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1. Introduction 
 The nanotechnology field has progressively developed 
as scientists explore novel nanostructures. Among 
different nanostructures, nanoparticles possess 
exceptional physical and chemical characteristics, like a 
huge surface area, small particle size and also good 
reactivity [1]. Among metal oxides and metal 
nanoparticles, Ag NPs and ZnO nanoparticles have 
attracted researchers due to their excellent antibacterial 
properties as well as optical and catalytic properties [2]. 

Also, the use of natural polymers as polymer matrices to 
grow silver nanoparticles is even greater appealing due 
to they are biodegradable [3]. Zinc oxide NPs, as 
member of n-type semiconductor, have a high excitation 
energy (60 meV) and also a big band gap energy of 
approximately 3.3 eV [4-8]. The fabrication of ZnO 
nanostructures is dominated by various conventional 
physical and chemical methodologies [9-11]. However, 
such approaches need hazardous chemical reagents and 
stabilizers, conditions of temperature and high pressure, 
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In this work, a facile and fast phytosynthesis of zinc oxide nanoparticles (ZnO 
NPs) were reported employing an aqueous extracts of flowering shoot tips of 
Hypericum perforatum L. (H. perforatum) and zinc chloride as reactants. UV-Vis 
Diffuse reflectance spectroscopy (UV-Vis DRS), X-ray Diffraaction (XRD), Field 
emission scanning electron microscopy (FESEM), Transmission electron 
microscopy (TEM), Energy dispersive X-ray spectroscopy (EDS) and Fourier 
transform infrared spectroscopy (FT-IR) were applied to characterize the 
fabrication of ZnO NPs. TEM results show a semi-spherical shape and a size 
range of 14 nm for synthesized ZnO NPs  and also represented UV-Vis absorption 
at 365 nm. The antibacterial property of phytosynthesized ZnO NPs and the 
aqueous extract of H. perforatum was also evaluated using the agar disc diffusion 
method (Kirby-Bauer test), minimum bactericidal concentration (MBC) and Broth 
micro-dilution method to determine the minimum inhibitory concentration (MIC).
The bacteria examined in this study are Methicillin-resistant Staphylococcus 
aureus (MRSA), Pseudomonas aeruginosa (both common causes of nosocomial 
infections), and Bacillus subtilis. Regarding the antibacterial properties of the 
synthetic samples, the best results were obtained with H. perforatum/ZnO NPs 
against B. subtilis. as follows: inhibition zone diameter at 1000 μg mL-1, 18 mm, 
MIC and MBC values of 39.06 μg mL-1 and 78.12 μg mL-1, respectively. 
Considering the favorable antibacterial activity of synthesized ZnO NPs using H. 
perforatum extract, they can be applied in bio-medicinal applications, particularly 
as nanobiotics.  
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expensive equipment, and are energy intensive, which 
do not in line with green chemistry guidelines. Thus to 
mitigate these challenges, biogenic routs are being 
developed and researched for the preparation of 
environmentally friendly and safe metal oxide NPs. The 
advantage of green synthetic processes is the utilize of 
eco-friendly reagents, cost- efficient and the production 
of less hazardous by-products [12-15]. In this method, 
different moieties like fungi, bacteria, plant and fruits 
extracts are implemented to fabricate ZnO NPs [16-20]. 
Among the various options, the green synthesis of ZnO 
NPs via plant extract have attracted considerable 
attention duo to its facile availability, eco-friendliness, 
simple set-up and cost-efficient approach, shorter 
duration and require less quantity of chemical solvents 
[1,21-22]. Nowadays, Numerous investigations have 
been conducted to prepare ZnO NPs via plant leaves/ or 
seed extract as capping/ reducing factors, owing to the 
disadvantages of chemically synthesized ZnO NPs. In 
recent researches, plant extracts of Melia azedarach [1], 
Citrus jambhiri lushi leaves [23], Bergenia ciliata 
Rhizome [24], Punica Granatum [25], Echinochloa 
frumentacea grains [26], Ilex paraguariensis [27], Ficus 
benghalensis [28], and Syzgium cumini leaves [29] have 
been applied for ZnO NPs fabrication. On account of 
these characteristics, ZnO NPs are extensively 
employed in numerous fields including novel gas 
sensors, biomedical equipment and optoelectronics [30-
33], industry of cosmetic [34], anticancer [35], 
antimicrobial and fungicidal properties [36-37]. 
Today, nosocomial infections such as urinary tract 
infection, surgical site infection etc. are one of the main 
agents of death worldwide. They increase the length of 
hospitalization and also lead to higher costs and 
morbidity [38]. Multidrug-resistant strains are growing 
with overuse of antibiotics. Failure to treat diseases 
caused by bacteria is owing to their resistance to 
antimicrobial drugs. As a result, the discovery of new 
antibacterial agents seems imperative [39].In addition, 
studies show that almost two-thirds of deaths caused by 
antibiotic-resistant bacteria in Europe are caused by 
gram-negative infections [40]. Over the years, 
researchers have made great efforts to acquire 
antibacterial materials using various methods such as: 
addition of nitroalkane to chalcones using  Michael 
addition reaction [41], synthesis of new antibiotic agent 
based on Mannich reaction [42], synthesis of novel 
amide derivatives [43]. Also Aldulaimi et al. [44] 
evaluated the antibacterial properties of  fluorescent 
carbon nanoparticles (FC NPs) modified silicone 
denture soft liner. As mentioned, among different 
nanostructures,  Ag NPs and ZnO NPs have attracted 

