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Abstract 
_______________________________________________________________________________________________________________ 
The increasing demand for sustainable biomedical solutions has driven ongoing research toward 
green nanomaterial synthesis. The present study reported an eco-friendly, cost-effective protocol 
for synthesizing silver nanoparticles (AgNPs) using the aqueous leaf extract of the ethnomedicinal 
plant Bryophyllum pinnatum (Lam.). The reduction of Ag⁺ ions to metallic silver was confirmed by 
a distinct color transition from pale yellow to brown. Fourier Transform Infrared Spectroscopy 
(FTIR) analysis has been performed, validating the dual role of plant phytoconstituents. 
Significant absorption bands at ~3400 cm⁻¹ (O–H stretching) and ~1635 cm⁻¹ (C=O stretching) 
indicated that phenolic compounds, flavonoids and proteins were present within the extract. 
These functioned as effective bio-reductants and stabilizing capping agents for the nanoparticles. 
Further, antibacterial potential of the synthesized AgNPs was assessed against Gram-negative 
(Pseudomonas aeruginosa MTCC 2295 and Escherichia coli MTCC 5704) and Gram-positive 
(Staphylococcus aureus MTCC 3160, and Bacillus subtilis MTCC 121) bacteria by using agar-well 
diffusion method. The AgNPs was exhibited significantly greater antibacterial activity than the 
crude leaf extract. B. subtilis MTCC 121 has shown highest susceptibility with an inhibition zone 
of 21 ±1.9 mm while E. coli showed a zone of 20 ±1.7 mm. The AgNPs was exhibited slightly lower 
inhibition zones than standard antibiotic Ciprofloxacin (25–28 mm). However, their broad-
spectrum efficacy was attributed to the synergistic interplay between the nanoparticles specific 
surface area and bioactive capping agents. The two-way ANOVA showed a highly significant effect 
of treatment type (p < 0.001) was represent  that the synthesised B. pinnatum (Lam.) extract-
derived AgNPs have superior antibacterial activity compared with the B. pinnatum (Lam.) extract 
alone. There was also a significant difference among bacterial strains (p < 0.05) indicates wide-
ranging susceptibility. The prospects of the present findings endorsed B. pinnatum (Lam.) extract-
derived AgNPs as promising candidates for developing natural and effective antimicrobial agents. 

Keywords: Silver Nanoparticles (AgNPs), Bryophyllum pinnatum (Lam.), Green Synthesis, 
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Introduction  

Nanotechnology has emerged as a transformative 
discipline that integrates principles of physics, chemistry, 
biology and engineering to manipulate materials at 
nanoscale (<100 nm) 1. The materials exhibit 
extraordinary properties e.g., mechanical strength, 
catalytic efficiency, thermal conductivity, optical behavior 
and surface reactivity, that significantly differ from their 
bulk counterparts at this scale 2. Among various forms of 
nanomaterials, metallic nanoparticles have attracted 
special attention for their versatility across industrial, 
biomedical, environmental, and consumer applications. 
The synthesis method plays a pivotal role in determining 
their shape, size, stability, and overall bioactivity. 
Although conventional chemical and physical synthesis 
techniques are well-established and capable of 
producing nanoparticles with precise characteristics, 
they typically involve costly instrumentation, substantial 
energy consumption, and hazardous reagents. These 
requirements not only elevate production costs but also 
pose significant environmental and safety concerns, 

particularly regarding toxic by-products and 
occupational exposure risks. In contrast, green synthesis 
of nanoparticles using plant extracts offers a sustainable, 
cost-effective, scalable, and environmentally benign 
approach 3. Green-synthesized nanoparticles are suitable 
for biomedical applications 4. Plant-based synthesis of 
nanoparticles offers a simplified, environmentally benign 
alternative, primarily by avoiding the complex 
maintenance of microbial cultures. This approach utilizes 
naturally occurring phytochemicals, such as flavonoids, 
alkaloids, phenols and terpenoids, which act as both 
reducing and stabilizing agents during nanoparticle 
formation 5. The use of whole-plant extracts or specific 
plant-derived compounds simplifies the synthesis 
process, thereby improving overall feasibility, scalability 
and environmental sustainability. Among the noble 
metals used for nanoparticle synthesis, the AgNPs have 
shown most promise due to their exceptional 
physicochemical and biological properties 6.  

