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Abstract 
Calotropis procera has the potential as a traditional medicinal plant that 
offers a diverse array of healing treatments. It was used in conventional 
medicine to remedy several ailments, including diarrhea and snakebites. This 
study examines the antibacterial properties of silver nanoparticles derived 
from the floral and latex components of C. procera. The nanoparticles were 
tested for their effectiveness against Gram-negative and Gram-positive 
bacterial strains. For characterization, the synthesized nanoparticles 
underwent thorough analysis using UV spectroscopy, fourier-transform 
infrared spectroscopy (FTIR), X-ray diffraction (XRD), and scanning electron 
microscopy (SEM). After the reduction process, the FTIR analysis revealed 
that some functional biomolecules found in plants form a coating on the 
nanoparticles, serving as organic agents that stabilize the nanoparticles. The 
size of nanoparticles analyzed with SEM falls in the 30 to 130 nm range. 
Furthermore, the synthesized silver nanoparticles were tested as 
antimicrobial agents against Escherichia coli, Bacillus subtilis, Staphylococcus 
aureus, and Pseudomonas aeruginosa, well-known microorganisms that can 
produce ulceration phases and severe health consequences. After a 
comprehensive examination, it was found that the silver nanoparticles have 
significant antibacterial effectiveness, particularly against S. aureus, a 
primary bacterium responsible for causing different ailments. The 
remarkable antibacterial efficacy of the silver nanoparticles synthesized in an 
environment-friendly manner underscores its potential applications in 
combating the evolution of antibiotic-resistant strains. 
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Introduction 

The increasing challenge of drug-resistant bacteria has become a significant threat to human health. 
Thus, in the scenario of increasing resistance to antibacterial agents, taking precautions to protect 
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human well-being is becoming indispensible. Thus, the continuous search for new therapeutic agents is a 
plausible approach. Many compounds with a strong antimicrobial activity have been widely found in 
medicinal plants (Antwi et al., 2017). 

Escherichia coli, Bacillus subtilis, Staphylococcus aureus, Pseudomonas aeruginosa, and Shigella 
species are infectious bacteria that can cause various infections. These include bloody diarrhea caused by 
E. coli and Shigella spp., and acteremia and endocarditis caused by S. aureus. These bacteria also cause 
skin and tissue infections and infections in the blood and lungs (Linz et al., 2023). Abscesses are a disease 
caused by Streptococcus aureus in which a painful collection of pus is formed. In some cases, the pus 
develops inside the skin; in others, it develops inside the organs or the spaces between them (Conan et 
al., 2021). 

Calotropis procera is an evergreen xerophytic medicinal plant that occurs widely in a dry and semi-
arid habitat. This plant is used habitually in medicine in the Middle East, South Asia, and North Africa 
(Farahat et al., 2015). Its leaves are used for medicinal purposes, mainly as the antidote for snack bites, 
sinus fistula, rheumatism, mumps, burn injuries, jaundice, and body pain treatments (Ferdosi et al., 
2021). The plant also serves as another medicinal substance, such as antipyretic, antidiarrheal, 
antibacterial, anti-asthmatic, etc. Calotropis procera is a herbal remedy for arthritis illness. This plant is 
rich in latex and possesses strong anti-inflammatory, and weak antipyretic and analgesic action in various 
animal models. Some parts of this plant can be harmful to lives. The latex of C. procera, when in contact 
with eye causes painful corneal damage and instant dimness in the vision (Souza et al., 2022).  

The leaves of C. procera also contain several active chemicals, including three glycosides named 
calotropin, uscharin, and calotoxin. Flowers and latex contain several phytochemicals, e.g., terpene, 
saponins, cardiac glycosides, and flavonoids are present in flowers, while tannins and resins are 
additional components reported in the latex (Rabelo et al., 2023). Latex is mainly used for ringworms, 
dog-bitten wounds, and skin diseases ( Falana et al., 2020; Abbas et al., 2022). 

Nanotechnology is an emerging field of science with many applications in the health industry. The 
use of nanotechnology can enhance the efficacy of medicinal compounds (Lodhi et al., 2021). Silver salt 
is well known for its antimicrobial activity, and this activity can be enhanced in the bioreduction of this 
silver and nucleation using medicinal compounds as reducing equivalents. These medicinal compounds 
fabricate the nanoparticles as stabilizing agents during the ripening phase (Singh et al., 2018).  

