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Biogenic synthesis of silver nanoparticles has attracted researcher’s attention in recent days because of the necessity to develop new clean,
cost effective and efficient techniques. In our study, we report green biogenic approach to synthesize silver nanoparticles using flower
extract of Rosa damascena as reducing and stabilizing agent. The phytochemicals present in the petal extract induced the reduction of Ag+

ions which resulted in the formation of conjugated nanoparticles. The formation and stability of the as-produced nanoparticles were
monitored by UV-visible spectrophotometer that demonstrated an absorbance peak at around 412 nm corresponding to the plasmon
resonance of silver nanoparticles. The average crystallite size of the particles calculated from the obtained XRD spectra using Debye
Scherrer’s formula was 4 nm. TEM results confirmed the formation of nano-sized polydispersed quasi-spherical shaped particles having the
average diameter size of approximately 20 nm. Analysis of FTIR spectra revealed that the chemical moieties containing mainly amine,
carboxyl, alcohol, esters functional groups coated the surface of the nanoparticles. Obtained nanoparticles were highly stable with no
agglomeration even it is preserved for a period of 3 months and showed ‘good’ antibacterial activity. 
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Introduction 

Nanotechnology has immense potential to provide 
solutions to technological and environmental challenges in 
the diverse area of molecular medicine,1,2 bioremediation,3,4 
catalysis,5,6 textile fabrics,7,8 waste water treatment,9-11 
cosmetics.12,13 Nanomaterials exhibit completely new or 
improved physicochemical properties due to their increased 
surface to volume ratio as well as the quantum confinement 
effects of size reduction, and thus have become an active 
area of research. Particularly, nanoparticles of noble metals 
such as silver have been explored tremendously due to their 
unique properties that can be easily tuned to confer them 
diverse utility.14,15 For example, Optical property of silver 
nanoparticles known as surface plasmon resonance effects 
(SPR), which depends on the size and shape of the particles 
(and also on the dielectric of the medium16 can be tuned to 
be used in various biomedical applications such as imaging 
or sensing.17-19 Crystalline silver nanoparticles (SNPs) have 
also found significant applications in the field of high 
sensitivity biomarker detection and diagnostics20 
antimicrobials and therapeutics,15,21 catalysis22 and micro-
electronics.23,24 Silver nanoparticles were also prominent 
ingredients in Ayurvedic medical formulations; in the form 
of silver ash (‘Ragatbhasma’), used to cure many major 
ailments. Moreover, because of the long established 
biocompatibility of silver nanoparticles, issues of any 
apparent nanotoxicity contributed by them within a dosage 
window will not be of a concern therefore making them 
sustainable for multiple uses.25,26 

Different approaches such as reduction in solutions,27 
chemical reactions in reverse micelles,28 gamma 
irradiation,29 UV light irradiation,30 microwave irradiation,31 
protecting electrolytic techniques by controlling electrode 
potential,32 sonochemical,33 and thermal decomposition of 
silver compounds34 etc. have been used for the preparation 
of silver nanoparticles. However, these synthesis routes use 
hazardous chemicals, and/or extreme pressure and 
temperature conditions that are not very much desirable 
from the view of safety and economic viability. Also, trace 
amounts of unreacted precursor and aiding chemicals left 
behind as residues in the final product could pose potential 
harmful effects for end usages. Green synthesis approaches 
for the preparation of these kinds of nanomaterials can 
successfully eliminate toxic molecules involved in the 
synthesis process thereby making them more biocompatible. 
One green approach to synthesizing silver nanoparticles, 
also adapted in our study, is by using plant extracts that 
could avoid the use of synthetic stabilizing and capping 
agents as the plant materials can act alike.35-37 Also, as 
compared to other biogenic approaches such as synthesis 
using microorganisms like bacteria38,39 or fungi40 plant 
mediated synthesis is more advantageous as it eliminates 
tedious processes of maintaining sterile cell cultures 
environment, and other biohazard issues related to them. 

In our study, a simple approach to green synthesis of 
SNPs using flower extract of Rosa demascena as reducing 
and stabilizing agent has been assessed. R. demascena 
belongs to the plant family Rosaceae. It has received 
widespread attention due to its pharmacological properties 
that include anti-diabetic, anti-HIV and potential cure for 
cardiovascular diseases.41,42 The petals of the flower have 
been reported to contain several important phytochemical 
groups, which include flavonoids, terpenes, anthocyanin, 
glycosides, carboxylic acid, vitamin C, myrcene, kaempferol 
and quercetin.41 Therefore, in the view of the presence of 
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these many potent anti-oxidants and reducing agents42 in the 
extract, we expected that it can be used for the rapid and 
efficient reduction of silver ions to silver nanoparticles.  