AgNPs exhibit strong antibacterial, antifungal, antiviral 
and anti-inflammatory effects and have been 
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incorporated into a wide range of products, including 
textiles and cosmetics, wound dressings, surgical 
instruments, water purification systems and drug 
delivery platforms 7. Their small size and large surface 
area enhance cellular interactions, which enable them to 
damage microbial membranes, interfere with 
deoxyribonucleic acid (DNA) replication and inhibit vital 
enzymes. Despite these advantages, traditional methods 
for producing AgNPs are often relied on hazardous 
chemicals, such as sodium borohydride or hydrazine, 
which are unsafe for medical use 8.  

Recent research emphasized significant antimicrobial 
potential of AgNPs synthesized via eco-friendly plant-
mediated routes. Ocimum kilimandscharicum-derived 
AgNPs effectively inhibited pathogens, including S. 
choleraesuis 9. Similarly, Ocimum sanctum and Euphorbia 
hirta extracts based AgNPs have been observed for their 
broad-spectrum activity against both bacteria and fungi 
10.11. The potent efficacy of Onosma bracteatum and 
Azadirachta indica-synthesized AgNPs against E. coli 
MTCC 5704 and S. aureus MTCC 3160 has been reported 
12,13. Further expanding this therapeutic scope, the 
significant antibacterial properties of Tinospora 
cordifolia-mediated nanoparticles have been validated 
14,15. Notably, the effectiveness of Teucrium stocksianum 
AgNPs against multi-drug-resistant strains has been 
established 16. This trend has led to increased interest in 
biogenic synthesis of AgNPs using medicinal plants for 
pharmaceutical applications. 

The Bryophyllum pinnatum (Lam.) (miracle leaf) has 
attracted significant interest due to its recognized 
traditional application as a medicinal for anti-
inflammatory, antimicrobial, antifungal and wound-
healing properties 17. The leaves of B. pinnatum (Lam.) 
are rich in bioactive compounds viz., bufadienolides, 
flavonoids, alkaloids and polyphenols 17. These 
compounds have been reported to reduce silver ions 
(Ag⁺) into nanoparticles but also act as natural 
stabilizers, preventing aggregation and improving 
biological activity of the resulting particles 18. AgNPs 
synthesis from B. pinnatum (Lam.) leaf extract 
exemplifies principles of green chemistry by eliminating 
the use of synthetic capping agents. This also contributes 
to reducing chemical waste and emerges as a single-step 
rapid synthesis pathway under ambient conditions. The 
AgNPs synthesized through this method are typically 
spherical, well-dispersed and stable over a broad range 
of pH and temperature 8. The antimicrobial potential of 
these B. pinnatum (Lam.) nanoparticles have been 
confirmed by several studies. It has been reported for 
high efficacy against both Gram-positive and Gram-
negative bacteria as well as found to be effective against 
multidrug-resistant strains such as MRSA (Methicillin-
resistant Staphylococcus aureus; ATCC 6538) and 
Enterobacter aerogenes (ATCC 13048) 18.  Further, 
Ultraviolet–Visible spectroscopy (UV-Vis), Fourier 
Transform Infrared Spectroscopy (FTIR), Transmission 
Electron Microscopy (TEM), and zeta potential (ZP) have 
been widely used for the effective characterization of 
AgNPs 19.  

