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a b s t r a c t
In modern science, Nanotechnology is an ablaze ﬁeld for the researchers. Zinc oxide nanoparticles (ZnO
NPs) are known to be one of the most multifunctional inorganic nanoparticles with its application in
treatment of urinary tract infection. Nanoparticles were synthesized using Passiﬂora caerulea fresh leaf
extract and were characterized by UV-visible spectroscopy (UV–vis), X-ray diffractometer (XRD), Fourier
transform infrared spectroscopy (FT-IR), Scanning electron microscopy (SEM), Energy dispersive analysis
of x-ray (EDAX), Atomic force microscopy (AFM). Therefore, the study reveals an eﬃcient, eco-friendly
and simple method for the green synthesis of multifunctional ZnO NPs using P. caerulea. Urinary tract
infection causing microbes were isolated from the disease affected patient urine sample. The synthesized
nanoparticles have been tested against the pathogenic culture showed a very good zone of inhibition
compared with plant extract. It indicates the biomedical capability of ZnO NPs.
© 2017 Tomsk Polytechnic University. Published by Elsevier B.V.
This is an open access article under the CC BY-NC-ND license.
(http://creativecommons.org/licenses/by-nc-nd/4.0/)

1. Introduction
Nanotechnology involves the use of materials having nanoscale
dimensions in the range of 1–100 nm. Operating with nanomaterials has allowed researchers to have a much better understanding of
biology. The green synthesis of nanoparticles has greatly reduced
the use of physical and chemical methods. Various chemical methods have been proposed for the synthesis of zinc oxide nanoparticles (ZnO NPs), such as reaction of zinc with alcohol, vapor transport, hydrothermal synthesis, precipitation method etc [1–4]. The
use of green synthesis method by the researchers is rapidly increasing due to usage of less toxic chemicals, eco-friendly nature
and one step synthesis of nanoparticles [5]. The biological system
involved in the green synthesis of nanoparticles are plants and
their derivatives, microorganisms like bacteria, fungi, algae, yeast
[6–9]. P. caerulea L. (Passiﬂoraceae) is a medicinal plant native to
South America, used against different pathogens causing various
diseases such as diarrhea and their medicinal activity has been
reported in many animal models [10]. Biosynthesis of ZnO NPS
from plants such as Aloe vera, Sargassum muticum, Eichhornia crassipes, Borassus ﬂabellifer fruit, and also in some bacterial and fungal
species such as Bacillus subtilis and Escherichia coli, Ureolytic bac-
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teria, Lactobacillus plantarum have been reported [11]. Nanoparticles synthesis within the size range of 10–100 nm have become an
extensive research and concern due to their potential application
in wide areas of science and technology. Metal oxide nanoparticles have been extensively used for medicinal purposes in the past
decades. Metal oxide nanoparticles has environmental applications
as it can act as catalyst which is helpful in reduction or elimination of the toxic hazardous chemicals from the environment [12].
Some of the metal oxide nanoparticles like, Fe3 O4 , TiO2 , CuO and
ZnO are thoroughly been investigated for their various biological
activity [13]. Among those, ZnO NPs are used in the elimination
of toxic chemicals like arsenic, sulfur from water sources owing to
their large surface area by volume ratio than the bulk materials
[14]. Zinc oxide has remarkable application in micro- electronics,
diagnostics, optoelectronic devices, biomolecular detection, surface
acoustic wave devices like laser devices, electromagnetic coupled
sensor [1]. They can act as an alternative source for degradation of
atmospheric pollutants [14,15].
They also have potential application in the ﬁeld of medicine
like drug delivery, biological activities such as antimicrobial, antioxidant, etc., and diagnosis of diseases. Antimicrobial activity of
ZnO NPs against various pathogens such as B. subtilis, Salmonella,
Listeria monocytogenes, Staphylococcus aureus and E. coli using disc
diffusion method has been reported [16,17]. Also reported similar results by Punica granatum mediated synthesized ZnO NPs [19].
Some of the proposed mechanism responsible for antibacterial ac-
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Fig. 1. Schematic representation of synthesis of ZnO NPs.

