plates 

using the pour plate technique and allowed to solidify. 

Commercial antibiotic susceptibility discs (HiMedia), 

including tetracycline (30 mcg), erythromycin (15 

mcg), ciprofloxacin (5 mcg), vancomycin (30 mcg), 

nitrofurantoin (300 mcg), and azithromycin (15 mcg), 

were used. The discs were incubated with the silver 

nanoparticle sample, and the impregnated discs were 

placed onto the surface of nutrient agar plates 

inoculated with the selected test organisms. Along with 

these, discs containing only silver nanoparticles and 

antibiotic discs alone (positive control) were also 

included. 

The plates were incubated at 37 °C for 24 h in an 

upright position and subsequently observed for the 

formation of zones of inhibition. The diameter of the 

inhibition zones was measured in millimeters (mm) to 

assess antimicrobial activity. All experiments were 

conducted in triplicate.  

Antioxidant Activity  

The antioxidant capacity of Bruguiera gymnorhiza 

derived silver nanoparticles (AgNPs) and their aqueous 

leaf extract was determined using three in vitro 

spectrophotometric assays: DPPH (2,2-Diphenyl-1-

picrylhydrazyl) radical scavenging, Ferric Reducing 

Antioxidant Power (FRAP), and Nitric Oxide (NO) 

scavenging. These assays assess the ability of samples 

to neutralize reactive oxygen and nitrogen species, 

which are known to cause oxidative damage to 

biomolecules22. Together, these complementary tests 

provide a broad evaluation of the radical-scavenging 

and reducing efficiency of the synthesized AgNPs 

compared with the crude Bruguiera extract25.  

DPPH Assay for Bruguiera gymnorhiza–Derived 

Silver Nanoparticles 

The DPPH assay estimates free-radical quenching 

through electron or hydrogen donation. The antioxidant 

activity of silver nanoparticles (AgNPs) synthesized 

using aqueous Bruguiera gymnorhiza leaf extract was 

evaluated by the DPPH (2,2-diphenyl-1-

picrylhydrazyl) radical-scavenging assay, following 

the general procedure described by Gulçin and Alwasel 

(2023)22, with modifications for nanoparticle systems. 

A fresh 0.004% (w/v) DPPH solution was prepared in 

ethanol and protected from light. The AgNP stock 

dispersions were prepared, and the Bruguiera aqueous 

extract was diluted in the same solvent system to obtain 

working concentrations of 10, 25, 50, 75 and 100 µg 

mL⁻¹, expressed as silver or dry-mass equivalent. 

Ascorbic acid was used as a positive control. 

For each test, 1.0 mL of sample (AgNP or extract) was 

mixed with 2.0 mL of DPPH solution and incubated in 

the dark at room temperature for 30 minutes. All 

measurements were performed in triplicate to ensure 

reproducibility. Because biologically synthesized 

AgNPs typically exhibit a surface plasmon resonance 

(SPR) band in the 380–450 nm range, which may cause 

baseline interference, a nanoparticle blank (ANB) 

consisting of 1.0 mL sample + 2.0 mL solvent (no 

DPPH) was included for each concentration and 

subtracted from the test reading. A DPPH control (A 

control) (2.0 mL DPPH + 1.0 mL solvent) and a solvent 

blank were also prepared. 

Absorbance was recorded at 517 nm using a UV–Vis 

spectrophotometer (Shimadzu UV-1800). The 

percentage of radical-scavenging activity was 

calculated using the following formula26 : 

DPPH scavenging activity (%)

=
𝐴control − (𝐴test − 𝐴𝑁𝐵)

𝐴control

× 100 

Where, 

Acontrol = Absorbance of DPPH solution without sample 

(represents 100% free radicals), 

Atest = Absorbance of DPPH solution with AgNP or 

extract 

ANB = Absorbance of nanoparticle blank (without 

DPPH). 

Dose–response curves were plotted between percent 

inhibition and concentration, and IC₅₀ values were 

calculated as the concentration required to scavenge 

50% of DPPH radicals, expressed as mean ± SD (n = 

3). 

FRAP Assay for Bruguiera gymnorhiza–Derived 

Silver Nanoparticles 

The FRAP method measures the reducing power of 

antioxidants by converting ferric ions to ferrous ions. 

The ferric reducing antioxidant power (FRAP) of silver 

nanoparticles (AgNPs) synthesized using aqueous 

Bruguiera gymnorhiza leaf extract was evaluated 

according to the method originally described by Benzie 

and Strain (1996)27 and modified by Banerjee et al. 

(2008)28, with additional precautions to correct for 

nanoparticle optical interference. 

Briefly, 1.0 mL of each test sample, Bruguiera 

gymnorhiza-derived AgNP dispersion or the Bruguiera 

gymnorhiza aqueous extract, was mixed with 1.0 mL of 
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0.2 M sodium phosphate buffer (pH 6.6) and 1.0 mL of 

1% (w/v) potassium ferricyanide in separate test tubes. 

The mixtures were incubated at 50 °C for 20 minutes 

in a temperature-controlled water bath to promote the 

reduction of ferricyanide to ferrocyanide. After 

incubation, 1.0 mL of 10% (w/v) trichloroacetic acid 

(TCA) was added to each tube to stop the reaction. The 

tubes were centrifuged at 3,000 rpm for 10 minutes at 

room temperature to obtain clear supernatants. An 

aliquot of 1.0 mL of each supernatant was transferred 

into a fresh tube containing 1.0 mL of deionized water 

and 200 µL of 0.1% (w/v) ferric chloride (FeCl₃). After 

5 minutes of incubation at room temperature, the 

absorbance of the resulting Prussian blue complex was 

recorded at 700 nm using a UV–Vis spectrophotometer 

(Shimadzu UV-1800). 

A nanoparticle blank (ANB) (1.0 mL of AgNP 

dispersion treated identically but without potassium 

ferricyanide) was included for each concentration to 

correct for baseline interference caused by AgNPs. 

Ascorbic acid (10–100 µg·mL⁻¹) was used as a positive 

control. All measurements were performed in triplicate 

(n = 3) and expressed as mean ± SD. The ferric 

reducing antioxidant power was expressed as the 

increase in absorbance at 700 nm after blank 

subtraction, calculated as follows: 

Δ𝐴700 = (𝐴700(sample) − 𝐴blank) − 𝐴𝑁𝐵 

Where, 

𝚫𝑨𝟕𝟎𝟎(sample)= Absorbance of the reaction mixture 

containing AgNPs or extract measured at 700 nm.                                                                                                                                                                

Ablank = Absorbance of the blank 

ANB = Absorbance of nanoparticle blank (without 

potassium ferricyanide). 

Nitric Oxide (NO) Scavenging Assay for Bruguiera 

gymnorhiza–Derived Silver Nanoparticles 

The NO scavenging assay evaluates inhibition of nitric 

oxide formation using the Griess reagent. The nitric 

oxide (NO) radical-scavenging activity of silver 

nanoparticles (AgNPs) synthesized using aqueous 

Bruguiera gymnorhiza leaf extract was determined 

using the sodium nitroprusside (SNP) method, with 

modifications to account for nanoparticle interference. 

In this assay, 10 mM sodium nitroprusside (SNP) in 

phosphate-buffered saline (PBS, pH 7.4) was used as 

the source of nitric oxide. Various concentrations of 

Bruguiera-derived AgNP dispersions and the aqueous 

leaf extract (10, 25, 50, 75, and 100 µg mL⁻¹) were 

prepared in deionized water.  For each reaction, 1.0 mL 

of sample was mixed with 2.0 mL of SNP solution and 

incubated under light at room temperature for 150 

minutes to facilitate nitric oxide generation. After 

incubation, 0.5 mL of the reaction mixture was 

combined with 1.0 mL of freshly prepared Griess 

reagent (1% sulfanilamide in 5% phosphoric acid and 

0.1% naphthyl ethylenediamine dihydrochloride), 

mixed well, and allowed to stand for 5 minutes for 

color development²9. 

