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Abstract

In this study, silver nanoparticles were biologically synthesized by using aqueous flower extract of
Bougainvillea spectabilis wild. Synthesis and formation of silver nanoparticles were confirmed by colour
change from pink colour to brown colour and it was further characterized by ultraviolet (UV) visible
spectroscopy at the range of 300 to 800 nm. The peak showed at 431 nm. Further morphology, shape and
size of the synthesized nanoparticles were characterized by field emission electron microscopy and the
presence of metal silver was analysed by energy dispersive x-ray spectroscopy. Reducing and capping
agents for synthesized silver nanoparticles were studied by Fourier transform infrared spectroscopy. The
in vitro antibacterial activity of silver nanoparticles was tested against both Gram-positive and Gram-
negative bacterial strains. Result showed that synthesized nanoparticles have potential and high
antibacterial activity against Gram-positive bacterial strains compared to Gram negative bacterial strains.
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Introduction

Nanoparticles are fundamental building blocks of nanotechnology. Nowadays, metal
nanoparticles have been subject of focused research due to their magnetic, electronic, optical,
mechanical and chemical properties that are notably different from those mass resources ™ 2,
Effectively studied nanoparticles today are those made from metals, especially gold, silver,
copper, and zinc nanoparticles > 4. Among these four, silver nanoparticles has attracted
recognition due to their different properties and application like pharmaceutical industries [,
DNA sequencing [, antimicrobial activities /], textile industries [ etc.,

Different methods were used for synthesis of silver nanoparticles such as evaporation,
condensation, phase transfer process, microwave treatment, laser ablation, electrochemical
synthesis, plant-mediated and microorganisms [, Among these methods, plant-mediated
synthesis provides a natural capping and reducing agents for conversion of silver ions to silver
nanoparticles as well as free from toxic chemicals and also reduce the cost and time of
nanoparticles synthesis 22,

The objective of this study was to synthesize silver nanoparticles from aqueous flower extract
of Bougainvillea spectabilis wild and which was tested against eleven bacterial strains such as
Salmonella typhi, Staphylococcus aureus, Bacillus subtilis, Bacillus cereus, Enterococcus
faecalis, Corynebacterium diphtheriae, Streptococcus pneumoniae, Klebsiella pneumonia,
Escherichia coli, Enterobacter aerogenes, and Pseudomonas aeruginosa to study its
antibacterial activity.

Materials and Methods

Preparation of aqueous flower extract

Flowers from B. spectabilis were collected from Maruthamalai hills, Coimbatore, Tamilnadu,
India. Freshly collected flowers were cleaned up with tap water. Ten grams (10 g) of the
flower were mixed with 200 ml double distilled water in a 500 ml conical flask and boiled for
20 minutes to facilitate the formation of aqueous flower extract. Obtained aqueous extract was
filtered with Whatman No.1 filter paper and stored for further use.

Synthesis of silver nanoparticles
Biogenic synthesis of silver nanoparticles was carried out in a 500 ml conical flask containing
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180 ml of 1 mM AgNO3 and 20 ml of flower extract (9:1) and
then it was kept at dark room. After some period of incubation,
the colour of the mixture solution changed from pink colour to
brown colour. This colour change indicates the formation of
silver nanoparticle.

Characterization of NPs

An ultraviolet - Vis spectroscopy (JASCO UV Vis NIR V-67)
was used to conduct optical measurement. UV-Vis
spectroscopy was operated in the range from 300 to 800 nm.
The size and shape of the synthesized nanoparticles were
analysed by field emission scanning electron microscopy
(ICON Quanta) operated at an accelerating 10 Kv. Field
emission scanning electron microscope (FESEM) samples
were prepared on carbon coated copper grid by just dropping a
very small amount of nanoparticle into the grid. The presence
of metals were analysed by energy dispersive Xx-ray
spectroscopy.

The presence of functional and composition of silver
nanoparticles were characterized by Fourier transform infrared
spectroscopy (FTIR, Brucker) in the range of 500 to 3500 cm-
1

In vitro antibacterial activity

The in vitro antibacterial activity was assayed by standard
Kirby- Bauer well diffusion method ™3 against 11 bacterial
strains such as Salmonella typhi, Staphylococcus aureus,
Bacillus subtilis, Bacillus cereus, Enterococcus faecalis,
Corynebacterium  diphtheria, Streptococcus pneumonia,
Klebsiella pneumonia, Escherichia coli, Enterobacter
aerogenes, and Pseudomonas aeruginosa. Both Gram-positive
and Gram negative bacterial strains were swabbed on Muller
Hinton agar (MHA) plates using cotton swabs. Four wells
were made on 5 mm in diameter in MHA agar plates with the
help of gel puncture, which was impregnated with different
concentration (10, 20, 30 and 40 pl) of synthesized silver
nanoparticles and then bacterial strains swabbed plates were
incubated at 37 °C for 24 h.