tivity of ZnO NPs includes disruption of the cell membrane, oxidative stress induction and generation of reactive oxygen species
(ROS). It was reported that ZnO NP has showed high antibacterial
activity against urinary infection disease [20]. Further the antibacterial activity of these biological synthesized ZnO NPs was evaluated against different pathogenic microorganisms. Our aim of the
study is to synthesis ZnO NPs from the plant P. caerula L. and their
antibacterial activity against pathogens causing urinary tract infection.
2. Materials and methods
2.1. Plant collection
The leaves of P. caerulea L. (Passiﬂoraceae) was collected in VIT.
It is a medicinally important plant. Fresh green leaves, stem and
ﬂowers were harvested during the months of September to January.
2.2. Preparation of the plant extract
5 g of fresh leaves were washed with running tap water followed by Milli-Q water and then cut, and soaked in a 250 mL Erlenmeyer ﬂask containing 100 mL Milli-Q. The solution was boiled
at 70 °C for 8 min. The leaf extract was allowed to cool to room
temperature, ﬁltered through Whatman number-1 ﬁlter paper, and
the ﬁltrate was stored for further experimental use.
2.3. Synthesis of ZnO NPs
1 mM Zinc acetate [Zn(O2 CCH3 )2 (H2 O)2 ] was dissolved in 50 ml
Milli-Q water and kept in stirrer for 1 h respectively [4]. Then
20 mL of NaOH solution was slowly added into the Zinc acetate solution and 25 mL of plant extract was added to the same. (Fig. 1).
The color of the reaction mixture was changed after 1 h of incubation time. The solution was left in stirrer for 3 h Yellow color
appeared after the incubation time conﬁrmed the synthesis of ZnO
NPs. The precipitate was separated from the reaction solution by
centrifugation at 80 0 0 rpm at 60 °C for 15 min and pellet was col-

lected. Pellet was dried using a hot air oven operating at 80 °C for
2 h and preserved in air-tight bottles for further studies.
2.4. Characterization of biosynthesized ZnO NPs
Optical properties of ZnO NPs were characterized based on UV
absorption spectra with the wavelength range of 30 0–50 0 nm. Xray diffraction (XRD) analysis was performed on X-ray diffractometer (PAN analytical X-Pert PRO) operating at 30 kV and 40 mA. The
pattern was recorded by CuKα radiation with about 1.54060 Å Xray crystallography is used for the determination of crystal density,
purity and size of the nanoparticles. 2 mg of ZnO NPs was mixed
with 200 mg of potassium bromide (FTIR grade) and pressed into a
pellet for FTIR characterization. The sample pellet was placed into
the sample holder and FTIR spectra were recorded in FTIR spectroscopy at a resolution of 4 cm−1 [18]. Shape and size were analyzed by using SEM. Topography of the nanoparticles was characterized using Atomic Force Microscopy (AFM). Elemental compositions of the synthesized nanoparticle were characterized using
Elemental Dispersion Analysis of X-ray (EDAX).
2.5. Antibacterial activity of synthesized ZnO NPs
The antibacterial activity of synthesized ZnO NPs was performed by agar disc diffusion method against urinary tract infection pathogens Klebsiella pneumonia, B. subtilis, E. coli, Serratia sp.,
and Streptococcus sp. Fresh overnight culture of each strain was
swabbed uniformly onto the individual plates. The 25 μl, 50 μl and
75 μl of ZnO NPs solution impregnated disc were placed onto the
plates and incubated for 24 h at 37 °C. Commercial antibiotic discs
were placed as control. After incubation period got over, different
levels of zonation formed around the disc was measured.
3. Results and discussion
3.1. Visual observation
ZnO NPs have attracted great attention because of their superior optical properties. Visual color change is the preliminary test
for nanoparticle synthesis. (Fig. 2) represents the synthesis of ZnO
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Fig. 2. Visual observation of ZnO NPs synthesis (a) P. caerulea leaves (b) initial color (c) ﬁnal color change.