The absorbance of the resulting pink chromophore was 

measured at 540 nm using a UV-Visible 

spectrophotometer (Shimadzu UV-1800) against the 

reagent blank. A nanoparticle blank (ANB) (1.0 mL 

AgNP dispersion + 2.0 mL PBS, no SNP) was included 

for each concentration to correct for background 

absorbance or direct reaction of nanoparticles with the 

Griess reagent. Ascorbic acid (10–100 µg·mL⁻¹) served 

as a positive control. 

Nitric oxide scavenging activity was calculated using 

the following formula: 

NO Scavenging Activity (%)

=
𝐴control − (𝐴test − 𝐴𝑁𝐵)

𝐴control

× 100 

Where, 

Acontrol = Absorbance of SNP + Griess reagent (without 

sample, representing 100% NO generation), 

Atest = Absorbance of the reaction mixture containing 

AgNPs or extract, and 

ANB = Absorbance of nanoparticle blank (no SNP). 

The percentage inhibition was plotted against 

concentration to obtain IC₅₀ values (the concentration 

required to scavenge 50% of NO radicals). All 

experiments were performed in triplicate and expressed 

as mean ± SD (n = 3). 

Anti-Diabetic Activity 

Diabetes mellitus is a metabolic disorder characterized 

by sustained hyperglycemia caused by impaired insulin 

secretion, defective insulin action, or a combination of 

both, resulting in disturbances in carbohydrate, lipid, 

and protein metabolism26. In recent years, plant-

mediated silver nanoparticles have gained considerable 

interest owing to their enhanced biological activity, 

environmentally friendly synthesis, and improved 

biocompatibility. In the present investigation, the anti-

diabetic potential of silver nanoparticles synthesized 

using Bruguiera gymnorhiza was assessed through 
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three in vitro experimental models, namely α-amylase 

inhibition, α-glucosidase inhibition, and glucose 

uptake by yeast cells assay. 

Assay of α-Amylase Inhibition Activity 

The inhibitory effect of Bruguiera gymnorhiza–derived 

silver nanoparticles (AgNPs) on α-amylase activity 

was evaluated using the starch DNSA colorimetric 

method as described by Ali et al. (2006)30. A 1% (w/v) 

starch solution was prepared by dissolving 1 g of 

soluble starch in 100 mL of 20 mM phosphate buffer 

(pH 6.9) containing 6.7 mM sodium chloride. Porcine 

pancreatic α-amylase (27.5 mg) was dissolved in 100 

mL of the same buffer to prepare the enzyme solution. 

To 100 µL of AgNP suspension at varying 

concentrations (2, 4, 8, 10, and 15 µg/mL), 200 µL of 

α-amylase solution was added, and the mixture was 

incubated at 37 °C for 20 minutes. Subsequently, 100 

µL of 1% starch solution was added, followed by 

further incubation at 37 °C for 10 minutes. The 

enzymatic reaction was terminated by the addition of 

200 µL of DNSA reagent, prepared by dissolving 1 g 

of 3,5-dinitrosalicylic acid, 30 g of sodium potassium 

tartrate, and 20 mL of 2 N sodium hydroxide, with the 

final volume adjusted to 100 mL using distilled water. 

The reaction mixture was then heated in a boiling water 

bath for 5 minutes. After cooling, the mixture was 

diluted with 2.2 mL of distilled water, and the 

absorbance was measured at 540 nm using a UV–

Visible spectrophotometer (Shimadzu UV-1800). 

Blank samples were prepared by replacing the enzyme 

solution with distilled water, while the control 

contained all reagents except AgNPs and represented 

100% enzyme activity. Acarbose was used as a positive 

control. All experiments were carried out in triplicate. 

% α-amylase inhibition

=
Abs𝑐𝑜𝑛𝑡𝑟𝑜𝑙 − Abs𝑠𝑎𝑚𝑝𝑙𝑒

Abs𝑐𝑜𝑛𝑡𝑟𝑜𝑙
× 100 

Assay of α-Glucosidase Inhibition Activity 

The α-glucosidase inhibitory activity of Bruguiera 

gymnorhiza–derived AgNPs was determined using a 

modified method described by Kim et al. (2009)31. The 

α-glucosidase enzyme (1 mg) was dissolved in 100 mL 

of phosphate buffer (pH 6.8). To 100 µL of AgNP 

suspension at concentrations of 2, 4, 8, 10, and 15 

µg/mL, 200 µL of α-glucosidase solution was added, 

and incubated at 37 °C for 20 minutes. 

The reaction was initiated by adding 100 µL of 3 mM 

p-nitrophenyl-α-D-glucopyranoside (p-NPG), and 

incubated at 37 °C for 10 minutes. The reaction was 

terminated by the addition of 2 mL of 0.1 M sodium 

carbonate solution. The release of p-nitrophenol was 

measured spectrophotometrically at 405 nm using a 

UV-visible spectrophotometer (Shimadzu UV-1800). 

Acarbose was employed as the standard inhibitor. The 

IC₅₀ value was defined as the concentration of AgNPs 

required to inhibit 50% of α-glucosidase activity under 

the assay conditions. All experiments were performed 

in triplicate. 

% α-glucosidase inhibition

=
Abs𝑐𝑜𝑛𝑡𝑟𝑜𝑙 − Abs𝑠𝑎𝑚𝑝𝑙𝑒

Abs𝑐𝑜𝑛𝑡𝑟𝑜𝑙
× 100 

Glucose Uptake by Yeast Cells Method 

The glucose uptake–enhancing potential of Bruguiera 

gymnorhiza–derived AgNPs was evaluated using a 

yeast cell model as described by Gupta et al. (2013)32. 

Commercial baker’s yeast was repeatedly washed with 

distilled water and centrifuged at 3000 g for 5 minutes 

until a clear supernatant was obtained. A 10% (v/v) 

yeast suspension was then prepared. 

AgNP samples at concentrations ranging from 10 to 50 

µg/mL were added to 1 mL of glucose solutions with 

concentrations of 5, 10, and 20 mM and incubated at 

37 °C for 10 minutes. The experiment was initiated by 

the addition of 100 µL of yeast suspension, followed 

by vortexing and incubation at 37 °C for 60 minutes. 

After incubation, the reaction mixtures were 

centrifuged at 3000 rpm for 5 minutes, and the residual 

glucose content present in the supernatant was 

determined spectrophotometrically. Metformin was 

used as a reference antidiabetic drug. All experiments 

were carried out in triplicate. 

% Increase in glucose uptake

=
Abs𝑐𝑜𝑛𝑡𝑟𝑜𝑙 − Abs𝑠𝑎𝑚𝑝𝑙𝑒

Abs𝑐𝑜𝑛𝑡𝑟𝑜𝑙
× 100 

Where,  

Abs₍control₎ represents the absorbance of the control 

reaction without AgNPs, and  

Abs₍sample₎ represents the absorbance in the presence of 

Bruguiera gymnorhiza–derived AgNPs. 

RESULTS AND DISCUSSION 

Phytochemical Analysis 

The preliminary phytochemical assessment of 

Bruguiera gymnorrhiza leaf extracts revealed the 
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presence of several bioactive compounds, including 

carbohydrates, alkaloids, proteins and amino acids, 

reducing sugars, flavonoids, phenolic compounds, 

tannins, saponins, phytosterols, diterpenes, and 

quinones (Table 1). These phytochemicals play a 

critical role in the green synthesis of silver 

nanoparticles (AgNPs), acting as both reducing and 

stabilizing agents. Functional groups such as hydroxyl 

(–OH) and carbonyl (–C=O) present in flavonoids, 

phenolics, tannins, and quinones facilitate the 

reduction of Ag⁺ ions to metallic Ag⁰, evidenced by the 

colour change from colourless to brown during 

synthesis. Meanwhile, proteins, amino acids, saponins, 

and terpenoids serve as natural capping agents, 

preventing nanoparticle aggregation and contributing 

to their stability, controlled size, and uniform 

morphology. Moreover, these surface-bound 

phytochemicals can enhance the biological activity of 

AgNPs, improving antimicrobial, antioxidant, and 

antidiabetic properties through synergistic effects. The 

use of plant-derived biomolecules thus enables an eco-

friendly, cost-effective, and biocompatible synthesis of 

AgNPs, highlighting the importance of the 

phytochemical composition in the formation, 

stabilization, and functional efficacy of the 

nanoparticles. 