Antimicrobial activity of AgNPs involves several 
mechanisms viz., generation of reactive oxygen species 
(ROS), protein denaturation, cell membrane disruption 
and inhibition of DNA replication 20. This diverse range of 
actions against microbes makes them a strong alternative 
to conventional antibiotics. Global challenges such as 
antimicrobial resistance and the demand for safer 
materials continue to grow and require scientific 
attention. The B. pinnatum (Lam.) plant-derived AgNPs 
represent a promising frontier for future research and 
applications in nanomedicine and pharmacology due to 
their previously reported antimicrobial potential 9, 10, 18. 
Therefore, the present research work was focused on the 
Green Synthesis of AgNPs using B pinnatum (Lam.) and 
monitoring their antibacterial activities. 

MATERIALS AND METHODS 

Fresh and healthy leaves of B. pinnatum (Lam.) were 
collected and washed thoroughly with distilled water to 
remove surface contaminants. It was shade-dried at 
room temperature for 7 days, and the dried leaves were 
then finely powdered in a sterile electric blender. In the 
present study, B. pinnatum (Lam.) was used for the 
synthesis of nanoparticles to analyze antimicrobial 
activity. Human pathogenic microorganisms, viz., gram-
negative bacteria (P. aeruginosa MTCC 2295 and E. coli 
MTCC 5704) and gram-positive bacteria (S. aureus MTCC 
3160 and B. subtilis MTCC 121) were used to evaluate 
antimicrobial activity. Muller-Hinton broth was used to 
evaluate antimicrobial activity.  

Preparation of B. pinnatum (Lam.) extract  

B. pinnatum (Lam.) extract was prepared using the 
protocol mentioned by Jagdish and Nehra 21.  Fresh 30 g 
green leaves of B. pinnatum (Lam.) plant were gathered 
and washed multiple times under running tap water, 
followed by repeated washing with deionized water to 
remove dirt particles. The fresh green leaves were 
chopped into fine fragments and soaked in an 
Erlenmeyer beaker containing 250 ml of double-distilled 
water. The mixture was heated to 60–80 °C and stirred for 
15–20 minutes on a hot magnetic stirrer plate. After 
boiling, a pale-yellow solution was obtained, which was 
allowed to cool to room temperature and subsequently 
filtered using Whatman filter paper No. 1. The resultant 
filtrate was preserved at 4 °C for further studies. 

Synthesis of AgNPs from B. pinnatum (Lam.)  extract 

AgNPs from B. pinnatum (Lam.) extract were synthesised 
according to the protocol described by Jagdish and Nehra 
21.  A 0.01 M solution of silver acetate dihydrate was 
prepared in a glass bottle containing 50 ml of double-
distilled water, and 25 ml of B. pinnatum (Lam.) leaf 
extract was added to the prepared solution. This was 
followed by the dropwise addition of 2 M NaOH to the 
mixture of silver acetate and the plant extract to maintain 
a pH of 12. The mixture was then stirred continuously for 
90 minutes on a magnetic stirrer, which led to formation 
of white precipitate that settled to the bottom. The 
resultant residue was isolated from the reaction mixture 
by centrifugation with double-distilled water twice at 
7,000 rpm for 7 minutes each. A final washing with 
ethanol was performed at 7,000 rpm for 7 minutes to 
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remove any impurities or excess plant extract. The 
precipitate was then dried at 60 °C for 8–10 hours in a hot 
air oven to convert silver acetate to AgNPs. The resultant 
pale white-coloured powder was collected and stored in 
tightly sealed vials for further examination. 

Antimicrobial activity of AgNPs derived from B. 
pinnatum (Lam.)  

The antimicrobial activities of the plant extracts were 
evaluated by standard agar well diffusion assay as 
mentioned by Manandhar with slight modification 22. The 
microbial inocula were aseptically spread uniformly on 
the surface of pre-solidified Mueller-Hinton Agar (MHA) 
plates using sterile cotton swabs. A well of about 6.0 mm 
diameter was aseptically punctured using a cork borer 
(sterile). The cut agar was removed with sterile forceps. 
Plant extract was used as a control in one of the wells. The 
Petri plates were kept in the laminar for 30 minutes for 
pre-diffusion to occur, and afterwards, the Petri plates 
were incubated at 370C for 24 hours. The antimicrobial 
spectrum of the extract was determined by measuring 
the size of the inhibition zone around each well. Zones 
were measured by using the Zone Scale. 

