
Vol.:(0123456789)

SN Applied Sciences (2019) 1:651 | https://doi.org/10.1007/s42452-019-0671-5

Research Article

Phyto‑mediated synthesis of zinc oxide nanoparticles using aqueous 
plant extract of Ocimum americanum and evaluation of its bioactivity

H. K. Narendra Kumar1 · N. Chandra Mohana1 · B. R. Nuthan1 · K. P. Ramesha1 · D. Rakshith1 · N. Geetha2 · 
Sreedharamurthy Satish1

© Springer Nature Switzerland AG 2019

Abstract
Bionanotechnology has gained wide attention in the research field of modern materials science over the past decade. 
Biogenic synthesis of zinc oxide nanoparticles (ZnO NP) has been focused by researchers due to their non-toxicity and a 
broad range of applications. In the present work, spherical shape nanoparticles (average 21 nm size) were obtained using 
plant extract of Ocimum americanum. The biosynthesized ZnO NPs showed a strong absorption peak at 316 nm which is 
a characteristic feature of ZnO NPs. Further, biophysical characterization of synthesized ZnO NPs was carried out using 
Fourier transform infrared spectroscopy in comparison with plant extract to determine the possible functional groups 
involved in ZnO NPs formation, X-ray diffraction and confirmed the crystalline nature which is in accordance with JCPDS 
ID for ZnO NPs, scanning electron microscopy and dynamic light scattering for shape and size. Evaluation of antimicro-
bial efficacy of the biosynthesized ZnO NPs was found to be significant against four Gram-positive, four Gram-negative 
bacteria and two human pathogenic fungi. These results affirm that plant mediated ZnO NPs are potential for effective 
antioxidant and antimicrobial therapeutics.
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1 Introduction

Bionanotechnology has been extensively focused in the 
past decade. The metal oxide nanoparticles have been 
promising source owing to their extremely small size and 
large surface area [1–3]. Metal oxides owing to their dif-
ference in electronic structure exhibit metallic, semicon-
ductor and insulator character along with biological activi-
ties [4–9]. The preparation of metal oxide nanostructures 
can be employed through both physical and chemical 
methods. Among these, sol–gel synthesis [10–12] and 
green synthesis [13–20] for fabrication has been exten-
sively studied by researchers in material sciences. These 
metal oxides NPs have a wide range of properties such 
as optical, thermal, catalytic, optoelectronic, mechanical, 

magnetic, electrical, photochemical and biological activi-
ties making them excellent candidates for various applica-
tions. The metal oxide NPs have various applications in the 
field of medicine and different strategies have also been 
adopted for synthesizing nanoparticles such as organo-
metallic synthesis, pyrolysis, thermal evaporation, micro-
wave methods, mechanical milling and biosynthesis using 
organisms [21–24]. Among the metal oxide synthesis tech-
nique, the biological synthesis is due to its non-toxicity, 
low cost and eco -friendly. Zinc oxide has been attractive 
to researchers, because of its characters features such 
as biosafety, susceptibility to microorganisms, electrical 
and thermal properties. ZnO NPs have shown consider-
ably high activity compared to CaO and MgO [21, 22]. 
Furthermore, it is non-toxic, compatible with the skin and 
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used in many dermatological applications. Many reports 
have suggested that ZnO NPs interfere in membranes of 
prokaryotes there by breaking the integrity of membranes 
eventually leading to bacterial death [25–31]. Nanoparti-
cles penetrate the bacterial cells thereby producing reac-
tive oxygen species which damages the DNA, cell mem-
branes and cell proteins which inhibits the growth and 
development of bacterial cell and leading to death [26, 27, 
52]. Biosynthesized ZnO NPs have been reported in previ-
ous studies to possess significant inhibition against both 
bacterial as well as fungal pathogens when compared with 
chemically synthesized nanoparticles [30].