3.3. SEM and EDAX
SEM analysis is done to visualize shape and size of nanoparticle.
JSM6510LV Scanning electron microscope was used to determine
the shape of P. caerulea capped ZnO NPs (Fig. 3). SEM images were
seen in different magniﬁcation ranges like 2 μm–200 nm which
clearly demonstrated the presence of spherical shaped nanoparticle with mean average diameter of 70 nm [21]. (Fig. 4) shows
the EDAX analysis, conﬁrmed the presence of metallic zinc oxide
in biosynthesized ZnO NPs. The composition obtained from EDAX
analysis was Zinc (75.36%), Oxygen (22.36%), and Carbon (2.29%).
The presence of carbon in trace amount indicates the involvement
of plant phytochemical groups in reduction and capping of the synthesized ZnO NPs [22] (Fig. 5).

3.5. X-ray diffraction (XRD)
Fig. 3. UV-vis spectrum of ZnO NPs synthesized by P. caerulea.

NPs synthesized using freshly prepared P. caerulea fresh leaf extract. Color change from half white to pale yellow represents the
synthesis of ZnO NPs.

3.2. UV-visible analysis
UV-visible spectroscopy is usually conducted to conﬁrm the
synthesis of ZnO NPs. Conducting electrons start oscillating at a
certain wavelength range due to surface plasmon resonance (SPR)
effect. (Fig. 3) represents the UV-visible spectra of freshly prepared
ZnO NPs. Peak obtained at 380 nm clearly demonstrates the presence of ZnO NPs in the reaction mixture. Initial peak obtained at
range of 420 nm got further raised due to oscillation of more electrons after 5 h which depicts the continuous synthesis of ZnO NPs.

XRD Spectra provides an insight about the crystallinity of
nanoparticle. (Fig. 6) represents XRD Spectra of ZnO NPs synthesized using P. caerulea fresh leaf extract. Size of the nanoparticle was calculated using Debye–Scherrer equation. X-ray diffraction
peaks obtained at 31.8°, 34.44°, 36.29°, 47.57°, 56.61°, 67.96° and
69.07° corresponded to the lattice plane of (1 0 0), (0 0 2), (1 0 1),
(1 0 2), (1 1 0), (1 1 2), (2 0 1) Suggesting the face-centered cubic
(fcc) crystal structure of the nanoparticle. Joint Committee on Powder Diffraction Standards (JCPDS) was used as a reference to assign
the lattice planes according to the peaks obtained. Average size of
the synthesized nanoparticle was found to be. 37.67 nm.

D=

Kλ
β cosθ

where, D- particle size in nm, λ- X-ray wavelength, β - FWHM, θ Bragg’s angle of reﬂection. Table 1 represents the FWHM value for
every peak assigned for particle size calculation.
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Fig. 4. SEM Images of ZnO NPs in different magniﬁcation ranges (a) 2 μm (b) 200 nm.

Fig. 5. EDAX Spectrum of ZnO NPs.

Table 1
Parameter calculation for average size calculation for nanoparticle.

Fig. 6. XRD Spectrum of ZnO NPs.

3.6. FT-IR analysis
Substance-speciﬁc vibrations of the molecules lead to the speciﬁc signals obtained by IR spectroscopy. FT-IR spectra and functional group involved in ZnO NP synthesis illustrated peak in the
range of 50 0–40 0 0 cm−1 (Fig. 7a and b and Table 2). Broad peak
obtained at 3321.42 corresponded to OH stretching vibrations, peak
in the range of 1541.12 and 1429.25 corresponded to C=C stretch

2θ

hkl

FWHM (β )

D (nm)

31.8
34.44
36.29
47.57
56.61
67.96
69.07

100
002
101
102
110
112
201

0.152
0.192
0.238
0.309
0.217
0.37
0.401

56.77
45.26
36.7
29.36
43.44
27.05
25.11

in aromatic ring and C=O stretch in polyphenols and C–N stretch
of amide-I in protein. Weak peaks obtained at 1083.99, 1018.41 and
893.03 demonstrated the presence of C–O stretching in amino acid,
C–N stretching and C–H bending respectively. A very ignorable
peak obtained at 650.01 and 532.35 demonstrated the probable
presence of C- Alkyl chloride and Hexagonal phase ZnO [23]. Plant
extract itself had shown a broad range at 3304.06 corresponding to
N–H stretch of amide group, sharp peaks obtained at 1635.64 and
1367.53 corresponded to C=C stretch alkane group and -C–H bending alkane group respectively. Weak peaks obtained at 1213.23 and
536.23 strongly depicted the presence of C–N stretch amine group
and C-Br stretch alkyl Halide (Table 3).
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Fig. 7. FT-IR Spectrum of ZnO NPs (a) Plant extract (b) ZnO NPs with plant extract.