The synthesis of the silver nanoparticles was optimized by 
taking several process parameters such as holding time, pH, 
temperature and concentration of precursors into account 
and going through one-factor-a-time approach to narrow 
down into optimized parameters. The obtained silver 
nanoparticles were then characterized, and the shape, size, 
morphology were assessed. The silver nanoparticles were 
also used to study their anti-microbial properties against 
bacterial species and fungal species namely Escherichia 
coli, Pseudomonas aeruginosa, Staphylococcus aureus, 
Aspergillus niger and Fusarium solani respectively. 

Experimental 

Sample collection and preparation of extract 

Fresh flowers of Rosa damascena were purchased from 
the KR market, Bengaluru and were authenticated at the 
Department of Botany, Tumkur University, Tumakuru, 
India. The flowers were washed with de-ionised water 
before use to remove dirt and impurities on the petals. 

Aqueous extracts of Rosa damascena flower petals were 
obtained using the following three methods. Fresh aqueous 
extraction without homogenization under boiling condition 
(‘petal stripping’), homogenization of fresh petals followed 
by water extraction, and aqueous extraction from the dried 
flower powder under boiling. Among these approaches, 
fresh non-homogenized boiling method was adopted for our 
further studies because of the better extraction and quick 
reduction reaction observed based on the change in the 
solution color as well as the periodic UV test results.10 g of 
fresh flowers were washed for 4-5 times with deionized 
water and transferred to 250 ml of conical flask containing 
100 ml of water and boiled with occasional stirring till the 
petals got decolorized, which took around 10-15 min. This 
solution was then cooled and filtered using Whatman No. 1 
filter paper, and stored at 4o C for further use. 

Phytochemical screening 

Qualitative phytochemical screening was performed to 
obtain information about the presence of plant compounds 
such as saponins, alkaloids, flavanoids, tannins, proteins free 
amino acids, carbohydrates, vitamins and glycosides that 
may act as reducing and stabilizing agents. The protocol to 
perform the test was adapted from that of Bhandari et al.43 

Biosynthesis of SNPs 

1mmol of fresh AgNO3 solution was prepared, its pH was 
adjusted to 10 using 1 % NaOH, kept on a magnetic stirrer 
and maintained at 60 oC. Fresh aqueous extract of Rosa 
damascena prepared by the ‘petal stripping’ method was 
added to the AgNO3 solution drop wise. Change of the color 
of the solution from pale yellow to dark brown indicated the 
reduction of silver ions (Ag+) into metallic silver 
nanoparticles, Ag(0). It took nearly one hour to complete the 

reaction. The completion of the reaction was confirmed by 
periodic UV-vis spectra checks for the surface plasmon 
resonance (SPR) peak at around 420 nm.  The final reaction 
solution was dialyzed against water using cellulose 
membrane of 12 KD cut-off value to remove unbound plant 
materials. The concentrated solution was then suspended in 
deionized water and centrifuged at 7000 rpm for 15 min. 
The process was repeated for 3-4 times to remove residual 
plant materials. The final solution was then stored, dried and 
the obtained powder was used for material characterization 
and application. We preserved some of our samples to check 
for the stability of particles. 

Characterization 

Silver nanoparticles were characterized using UV-visible 
spectroscopy, Fourier transfer infrared spectroscopy (FTIR), 
Transmission electron microscopy (TEM) and X-ray 
diffraction (XRD). UV-Visible spectroscopy was acquired 
with double beam spectrophotometer Schimadzu -1800. A 
quartz cell with a path length of 1 cm was used, and spectra 
were collected over a range of 200 -700 nm. XRD 
measurement of silver nanoparticles was carried out 
employing the Shimadzu-7000 X-ray diffractometer with 
monochromatized Cu Kα radiation operating at 40 KV and a 
current of 30 A at a scan rate of 0.388 min-1. FTIR spectra 
were recorded using Agilent technologies Cary 630 FTIR. 
The scan was performed in the range of 800 to 4000 cm-1. 
The morphology of silver nanoparticles were analyzed by 
using high resolution images obtained with  FEI Techani G2 
S-Twin TEM operating at 200 KV. 