Table 1: Phytochemical analysis of aqueous leaf extract of Bruguiera gymnorhiza. 

Phytochemicals Test Test procedure Observation B. gymnorhiza 

Alkaloids 
Dragendorff’s 

Test 

In 2 mL of aqueous extract, 1 mL of 

Dragendorff’s reagent was added 

Orange-red 

precipitate 
+ 

Carbohydrates 

Barfoed’s test 

1mL of aqueous extract, 1 mL of 

Barfoed’s reagent was added and 

heated for 2 min. 

Red precipitate + 

Molish’s test 

In 2 ml of the aqueous extract, add 2 

drops of alcoholic α-naphthol, 

followed by the addition of conc. 

H₂SO₄ (along the sides of the test 

tube) 

Formation of a 

violet ring 
+ 

Seliwanoff’s 

test 

In 1mL aqueous extract, 3 mL 

Seliwanoff’s reagent was added and 

heated for 1 min. 

Red colour + 

Test of starch 
In 2 mL of aqueous extract, add a few 

mL of iodine solution. 
Colour change + 

Reducing sugars Benedict’s test 

In 1 mL of aqueous extract, 1 mL of 

Benedict’s reagent was added and 

boiled for 2 min. 

Green/yellow/re

d colour 
++ 

Glycosides 

Modified 

Borntrager’s test 

In 1 ml of the plant extract, ferric 

chloride solution was added and 

boiled for 5 minutes after cooling, 

equal volumes of benzene were 

added, then the benzene layer was 

separated in an ammonia solution.  

Rose-pink to 

blood red colour 
+ 

Conc. H2SO4 

test 

In 5ml of aqueous extract, add 2 mL 

of glacial acetic acid and a drop of 

5% FeCl₃ followed by the addition of 

conc. H2SO4. 

Brown ring 

appears  
+ 

Proteins and 

amino acids 

Ninhydrin test 

In 2 mL of aqueous extract, add 2 

drops of Ninhydrin solution and heat 

for 2min. 

Purple colour ++ 

Xanthoproteic 

test 

In 2ml of aqueous extract, add a few 

drops of conc. Nitric acid.  
Yellow colour ++ 
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Flavonoids 

Ferric chloride 

test 

In 2 ml of aqueous extract, add a few 

drops 10% ferric chloride 

solution 

Green 

precipitate 
++ 

Ammonia test 

In 2ml of aqueous extract, add 5 mL 

dil. Ammonia solution followed by 

conc. H2SO4 

Yellow colour + 

Phenolic 

compounds 

Ferric chloride 

test 

In 2 mL of aqueous extract, add a few 

drops 5% ferric chloride solution. 

Dark 

green/bluish 

black colour 

++ 

Lead acetate test 
In 2 mL of aqueous extract, add 3 mL 

of 10% lead acetate sol. 

White 

precipitate 
+ 

Ellagic Acid 

Test 

In 2 mL of aqueous extract, add 5% 

glacial acetic acid, followed by 5% 

sodium nitrite solution 

Solution turns 

muddy / 

Niger brown 

precipitate 

- 

Tannins 

Gelatin test 

In 2 mL of aqueous extract, add 1% 

gelatin solution, followed by 10% 

NaCl 

White 

precipitate 
- 

10% NaOH test 
In 2 mL of aqueous extract, add 4mL 

of 10% NaOH, then shake well 

Formation of 

emulsion 
- 

Braymer’s test 

In 2 mL of aqueous extract, add a few 

drops 10% Ferric 

chloride solution 

Blue-green 

colour 
+ 

Saponins 

Foam test 
In 0.5 g aqueous plant extract, add 

2mL of water (vigorously shaken) 

Persistent foam 

for 10 min. 
+ 

NaHCO3 test 

In 2 mL of aqueous extract, add a few 

mL of sodium bicarbonate solution, 

followed by distilled water 

(vigorously shaken) 

Stable 

honeycomb-like 

froth 

+ 

Phytosterols 

Libermann- 

Burchard’s test 

In 2 mL of aqueous extract, add 2mL 

of acetic anhydride followed by 1-2 

drops of conc. H2SO4 (along the side 

of the test tube) 

An array of 

colour changes 
+ 

Hesse's 

response test 

In 2 mL of aqueous extract, add 2mL 

chloroform followed by 2mL of conc. 

H2SO4  

Pink ring / Red 

colour (in lower 

chloroform 

layer) 

- 

Diterpenes 
Copper acetate 

test  

In 2 mL of aqueous extract, add a few 

drops of copper acetate solution 

Emerald green 

colour 
+ 

Quinones 

Sulphuric acid 

test  

In 2 mL of aqueous extract, add 

isopropyl alcohol followed by a few 

drops of conc. H₂SO₄ 

Red colour + 

Alcoholic KOH 

test  

In 2 mL of aqueous extract, add a few 

mL of alcoholic potassium hydroxide 

Red to blue 

colour 
+ 

(++) Highly present            (+) Present                 (-) absent 

The phytochemical profile observed in the present 

study, characterized by the presence of tannins, 

alkaloids, glycosides, flavonoids, and saponins, is 

largely consistent with earlier reports on Bruguiera 

gymnorhiza. Mangrove species, including B. 

gymnorhiza, are well recognized for their richness in 

polyphenolic compounds such as flavonoids and 

tannins, which are associated with diverse 

pharmacological properties, including antinociceptive 

and antidiarrheal activities33. The detection of these 

compounds in the current study aligns with the 

established chemical composition of mangrove flora. 
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Previous investigations have indicated that B. 

gymnorhiza, being adapted to saline and stress-prone 

coastal environments, tends to accumulate a high 

proportion of polar phytoconstituents, particularly in 

aqueous extracts34. This observation supports the 

present findings, where aqueous extraction yielded a 

broad spectrum of bioactive compounds. 

Comparative studies further reinforce these results. For 

instance, leaf extracts from B. gymnorhiza collected in 

Kumarakom, Kerala, were reported to contain 

alkaloids, terpenoids, phenols, and quinones, 

contributing to significant antimicrobial and 

antioxidant activities35. Similarly, studies conducted on 

different plant parts from specimens collected in 

Mauritius demonstrated that methanolic fruit extracts 

exhibited higher levels of phenolics, tannins, and 

triterpenoids36. While these variations highlight the 

influence of solvent systems and plant parts on 

phytochemical composition, the consistent detection of 

phenolic and alkaloid classes across studies—

including the present one—suggests a conserved 

phytochemical pattern in this species. 

Overall, the present findings are in agreement with 

earlier reports and further substantiate that B. 

gymnorhiza is a rich source of bioactive secondary 

metabolites. Minor variations in phytochemical 

profiles among studies may be attributed to differences 

in geographical location, environmental conditions, 

and extraction methodologies. 

Synthesis of Silver Nanoparticles  

The addition of Bruguiera gymnorrhiza aqueous leaf 

extract to a 1 mM AgNO₃ solution resulted in a visible 

colour change from yellowish to brown within 30 min, 

indicating the bioreduction of silver ions (Ag⁺) to silver 

nanoparticles (Ag⁰). After 1 h, the reaction was 

complete, with the solution exhibiting a stable brown 

colour, confirming the formation of silver 

nanoparticles (Fig. 2).  