FTIR characterization of AgNPs derived from B. 
pinnatum (Lam.)  

FTIR spectroscopic analysis was executed on AgNPs 
synthesised from B. pinnatum (Lam.) to identify the 
functional groups of active phytochemicals in the plant 
samples. The AgNPs were placed on a plate and analyzed 
using a FTIR spectroscope (Burker) across the 

wavenumber range of 500 to 4,000 cm−1 as mentioned by 
Thummajitsakul et al. with slight modification 23. This 
helped to enhance phytochemical profiling and 
investigate the antimicrobial mechanism.   

All the experiments were conducted in triplicates. The 
standard deviation and ANOVA-based p-value were 
calculated using MS Excel 2021. 

RESULTS AND DISCUSSION 

This study presents an environmentally friendly and 
cost-efficient method, mainly focusing on synthesizing 
AgNPs through silver nitrate solution and B. pinnatum 
(Lam.)  plant powder.  

AgNPs Synthesis of B. pinnatum (Lam.)  

AgNPs were successfully synthesized using the aqueous 
leaf extract of B. pinnatum (Lam.) through a green, eco-
friendly method. The AgNPs were successfully 
synthesised with a distinct colour change from pale 
yellow to brown, where Ag⁺ ions were reduced to 
metallic silver and the subsequent formation of AgNPs.  

Antimicrobial potential of B. pinnatum (Lam.) 
derived AgNPs 

The antibacterial potential of synthesized AgNPs was 
evaluated against gram-negative bacteria (P. aeruginosa 
MTCC 2295 and E. coli MTCC 5704) and gram-positive 
bacteria (S. aureus MTCC 3160 and B. subtilis MTCC 121) 
using the agar well diffusion method. Comparative 
Antibacterial Activity of B. pinnatum (Lam.) extract and 
AgNPs, of B. pinnatum (Lam.) extract shown in Table 1

 

Table 1: Comparative Antibacterial Activity of B. pinnatum(Lam.) extract and AgNPs, of B. pinnatum (Lam.) 
extract  

Microorganism 
Type of 

Bacteria 

Zone of Inhibition (mm ±SD) 

B. pinnatum  

(Lam.) extract 

AgNPs of B. pinnatum 

(Lam.) extract 

Positive control 

(Ciprofloxacin 5 μg per ml) 

P. aeruginosa (MTCC 2295) Gram-

negative 

10 ±0.9 18 ±1.5 25 ±2.0 

E. coli (MTCC 5704) 12 ±1.3 20 ±1.7 27 ±2.1 

S. aureus (MTCC 3160) Gram-

positive 

11 ±1.1 19 ±1.8 26 ±1.9 

B. subtilis (MTCC 121) 13 ±1.4 21 ±1.9 28 ±1.7 

 

The zones of inhibition indicated that the B. pinnatum 
(Lam.) derived AgNPs extract exhibited significantly 
greater antibacterial activity than the crude B. pinnatum 
(Lam.)  extract. Among the Gram-negative strains, E. coli 
MTCC 5704 showed a larger inhibition zone (20 ±1.7 
mm) when treated with B. pinnatum (Lam.) derived 
AgNPs extract than with the crude extract (12 ± 1.3 mm), 
whereas P. aeruginosa MTCC 2295 showed a similar 
trend with 18 ±1.5 mm for AgNPs versus 10 ±0.9 mm for 
the extract. In Gram-positive bacteria, B. subtilis MTCC 
121 exhibited the highest susceptibility with 21 ±1.9 mm 
zone of inhibition for the B. pinnatum (Lam.) derived 
AgNPs extract compared to 13 ±1.4 mm for the extract 
without AgNPs. S. aureus MTCC 3160 also displayed a 
notable increase with 19 ±1.8 mm for AgNPs compared 
to 11 ± 1.1 mm for the extract. These findings underlined 
that green synthesis of AgNPs using B. pinnatum (Lam.) 

