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ABSTRACT 
 
Synthesis of nanomaterials may involve various routes including physical, chemical and biological approaches. The biological green synthesis of 
nano particles is gaining attention due to its cost effective, ecofriendly and possibility for easy large scale production. In this present study, leaf 
extract of Euphorbia milii was used to synthesize silver nano particles and aimed to study the antibacterial activity of the synthesized silver 
nanoparticles. The silver nano particles synthesized were confirmed by their change of colour to dark brown due to the phenomenon of surface 
plasmon resonance. The rapid reduction of silver (Ag+) ions was monitored by using UV-visible spectrophotometer. Transmission electron microscopy 
(TEM) and Scanning electron Microscopy (SEM) showed that the synthesized nano particles are varied from 20-50 nm with spherical shape. FTIR 
analysis showed the functional groups involved in the AgNps formation. Biological evaluation of silver nanoparticles was also done against Gram 
positive and Gram negative bacteria for their future applications in biomedicine. The synthesized silver nanoparticles exhibited good antibacterial 
activity against both Gram-negative and Gram-positive bacteria tested. This work proved the potential antibacterial activity of silver nano particles 
synthesized from leaves of E.milii. 
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INTRODUCTION 
 
Nanoparticles are special and interesting as their chemical and 
physical properties are different from their macro counterparts.  
The synthesis of nanoparticles and applications are gaining 
intense importance in biomedicine for therapeutic purpose in 
different dosage forms and dosing routes due to the smaller size 
of nanoparticles (1–100 nm), high surface area and reactivity1. An 
important area of research in nanotechnology is the synthesis of 
nano silver particles using biosources. Silver has long been 
recognized as having an inhibitory effect towards many bacterial 
strains and microorganisms2. Biological methods of nanoparticle 
synthesis using microorganisms3, enzymes4, fungus5 and plants 
or plant extracts6, 7 have been suggested as possible ecofriendly 
alternatives to chemical and physical methods. In recent times, 
plant-mediated synthesis of nanoparticles has garnered wide 
interest owing to its inherent features such as rapidity, simplicity, 
eco-friendliness and cheaper cost8.  
 
Euphorbia is a large genus of smooth and spiny shrubs and 
cactus-like succulents from 4” to 20 feet in the spurge family 
(Euphorbiaceae). Of the more than 1,600 species, crown of 
thorns, Euphorbia milii is a small tropical species from 
Madagascar that has long been grown as a houseplant or 
ornamental in warm climates. E.milii is widely used in folk 
medicine for the treatment of warts (South Brazil), cancer and 
hepatitis (China). It has been reported that Euphorbia milii 
possesses antifungal and antinociceptive property, acts as natural 
molluscicide, can curb the spread of schistosomiasis9. Therefore 
the present study has been planned to synthesize and evaluate the 
antibacterial activity of silver nano particles from the leaves of 
E.milii. 

MATERIALS AND METHODS 
 
Collection and Authentication of plant  
 
The E.milii plants were collected from different places of 
Hyderabad and authenticated by a plant taxonomist from the 
Department of Botany, Osmania University. 
 
Extraction of E.milii leaves 
 
The leaves of E.milii plants were washed, air dried in shade and 
powdered in a mechanical grinder. Fifteen grams of powered leaf 
material was placed in 100 ml of deionized water and boiled for 
15 minutes at 60°C. After cooling to room temperature, the 
extract was filtered using Whatman No.1 filter paper to get clear 
solution and stored at 4°C for further analysis. 
 
Synthesis of AgNPs 
 
The silver nitrate of AR grade used in this study was obtained 
from Hi-Media. To 20 ml of leaf  extract, 80 ml of 1 mM AgNO3 
solution was added and further heated upto 60°C for 15 minutes. 
The colour change of the solution from yellow to brown indicates 
the formation of AgNPs from the leaf. This was used for the 
characterization and antimicrobial activity.  
 