This study was carried out to ascertain whether or not the Calotropis procera phytocompound 
fabricated silver nanoparticles have antimicrobial activity against Pseudomonas aeruginosa, 
Streptococcus aureus, Escherichia coli, and Bacillus subtilis. Thus, this study aimed to evaluate the 
antimicrobial and antioxidant properties of the green synthesized silver nanoparticles made from the 
plant extract of C. procera by using two parts of this medicinal plant, flower and latex. 

Materials and Method 

Preparation of plant extract 

Calotropis procera flowers and latex were collected, carefully cleaned in deionized water and 
submerged for half an hour. The plant samples were then crushed to produce each sample of 25 g. The 
plant material was added to 100 mL of deionized water and heated in a water bath to 80–90 °C. When a 
color change was noticed, Whatman filtering was applied to the plant extract.  

Green synthesis of silver nanoparticles 

A solution of 10 mM AgNO3 was prepared by taking 0.17 g of AgNO3 and dissolving it in 100 mL of 
deionized water. This solution was boiled for 30 min and then an aliquot of 10 mL of the plant extract 
was added to it. The solution was heated at 80 C with continuous stirring until a change in color to 
reddish brown was observed. The color shift indicated the green synthesis of Ag-NPs. The synthesized Ag-
NPs were centrifuged at 9447 x g for 20 min, and the collected particles were rinsed and dried with 
acetone.  

Characterization of nanoparticles 

The synthesized phytofabricated silver nanoparticles were fully characterized by FTIR (Fourier 
transform infrared spectroscopy), UV-Vis (Ultra-violet visible spectrophotometry), DLS (Dynamic light 
scattering analysis), XRD (X-ray diffraction analysis), SEM (Scanning electron microscope) and EDX 
(Energy dispersive X-ray) to assess the morphology, size, and nature of nanoparticles. The plant extract 
was also characterized by FTIR and DLS (Dawadi et al., 2021).  

Isolation of bacteria from soil 

Two separate locations were used for collecting soil samples. A sanitized equipment was used to 
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isolate bacteria using the spread plate method. After making dilutions (up to 10-4 were serially diluted), 
and the diluted samples were spread out onto nutrient agar plates using the spread plate technique and 
followed by a 24-hour incubation period at 37 °C. The use of colony morphology, microscopic features, 
and biochemical assays made the identification of bacteria.  

Biochemical testing 

Different biochemical tests were performed to identify bacteria from a mixed culture (Table 1). 
 

Table 1: Biochemical testing 
Bacteria  Biochemical tests 
Pseudomonas aeruginosa Indole, methyl red, catalase, hemolysis test and urease test 
Bacillus subtilis Catalase test, indole test, methyl red test and citrate test 
Escherichia coli Indole test, citrate test, urease test and nitrate reduction test 
Staphylococcus aureus Catalase test, citrate test, hemolysis test and indole test 

Well diffusion assay  

The well diffusion assay (Fijan et al., 2022) was used to check the antimicrobial activity of four 
different bacterial species: E. coli, S. aureus, P. aeruginosa, and B. subtilis. For every bacterial strain, three 
Petri plates with four evenly spaced wells on solidified agar were made. The wells were designated as 
follows: well 1 held 25 µL, well 2 50 µL, well 3 75 µL, and well 4 held 100 µL. The zones of inhibition were 
then measured and evaluated after the agar plates were incubated for 24 h at 37 °C. 

Results 

Characterization of nanoparticles 

FTIR 

The FTIR results of silver salt, plant extract, and silver nanoparticles were analyzed with the 
frequency range of 4000-400 cm-1 (Figure 1). The silver salt FTIR analysis showed peaks assigned to 
different functional groups: C-H bending of aromatic compound, S=O stretching of sulfone group, O-H 
stretching of alcohol class, and C=C bending of alkene class. Figure 1B shows the extract FTIR spectra, 
which revealed the presence of functional groups such as amine group N-H bending, carboxylic acid 
group O-H bending, and aliphatic ether group C-O stretching. Figure 1C demonstrates the O-H stretching-
related peaks in FTIR spectra of phytofabricated silver nanoparticles; the spinal structure of silver 
nanoparticles shows that the peaks lie in both the fingerprint region and group region for silver 
nanoparticles. Further, it confirms that the biomolecules in Calotropis procera are responsible for 
reducing and capping silver nanoparticles. 

 

 

Figure 1: FTIR analysis of (A) silver salt, (B) plant extract, and (C) silver nanoparticles 

A B 

C 
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UV-Vis spectrophotometry 

The UV results were run for silver 
nanoparticles in the 200-800 nm range. The 
characteristic peak for silver nanoparticles was 
observed between 395-425 nm. Depending on 
the size and shape of the nanoparticles, the 
surface plasmon band was observed in both 
visible and infrared regions. Silver nanoparticle 
results showed the surface plasmon resonance 
in the visible region (Figure 2).  