 

Figure 2. Formation of silver nanoparticles. (a) 

Addition of Bruguiera gymnorrhiza aqueous leaf 

extract to 1 mM AgNO₃ solution. (b) Colour change 

from yellowish to brown, indicating the 

bioreduction of Ag⁺ ions and formation of silver 

nanoparticles (AgNPs). 

The observations in the present study are in agreement 

with earlier reports on mangrove-mediated synthesis of 

silver nanoparticles. A similar visual transition in 

reaction colour has been documented for Bruguiera 

cylindrica collected from the Pichavaram mangrove 

forests in Tamil Nadu, where the addition of leaf extract 

to a colourless silver nitrate solution resulted in a 

gradual change to yellow and subsequently dark 

brown, indicating the formation of AgNPs37. This 

characteristic colour change, attributed to surface 

plasmon resonance, supports the findings of the current 

study and confirms the reduction of silver ions by 

plant-derived phytochemicals. 

Comparable results have also been reported for AgNPs 

synthesized using leaf extracts of Rhizophora stylosa 

from the mangrove forests of the Riau Archipelago, 

Indonesia. These nanoparticles exhibited desirable 

physicochemical properties, including uniform 

morphology, narrow particle size distribution, and 

enhanced stability38. Such similarities suggest that 

mangrove species, irrespective of geographical origin, 

possess a consistent capacity to facilitate the synthesis 

of stable and well-defined nanoparticles. 

Overall, the consistency between the present findings 

and previous studies highlights the effectiveness of 

mangrove-derived phytochemicals in mediating 

nanoparticle synthesis and stabilisation. Variations in 

particle characteristics reported across studies may be 

attributed to differences in species, environmental 

conditions, and extraction protocols. 

Characterization of Synthesized Silver 

Nanoparticles 

The formation of silver nanoparticles (AgNPs) 

synthesized using the aqueous leaf extract of Bruguiera 

gymnorrhiza was confirmed through various 

characterization techniques. The results obtained from 

these analyses are discussed below. 

UV–Visible Spectroscopy Analysis  

UV-Vis (Ultraviolet-Visible) spectroscopy is one of the 

most widely used techniques for characterizing 

nanoparticles, especially metal nanoparticles such as 

silver (AgNPs). The appearance of a specific Surface 

Plasmon Resonance (SPR) peak in the UV-Vis 

spectrum confirms the formation of metallic 

nanoparticles. In our study, a peak was observed at 424 
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nm, confirming the synthesis of silver nanoparticles 

from Bruguiera gymnorrhiza (Fig. 3).  

 

Figure 3. UV-visible spectra of the synthesized 

AgNPs from the aqueous leaf extract of Bruguiera 

gymnorrhiza 

The UV–Visible spectroscopic results obtained in the 

present study are in good agreement with previous 

reports on mangrove-mediated synthesis of silver 

nanoparticles. For instance, AgNPs synthesized using 

Rhizophora lamarckii extracts have been reported to 

exhibit surface plasmon resonance (SPR) absorption 

maxima around 420 nm, corresponding to 

predominantly spherical nanoparticles39. The similarity 

in absorption peaks supports the findings of the current 

study and reinforces the role of mangrove-derived 

phytochemicals as efficient reducing and stabilizing 

agents in green nanoparticle synthesis. 

Furthermore, studies on AgNPs synthesized from 

Rhizophora stylosa have demonstrated SPR bands in 

the range of 403–443 nm, which are strongly 

influenced by nanoparticle size, shape, and 

dispersion40. The observed SPR peak in the present 

study falls within this reported range, suggesting the 

formation of relatively uniform and spherical 

nanoparticles. Minor shifts in absorption maxima 

compared to earlier studies may be attributed to 

variations in particle size distribution, concentration of 

bioactive compounds, and experimental conditions. 

Overall, the consistency of SPR characteristics across 

different mangrove species highlights the reliability of 

UV–Vis spectroscopy as a rapid and effective tool for 

confirming AgNP formation and provides further 

evidence for the reproducibility of mangrove-assisted 

green synthesis approaches. 

Fourier Transform Infrared Spectroscopy (FTIR) 

Analysis  

FTIR spectroscopy was performed to identify the 

functional groups present on the surface of the 

synthesized AgNPs from Bruguiera gymnorrhiza. The 

spectrum revealed characteristic peaks corresponding 

to C=O, C–H, and O–H groups like esters, ethers, or 

amides, confirming the formation of silver 

nanoparticles. The peak at 2361 cm⁻¹ is attributed to 

CO₂, which is detected from the atmosphere. 

Prominent organic peaks observed at 1587 and 1284 

cm⁻¹ indicate the presence of biomolecules or 

stabilizing agents bound to the nanoparticle surface. 

Additionally, a low-frequency band at 449 cm⁻¹ is 

characteristic of metallic silver, supporting the 

presence of Ag⁰. These features collectively confirm 

that the nanoparticles are stabilized by organic 

compounds from the leaf extract. The FTIR analysis 

thus indicates the presence of hydroxyl, carbonyl, and 

amine groups, which likely functioned as reducing and 

capping agents during the synthesis of silver 

nanoparticles (Fig. 4).  

 

Figure 4. FTIR spectra of the synthesized AgNPs 

from the aqueous leaf extract of Bruguiera 

gymnorhiza 

FTIR analysis provides valuable insight into the 

biomolecular interactions involved in nanoparticle 

synthesis and stabilization. Studies on AgNPs 

synthesized using Sonneratia apetala leaf extract have 

attributed characteristic absorption bands to functional 

groups such as amides and hydroxyl groups, indicating 

the involvement of proteins in nanoparticle capping 

and stabilization9. Similarly, FTIR spectra of AgNPs 

derived from Rhynchosia capitata have revealed bands 

corresponding to phenols, amines, and carbonyl 

compounds, highlighting the contribution of diverse 

phytoconstituents in nanoparticle formation18. 

In the present study involving Bruguiera gymnorhiza, 

the observed peaks corresponding to C=O, C–H, and 

O–H functional groups suggest the active participation 

of phytoconstituents such as proteins and polyphenols 

in the reduction of silver ions and stabilization of the 

nanoparticles. These biomolecules likely function as 

both reducing and capping agents, facilitating 

nanoparticle formation while preventing aggregation. 
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The combined evidence from functional group analysis 

and metal-specific vibrational signatures underscores 

the role of plant-derived biomolecules in governing the 

synthesis and stability of AgNPs. 

Scanning-Electron-Microscopy (SEM) and Energy 

Dispersive X-ray (EDX) Analysis 

SEM analysis revealed the morphology and size 

distribution of the synthesized silver nanoparticles of 

Bruguiera gymnorrhiza. The particles were 

predominantly spherical, with sizes ranging from 

approximately 10 to 50 nm. Both well-dispersed and 

aggregated nanoparticles were observed, indicating 

variability in particle distribution (Fig. 5).  

 

Figure 5. SEM images of synthesized AgNPs from 

the aqueous leaf extract of Bruguiera gymnorrhiza. 

EDX analysis confirmed the elemental composition of 

the synthesized silver nanoparticles from Bruguiera 

gymnorrhiza, verifying successful formation and 

detecting any associated organic capping agents. A 

strong Ag peak observed at ~3 keV corresponds to 

metallic silver, while additional signals for C and O 

indicate the presence of organic molecules adsorbed on 

the nanoparticle surface (Fig. 6).  

 

Figure 6. EDX analysis of synthesized AgNPs from 

the aqueous leaf extract of Bruguiera gymnorrhiza, 

showing its elemental composition. 