Ocimum americanum L. (Lamiaceae) also known as 
American basil or hoary basil. It is a traditional medicinal 
plant which is distributed throughout India [32, 33]. The 
plant is mainly known for its medicinal aspects and is used 
in treatment of dysentery, skin diseases, fever, coughs, 
cold, diabetes, indigestion, diarrhoea, toothache, migraine 
and also against bacterial and fungal infections [32–35]. 
The present investigation is the first report on biosynthesis 
of ZnO NPs synthesized using Ocimum americanum, since 
this plant extracts are previously reported as consider-
able bioactivity. Therefore, ZnONP’s were characterized 
by scanning electron microscope (SEM), X-ray powder 
diffraction (XRD) and Fourier-transform infrared spectros-
copy (FTIR) techniques. Hence, owing to its ethnomedici-
nal values the present investigation has been undertaken 
to evaluate bioactive potential of biosynthesized ZnONPs 
from aqueous extract of Ocimum americanum.

2  Materials and methods

2.1  Plant collection site

Specimens of Ocimum americanum was collected from 
Mysuru, Karnataka, India (12.26°N 76.6°E, Elevation 763 m). 
The plant was authenticated by Botanical taxonomist from 
Department of Studies in Botany, University of Mysore, 
Manasagangotri, Mysore, Karnataka, India.

2.2  Preparation of Ocimum americanum plant leaf 
extract

Fresh asymptomatic plant of Ocimum americanum was 
thoroughly washed with running tap water followed by 

double sterile distilled water for removing particulate dust 
material from the plant surface. The shade dried plant 
samples were crushed into a fine powder using a blender. 
Further, 10 g of fine powdered plant material was mixed 
in 100 ml of nanopure water and subjected to water bath 
at 60 °C for 15 min. The extract was filtered with Whatman 
No.1 filter paper for the synthesis of zinc oxide nanopar-
ticles [26].

2.3  Synthesis of zinc oxide nanoparticles

Zinc nitrate hexahydrate (1 Mm) of 10 mL solution was 
dissolved in 90 ml of a prepared plant extract with nano-
pure water and kept in water bath at 60 °C for 1 h. The 
color change was observed confirming the reaction after 
1 h of incubation time. The solution was later centrifuged 
at 8000 rpm at room temperature (RT) for 15 min and the 
pellet was collected. The pellet obtained was subjected for 
repeated centrifugation thrice suspended with nanopure 
water, later air dried at RT for 2 h and preserved for further 
studies [36, 37].

2.4  Characterization of zinc oxide nanoparticles

The synthesized zinc oxide nanoparticles were charac-
terized by UV–Vis spectroscopy (DU739, Beckman Coul-
ter, Germany) with operating resolution of 1 nm from 
200 to 600 nm; Dynamic Light Scattering (DLS) Analysis 
(Microtrac, USA); Fourier Transform Infra-Red (FT-IR) Spec-
troscopy (Perkin Elmer Spectrum Two); X-ray diffraction 
(XRD) analysis (Rigaku Desktop Miniflex II X-ray powder 
diffractometer) and Scanning electron microscopic (SEM) 
(HITACHI S-3400 N, Japan).

2.5  Anti‑oxidant activity

The antioxidant activity of biosynthesized ZnO NPs were 
determined using DPPH method. 100 µl of DPPH solu-
tion (dissolved in methanol) was displaced in 96 well 
plates. 50 µl of ZnONPs with concentration ranging from 
1, 0.5, 0.25 to 0.125 mg/mL was added and the mixture 
was incubated at RT for 20 min along with Ascorbic acid as 
a reference standard for determining antioxidant activity 
[27]. The absorbance of samples was measured at 517 nm 
followed by DPPH scavenging activity was calculated 
using the below equation.

Scavenging activity (%) =
[(

ADPPH − As
)

∕ADPPH
]

× 100
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where ADPPH is absorbance without sample and As the 
absorbance in the presence of the samples. Ascorbic acid 
was used as the standard antioxidant.