significantly enhanced the antibacterial efficacy of the 
plant extract. The Two-Way ANOVA revealed a highly 
significant main effect of the treatment type (p < 0.001). 
This confirmed that the synthesized B. pinnatum (Lam.) 
extract-based AgNPs exhibited statistically superior 
antibacterial activity compared to the standard B. 
pinnatum (Lam.) extract. A significant difference was also 
observed among the bacterial strains (p < 0.05) which 
indicated that antimicrobial susceptibility varied by 
strain. 

A significant rise in activity could be due to nanoscale 
particles, as they offer a larger surface area for 
interacting with bacterial cell membranes, thereby 
boosting antimicrobial effectiveness 24. The increased 
activity against Gram-negative bacteria, particularly E. 
coli MTCC 5704 , could be due to their thin peptidoglycan 
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layer and outer membrane structure, which make them 
more vulnerable to nanoparticle damage 25. Moreover, 
the enhanced activity of AgNPs over the plant extract 
alone aligns with earlier research indicating that plant-
mediated AgNPs have better antibacterial properties due 
to the synergistic effect of silver ions and phytochemicals 
from the plant matrix. Specifically, flavonoids, 
terpenoids, and phenolic compounds in B. pinnatum 
(Lam.) might be function as reducing agents during 
nanoparticle synthesis and as capping agents that 
stabilize the particles and potentially boosting their 
antimicrobial effects 26. The notable antimicrobial effect 
against B. subtilis MTCC 121 and S. aureus MTCC 3160 
indicates that AgNPs have broad-spectrum activity, 
making them promising for targeting both Gram-positive 
and Gram-negative bacteria 27. However, when 
compared to Ciprofloxacin, a standard antibiotic, the 
AgNPs showed slightly smaller zones of inhibition. This 
suggests that although plant-based nanoparticles are 
effective, further optimization and concentration tuning 
are needed to match the bactericidal strength required 
for clinical use. Literature has been mentioned effective 
green synthesis of AgNPs using B. pinnatum (Lam.)  27. 
They synthesized AgNPs and characterized. UV–Vis 
spectroscopy confirmed the formation of AgNPs, while 
XRD analysis revealed their crystalline nature. Dynamic 
Light Scattering (DLS) analysis determined the average 
nanoparticle size to be approximately 65 nm. The 
antibacterial activity of the AgNPs was evaluated, and the 
minimum inhibitory concentration (MIC) indicated 
effective eradication of S. aureus MTCC 3160 and B. 
subtilis MTCC 121 (both Gram-positive bacteria), with 
inhibition zones of 12 mm for each. Additionally, 
biosynthesized AgNPs demonstrated efficient 
photocatalytic degradation of the methylene blue (MB) 
dye under natural sunlight, as tested over various time 
intervals. The B. pinnatum (Lam.) derived AgNPs was 
more effective against Gram-negative bacterial strains 
than Gram-positive 18. Whereas, the present study 
observed the most potent antibacterial action of B. 
pinnatum (Lam.) derived AgNPs against Gram-positive B. 
subtilis with an inhibition zone of 21 ±1.9.  But, 
Kumarmath and Sharada found significant antibacterial 
action of B. pinnatum (Lam.) derived AgNPs against B. 
subtilis MTCC 121 28, which closely supported present 

findings. The most recent study by Sinha and Priya also 
reported inhibition zones of 8.0 mm and 7.0 mm against 
B. subtilis and S. aureus 29, which supported the present 
findings.  