DLS analysis of nanoparticles 

Figure 3 shows the size range of 
synthesized phytofabricated silver 
nanoparticles. Two peaks were observed in DLS 
analysis; peak 1 shows that the average size of 
silver nanoparticles is 149.89 nm with an area 
of 98.94%; peak 2 shows that almost 1% of 
particles fall in the size range of 5-10 nm with 
an average size of 8.3 nm. The hydrodynamic 
diameter is 121.36 nm, index 23.1%, 
polydispersity, and 4.0 µm2/s dilution 
coefficient.  
 

XRD analysis of nanoparticles 

Figure 4 shows a diffractogram of silver 
nanoparticles. The diffraction peaks are 
observed at 2Ɵ= 14.6°, 15.1°, 20.7°, 28.2°, 
31.8°, 38.1°, 38.5°, 40.4°, 43.1°, 43.2°, 44.5°, 
45.5°, 47.0°, 48.5°, 50.3° with planes of (179), 
(179), (286), (282), (230), (249), (251), (257), 
(254), (253), (254), (263), (351), (259), and 
(237). At 31.8°, a strong peak with (230) plane 
was observed. These planes confirmed that the 
Ag nanoparticles have a face-centered cubic 
(FCC) structure corresponding to the JCPD file 
no. 31-1238 (Ali et al., 2023).  

SEM analysis  

The SEM was performed to determine the 
size and shape of the synthesized 
nanoparticles. The Ag nanoparticles were 
found to be spherical in shape and had a size 
range of 30-110 nm with an average size of 50 
nm. Some portions of the figure demonstrate 
that nanoparticles aggregated due to the 
presence of secondary metabolites in the plant 
extracts (Figure 5).  

 
Figure 2: UV-Vis spectrum of phytofabricated silver 
nanoparticles 
 

 
Figure 3: DLS analysis of nanoparticles 
 

 
Figure 4: Diffractogram of Ag nanoparticles 
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Figure 5: SEM analysis of Ag nanoparticles 

EDX analysis 

The EDX peaks show the presence of Ag, C, and O. Ag peak is shown at 0.0024 keV, and C and O at 
0.08 keV (Table 2; Figure 6) 

 

 

Figure 6: EDX analysis of Ag nanoparticles 
 
Table 2: Elements present with Ag nanoparticles with their respective weights 
Element Line type Apparent concentration K ratio Wt % 
C K series   8.89 0.08891  28.41 
O K series 25.25 0.08498  30.71 
P K series   1.44 0.00805    1.62 
Ca K series   0.48 0.00427    0.66 
Ag L series   0.24 0.0024    0.45 
Ce L series 20.57 1.1914  38.15 
Total    100 
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Antimicrobial Activity 

a. Pseudomonas aeruginosa 

a.1. Biochemical identifications 

Different experiments were performed to identify P. aeruginosa (Figure 7). The results show the 
positive confirmation of the strain isolated (Table 3). 

 

 

Figure 7: Biochemical tests of P. aeruginosa, (A) hemolysis test, (B) catalase test, (C) indole test, (D) urease test, 
and (E) methyl red test 
 
Table 3: Biochemical identifications of Pseudomonas aeruginosa 
Biochemical test Results 
Indole test Negative 
Methyl red test Negative 
Catalase test Positive 
Hemolysis β-hemolysis 
Urease test Negative 

 

a.2. Antimicrobial activity of synthesized phytofabricated silver nanoparticles against 

Pseudomonas aeruginosa 

The well diffusion assay shows different inhibition zones at different concentrations (Figure 8A and 
Figure 8B). An inhibition zone of 10.5 mm was observed at 100 µL concentration, 13.5 at 125 µL, 15 mm 
at 150 µL, 18.5 mm at 200 µL, 19 mm at 250 µL and 21.5 mm at 500 µL. Figure 8C shows the comparative 
antimicrobial activity of the synthesized phytofabricated silver nanoparticles against P. aeruginosa. 
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Figure 8: Antibacterial activity of phytofabricated Ag-NPs against P. aeruginosa. Figures 8A and 8B show 
inhibition zones at different concentrations of silver nanoparticles, and Figure 8C shows the comparative 
antimicrobial activity of silver nanoparticles against P. aeruginosa. 

Bacillus subtilis 

b.1. Biochemical identifications 

Four biochemical tests were performed to ide 
ntify Bacillus subtilis, namely the catalase, indole, 
methyl red, and citrate tests. Figure 9 confirms the 
isolated strain of Bacillus subtilis (Table 4).  