2.6  Antimicrobial activity

Antimicrobial susceptibility test against human patho-
genic bacteria and fungi was carried out by disc diffu-
sion method [14]. The test microorganisms Bacillus cereus 
(MTCC 430), Klebsiella pneumonia (MTCC 7407), Staphy-
lococcus aureus (MTCC 7443), Vibrio parahaemolyticus 
(MTCC 451), Escherichia coli (MTCC 7410), Pseudomonas 
aeruginosa (MTCC 7903), Salmonella typhi (MTCC 733), Xan-
thomonas citri (MTCC 7908), Candida albicans (MTCC 183), 
Aspergillus parasiticus (MTCC 2796) were procured from 
Microbial Type Culture Collection (MTCC), Chandigarh, 
India. The sterile discs (6 mm) impregnated with fabricated 
ZnONP’s (50 µg/disc) were placed on Muller-Hinton agar 
(MHA), Sabouraud Dextrose Agar (SDA) medium seeded 
with test bacteria and fungi, respectively. Zinc nitrate hex-
ahydrate (1 mM/disc) served as assay control, Gentamicin 
(10 µg/disc) as a positive control for bacteria and Nystatin 
(100 µg/disc) for fungi. The plates were then incubated at 
37 ± 2 °C for bacteria, 25 ± 2 °C for fungi and zone of inhibi-
tion was recorded [26, 30].

2.7  Live and dead cell analysis

The live and dead cell was performed by treatment of test 
bacteria E. coli and Staph. aureus (1.5 × 108 CFU mL−1) with 
ZnO NPs (50 µg), Gentamicin (10 µg/disc) and untreated 
cells as control for 24 h at 37 ± 2 °C. After incubation the 
cells were centrifuged at 10,000 rpm for 10 min, followed 
by pellet wash using phosphate buffer saline (PBS) solu-
tion. The bacterial cell samples were mixed with fluores-
cent dye solution of ethidium bromide (EB) and acridine 
orange (AO) at 1:1 ratio allowed to stand for 30 min [26]. 
Followed by resuspension with 10 µl of PBS solution, the 
solution was air-dried in a clean microscopic glass slide 
and examined using a Fluorescence microscope (Law-
rence and Mayo, Germany; excitation filter 430 to 470 nm 
at 100× magnification).

2.8  Statistical analysis

Data from three replicates were analyzed for each experi-
ment and analysis of variance (ANOVA) using IBM SPSS 
Version 25.0. Significant effects of treatments were 

determined by F values (p ≤ 0.05). Tukey’s HSD test sepa-
rated treatment means for the analysis.

3  Results and discussion

3.1  Characterization of the biosynthesized ZnO 
nanoparticles

3.1.1  Optical characterization by UV–Visible absorption

The preliminary confirmation of nanoparticles was con-
firmed by visual observation of color change. The synthesis 
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Fig. 1  UV–Vis spectra of biosynthesized ZnO-NPs synthesized from 
Ocimum americanum 
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was later confirmed by using UV–Visible spectroscopy for 
the wavelength range of 200–600 nm at 1 nm range inter-
val [37, 38]. The absorption maxima were observed in the 
range 280–330 nm with a strong peak at 316 nm (Fig. 1) 
which is in accordance with previous studies [38].