Antibacterial studies 

The nanoparticles were tested for their antibacterial 
activity against two gram negative bacteria namely 
Escherichia coli (MTCC 1692) and Pseudomonas 
aeruginosa (MTCC 1688) and one gram positive bacteria 
Staphylococcus aureus (MTCC 3160) using standard well 
diffusion method.44 Organisms were sub cultured on nutrient 
broths at 37 °C on a rotary shaker at 200 rpm until the 
absorbance reached around 0.4 to 0.6 at 600 nm to ensure 
that cells were in exponential phase. Muller Hilton agar 
media was prepared and poured into sterile Petri plates and 
allowed to solidify. The above sub cultured broths of 
respective organisms were swabbed on the solidified MH 
agar plates and allowed to dry for about 10 min. Wells of 
diameter size 6 mm were punched into the plates using a 
cork borer. 5 mg of the nanoparticle sample were suspended 
in 1 mL of deionized water and used as working 
concentration. Different aliquot sizes of 100 µL, 150 µL and 
200 µL from the samples were added to corresponding well. 
Standard antibiotic Streptomycin was taken in a volume of 
100 µL (5 mg/mL of final concentration) as the positive 
control.  The plates were then incubated at 37 °C for 18-24 h 
for the development of inhibition zones. After the incubation 
time the zones of inhibition were observed and diameters of 
the zones were measured and tabulated. 

Antifungal assay 

The nanoparticles were tested for their antifungal activity 
against two fungal strains viz. Aspergillus niger (MTCC 
4325) and Fusarium solani (MTCC 2027), using standard 
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well diffusion method. The pure cultures of the organism 
were sub cultured on potato dextrose broths at 37 °C on a 
rotary shaker at 160 rpm until spores were observed. Potato 
Dextrose Agar media was prepared and poured into sterile 
Petri plates and allowed it to solidify. The above 
prepared/sub cultured broth of respective organisms was 
swabbed on the solidified PDA plates and allowed to dry for 
about 10 min. The wells were punched on the plates using 
cork borer of diameter size 6 mm. 5 mg of sample was 
dissolved with 1 mL of deionized water and used as working 
concentration. Different volumes: 100 µL, 150 µL and 200 
µL of the sample were added to each well. Standard 
Fluconazole powder was taken with volume of 100µL (5 
mg/mL of final concentration) as positive control. The plates 
were then incubated at 28 °C for 2-4 days for development 
of inhibition zones. 

Antioxidant assay 

The anti-oxidant activity of the synthesized nanoparticles 
were evaluated using 2,2- diphenyl-1-picryl-hydrazyl radical 
(DPPH) radical scavenging assay which was originally 
described by Blois in 195845 and protocol for this assay was 
adopted from the work of  Umesh et al.46 The stock reagent 
solution was prepared by dissolving 24 mg of DPPH in 100 
mL methanol and stored at -20 °C until use. The working 
standard solution was obtained by mixing 10 mL of stock 
solution with 45 m of methanol to obtain an absorbance 
value of ~1.1 at 517 nm. Aliquots of 50 µL, 100 µL, 150 µL 
and 200 µL of the nanoparticles were allowed to react with 
DPPH solution in the final reaction volume of 3 mL. 50 µL 
of methanol was made up to 3 mL by using DPPH solution. 
This was considered as negative control solut ion. The 
mixtures were shaken vigorously and allowed to stand in the 
dark condition at room temperature for about 30 min. The 
decrease in the absorbance of the resulting solution was then 
measured spectrophotometrically at 517 nm against 
methanol as blank. % of scavenging activity was calculated 
using the following formula, 

 

 

 

where  

% RSC depicts that free radical scavenging 
property of the sample, 

As –absorbance of the sample,  

Ac-absorbance of the control. 

Results and discussion 

Phytochemical screening 

Preliminary qualitative phytochemical tests were 
performed on the extracts of Rosa damascena flowers   
prepared by all three methods of extraction as mentioned in 
the methodology part. All the extracts contained majority of 
group of secondary metabolite compounds namely saponins, 
alkaloids, flavonoids and tannins (phenolic compounds), 
carbohydrates, vitamin C and glycosides. Free amino acids 

were absent in all the extracts. Proteins were present only in 
the extract obtained from fresh homogenization aqueous 
extraction. The absence of proteins in dried flowers extract 
may be due to the degradation of proteome over the drying 
period (Table 1). 

