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INTRODUCTION

Zinc Oxide nanoparticles are gaining importance for its
unique physical and chemical properties, ability to have high
chemical stability, high electrochemical coupling coefficient,
broad range of radiation absorption and high photo-stability
[1,2]. The structures of ZnO nanoparticles determine their
applications in the field of nanotechnology. Zinc oxide material
with various shapes, such as, nano-tubes, nano-ribbons, nano-
wires, nano-belts, tripods, spherical nanoparticles, hollow
spheres, nano-needles, mushrooms, hexagonal columns, snow-
flakes and so on, have aroused much interest [3]. ZnO provides
one of the greatest assortments of varied particle structures
among all known materials. ZnO nanoparticles are usually
synthesized by thermal decomposition, thermolysis, chemical
vapor deposition, sol-gel, spray pyrolysis, precipitation, vapour
phase oxidation, thermal vapor transport, condensation and
hydrothermal methods [4]. These approaches use physical and
chemical methods involving complex procedures, sophisti-
cated equipment and rigorous experimental conditions. Hence,
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there is a need to find economically viable synthesis techniques.
The synthesis of nanoparticles by combustion method is emerging
as a promising technique for the preparation of nanopowders.
This process is simple, fast and economic and does not require
high-temperature furnaces and complicated set-ups [5].

Green syntheses of nanoparticles from plants are more
stable, varied shape and size and limits the exposure, utilization
of toxic and expensive chemicals [6]. The choice of fuel signi-
ficantly impacts the exothermicity and the amount of gases that
evolve during combustion process. This in turn has a strong
influence on properties of the product [7]. The fuels employed
regularly in the combustion synthesis are glycine, citric acid,
urea, oxalyl dihydrazide and carbohydrazide [8]. Complexing
ability is one of the primary characteristics that a fuel should
possess. Among the complexing agents, Punica granatum is
known to be particularly efficient due to the presence of amine
atoms as functional groups in their molecules [9].

Group A Streptococcus (GAS), a human pathogen is respon-
sible for a number of suppurative human infections. It can cause



many diseases ranging from mild impetigo, pharyngitis, scarlet
fever to more severe and serious toxic shock syndrome and
suppurative sequelae such as glomerulonephritis. Streptococcus
pyogenes, often referred to as Group A Streptococcus bacteria,
can cause impetigo, scarlet fever, puerperal fever, streptococcal
toxic shock syndrome, strep throat, tonsillitis and other upper
respiratory tract infections. Necrotizing fasciitis, a rapidly
spreading infection of the skin and underlying tissue caused
by S. pyogenes, has been popularly referred to as flesh-eating
disease [10,11].

Penicillin and its derivatives remain the drugs of choice
for streptococcal infections as GAS remains uniformly suscep-
tible to them. However, due to the reported high rates of clinical
failure and penicillin hypersensitivity in patients allergic to
penicillin, alternative antibiotics such as macrolides and quino-
lones are prescribed. However increasing incidence of resistance
to antibiotics is reported worldwide [11,12]. As a consequence,
individuals who suffer group A streptococcal pharyngeal infec-
tions may develop acute rheumatic fever and rheumatic heart
disease, which is a major problem in developing countries like
India [13]. Severe GAS-associated disease is estimated to be
18.1 million cases worldwide [14].

In the present study, synthesis of spherical shaped nano
crystalline ZnO powders by combustion method using Punica
granatum is reported. The combustion reaction is initiated in
a muffle furnace at 400 ± 10 ºC [3]. The synthesized nano
powders were characterized for their structure using powder
X-ray diffraction (PXRD). The morphological studies were
also carried out using scanning electron microscopy (SEM).
Fourier transformed infrared (FTIR) and UV-visible spectro-
scopy were employed to investigate synthesized nano-powders.
Finally, ZnO nanoparticles were tested against the clinical
isolates of group A streptococcus.

EXPERIMENTAL

Preparation of plant extract: Fresh native varieties of
Punica granatum were purchased from Safal market, Bangalore,
India. The epicarp of Punica granatum was separated from
mesocarp, endocarp and seeds. Then separated Punica granatum
epicarp was made into a fine paste and mixed with 50 mL of
deionized water. The diluted Punica granatum epicarp solution
was used for the synthesis of zinc oxide nanoparticle by comb-
ustion method.

Synthesis of nanoparticles: Zinc nitrate (1 M) was prepared
using deionized water and then added Punica granatum epicarp
solution. The continuous stirring of materials was carried out
for homogeneity in mixing of contents. The mixture of zinc
nitrate and Punica granatum epicarp solution was kept in a
muffle furnace at 400 ºC for 30 min. After cooling for about
0.5 h, zinc oxide nanoparticles were scrapped out and stored
for further applications.