SEM and EDX analyses together provide 

comprehensive insight into the morphology, 

distribution, and elemental composition of 

biosynthesized silver nanoparticles. SEM studies on 

AgNPs synthesized using Rhynchosia capitata and 

Sonneratia apetala have demonstrated predominantly 

spherical nanoparticles with relatively uniform 

distribution, indicating effective stabilization by plant-

derived biomolecules9,18. In contrast, AgNPs from 

Rhizophora apiculata exhibited irregular shapes with 

particle sizes ranging from 35 to 100 nm, highlighting 

the influence of phytochemical composition on 

nanoparticle morphology41. 

In the present study involving Bruguiera gymnorhiza, 

SEM analysis revealed predominantly spherical 

nanoparticles with sizes ranging from 10 to 50 nm, 

suggesting controlled nucleation and growth mediated 

by bioactive compounds such as polyphenols and 

proteins. The relatively uniform dispersion of 

nanoparticles indicates reduced aggregation and 

enhanced stability, likely due to the capping action of 

these phytoconstituents. 

EDX analysis further confirmed the elemental 

composition and purity of the synthesized 

nanoparticles. A strong characteristic signal around 3 

keV, as reported for AgNPs from Rhizophora 

apiculata, corresponds to elemental silver41. In the 

present study, the prominent peak observed near 3 keV 

substantiates the successful formation of metallic silver 

nanoparticles. This characteristic signal is attributed to 

the optical absorption of metallic silver, typically 

observed around 3.0 keV due to surface plasmon-

related interactions42. 

Overall, the combined SEM–EDX findings 

demonstrate that B. gymnorhiza-mediated synthesis 

yields well-defined, stable, and compositionally pure 

silver nanoparticles, emphasizing the effectiveness of 

plant-based green synthesis approaches. 

Transmission Electron Microscopy (TEM) Analysis 

TEM analysis of silver nanoparticles synthesized using 

Bruguiera gymnorhiza revealed well-dispersed 

particles with relatively uniform morphology. The 

nanoparticles were predominantly spherical in shape, 

with sizes ranging from 8 to 25 nm, with an average 

diameter of approximately 17 nm. The particles 

appeared discrete with minimal aggregation, indicating 

effective stabilization during synthesis. 

The selected area electron diffraction (SAED) pattern 

(scale bar: 5 nm⁻¹) exhibited distinct concentric rings, 

confirming the crystalline nature of the nanoparticles. 

The sharp and continuous rings suggest the presence of 
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polycrystalline domains with well-defined lattice 

planes (Fig. 7). 

 

Figure 7. TEM images of synthesized AgNPs from 

the aqueous leaf extract of Bruguiera gymnorrhiza. 

TEM analysis provides high-resolution evidence of 

nanoparticle size, morphology, and crystallinity. 

Earlier studies on mangrove-mediated synthesis have 

reported variation in particle sizes across species, 

including Rhizophora mucronata (60–95 nm), 

Rhizophora apiculata (19–42 nm), and Rhizophora 

lamarckii (12–28 nm) following the reduction of silver 

nitrate43. 

In comparison, the smaller size range (8–25 nm) 

observed in the present study suggests more efficient 

control over nucleation and growth processes. The 

predominantly spherical morphology and narrow size 

distribution indicate the role of phytoconstituents in 

directing nanoparticle formation and preventing 

aggregation. The crystalline nature confirmed by 

SAED further supports the structural integrity of the 

synthesized nanoparticles. 

Variations in particle size and morphology among 

different studies may arise from differences in plant 

species, phytochemical composition, and synthesis 

conditions. The reduced particle size and improved 

dispersion observed in B. gymnorhiza-mediated 

synthesis highlight its potential for producing stable 

and uniformly distributed nanoparticles. 

X-ray Diffraction (XRD) Analysis  

The XRD pattern of the synthesized AgNPs from 

Bruguiera gymnorrhiza displayed distinct peaks at 

specific 2θ angles corresponding to the diffraction from 

crystallographic planes of silver’s face-centered cubic 

(FCC) structure. The most intense peaks were observed 

at approximately 30°, 40°, and 50°, with additional 

smaller peaks distributed up to ~90°. The diffraction 

peaks were indexed to the (111), (200), and (220) 

planes, confirming the FCC crystalline nature of the 

silver nanoparticles (Fig. 8).  

 

Figure 8. XRD spectra of the synthesized AgNPs 

from the aqueous leaf extract of Bruguiera 

gymnorhiza 

X-ray diffraction (XRD) analysis provides critical 

information regarding the crystalline nature and phase 

structure of silver nanoparticles. Studies on AgNPs 

synthesized using Rhizophora stylosa leaf extract have 

reported well-defined diffraction peaks at 2θ values of 

38.28°, 44.45°, 64.53°, and 77.53°, corresponding to 

the (111), (200), (220), and (311) planes of a face-

centered cubic (fcc) structure of metallic silver43. In 

another study, AgNPs derived from Rhizophora 

apiculata exhibited multiple diffraction peaks at 2θ 

values including 23.52°, 27.79°, 32.19°, 33.29°, 

37.62°, 38.08°, 38.57°, 44.13°, and 46.16°, indicating 

the crystalline nature of the synthesized 

nanoparticles41. 

In the present study involving Bruguiera gymnorhiza, 

the observed diffraction peaks corresponding to 

characteristic planes of silver confirm the formation of 

crystalline nanoparticles with an FCC structure. The 

presence of sharp and well-defined peaks indicates a 

high degree of crystallinity, while minor additional 

peaks, if present, may be attributed to residual organic 

compounds or bioactive molecules associated with the 

nanoparticle surface. 

Variations in peak positions and intensities across 

different studies may result from differences in particle 

size, lattice strain, and the nature of capping agents 

derived from plant extracts. Overall, the XRD findings 

substantiate the crystalline structure and phase purity 

of the synthesized AgNPs, supporting their structural 

stability and potential applicability in biomedical 

fields. 

Antibacterial Activity 

Disc Diffusion Method 

The antibacterial activity of antibiotics alone, AgNPs 

alone, and their combinations was evaluated against 



Biogenic Silver Nanoparticles from Bruguiera gymnorhiza: Synthesis, Characterization, and Evaluation of 

Antibacterial, Antioxidant, and Antidiabetic Activities 

  Page 401  

IJDDT, Volume 16 Issue 4, 2026 

Escherichia coli, Staphylococcus aureus, 

Pseudomonas aeruginosa, and Bacillus subtilis. The 

zone of inhibition values demonstrated that silver 

nanoparticles (AgNPs) enhanced the antibacterial 

efficacy of several antibiotics, exhibiting synergistic 

effects against both Gram-positive and Gram-negative 

bacteria (Table 2, Fig. 9). The most pronounced 

enhancement was observed with tetracycline, 

erythromycin, ciprofloxacin, and azithromycin, 

whereas vancomycin and nitrofurantoin showed 

comparatively limited inhibition.  

 

Table 2. Zones of inhibition calculated in mm for antibacterial activity of silver nanoparticles synthesized 

from the aqueous leaf extract of Bruguiera gymnorrhiza in combination with various antibiotics. 