3.1.2  FTIR

The FT-IR spectrum of plant extract and synthesized 
nanoparticles were recorded from 4000 to 600 cm−1 by 
ATR method with a resolution of 4 cm−1 and 50 scans. 
Spectroscopic sample measurements were carried out 
on a Spectrum two FT-IR spectrometer. The FT-IR of plant 
extract and biosynthesized zinc oxide nanoparticles are 
given in Fig. 2. FT-IR study revealed the possible func-
tional groups involved in the reduction and capping. 
The FTIR spectrum was recorded for the determination 
of functional groups which led to the formation of ZnO 
NP. Broad peaks at 3374 and 1644 cm−1 show the pres-
ence of O–H stretch and hydrogen bonded groups in 
alcohol, phenol or water molecules in the extract [35]. 
A strong absorption peak at 1636 cm−1 indicates that 
the stretching vibration of hydroxyl (or) carboxyl groups 
on the surface of the ZnO NP [39, 40]. The metal oxide 
vibrational peaks denote in between 600 and 400 cm−1. 
The peak 1343 cm−1 indicates the asymmetric stretch-
ing vibration of nitrate ions [40]. The action of ZnO NP 
synthesis and stabilization by capping might be due to 
the coordination of ZnO NPs with –OH and C–O groups.

3.1.3  X‑ray diffraction (XRD) analysis

The XRD pattern of ZnO NP confirms their spherical 
structure. In XRD pattern, diffraction angles are 31.61°, 
34.23°, 36.35°, 47.63°, 56.32°, 62.79°, 66.97°, 67.02°, 
69.37°, and 76.18° which corresponding to reflection 
planes are 100, 002, 101, 102, 110, 103, 200, 112, 201, 
and 202 (Fig. 3). The obtained peaks matching with the 
JCPDS card no. 36-1451 confirming the ZnO (spherical 
structure) without any impurities [41, 42]. Sharp and nar-
row diffraction peaks indicate the pure crystalline nature 
of the material.

30 40 50 60 70 80

20
2

20
111

2
20

0

10
3

11
0

10
2

10
1

10
0

00
2

In
te

ns
ity

 

2θ

 ZnONP

10
0

Fig. 3  X-ray diffraction spectrum of biosynthesized ZnO NPs from 
Ocimum americanum 
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Fig. 5  Scanning electron microscopic analysis of biosynthesized 
ZnO-NPs from Ocimum americanum 
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Fig. 6  Determination of anti-oxidant activity of biosynthesized 
ZnO-NPs from Ocimum americanum 

3.1.4  DLS analysis and zeta potential

The particle size distribution is depicted in Fig. 4 as the 
histogram obtained from DLS analysis plot using origin 
[43]. The DLS analysis revealed particles size of an aver-
age diameter of 21 nm in aqueous colloidal solution. The 
zeta potential was found to be 12.6 mV which has positive 
polarity [26, 44].

3.1.5  SEM

The morphology of biosynthesized of ZnO NPs were found 
to be spherical in shape with results observed from SEM 
micrograph (Fig. 5) at resolution of 1 µM [45].

3.2  Anti‑oxidant activity

DPPH assay serves as a rapid method for determining free 
radical scavenging activity. The color change occurs from 
purple to yellow when reduction occurs, which is quan-
tified by determining its absorbance at 517 nm [26, 46, 
47]. There was significant increase of free radical scaveng-
ing activity observed with increase in ZnO NPs (Fig. 6) 
(0.125  mg/mL–36.12%; 0.25  mg/mL–39.3%; 0.5  mg/
mL–42.01% and 1 mg/mL–44.57%).

3.3  Antimicrobial activity by disc diffusion assay

The aqueous extract of Ocimum americanum and the 
biosynthesized ZnO NPs were further subjected for their 
potential to inhibit test bacterial and fungal pathogens 
by disc diffusion method [48, 49]. The antimicrobial 
activity results showed significant inhibition against 
test pathogens. The highest inhibition was observed for 
ZnONPs against Kleibseilla pneumonia (33 mm) followed 
by Escherichia coli (31  mm), Bacillus cereus (30  mm), 
Staphylococcus aureus (29 mm), Pseudomonas aerugi-
nosa (27  mm), Xanthomonas citri (27  mm) and Vibrio 
parahaemolyticus (25 mm). On the other hand, the maxi-
mum zone of inhibition against pathogenic fungi were 
observed in Aspergillus parasiticus (42 mm) followed by 
Candida albicans (32 mm) (Fig. 7, Table 1). The aqueous 
plant extract and ZnO did not exhibit any antimicrobial 
activity. The results observed revealed high susceptibility 
to ZnO NPs against pathogenic fungi when compared 
to bacteria. The synthesized ZnO NPs were found to be 
stable when stored for three days at room temperature. 
Later, the synthesized ZnO NPs were reassessed for their 
biopotential, but no drastic changes were observed in 
their efficacy. The possible mode of action could be due 
to the cell membrane damage, DNA damage due to reac-
tive oxygen species (ROS), disruption of ATP production 
in turn affecting DNA replication [50–52].  