The FTIR analysis provided additional insight into the 
antimicrobial mechanism. The spectrum exhibited 
crucial absorption bands characteristic of specific 
functional groups (Fig 1). Most notably, a broad band at 
approximately 3400 cm-1 corresponding to O–H 
stretching vibrations was observed which indicated 
presence of hydroxyl groups associated with phenolic 
compounds. Additionally, a sharp peak near 1635 cm-1 
was attributed to C=O stretching vibrations that 
suggested existence of carbonyl groups which possibly 
originating from proteins or flavonoids. These findings 
were closely related to the findings of Padmavathi et al. 
27, who mentioned the presence of flavonoids or 
polyphenolic compounds at O-H stretching with AgNPs 
derived from B. pinnatum (Lam.) leaf extract. Beyond 
these major features, the spectrum displayed other 
minor peaks that implied the involvement of additional 
biomolecules e.g., C=C of benzene (1,604.71 cm-1) and 
aliphatic amines (1,095.75 cm-1) functional groups 
observed by Baishya et al. 30 which were close to 1637.3 
cm-1  and 1016.39 cm-1, respectively observed in present 
study.   FTIR spectra have been reported to show the 
presence of organic acids, hydroxyl and phenolic 
compounds, amino groups, and aliphatic structures. 31. 

These phytochemicals not only acted as bio-reductants to 
reduce silver ions to nanoparticles but also served as 
capping agents, stabilizing the nanoparticles 8. 
Importantly, these compounds themselves possess 
antimicrobial properties. Thus, a synergistic effect 
between the AgNPs and the bioactive phytochemicals 
further enhanced the antimicrobial efficacy. Further 
optimization of nanoparticle size, concentration, or 
surface functionalization may be required to enhance 
clinical applicability. The antimicrobial evaluation 
strongly indicated that the biosynthesized AgNPs of B. 
pinnatum (Lam.) possess broad-spectrum and potent 
antibacterial activity. The effects observed were due to 
both the nanoparticles and the plant-derived capping 
biomolecules, as confirmed by FTIR characterization. 

 

 

Figure 1: FTIR spectrum of B. pinnatum (Lam.) extract derived AgNPs  C:\Users\Dell PC\Desktop\MSC\BM400.5          Pottasium Cr          Instrument type and / or accessory 02-12-2024
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Hence, present findings substantiate earlier reports that 
B. pinnatum (Lam.) extract is an efficient bio-reductant 
and stabiliser for nanoparticle synthesis with promising 
applications of green-synthesised AgNPs in antimicrobial 
and environmental contexts. 

CONCLUSION 

AgNPs synthesized from B. pinnatum (Lam.) extract 
exhibited significantly enhanced antibacterial activity 
compared to the crude plant extract. This increased 
efficacy is attributed to the synergistic interaction 
between silver ions and phytochemicals such as 
flavonoids, terpenoids, and phenolic compounds, which 
act as both reducing and stabilizing agents. The AgNPs 
demonstrated strong antimicrobial effects against both B. 
subtilis MTCC 121 and S. aureus MTCC 3160 were 
indicated broad-spectrum potential. Although their 
antibacterial activity was slightly lower than that of the 
standard antibiotic Ciprofloxacin, the findings highlight 
the promise of B. pinnatum (Lam.) derived AgNPs as eco-
friendly and effective antibacterial agents. Additionally, 
The biosynthesized AgNPs from B. pinnatum (Lam.) 
exhibited strong, broad-spectrum antibacterial activity, 
attributed to the combined effects of the nanoparticles 
and plant-derived capping biomolecules, as confirmed by 
FTIR analysis. These results highlight their potential as 
eco-friendly and cost-effective antibacterial agents for 
environmental and biomedical use. These results align 
with previous studies emphasizing the potential of 
green-synthesized nanoparticles for biomedical 
applications. However, further optimization regarding 
nanoparticle concentration and formulation may be 
necessary to achieve clinical-level bactericidal efficacy. 
Overall, B. pinnatum (Lam.) mediated AgNPs offer a 
sustainable approach for developing novel antimicrobial 
materials suitable for environmental and medical 
applications. The study revealed the importance of B. 
pinnatum (Lam.) as an exceptional plant material and a 
boon to nano researchers to act as a better reducing and 
capping agent, as reported by most of the researchers to 
date. 
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