Characterization of the Synthesized Silver Nanoparticles 
 
The bioreduction of silver ions to silver nanoparticles was 
monitored by measuring the UV-Vis spectrum of the reaction 
solution. The technique outlined above has proven to be very 
useful for the analysis of nanoparticles10.  Furthermore, the 
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solution was centrifuged at 20000 rpm for 30 minutes to remove 
free biomass residue that is not the capping ligand of the 
nanoparticles. After centrifugation, separated nanoparticles 
settled at the bottom were collected and washed thrice with 
double distilled water, then dried in an oven at 60°C for 2 hrs. The 
stabilized powder form of the nanoparticles was stored for further 
characterization.  
 
UV-Vis Spectroscopy 
 
The synthesized AgNPs were characterized and confirmed by 
UV-Vis spectroscopy by measuring the wavelength of reaction 
mixture (from 200 to 800 nm) in the UV-Vis spectrophotometer 
of the Perkin Elmer.  
 
TEM & SEM Analyses 
 
Transmission electron microscopy (Model-Philips CM 200) and 
Scanning electron microscopy (Model-SEM Hitachi - S520, 
Japan) were used to study the morphology of AgNPs.  
 
Fourier Transform Infra-red Spectroscopy (FTIR) 
 
The pellet of AgNPs obtained after oven drying was mixed with 
KBr and the resultant KBr-AgNPs mixture was subjected to FTIR 
(Model-Thermo Nicolet Nexus 670) analysis to ensure the 
formation of AgNPs with encapsulation of biomolecules of 
E.milii leaves. 
 
Screening of Antibacterial activity of synthesized AgNPs 
 
The antibacterial activity of AgNPs synthesized from leaves of 
E.milii was tested against some Gram positive and Gram negative 
bacteria viz., Micrococcus luteus MTCC 106, Arthrobacter 
protophormiae MTCC 2682, Rhodococcus rhodochrous MTCC 
265, Staphylococcus aureus MTCC 737, Proteus mirabilis 
MTCC 425, Pseudomonas aeruginosa MTCC 1688, and 
Salmonella enterica MTCC 3858 by agar well diffusion 
method11. Into each agar well, 100 µl of sample prepared by 
dissolving 100 µg of nanoparticle material in 1 ml of dimethyl 
sulfoxide (DMSO) was placed. In a separate well, DMSO was 
also dispensed to maintain the control. The plates were incubated 
at 37°C for 24 hrs. After incubation, the diameter of the zone of 
inhibition was measured. For each sample and bacterial species, 
triplicates were maintained. 
 
RESULTS AND DISCUSSION 
 
Visual observation 
 
Silver nanoparticles formation was primarily and visually 
identified by the colour change of  E.milii  leaf extract that was 
treated with silver nitrate aqueous solution from yellowish brown  
to dark  brown (Figure-1A & B). The colour change was a clear 
indication for the formation of silver nanoparticles12. Silver 
nanoparticles arise due to the surface plasmon vibrations in the 
aqueous solution. 
 
UV-Vis spectral analysis 
 
The UV-Vis absorption spectrum of AgNPs obtained showed the 
absorption maxima ranged from 425 to 475 nm which gives the 
confirmation for the AgNPs synthesis13. UV-Vis absorption 
spectrum of silver nanoparticles formed in the reaction mixture 
has displayed a strong and broad absorbance peak at 444.38 nm 

wavelength (Figure-2), which gives the confirmation of the silver 
nano particles synthesized from the leaves of E.milii. Broadening 
of peak indicates the polydispersed nature of the silver 
nanoparticles14. The reduction of silver ions and the formation of 
stable nanoparticles occurred rapidly within a hour of reaction, 
making it one of the fastest bio-reducing methods to produce Ag 
nano structures that have been reported till the date15.  
 
TEM and SEM Analyses                                                            
 
Morphology and size of silver nanoparticles synthesized were 
characterized by TEM (Figure-3) which revealed that the 
nanoparticles were evenly distributed without agglomeration. 
Synthesized silver nanoparticles were found mostly spherical and 
their dimension ranged from 20 to 50 nm. Thus, TEM 
characterization studies confirmed the nanometer size range of 
the synthesized silver nanoparticles. The SEM image (Figure-4) 
showed the high density AgNPs synthesized by using the leaf 
extract of E.milii leaf and also further confirmed the development 
of silver nanostructures.  
 