 

 

Figure 9: Biochemical testing of B. subtilis, (A) methyl red test, (B) indole test, (C) catalase test, and (D) citrate 
test 

 

b.2. Antimicrobial activity of nanoparticles against Bacillus subtilis  

The well diffusion assay shows different inhibition zones at different concentrations (Figure 10A and 
Figure 10B). An inhibition zone of 17 mm was observed at 100 µL concentration,18 mm at 125 µL, 22 mm 
at 150 µL, 24.5 mm at 200 µL, 25 mm at 250 µL, and 28 mm at 500 µL. Figure 10 C shows the 
comparative antimicrobial activity of the synthesized phytofabricated silver nanoparticles against B. 

C 

Table 4: Biochemical identifications of Bacillus subtilis 
Biochemical test Results 
Catalase test Positive 
Indole test Negative 
Methyl red test Negative 
Citrate test Positive 
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subtilis. 

 

Figure 10: Antibacterial activity of phytofabricated Ag-NPs against B. subtilis. Figures A and B show inhibition 
zones at different concentrations of silver nanoparticles, and Figure C shows the comparative antimicrobial 
activity of silver nanoparticles against B. subtilis. 

 

Staphylococcus aureus 

c.1. Biochemical identifications  

Different biochemical tests (hemolysis test, citrate 
test, catalase test, and indole test) were performed to 
confirm the isolated strain, and the results showed a 
positive confirmation of S. aureus (Figure 11, Table 5). 

 

 
Figure 11: Biochemical tests of S. aureus, (A) citrate test, (B) indole test, (C) catalase test, and (D) hemolysis test 
 

c.2. Antimicrobial activity of nanoparticles against Staphylococcus aureus 

The well diffusion assay shows different inhibition zones at different concentrations (Figure 12A and 
Figure 12B). An inhibition zone of 19.5 mm was observed at 100 µL concentration, 21.55 mm at 125 µL, 
22 mm at 150 µL, 22.5 mm at 200 µL, 23 mm at 250 µL, and 25 mm at 500 µL. Figure 12C shows the 
comparative antimicrobial activity of the synthesized phytofabricated silver nanoparticles against S. 

C 

Table 5: Biochemical test results of S. aureus 
Biochemical test Results 
Catalase test Positive 
Citrate test Positive 
Hemolysis test β-hemolysis 
Indole test  Negative 
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aureus. 

 

Figure 12: Antibacterial activity of phytofabricated Ag-NPs against S. aureus. Figures A and B show inhibition 
zones at different concentrations of silver nanoparticles, and Figure C shows the comparative antimicrobial 
activity of silver nanoparticles against S. aureus. 

3.2.4 Escherichia coli 

d.1. Biochemical identifications 

 Different biochemical tests (hemolysis test, 
citrate test, catalase test, and indole test) were 
performed to confirm the isolated strain, and the 
results showed a positive confirmation of E. coli 
(Figure 13, Table 6). 

 

 

Figure 13: Biochemical testing of E. coli, (A) citrate test, (B) Urease test, (C) nitrate reduction test, and (D) indole 
test 

d.2. Antimicrobial activity of nanoparticles against E. coli 

The well diffusion assay shows different inhibition zones at different concentrations (Figure 14A and 
Figure 14B). An inhibition zone of 12.5 mm was observed at 100 µL concentration, 19.5 mm at 125 µL, 20 
mm at 150 µL, 22.5 mm at 200 µL, 23 mm at 250 µL, and 25 mm at 500 µL. Figure 14C shows the 
comparative antimicrobial activity of the synthesized phytofabricated silver nanoparticles against E. coli. 

Table 6. Biochemical testing results of E. coli 
Biochemical test Results 
Indole test Positive 
Citrate test Negative 
Urease test Negative 
Nitrate reduction Positive 
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Figure 14: Antibacterial activity of phytofabricated Ag-NPs against E. coli. Figures A and B show inhibition zones 
at different concentrations of silver nanoparticles, and Figure C shows the comparative antimicrobial activity of 
silver nanoparticles against E. coli. 

Discussion 

Calotropis procera is a medicinal plant traditionally used to treat several diseases including diarrhea, 
somatic, sinus fistula, jaundice, and skin diseases (Murti et al., 2010). The effectiveness of this plant has 
already been tested at different research centers in different ways. Thus, in the current investigation, we 
assessed the antimicrobial activity of green synthesized silver nanoparticles using flower and latex of C. 
procera against common infection-causing microbes. 