Fig. 8. AFM of ZnO NPs synthesized by plant extract.

3.7. AFM analysis
AFM analysis is gives us insight about the topography, roughness of nanoparticles. AFM imaging was conducted in different
magniﬁcation ranges of 1, 2, 5 and 25 μm. AFM (Fig. 8) image
clearly demonstrate smooth nanoparticle with capping of phytochemicals over the surface of nanoparticle [24].
3.8. Antimicrobial activity
Agar disc diffusion technique was adopted to perform the assay. Anti-bacterial effect of ZnO NPs was visualized against urinary tract infection pathogen like E.coli, Streptococcus sp., Enterococcus sp., Klebsiella sp. Ampicillin disc was used as a control. Results

clearly demonstrate that the nanoparticle showed anti- bacterial
effect in a dose-dependent manner (Fig. 9 and Table 4). Maximum
zone of inhibition was observed against a gram- bacterium (E. coli).
Minimum zone of inhibition was observed against a gram + bacteria (Enterococcus sp.). Different mechanism of action of nanoparticle against gram + and gram – bacteria has been already reported
in previous literature because of difference in structural composition. Zone of inhibition obtained using nanoparticle was much
lower than the standard disc used which depicts the need of further engineering of nanoparticle to obtain desirable effects. The
entire tests were done in triplicate. The zinc oxide nanoparticles
are inhibit the microbial growth in in-vitro antimicrobial activities
[18,19].
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Fig. 9. Antibacterial activity of ZnO NPs against (a) Klebsiella sp. (b) Streptococcus sp. (c) Enterococcus sp. and (d) E.coli.

Table 2
Functional involved in ZnO NPs synthesis analyzed by FT-IR.
S. No

Absorption peak
(cm− 1) in ZnO NPs

1.
2.

3321.42
1541.12

3.
4.
5.
6.
7.
8.

1429.25
1083.99
1018.41
839.03
650.01
532.35

Bond/functional groups
OH stretching vibrations
C=C stretch in aromatic ring and C=O
stretch in polyphenols
C–N stretch of amide-I in protein
C–O stretching in amino acid
C–N stretching
C–H bending
C- Alkyl chloride
Hexagonal phase ZnO

Table 3
FT-IR Spectral peaks of plant extract.

The functional groups of phytochemicals induce the nanoparticle
synthesis were amines and alkanes that are widely seen in secondary metabolites such as terpenoids, ﬂavonoids, alkaloids, etc.
As a preliminary conﬁrmation, the rapid synthesis of ZnO NP was
measured using the UV- Visible spectroscopy at a maximum absorbance of 380 nm. Further the XRD analysis proved the crystalline nature of the ZnO NP, while the EDX analysis conﬁrmed the
presence of zinc and oxide ions in the nanoparticles. The SEM analysis of ZnO NP demonstrated the size approximately in the range
of 30–50 nm. Also the anti-bacterial activity of ZnO NPs has proved
that these can be used as potent anti-bacterial agent against urinary tract infection.
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Table 4
Antibacterial activity of synthesized ZnO NPs against pathogenic bacteria.
Sample name

Zone of inhibition (mm)
Ampicillin

25 μl

50 μl

75 μl

E. coli
Enterococcus sp.
Klebsiella sp.
Streptococcus sp.

13
19
09
04

7.00 ± 0.58
7.33 ± 0.88
8.33 ± 0.88
8.33 ± 0.88

10.33 ± 0.88
8.00 ± 1.00
9.33 ± 0.88
10.03 ± 1.16

13.00 ± 1.16
9.33 ± 0.88
11.00 ± 1.16
11.67 ± 0.88

4. Conclusion
Green synthesis of nanoparticles used in this experiment is
found to be eco-friendly, non-toxic and less usage of chemicals
compared to physical and chemical method. The presence of phytochemicals in the leaf extract itself helps in the synthesis of metal
oxide nanoparticle by inducing oxidation and reduction reaction.
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