FTIR Analysis 
 
The dual role of the plant extract as a reducing and capping agent 
and presence of some functional groups was confirmed by FTIR 
analysis of silver nanoparticles (Figure-5). A broad band at 
3287 cm−1 is due to the N–H stretching vibration of group 
NH2 and OH, the overlapping of the stretching vibration is 
attributed for water and E.milii leaf extract molecules. The band 
at 1634 cm−1 corresponds to amide C=O stretching and a peak at 
2656 cm−1 can be assigned to alkyne group present in phyto-
constituents of extract. The observed peaks at 1223 cm−1 denote 
–C–OC- linkages, or –C–O- bonds. The observed peaks are 
mainly attributed to flavonoids and terpenoids excessively 
present in plants extract16, 17. From FTIR results, it can be 
concluded that some of the bioorganic compounds from E.milii 
leaf extract formed a strong coating/capping on the nanoparticles. 
 
Antibacterial activity 
 
The synthesized silver nanoparticles of E. milii leaves exhibited 
good antibacterial activity with some variation among the Gram-
positive and Gram-negative bacteria tested (Figure-6). Based on 
the zone of inhibition produced, synthesized silver nanoparticles 
exhibited relatively more antibacterial activity against 
Micrococcus luteus, Arthrobacter protophormiae, 
Staphylococcus aureus and Salmonella enterica than 
Rhodococcus rhodochrous, Proteus mirabilis and Pseudomonas 
aeruginosa. However, Arthrobacter protophormiae, 
Rhodococcus rhodochrous, Staphylococcus aureus and 
Salmonella enterica were found to be more susceptible to 
synthesized nanoparticles when compared to that of standard 
antibiotic, streptomycin. Though,  Micrococcus luteus, Proteus 
mirabilis and Pseudomonas aeruginosa found sensitive to silver 
nanoparticles of E. milii leaves, but not high than to that of 
streptomycin. The results indicating  the more effective inhibitory 
activity of synthesized E.milii leaf silver nanoparticles against 
Gram positive bacteria than Gram negative bacteria tested.  This 
may be due to the action of silver nanoparticles on microbes in 
causing the microbicidal effect.  Silver nanoparticles have the 
ability to anchor to the bacterial cell wall and subsequent 
penetration into it, thereby causing structural changes in the cell 
membrane like the permeability of the cell membrane and 
ultimately death of the cell18. 
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Fig. 1: A)  E. milii leaf extract with AgNO3 solution before reaction, B)  E. milii leaf extract with AgNO3 solution after reaction 
 

 
 

Fig. 2: UV-Vis absorption spectrum of AgNPs of  E.milii leaves 
 

 
 

Fig-3: Transmission electron microscopy image of AgNPs of  E.milii 
leaves 

 
 

Fig-4: Scanning electron microscopy image of AgNPs of  E.milii 
leaves 

 
 

Fig 5: FTIR spectrum of AgNPs of E.milii leaf extract 
 

 
 

Fig. 6: Antibacterial activity of E.milii leaf extract Silver 
nanoparticles 
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CONCLUSION 
 
A simple and biosynthetic method of colloidal AgNPs synthesis 
directly by using leaf extract of E.milii is successfully achieved. 
The primary colour change of reaction mixture, spectral analyses 
of UV-Vis absorption and FTIR spectroscopy confirmed the 
formation of silver nanoparticles as well. The morphology and 
shape of synthesized silver nanoparticles of E. milii leaf extract 
were identified by TEM and SEM images. The green synthesized 
silver nanoparticles of E. milii leaves showed very good and 
effective antibacterial activity against the tested bacteria. The 
present study concludes that the leaves of E.milii plant can be 
used as an excellent source for synthesizing the silver 
nanoparticles having potential antibacterial activity which can be 
introduced into future biomedical applications to combat various 
bacterial diseases.    
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