Table 1. Phytochemical screening test. 

S. 
No. 

Phytochemical 
test 

Method of extraction 

  Fresh 
petal strip 
extraction 

Homogeni-
zation 

Dried 
flowers 
extraction 

01 Saponins + + + 
02 Alkaloids + + + 
03 Flavonoids + + + 
04 Tannins + + + 
05 Proteins - + - 
06 Free amino 

acids 
- - - 

07 Carbohydrates + + + 
08 Vitamin C 

(ascorbic acid) 
+ + + 

09 Glycosides + + + 

UV-Visible spectra 

We did a series of experiments to optimize the production 
of silver nanoparticles with different concentration ratios of 
AgNO3 and the extracts. Those samples were analyzed with 
the UV-visible spectroscopy. The rationale behind the 
optimization was; if any absorbance peak at around 420±10 
nm was obtained from the synthesis solution for a given 
volume ratio of plant extract and silver nitrate solution, the 
ratio would be ‘good’ enough for the further synthesis 
process. It is showed the absorbance at 412 nm for the 
volume ratio of 1:0.5 corresponding to AgNO3: extract ratio 
from ‘Fresh petal stripping’ extraction method. The ‘Petal 
strip’ method of extraction was selected for further synthesis 
because of the good stability and no agglomeration shown 
by the particles (Table 2).  

Table 2. Optimization using different ratio of reactants. 

Rosa damascena flower extract had an absorbance peak at 
around 270 nm and silver nitrate solution at 250 nm. After 
adding the extract to the silver nitrate solution, the solution 
turned to brown color and the wavelength shifted to around 
412 nm (Figure 1) indicating the reduction reaction. And 
reaction was completed within 50 min. 

S. No. Aqueous 
extraction 

AgNO3:ex-
tract ratio 

Wavelength, 
nm 

1:0.5 412 01 Fresh petal 
stripping 8:2 409.50 

1:0.5 403.50 02 Freshly 
homogenized 8:2 408 

1:0.5 409 03 Dried petal 
powder 
extraction 

8:2 410 

s% 100 1
c

A
RSC

A
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Figure 1. UV-Vis spectra of synthesized silver nanoparticles. 

XRD studies 

Nanocrystallinity of biosynthesized silver particles were 
confirmed using X-ray diffraction technique. The XRD 
pattern (Figure 2) showed numbers of Bragg reflections that 
may be indexed on the basis of the face-centered cubic 
structure of silver. It confirmed that the silver particles 
formed in our experiments were in the form of nanocrystals, 
as evidenced by the peaks at 2θ values of 38. 14 °, 44.46 °, 
64.50 °, and 77.44 ° corresponding to (111), (200), (220), 
and (311) Bragg’s planes respectively. The result indicates 
that synthesized nanoparticles were face centered cubic in 
structure (JCPDS file No. 84-0713 and 04-0783). The 
average cyrstallite size of our nanoparticles was calculated 
using the Debye-Scherrer equation, and corresponds to 
around 3.7 nm. 

 

 

 

 

 

Figure 2. X-ray diffraction pattern for the synthesized silver 
nanoparticle. 

TEM Analysis  

The average actual particle size was measured using TEM. 
TEM images (Figure 3) confirm the formation of ultra-small 
sized silver nanoparticles. The particles are quasi-spherical 
in shape, poly-dispersed in nature and correspond to an 
average size of 20 nm. 

FTIR spectra 

FT-IR analysis was carried out to identify chemical 
groups localized on the surface of particles that could have 
been responsible for the reduction of silver salts into silver 
nanoparticles. Figure 4 shows the FTIR absorption spectra 
of the synthesized silver nanoparticles. The stretch in 2 or 
more bands, one stronger and broader than others occurring 

 

 

 

 

 

 

 

Figure 3. TEM image of prepared silver nanoparticles. 