Characterization of green synthesized nanoparticles:
The phase purity and crystalline nature of green synthesized
zinc oxide samples were examined by powder X-ray diffracto-
meter (Bruker-D2-Phaser) using Cu Kα (1.541 Å) radiation with
a nickel filter. Scanning electron microscopy along with energy
dispersive X-ray spectroscopy (EDS) (Zeiss Gemini-Ultra 55)
was used to examine the morphology on surface of nano-

particles. The SEM micrograph was recorded after vacuum
dissection of ZnO nanoparticles and coating the samples with
gold. The Bruker-Alpha FT-IR spectrometer with KBr pellets
were used for FTIR studies. The UV-visible absorption spectrum
of nanoparticles was recorded.

Isolation of Streptococcus pyogenes: About 20 pediatric
cases of the age group 5 to 15 years suspected for pharyngo-
tonsillitis infection and receiving no antibiotics in antecedent
for 7 days visiting M.S. Ramaiah hospital, Bengaluru, India
were subjected to repeat throat samplings. Standard Streptococcus
pyogenes strain MTCC 442 received from Microbial Type
Culture Collection and Gene Bank, Institute of Microbial
Technology, Chandigarh, India and ATCC 19615 received from
M.S. Ramaiah Metropolis hospital were also included as control.

Antibacterial susceptibility: All the isolates identified
as group A Streptococcus were tested for their sensitivity pattern
with the green synthesized ZnO nanoparticles by agar well
diffusion method on Mueller-Hinton agar (MHA) as recomm-
ended by the Clinical and Laboratory Standards Institute, Wayne,
USA. The anti-GAS activity at various concentrations (10,
20, 30 and 40 mg/mL) and dilutions of synthesized ZnO nano-
particles was screened by well diffusion technique on sterile
Muller Hinton agar plates. Antibacterial activity in terms of
zone of inhibition (mm) was recorded after 24 h of incubation.

RESULTS AND DISCUSSION

Zinc Oxide nanoparticles were synthesized by combustion
method using Punica granatum epicarp. The obtained zinc
oxide nanoparticles were yellowish white in colour. The diluted
Punica granatum epicarp solution was used as fuel and zinc
nitrate served as an oxidizer for the synthesis of nanoparticles
by combustion process. The time factor to synthesize these
nanoparticles in this method was a major advantage. In comb-
ustion process the solution mixture started boiling initially and
underwent dehydration. Subsequently, it decomposed with
formation of huge amounts of oxides of carbon and nitrogen
gases. It was accompanied by impulsive smoldering with huge
swelling of the reaction mixture. This in turn produced foam-
covered and capacious zinc oxide nanoparticles as powder.

Powder XRD analysis: Fig. 1 and Table-1 shows the PXRD
pattern for zinc oxide particles synthesized by combustion method
using Punica granatum epicarp as fuel. Zinc oxide powder
were studied at diffraction angles from 20º-80º. All diffraction
peaks corresponding to (1 0 0), (0 0 2), (1 0 1), (1 0 2), (1 1 0),
(1 0 3), (1 1 2) planes were in agreement with typical hexagonal
wruzite structure of pure ZnO belonging to JCPDF no. 36-1451
[3]. The phase purity of the sample was confirmed with no addi-
tional peaks corresponding to any secondary or impurity phase.
Debye-Scherer formula was used to calculate the diameter of
green synthesized ZnO nanoparticles. The ZnO nanoparticles
showed an average crystalline size of about 63.87 nm corres-
ponding to the plane 101 located at 35.86º.

UV-visible analysis: The green synthesized ZnO nano-
particles were further characterized using UV-visible spectro-
scopy, which showed a typical absorption at 374 nm (Fig. 2).
The spectrum also indicated that nanomaterial synthesized in
the present study was pure, as the spectrum showed a smooth
line, beyond the original drop. If the sample had any contami-
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Fig. 1. PXRD pattern for ZnO nanoparticles synthesized by combustion
method

TABLE-1 
REPRESENTATION OF 2θ VALUES, MILLER INDICES,  

MI, LF AND LPF OF ZnO NANOPARTICLES 

2θ h k l 
Morphology 

index 
Lorentz 
factor 

Lorentz 
polarization 

factor 
31.3758 1 0 0 0.6359 3.5516 24.5621 
34.0361 0 0 2 0.6231 3.0523 20.5923 
35.8649 1 0 1 0.6174 2.7718 18.3675 
47.1655 1 0 2 0.5774 1.7043 9.9676 
56.2335 1 1 0 0.5441 1.3168 6.6823 
62.5158 1 0 3 0.5198 1.0862 5.2692 
67.6135 1 1 2 0.5 0.9719 4.4519 
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Fig. 2. UV-visible pattern for green synthesized ZnO nanoparticles

nants, they would have acted as dopants in the semiconductor
material, causing lower energy (higher wavelength) transitions.
This would be reflected as small peaks or drops above the original
drop of the band gap. UV-Vis measurements can also be used
to evaluate the functionalization of nanoparticles.

It was evident that significant sharp absorption of ZnO
indicated the monodispersed nature of the nanoparticles [15].
From the effective mass model, a diameter of the particle size
was calculated and was found to have an average size of 50 nm,
which is similar to the size found through SEM.