Results and Discussion

Synthesis of silver nanoparticles

After the exploration of plant extract into the 1 mM silver
nitrate, the colour change was observed from pink colour to
brown colour (Figure 1). The appearance of brown colour in
the reaction flask suggested the synthesis of silver
nanoparticles (41,

Characterization of NPs

Concentration of the presence of metal nanoparticles were
analysed by using UV-Vis spectral analysis. UV visible
absorption spectrum was noted at 431 nm (Figure 2) and a
broadening of the peak indicated that the particles were
polydispersed. Similar phenomenon was reported by Nisha et
al., 2012 [51,

Field emission scanning electron microscope has been used to
analyze the size, shape and morphology of synthesized silver
nanoparticles from aqueous flower extract of Bougainvillea
spectabilis. FESEM images showed the presence of
nanoparticles which are like spherical with size range from
approximately 16 to 83 nm and it showed poor dispersion
(Figure 3). The presence of metal silver was confirmed by
energy dispersive x-ray spectroscopy. Silver nanocrystallites
exhibit an optical absorption band peak at 3 KeV (Figure 4). It
also recorded the presence of other elements such as sulfur,
oxygen, and sodium. This indicated the presence of reducing

and capping agents.

Capping and reducing agents for biosynthesis of silver
nanoparticles form aqueous flower extract of B. spectabilis
were analysed by using a FTIR. Obviously, infrared bands are
observed at 554.77, 596.28, 639.48, 1637.27, 2113.48 and
3336.28 cm (Figure 5). This bands represent the presence of
alkyl halide, alkynes function groups, C-H stretches, C-O
stretching aromatics, and C=C-H stretching compounds [,
Analysis of these spectra strongly suggested the presence of
flavonoids and phenols, which were mainly responsible for the
formation of silver nanoparticles by reducing silver nitrate.

In vitro antibacterial activity

Antibacterial activity of silver nanoparticles was examined
against bacterial strains by using standard zone of inhibition.
The synthesized silver nanoparticles showed inhibition zone
against, B. cereus, C. diphtheria, S. pneumonia, E. coli,
Salmonella typhi, B. subtilis, E. aerogenes, K. pneumonia, S.
aureus, P. aeruginosa, and E. faecalis (Figure 6). Different
concentrations (10, 20, 30 and 40 pl) of synthesized silver
nanoparticle were used for the study of in vitro antibacterial
activity. The highest antibacterial zone of inhibition was
recorded in B. subtilis followed by B. cereus, S. pneumonia, S.
aureus, E. faecalis, C. diphtheria, E. coli, S. typhi, E.
aerogenes, K. pneumonia, and P. aeruginosa. Measurement of
the inhibitory concentration is as shown in Figure 7. It was
reported that ethanol, methanol, chloroform and ethylacetate
extract of Bougainvillea spectabilis leaves showed highest
antibacterial activity against gram negative bacterial strains
compared to positive bacterial strains (Umamaheswari et al.,
2008) 7. Ethanol and methanol flower extract of
Bougainvillea spectabilis showed excellent antibacterial
activity against salmonella typhi compared to other (acetone
and aqueous) extract (Sharif et al., 2013) [28],

Bougainvillea spectabilis aqueous extract of flowers

(Flowers)

<{—

20 ml flower extract
+ 180 ml AgNOs

Silver nanoparticles (SNPs)

silver nitrate (AgNO3)

Fig 1: Biogenic synthesis of silver nanoparticles from aqueous flower
extract Bougainvillea spectabilis.
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Wavelength Fig 3: FESEM images of synthesized silver nanoparticles

Fig 2: UV-Vis spectroscopic recording of synthesized silver
nanoparticles and the peak noted at 431nm.
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Fig 4: Elemental analysis of synthesized silver nanoparticles by energy dispersive x-ray spectroscopy
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Fig 5: Fourier transform infrared spectral analysis of synthesized silver nanoparticles.
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Fig 6: In vitro-antibacterial activity of silver nanoparticles from
flower extracts of Bougainvillea spectabilis

Conclusion

In this study, a simple, green and efficient route to synthesize
silver nanoparticles was developed by treating Ag ions with
aqueous flower extract of Bougainvillea spectabilis at room
temperature without using any harmful agents. Flower extract
act as a reducing, capping and stabilizing agent for converting
silver ions to silver nanoparticles. The synthesized silver
nanoparticles are spherical with sizes in the ranges from 16 to
83 nm. Additionally, the antibacterial activity of the silver
nanoparticles was measured by Kirby-Bauer method. The
result of this study clearly demonstrates that the synthesized
AgNPs has high antibacterial activity against Gram-positive
bacterial strains compared to Gram-negative bacterial strains.
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