Organisms Antibiotics 

Zone of Inhibition in mm 

Only 

Antibiotic 

 

AgNPs 

+ 

Antibiotics 

Only 

AgNPs 

 

 

 

Escherichia coli 

 

Tetracycline (30 mcg) 20 30 23 

Erythromycin (15 mcg) 35 35 12 

Ciprofloxacin (5 mcg)  28 30 15 

Azithromycin (15 mcg) 17 35 5 

Vancomycin (30 mcg) 28 27 15 

Nitrofurantoin (300 mcg) 38 38 8 

 

 

Staphylococcus 

aureus 

Tetracycline (30 mcg) 38 41 15 

Erythromycin (15 mcg) 35 40 15 

Ciprofloxacin (5 mcg) 31 33 15 

Azithromycin (15 mcg) 35 40 15 

Vancomycin (30 mcg) 27 34 12 

Nitrofurantoin (300 mcg) 38 42 12 

 

 

Pseudomonas 

aeruginosa  

Tetracycline (30 mcg) 24 30 18 

Erythromycin (15 mcg) 35 40 18 

Ciprofloxacin (5 mcg) 28 32 15 

Azithromycin (15 mcg) 32 36 15 

Vancomycin (30 mcg) 17 20 12 

Nitrofurantoin (300 mcg) 28 30 12 

 

 

Bacillus subtilis 

Tetracycline (30 mcg) 24 30 13 

Erythromycin (15 mcg) 35 40 13 

Ciprofloxacin (5 mcg) 35 40 15 

Azithromycin (15 mcg) 28 35 15 

Vancomycin (30 mcg) 17 20 12 

Nitrofurantoin (300 mcg) 28 32 12 

The results of the present study highlight the significant 

antibacterial potential of Bruguiera gymnorhiza-

mediated silver nanoparticles, which exhibited greater 

inhibitory activity than the crude plant extract against 

the tested bacterial strains. These results align with 

previous studies indicating that AgNPs are potent 

antibacterial agents capable of synergizing with 

conventional antibiotics. Specifically, Acharya et al. 

(2020)44 reported that B. gymnorrhiza leaves can 

inhibit both Gram-positive bacteria, such as S. aureus, 

and Gram-negative bacteria, including E. coli and P. 

aeruginosa. Morones et al. (2005)45 demonstrated that 

AgNPs interact with bacterial cell walls and 

membranes, causing structural damage and leakage of 

cellular contents. This mechanism likely underlies the 

enhanced activity observed in the present study, 

particularly against E. coli and P. aeruginosa, which 

are typically resistant due to their impermeable outer 

membranes. Overall, the B. gymnorrhiza-derived silver 

nanoparticles exhibited significant inhibitory activity 

against both Gram-positive and Gram-negative 

bacteria. 
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Figure 9. Antibacterial activity of silver nanoparticles synthesized from the aqueous leaf extract of 

Bruguiera gymnorrhiza in combination with various antibiotics, showing zones of inhibition on nutrient 

agar plates. T- tetracycline (30 mcg), E- erythromycin (15 mcg), C- ciprofloxacin (5 mcg), V- vancomycin (30 

mcg), N- nitrofurantoin (300 mcg), and A- azithromycin (15 mcg), AgNPs- silver nanoparticles. 

Antioxidant activity 

DPPH Radical Scavenging Assay  

The antioxidant activity of Bruguiera gymnorrhiza-

derived silver nanoparticles (AgNPs) was evaluated 

using the DPPH radical scavenging assay and 

compared with the standard ascorbic acid. The results 

demonstrated a concentration-dependent increase in 

percentage inhibition for both AgNPs and ascorbic 

acid. At lower concentrations, AgNPs exhibited 

moderate radical scavenging activity, with inhibition 

values significantly lower than those of the standard. 

However, with increasing concentration, the 

scavenging activity of AgNPs improved steadily, 

reaching appreciable levels at higher concentrations. 

Ascorbic acid consistently exhibited higher inhibition 

across all tested concentrations. These findings indicate 

that while AgNPs possess notable antioxidant activity, 

their efficacy is comparatively lower than that of the 

standard antioxidant (Table 3, Fig.10). 

The observed antioxidant activity of B. gymnorrhiza-

derived AgNPs can be attributed to the presence of 

phytochemicals from the plant extract that act as 

reducing and capping agents during nanoparticle 

synthesis. Biomolecules such as flavonoids, phenolics, 

and tannins are known to donate electrons or hydrogen 

atoms to neutralize free radicals, thereby contributing 

to the radical scavenging effect46,47. The concentration-

dependent increase in inhibition is consistent with 

previous reports on plant-mediated AgNPs, where 

higher nanoparticle concentrations provide more active 

sites for interaction with free radicals48. Similar 

observations have been reported for mangrove-derived 

AgNPs, which exhibit moderate antioxidant activity. 

However, the relatively lower activity compared to 

ascorbic acid is expected, as ascorbic acid is a well-

established potent antioxidant, whereas AgNPs rely on 

surface-bound phytochemicals for their radical 

scavenging activity49. 

Table 3. Percentage inhibition of DPPH radical scavenging activity of silver nanoparticles synthesized 

from the aqueous leaf extract of Bruguiera gymnorrhiza. 

Conc. 

(µg/mL)  

% DPPH Radical Scavenging 

Activity of AgNPs from 

Bruguiera gymnorrhiza 

IC50 of 

AgNPs 

% DPPH Radical 

Scavenging Activity of 

Ascorbic Acid Standard  

IC50 of 

Ascorbic 

acid 

10 42.62±0.30 

22.38± 0.30 

37.66± 0.06 

17.88± 0.20 

20 51.04±0.52 55.59± 0.21 

50 63.44±0.10 74.39± 0.21 

75 70.13±0.25 87.19± 0.32 

100 77.31±0.21 92.49± 0.06 

*Each value is represented as mean ± SD (n=3). 



Biogenic Silver Nanoparticles from Bruguiera gymnorhiza: Synthesis, Characterization, and Evaluation of 

Antibacterial, Antioxidant, and Antidiabetic Activities 

  Page 403  

IJDDT, Volume 16 Issue 4, 2026 

Figure 10. DPPH Assay of Bruguiera gymnorrhiza–Derived Silver Nanoparticles 

FRAP Assay 

The Ferric Reducing Antioxidant Power (FRAP) assay 

was performed to evaluate the antioxidant potential of 

Bruguiera gymnorrhiza-derived silver nanoparticles 

(AgNPs) compared with the standard antioxidant 

ascorbic acid. Both AgNPs and ascorbic acid exhibited 

a concentration-dependent increase in reducing power. 

At lower concentrations, AgNPs exhibited moderate 

FRAP values, significantly lower than those of ascorbic 

acid. However, with increasing concentration, the 

reducing power of AgNPs increased steadily, reaching 

values comparable at the highest tested concentration. 

Ascorbic acid consistently demonstrated higher 

reducing activity across all concentrations, indicating 

that although AgNPs possess notable reducing ability, 

their antioxidant potential is comparatively lower than 

that of the standard (Table 4, Fig. 11). 

The observed reducing power of B. gymnorrhiza-

derived AgNPs can be attributed to the presence of 

phytochemicals from the plant extract that act as 

reducing and capping agents during nanoparticle 

synthesis. Biomolecules such as polyphenols, 

flavonoids, and tannins are known to donate electrons, 

facilitating the reduction of ferric (Fe³⁺) to ferrous 

(Fe²⁺) ions and thereby contributing to antioxidant 

activity47. The concentration-dependent increase in 

FRAP values is consistent with previous reports on 

plant-mediated AgNPs, where higher nanoparticle 

concentrations provide more active sites for electron 

transfer48. Although the activity of AgNPs was lower 

than that of ascorbic acid, their moderate reducing 

potential highlights their significance as 

multifunctional agents with both antimicrobial and 

antioxidant properties. Similar observations have been 

reported for mangrove-derived AgNPs, where 

moderate FRAP activity was noted, suggesting that the 

antioxidant potential is largely influenced by the 

phytochemical composition of the plant extract used in 

synthesis49.  

 

Table 4. Ferric reducing antioxidant power (FRAP) activity, expressed as percentage inhibition, of silver 

nanoparticles synthesized from the aqueous leaf extract of Bruguiera gymnorrhiza. 

 

Conc. 