The flower and latex extracts of C. procera are believed to contain a myriad of chemical 
components, including triterpenes, alkaloids, cardiac glycosides, tannins, and flavonoids (Aliyu et al., 
2015). These substances could be involved in the conversion of AgNO3 salt to Ag nanoparticles (Ag-NP). 
Ag-NPs are produced when silver nitrate and plant extract interact. The resulting brown color recognizes 
Ag-NP-typical surface plasmon oscillations. The AgNO3 solution under control (without extract) does not 
change color. The change in color of the silver solution during synthesis with a plant extract to reddish 
brown confirms the synthesis of silver nanoparticles (Ahmad et al., 2019). A brownish-black solution 
develops in the case of reduction with sodium borohydride (Mohamed et al., 2014).  

The nanoparticle size, shape, and surface properties are among their distinct optical features, which 
were also examined in Ag-NPs using different characterizing techniques (Sancı and Volkan, 2009; Raghava 
et al., 2021). The functional groups that participated in synthesizing silver nanoparticles and stabilizing 
the complex were also well understood using FTIR spectroscopy (Deepa et al., 2013). The XRD analysis 
affirmed the FCC arrangement of planes for the synthesized metallic nanoparticles through prominent 
diffraction. 

The DLS analysis showed the hydrodynamic size of synthesized silver nanoparticles as 149 nm. The 
SEM image of the silver nanoparticles displays the synthesized metallic Ag-NP exhibiting the array of 
morphology with a nonhomogeneous distribution with an average size of 50 nm (Asif et al., 2022). The 
size analysis through both techniques, DLS and SEM, showed a disparity, since the DLS analysis quantifies 
the hydrodynamic size in a liquid medium and its corresponding solvents, while SEM determines the size 
in a dry state and is considered to be more precise (Lodhi et al., 2021). However, solvents can influence 
the size distribution of nanoparticles. 

For studying the antibacterial properties of green-produced Ag-NP, bacterial species were isolated 
and their identification was done using different biochemical tests. 

 Pseudomonas aeruginosa and E. coli are Gram-negative bacteria. Pseudomonas aeruginosa causes 
inflammation in the blood, lungs, or other body parts (Salomoni et al., 2017). Escherichia coli is found in 
the lower intestine of warm-blooded organisms. Escherichia coli can be the reason for bloody diarrhea, 
severe stomach cramps, food poisoning, and vomiting (Menichetti et al., 2023).  

This study demonstrates that Ag-NP can exert substantial antibacterial effects against both E. coli 
and P. aeruginosa, as well as other bacteria that pose significant health risks. Higher concentrations of 
Ag-NPs showed a potent antimicrobial activity against P. aeruginosa and E. coli, forming larger inhibition 
zones. The results clearly depict that silver nanoparticles, mediated by C. procera, are a practical 
approach against both Gram-negative bacterial species. This suggests that these nanoparticles could be 
used to treat Gram-negative bacterial infections, underscoring their potential role in antibacterial 
therapy. 

The antimicrobial efficacy of the synthesized phytofabricated silver nanoparticles was also analyzed 
against two harmful Gram-positive bacteria, specifically B. subtilis and S. aureus. It is widely reported 
that the excessive and unselective use of antibiotics exerts resistance in these bacterial species against 
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drugs and the emergence of pneumonia, septicemia, cellulitis, and abscesses (Muthulakshmi and Uma, 
2019; Muteeb et al. 2023). A comprehensive analysis of the experimental areas for both types of bacteria 
revealed more significant inhibition at higher concentrations of nanoparticles for each species. The 
results showed a dose-dependent effect, where an increase in nanoparticle concentration led to a 
broader zone. The findings of this study demonstrate that Ag-NP produced from C. procera can be 
effectively utilized as an agent to combat a wide range of illnesses. This highlights the significant 
potential of these materials for therapeutic applications. 

Conclusion 

The findings of this study clearly depict that the synthesized silver nanoparticles (Ag-NP) produced 
using green synthesis techniques from C. procera have a potent antibacterial activity. These 
nanoparticles had a size range of 50-100 nm. Furthermore, the silver nanoparticles exhibited potent 
antibacterial properties against specific Gram-negative and Gram-positive bacterial strains. Thus, 
nanotechnology can enhance the efficiency of utilizing traditional plants by coating their biomolecules as 
a stabilizer on the surface of nanoparticles. As a result, the medicinal properties of the plants could be 
enhanced at the nano-level. Overall, the Ag-NPs derived by phytofabrication have a broad spectrum of 
antibacterial action against many strains of pathogenic bacteria.  
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