3.4  Live and dead cell analysis

The selective staining using fluorescent dye solution of 
ethidium bromide (EB) and acridine orange (AO) revealed 
morphological changes occurred in live and dead cells 
[26]. The bacterial cell suspensions were treated with 
biosynthesized ZnO NPs. Gentamicin showed the pres-
ence of more dead cells when compared to untreated 
cells (Fig. 8).
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Fig. 7  Evaluation of antimicrobial activity of biosynthesized ZnO-NPs from Ocimum americanum by disc diffusion assay (ZN biosynthesized 
ZnO-NPs, PE Aqueous plant extract, Z Bulk Zinc oxide, G Gentamicin, N Nystatin)
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Table 1  Determination of antimicrobial activity of biosynthesized ZnO-NPs from Ocimum americanum by disc diffusion assay

Values given are means of triplicates ± SD of the mean (SEM; significant p < 0.001) by one-way ANOVA. Values followed by the same super-
script letter(s) within columns are significantly different at p < 0.05 by Tukey’s post hoc test

Organism Gentamicin 10 µg  disc−1 ZnO NP Plant extract Zinc nitrate

Gram positive bacteria
 Bacillus cereus 17.67 ± 0.58d 30.33 ± 0.58de NIL NIL
 Klebsiella pneumonia 14.33 ± 0.58e 33.67 ± 0.58b NIL NIL
 Staphylococcus aureus 14.67 ± 0.58e 29.33 ± 0.58ef NIL NIL
 Vibrio parahaemolyticus 19.67 ± 0.58bc 25.67 ± 0.58h NIL NIL

Gram negative bacteria
 Escherichia coli 17.67 ± 0.58d 31.33 ± 0.58cd NIL NIL
 Pseudomonas aeruginosa 18.33 ± 0.58cd 27.67 ± 0.58fg NIL NIL
 Salmonella typhi 18.67 ± 0.58cd 23.67 ± 0.58i NIL NIL
 Xanthomonas citri 18.33 ± 0.58cd 27.67 ± 0.58fg NIL NIL

Nystatin 100 U  disc−1 ZnO NP Plant extract Zinc nitrate

Dermatophyte fungi
 Candida albicans 28.67 ± 0.58bc 32.67 ± 0.58a NIL NIL

Filamentous fungi
 Aspergillus parasiticus 18.67 ± 0.58 cd 42.67 ± 1.15a NIL NIL

Fig. 8  Fluorescent Live and dead cells of Gram positive and Gram negative bacteria treated with ZnO NPs
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4  Conclusions

The green synthesis of ZnO NPs using Ocimum america-
num was found to be economical, rapid, eco-friendly with 
potent antioxidant and antimicrobial activities. The bio-
synthesized ZnO NPs showed characteristic UV–Visible 
absorption peak at 316 nm. Further, characterization of 
ZnO NPs were carried out by FT-IR, XRD, SEM and DLS anal-
ysis. UV–Vis absorption spectroscopy analysis indicated a 
strong absorption maximum at 316 nm, confirming the 
biosynthesis of ZnO NPs. SEM revealed spherical shaped 
nanoparticles and XRD confirmed the crystalline nature. 
The present study revealed bio-fabricated ZnO NPs are 
more significant with potent antimicrobial activity against 
Gram-positive, Gram- negative and fungal pathogens.
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