(µg/mL)  

FRAP Activity of AgNPs 

from Bruguiera gymnorrhiza 

(µg/mL)  

IC50   of 

AgNPs 

FRAP Activity of   

Ascorbic acid standard 

(µg/mL)  

IC50 of 

Ascorbic acid 

10 13.98±1.05 

66.92± 0.67 

7.171±0.29 

46.59± 0.49 

20 23.59±0.43 18.35±0.46 

50 42.81±0.70 44.62±0.64 

75 50.38±0.44 71.55±0.79 

100 71.55±0.57 96.15±0.67 

*Each value is represented as mean ± SD (n = 3).  
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Figure 11. FRAP Assay for Bruguiera gymnorrhiza–Derived Silver Nanoparticles 

Nitric Oxide (NO) Scavenging Assay  

The Nitric Oxide (NO) scavenging activity of 

Bruguiera gymnorrhiza-derived silver nanoparticles 

(AgNPs) was evaluated and compared with the 

standard antioxidant, ascorbic acid. Both AgNPs and 

ascorbic acid exhibited a concentration-dependent 

increase in NO scavenging activity. At lower 

concentrations, AgNPs showed moderate inhibition 

values that were consistently lower than those of 

ascorbic acid. However, with increasing concentration, 

the scavenging activity of AgNPs improved 

significantly, reaching higher percentage inhibition at 

the maximum tested concentration. Ascorbic acid 

consistently demonstrated superior activity across all 

concentrations, indicating that although AgNPs 

possess notable NO scavenging potential, their efficacy 

is comparatively lower than that of the standard 

antioxidant (Table 5, Fig. 12). 

The observed NO scavenging activity of B. 

gymnorrhiza-derived AgNPs is in agreement with 

previous reports on plant-mediated nanoparticle 

synthesis. Oke et al. (2021)50 demonstrated that AgNPs 

exhibit significant NO scavenging activity, attributed 

to their high phenolic and flavonoid content. These 

plant-derived nanoparticles are capped and stabilized 

by biomolecules such as phenolics, flavonoids, and 

tannins, which can donate electrons or hydrogen atoms 

to neutralize free radicals. Similarly, Antony et al. 

(2024)51 reported that AgNPs synthesized from 

Rhizophora apiculata extracts showed moderate 

antioxidant activity, highlighting the role of mangrove 

phytochemicals in enhancing bioactivity. Furthermore, 

Elangovan et al. (2024)52 observed strong free radical-

scavenging activity, including NO inhibition, 

emphasizing the potential of plant-based systems as 

effective sources of functional nanoparticles. 

Table 5. The % inhibition of nitric oxide (NO) assay from Bruguiera gymnorrhiza–derived silver 

nanoparticles 

 

Conc. 

(µg/mL)  

% NO Scavenging Activity 

of AgNPs from Bruguiera 

gymnorrhiza 

IC50 of 

AgNPs  

% NO Scavenging 

Activity of Ascorbic 

acid standard 

 

IC50 of 

Ascorbic 

acid 

10 31.84±0.40 

36.50± 0.99 

38.69±0.40 

16.42± 0.45 

20 45.11±1.05 56.31±0.55 

50 59.82±0.30 74.67±0.15 

75 68.68±0.43 86.38±0.30 

100 81.94±0.15 92.77±0.55 

*Each value is represented as mean ± SD (n=3). 
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Figure 12. Nitric Oxide (NO) Scavenging Assay for Bruguiera gymnorrhiza–Derived Silver Nanoparticles 

Antidiabetic activity 

Assay of α-Amylase Inhibition Activity 

The α-amylase inhibitory activity of Bruguiera 

gymnorrhiza-derived silver nanoparticles (AgNPs) was 

evaluated and compared with the standard antidiabetic 

drug, acarbose. Both AgNPs and acarbose exhibited a 

concentration-dependent increase in inhibition. At 

lower concentrations (2–4 µg/mL), AgNPs showed 

moderate inhibitory activity, whereas acarbose 

demonstrated comparatively higher inhibition. With 

increasing concentration up to 15 µg/mL, the inhibitory 

activity of AgNPs increased steadily, reaching a higher 

percentage inhibition at the maximum tested 

concentration; however, acarbose consistently 

exhibited superior inhibition across all concentrations. 

Overall, AgNPs displayed significant α-amylase 

inhibitory activity, although lower than that of the 

standard drug (Table 6, Fig. 13). 

The observed α-amylase inhibition sugests the 

potential antidiabetic properties of B. gymnorrhiza-

derived AgNPs, as inhibition of α-amylase delays 

carbohydrate digestion and glucose absorption, thereby 

reducing postprandial hyperglycemia53. This activity 

can be attributed to the phytochemicals present in the 

plant extract, which act as reducing and capping agents 

during nanoparticle synthesis. Biomolecules such as 

flavonoids, tannins, and phenolic compounds are 

known to interact with digestive enzymes and inhibit 

their activity54. Similar findings were reported by 

Antony et al. (2024)⁵¹, where AgNPs synthesized from 

Rhizophora apiculata extracts exhibited moderate α-

amylase inhibitory activity, supporting the present 

results. 

Table 6. Percentage inhibition of α-amylase activity by silver nanoparticles synthesized from the aqueous 

leaf extract of Bruguiera gymnorrhiza. 

 

Conc. 

(µg/mL) 

% inhibition of α-amylase 

activity by AgNPs from 

Bruguiera gymnorrhiza 

IC50 of AgNPs 

% inhibition of α-

amylase activity by 

Standard Acarbose 

 

IC50 of 

Acarbose 

standard 

2 18.34±0.35 

11.29± 0.10 

20.68±0.24 

7.77± 0.02 

4 25.53±0.13 39.48±0.47 

8 39.95±0.93 50.67±0.55 

10 47.75±1.45 62.44±0.07 

15 60.75±0.52 77.39±0.20 

*Each value is represented as mean ± SD (n=3). 
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Figure 13. α-Amylase inhibitory activity of silver nanoparticles synthesized from the aqueous leaf extract 

of Bruguiera gymnorrhiza. 

Assay of α-Glucosidase Inhibition Activity 

The α-glucosidase inhibitory activity of Bruguiera 

gymnorrhiza-derived silver nanoparticles (AgNPs) was 

evaluated and compared with the standard antidiabetic 

drug, acarbose. Both AgNPs and acarbose exhibited a 

concentration-dependent increase in inhibition. At 

lower concentrations (2–4 µg/mL), AgNPs showed 

moderate inhibitory activity, whereas acarbose 

demonstrated comparatively higher inhibition. With 

increasing concentration up to 15 µg/mL, the inhibitory 

activity of AgNPs increased progressively, reaching 

higher percentage inhibition at the maximum tested 

concentration; however, acarbose consistently 

exhibited superior inhibition across all concentrations. 

Overall, AgNPs demonstrated significant α-

glucosidase inhibitory activity, although lower than 

that of the standard (Table 7, Fig. 14). 

The observed α-glucosidase inhibition indicates the 

potential antidiabetic properties of B. gymnorrhiza-

derived AgNPs. α-Glucosidase is a key enzyme 

involved in carbohydrate metabolism, responsible for 

the breakdown of disaccharides into glucose; its 

inhibition delays glucose absorption and reduces 

postprandial hyperglycemia53. This inhibitory activity 

can be attributed to the phytochemical constituents 

present in the plant extract, which act as reducing and 

capping agents during nanoparticle synthesis. 

Biomolecules such as phenolic compounds, 

flavonoids, and terpenoids are known to interact with 

digestive enzymes and inhibit their activity. González-

Garibay et al. (2025)55 reported that biosynthesized 

AgNPs exhibit α-glucosidase inhibition due to 

phytochemical coatings that enhance enzyme 

interaction. Similarly, Vishwakarma et al. (2025)56 

demonstrated strong α-glucosidase and α-amylase 

inhibition by plant-mediated AgNPs, highlighting the 

role of bioactive compounds in enhancing antidiabetic 

efficacy. Jini et al. (2022)57 also reported significant 

inhibition of starch digestion and α-glucosidase 

activity by garlic-derived AgNPs, attributing the effect 

to the presence of phenols and terpenoids. 