FTIR analysis: The FTIR spectra of ZnO nanoparticles
synthesized by combustion method is shown in Fig.3. A weak
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Fig. 3. FTIR spectrum for ZnO nanoparticles synthesized by combustion
method

band at 3500 cm-1 was attributed to the characteristic stretching
mode of H2O [16]. Small peaks at around 2300 cm-1 showed
the presence of (-CN) nitrite group [17]. The sharp peaks near
1600 cm-1 indicated the trace amount of nitrates [18]. These
bands confirm the presence of impurities in the sample, which
is due to the incomplete combustion in fuel-lean synthesis runs.
Bands ranging from 600-400 cm-1 originate from metal to oxygen
(M-O) groups. The band at 499 cm-1 corresponds to stretching
frequency of Zn-O hexagonal phase [3].

SEM analysis: The morphology of the synthesized nano-
particles showed the formation of agglomerated ZnO nano-
particles having wurtzite structure. The SEM analysis confirmed
the approximated form of nanoparticles and most of the particles
exhibited some faceting. It was observed that size of the nano-
particles were less than 100 nm (Fig. 4). It is evident that zinc
oxide nanoparticle were in the range mentioned in literature
[3]. The two vital uniqueness of wurtzite configuration are
the non-central symmetry and polar surfaces. The structure of
ZnO can be explained as a number of alternating planes poised
of tetrahedrally coordinated O2− and Zn2+ ions, stacked alter-
nately along the c-axis. The oppositely charged ions produce
positively charged zinc and negatively charged oxygen polar
surfaces, resulting in a normal dipole moment and spontaneous
polarization along the c-axis, as well as a divergence in surface
energy leads to a wurtzite as the polymorphic modifications
[19]. The impurities of Punica granatum epicarp were also
found. In wurtzite, there are only ionic bonds. Hexagonal rings
in the chair form with alternate positions occupied by Zn2+

and O2− ions can be easily found in the structure.
EDS analysis: The EDS of ZnO sample carried out along

with SEM revealed that the required composition of ZnO were
present. Elemental composition of zinc was found to be 51.78
% and oxygen was 48.22 % (Fig. 5). This is in agreement with
the ZnO nanoparticle, which is in 1:1 ratio. The slight variation
in the composition is due to the loss of X-rays being detected
[8]. The peak located on the left part of spectrum at 0.5 keV
was clearly indicated the oxygen characteristic line, which
confirms the presence of stabilizers.

Agar well diffusion analysis: Fig. 6 shows a line plot of
isolate (no.) versus zone of inhibition (mm) of group A strepto-
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Fig. 4. SEM image of green synthesized ZnO nanoparticles
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Fig. 5. EDS images showing elemental composition of ZnO nanoparticles

coccus. Out of the 20 clinical isolates obtained, only 8 isolates
were tested positive for group A streptococcus and subjected
for antibacterial studies. Standard isolate s1 and s2 exhibited
a zone size of 18 mm and 19.5 mm, respectively, while the
clinical isolates s3, s4, s5, s6, s7 and s8 exhibited zone of
inhibition of 18, 22.5, 22.8, 19.9, 17.1 and 15.8 mm,  respec-
tively. The presence of inhibition zone clearly indicates that
the mechanism of the biocidal action of ZnO nanoparticles,
which involves disruption of the membrane with high rate of

generation of surface oxygen species and finally lead to the
death of bacteria. Interestingly, size of the inhibition zone was
different according to the type of isolates, where a similar work
has been reported [20]. ZnO powder has been used for a long
time as an active ingredient for dermatological applications in
creams, lotions and ointments on account of its antibacterial
properties. However, nanoparticles of ZnO are much more
effective agents in controlling the growth of various microorga-
nisms. The studies suggested that synthesized ZnO nanoparticles
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Fig. 6. Zone of inhibition versus clinical isolates of group A Streptococcus

are able to slow down the bacterial growth as a result of dis-
organization of S. pyogenes membranes, which increases the
membrane permeability leading to the accumulation of nano-
particles in the bacterial membrane and cytoplasm regions of
the cells [21,22]. The present research revealed that isolate s4
exhibited the maximum zone size, while isolate s8 exhibited
the least. Overall results indicated that ZnO nanoparticles were
effective in preventing the growth of group A streptococcus.

Conclusion

Zinc oxide nanoparticles were synthesized by combustion
method using Punica granatum epicarp as fuel. Powder X-ray
diffraction patterns confirmed the hexagonal phase and the
average crystallite size was found to be in the range of ~ 60
nm, which wass in agreement with the SEM results. A transition
of ZnO nanoparticles appeared at 374 nm and electronic band
gap of ZnO formed was estimated to be 3.48 eV. SEM analysis
showed that ZnO nanoparticles are in agglomerated form and
characteristic impurities of Punica granatum were also observed.
Zinc oxide nanoparticles synthesized using Punica granatum
provides a way to use natural resources without involving
chemical methods. The ZnO nanoparticles were further tested
for their antibacterial activity on clinical isolates of group A
Streptococcus and found effectively in preventing the growth
of group A Streptococcus.
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