 

 

 

 

 

 

Figure 4. FTIR spectra for silver nanoparticles. 

in the range of 1300-1000 cm-1 i.e., peaks centered at 1340, 
1224, 1024, 1142 cm-1 are due to the stretching vibrations of 
C-O groups of anhydrides, esters, ethers, alcohols and 
phenols, C-O-H of alcohols and phenols, and of C-N of 
amines. The stretch observed at 1603 cm-1 may be due to the 
vibration of C=C group of alkenes, N-H of amides, and 
amine salts. The broad stretch occurring in the range of 
3400-2400 cm-1, which is centered at 3283 cm-1, may well 
be due to stretching vibrations of N-H of amines, amine 
salts, sulfonamides, C-H of alkenes and alkanes, and C=O of 
carboxylic acids. The other weak bands observed in the 
graph indicate the presence of nitriles, aromatic rings and 
aldehydes. Thus, FTIR study indicates that –C=O 
(carboxyl), -OH (hydroxyl) and N-H (amine) groups in the 
flower extract were mainly involved in reduction of Ag+ 
ions to Ag0 nanoparticles. The FTIR spectroscopic study 
also suggest the role of carboxylic acid and ascorbic acid 
present in the flower extract as  reducing and stabilizing 
agents for silver nanoparticles. 

Biological activity assay 

The antibacterial assay was carried out by employing 
standard well diffusion method against E. coli, P.aeruginosa 
and S. aureus and the inhibition zones are observed against 
standard of 5mg/ml streptomycin sulphate. The photographs 
in the Figure 5. As can be seen, S. aureus was most 
susceptible bacteria amongst the tested ones. As 
nanoparticles are showing little zone of inhibition against 
gram positive bacteria (S. aureus) compared to gram 
negative bacteria. After storing for 3 months also it does not 
showed any agglomeration and these nanoparticles are good 
enough to break the cell wall barrier of gram positive 
bacteria, even if it is thick. 
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Considerable inhibition zone for fungal samples were not 
observed in the assay.The antifungal activity of SNPs 
depends on the type of fungal species,size and shape of 
nanoparticles.47  

 

 

 

 

Figure 5. Antibacterial assay plates for S. auereus (S.a), P. 
aeruginosa(P.a) and E. Coli, respectively. 

We tested anti-oxidant scavanging activity of both the 
plant extract as well as the silver nanoparticles using DPPH 
assay. Silver nanoparticles showed less scavanging activity 
compared to the flower extract with % of scavanging of 
22.17 for 150 µL of the silver nanoparticles suspension. For 
the same volume of sample, rose extract showed 81.1 % of 
scavenging activity This may be due to the oxidation of the  
anti-oxidant molecules from the extract during the reduction 
of silver ions so that they could not donate electrons to the 
free radicals. All results confirmed that silver nanoparticles 
are synthesized successfully without agglommeration. Even 
it is stored for few months  it is showing antibacterial 
activity against gram positive bacteria. Hence, by 
considering  in view of cost effective production of silver 
nanoparticles by green method. It can be a promissing 
substitute route to use as a good antibacterial agent against 
multidrug resistant bacteria. 

Conclusion 

Silver nanoparticles with an average size of approximately 
20 nm have been synthesized employing bio reduction 
method. Phytochemical screening of plant extract showed 
positive results for saponins, alkaloids, flavanoids, 
carbohydrates and glycosides. The synthesized silver 
nanoparticles were characterized by UV-vis 
spectrophotometry with absorbance wavelength at around 
412 nm which is the suitable range for silver nanoparticles 
to exhibit surface Plasmon resonance. Multiple peak 
analysis of the XRD spectra confirmed the synthesis and 
indicated the crystallite size of our nanoparticles to be of ~4 
nm. In addition, characterization done using FT-IR 
confirmed the presence of functional groups like alkanes, 
alkenes, alkynes, alcoholic and phenolic groups adhered on 
the surface of the particles. The conclusive evidence from 
phytochemical tests, UV-Visible spectroscopy and FT-IR 
revealed that the inherent action of reduction of silver nitrate 
to crystalline silver nanoparticles could be assigned to the 
compounds containing functional group C=O.  

The prepared nanoparticles showed antibacterial effects 
with considerable inhibition in the growth of S. aureus. The 
particles did not show much effect on the fungal growth. 
Rosa damascena flower extract acts as a good reducing and 
stabilizing agent for the synthesis of silver nanoparticles in 
an eco-friendly and cost effective way. Particles were 

observed to be highly stable for a period of 3 months. These 
biologically synthesized silver nanoparticles could be of 
immense use in medical field for their efficient 
antimicrobial function. 
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