 

Table 7: Percentage inhibition of α-glucosidase activity by silver nanoparticles synthesized from the 

aqueous leaf extract of Bruguiera gymnorhiza. 

 

Conc. 

(µg/mL) 

% inhibition of α-glucosidase 

activity by AgNPs from 

Bruguiera gymnorrhiza 

IC50 of 

AgNPs 

% inhibition of α-

glucosidase activity by 

Acarbose standard 

IC50 of 

Acarbose 

standard 

2 15.39±0.38 

12.02±0.06 

21.84±0.45 

7.77± 0.06 

4 23.92±0.38 34.27±0.53 

8 37.32±0.32 52.16±0.38 

10 48.13±0.32 66.16±0.46 

15 56.62±0.34 76.29±0.19 

*Each value is represented as mean ± SD (n=3). 
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Figure 14. α-Glucosidase inhibitory activity of silver nanoparticles synthesized from the aqueous leaf 

extract of Bruguiera gymnorrhiza. 

Glucose Uptake by Yeast Cells Method 

The yeast glucose uptake assay was performed at 

glucose concentrations of 5 mM, 10 mM, and 20 mM 

to evaluate the effect of Bruguiera gymnorrhiza-

derived silver nanoparticles (AgNPs) in comparison 

with the standard drug, metronidazole, across 

concentrations ranging from 10 to 50 µg/mL. Both 

AgNPs and the standard promoted glucose uptake in 

yeast cells; however, metronidazole consistently 

exhibited higher uptake values under all tested 

conditions. AgNPs demonstrated moderate glucose 

uptake activity, with values increasing progressively 

with concentration and reaching higher uptake at the 

maximum tested levels. Despite this improvement, the 

activity remained lower than that of the standard. 

Overall, the results indicate that AgNPs are capable of 

enhancing glucose uptake in yeast cells, albeit less 

effectively than metronidazole. On the other hand, an 

inverse relationship to the molar concentration of 

glucose was observed when glucose uptake by yeast 

cells was compared among 5 mM, 10 mM, and 20 mM 

for the same amount of AgNPs concentration. The 

results indicate that the lower the concentration of 

glucose in the solution, the higher the uptake by yeast 

cells. (Tables 8, 9, and 10; Fig. 15, 16 and 17). 

Table 8.  Glucose uptake by yeast cells at 5 mM 

glucose concentration following treatment with 

silver nanoparticles synthesized from the aqueous 

leaf extract of Bruguiera gymnorrhiza. 

Conc. 

(µg/ml)  

Standard 

(Metronidazole)  

Bruguiera 

gymnorrhiza–

derived silver 

nanoparticles 

10 18.44±0.42 12.24±0.41 

20 31.02±0.41 21.29±0.42 

30 43.54±0.42 33.06±0.41 

40 55.37±0.62 41.90±0.31 

50 64.01±0.31 53.47±0.41 

 

Figure 15. Glucose Uptake by Yeast Cells Assay 

with 5 mM Glucose Concentration 

Table 9. Glucose uptake by yeast cells at 10 mM 

glucose concentration following treatment with 

silver nanoparticles synthesized from the aqueous 

leaf extract of Bruguiera gymnorrhiza. 

Conc. 

(µg/ml)  

Standard 

(Metronidazole)  

Bruguiera 

gymnorrhiza–

derived silver 

nanoparticles 

10 12.64±.23 10.37±0.39 

20 19.11±.39 17.98±0.37 

30 24.00±0.39 25.48±0.39 

40 30.22±0.44 31.80±0.37 

50 41.19±.26 36.49±0.56 

 

Figure 16. Glucose Uptake by Yeast Cells Assay 

with 10 mM Glucose Concentration 
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Table 10.  Glucose uptake by yeast cells at 20 mM 

glucose concentration following treatment with 

silver nanoparticles synthesized from the aqueous 

leaf extract of Bruguiera gymnorrhiza. 

Conc. 

(µg/ml)  

Standard 

(Metronidazole)  

Bruguiera 

gymnorrhiza–

derived silver 

nanoparticles 

10 8.99±0.29 5.37±0.29 

20 16.85±0.23 15.31±0.28 

30 25.84±0.17 23.54±0.23 

40 34.36±0.23 32.20±0.17 

50 43.90±0.28 39.62±0.33 

 

Figure 17. Glucose Uptake by Yeast Cells Method 

with 20 mM Glucose Concentration 

The moderate activity observed for B. gymnorrhiza-

derived AgNPs can be attributed to the phytochemicals 

present in the mangrove extract used during 

nanoparticle synthesis. Biomolecules such as 

flavonoids and phenolic compounds are known to 

enhance glucose uptake by modulating glucose 

transporter activity and reducing oxidative stress58. 

These compounds, acting as capping agents on the 

nanoparticle surface, may interact with yeast cell 

membranes and improve glucose transport efficiency. 

González-Garibay et al. (2025)55 reported that plant-

mediated AgNPs can enhance glucose uptake in both 

yeast and mammalian systems, supporting their 

potential antidiabetic applications. As per Bhav et al. 

(2024)59, the relatively lower IC₅₀ value observed for 

AgNPs compared to the plant extract suggests 

enhanced potency following nanoparticle synthesis. 

This improved activity can be attributed to the unique 

physicochemical properties of nanoparticles, 

particularly their high surface-to-volume ratio, which 

facilitates greater interaction with cellular components 

involved in glucose transport and metabolism60,61. The 

findings from the glucose uptake assay highlight the 

antidiabetic potential of B. gymnorrhiza-derived 

AgNPs, suggesting their ability to promote glucose 

utilization through mechanisms analogous to insulin-

like activity⁶². Although less potent than the standard 

drug, their phytochemical-mediated activity 

underscores their potential for nutraceutical and 

pharmaceutical applications. 

CONCLUSION 

The green synthesis of silver nanoparticles using the 

aqueous leaf extract of Bruguiera gymnorrhiza 

represents an eco-friendly and sustainable alternative 

to conventional physicochemical methods. This 

approach is advantageous due to its cost-effectiveness, 

reduced environmental impact, and operational 

simplicity, making it a promising strategy for 

nanoparticle production. The presence of diverse 

phytochemicals, including polyphenols, alkaloids, 

flavonoids, and reducing sugars, facilitates the 

reduction of silver ions (Ag⁺) to stable silver 

nanoparticles (AgNPs). The successful synthesis and 

physicochemical properties of the AgNPs were 

confirmed through multiple characterization 

techniques. UV–Visible spectroscopy revealed a 

characteristic surface plasmon resonance (SPR) peak at 

424 nm, confirming nanoparticle formation, while 

FTIR analysis identified functional groups involved in 

reduction and stabilization. X-ray diffraction (XRD) 

confirmed the crystalline nature of the nanoparticles, 

Scanning Electron Microscopy (SEM) provided 

insights into their morphology, size, and shape. 

Furthermore, energy dispersive X-ray (EDX) analysis 

verified the elemental composition, confirming the 

presence of silver, and TEM confirmed the average 

nanoparticle size and shape. Collectively, these 

characterization results validate the successful 

synthesis of AgNPs. 

The synthesized nanoparticles exhibited enhanced 

biological activities, including antibacterial, 

antioxidant, and antidiabetic effects, demonstrating 

significantly higher activity compared to the plant 

extract alone. This enhanced bioactivity can be 

attributed to the synergistic interaction between silver 

and surface-bound phytochemicals. The green 

synthesis approach also offers significant potential for 

large-scale production, addressing the increasing 

demand for sustainable nanotechnology applications 

while minimizing the use of toxic chemicals and 

energy-intensive processes. Future studies should 

focus on exploring the therapeutic potential of B. 

gymnorrhiza-derived AgNPs and elucidating their 

mechanistic pathways through in vivo models, which 

will further support their application in biomedical and 

pharmaceutical fields. 
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