scholars due to their outstanding antibacterial. Several 
reports have shown that different types of silver 
nanoparticles have been used to inhibit fungi, bacteria, 
and viruses both in vitro and in vivo [45]. Also, 
biodegradable and antibacterial polymer films 
containing stable silver nanoparticles have been reported 
[46-48]. Several studies have also been conducted on 
the antibacterial properties of zinc oxide nanoparticles, 
especially against resistant bacterial strains [49]. Shokri 
et al.  [25] used P. granatum fruit peel extract and zinc 
nitrate hexahydrate to synthesize ZnO NPs. The 
antibacterial activity of  P. granatum/ZnO NPs  was 
investigated using  the broth microdilution method. The 
findings revealed that smaller size P. granatum/ZnO 
NPs exhibit better efficiency in inhibiting the growth of 
both Gram-negative and Gram-positive bacteria. 
Meanwhile,  the  cytotoxicity assay of  P. 
granatum/ZnO NPs showed larger-sized particles have a 
slightly higher cytotoxicity against cancerous and 
normal cells. 
In 2023, Dawar et al. used both microwave heating and 
conventional methods to prepare ZnO nanoparticles 
from the aerial roots of  Ficus benghalensis. The 
antibacterial activities were studied by the agar well 
diffusion method against of Gram-positive and Gram-
negative bacteria .The results demonstrated significant 
antibacterial activity of the synthesized ZnO NPs 
against the tested microorganisms [28]. Dhandapani et 
al. [1] prepared ZnO nanoparticles using leaf extract of 
Melia azedarach and zinc nitrate. Total antioxidant 
studies showed significant scavenger activity ranging 
from a minimum of 10.63% to a maximum of 54.97% . 
The antibacterial activities of green synthesized 
nanoparticles were tested against Gram-negative and 
Gram-positive bacteria using agar disc diffusion method 
and  the broth micro-dilution method. The results 
indicated that phytosynthesized ZnO NPs have clear 
potential for nanomedicine formulation due to their 
promising antioxidant and antibacterial properties. 
In another study, Pillai et al. [50] reported the synthesis 
of ZnO nanoparticles using the extracts of four different 
plants, including Brassica oleracea var. Italica., Beta 
vulgaris, Cinnamomum tamala and Cinnamom verum. 
The inhibition zone diameters of biosynthesized ZnO 
NPs against both Gram-negative and Gram-positive 
bacteria such as Escherichia coli and Staphylococcus 
aureus, respectively were evaluated. The antifungal 
properties of ZnO NPs were also shown against Asper 
Gillus nigeri and Candida albicans fungal stains. In 
general, the method was shown to be environmentally 
friendly, fast and cost-effective to synthesizing zinc 
oxide NPs as a potential antimicrobial agent against 
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multiple types of microbial species. In addition, there 
are many reports on the antibacterial properties of plants 
due to their non-toxicity, e.g  Matcha green [51],  
polyalthia lateriflora [52], Calopogonium mucunoides 
[53], the essential oil of the fruits of Phoenix dactylifera 
[54]. Furthermore, H. perforatum is a flowering plant in 
the Hypericaceae family and is aboriginal to Europe, 
Australia, Maderia and west Asia. H. perforatum is 
considered as a principal medicinal plant around the 
world because it contains widespread types of secondary 
metabolites with significant medicinal activities [55]. 
This traditional plant is one of the most employed 
treatments for various disorders, like eczema, 
psychological disorders (specifically depression), 
inflammatory diseases, burn and skin wounds [56-57]. 
Furthermore, it has antioxidant, anti-diabetic, antitumor 
and antibacterial activities and is also used to 
hypotensive [57-58]. The significant components 
reported in aerial parts of H. perforatum include the 
following groups: prenylated phloroglucinols 
(hyperforin), flavonoids (hyperoside, quercetin, 
isoquercitrin, rutin), phenolic acids (neochlorogenic 
acid, chlorogenic acid), naphthodianthrones (hypericin, 
pseudohypericin) [56-57,59]. 
In this work, we describe a facile, rapid and cost-
effective fabrication of ZnO NPs as a green synthesis 
method using aqueous extract of H. perforatum  as 
stabilizing and capping factors. The physico-chemical 
characteristics of as-prepared nanoparticles were 
studied. The antibacterial activity of both the extract and 
the phytosynthesized  ZnO NPs was also evaluated 
against MRSA, P. aeruginosa (both common causes of 
nosocomial infections) and B. subtilis using the agar 
disc diffusion method, MBC and  Broth micro-dilution 
method to determine MIC. 
 
2. Experimental 
2.1. Materials and Methods 
2.2. Chemicals 
Zinc chloride (ZnCl2. 2H2O), sodium hydroxide, were 
buyed from Merck (Germany) chemical company. 
Reagents applied in the present investigation were of 
pure and analytical grade. Deionized water was utilized 
in experiments. 
 
2.3. Plant material collection 
Flowering shoot tips of H. perforatum were collected 
from Bagh Firuze, village of Firuz Bahram (Tehran 
province, Iran) in June 2019. The voucher specimen was 
placed in the herbarium of the Faculty of 
Pharmaceutical Sciences, Tehran Medical Sciences, 

Islamic Azad University (Tehran, Iran) under code 
number of 273-PMP/A. 
 
2.4. Preparation of aqueous extract of Hypericum 
perforatum 
Flowering shoot tips of H. perforatum were first washed 
with water of tap and finally with  Deionized Water (DI 
H2O). The washed plants were dried in the shade and 
then ground. The obtained powder was soaked in DI 
water in a ratio of 1:10 at room tamperature. Then the 
mixture was heated and agitated during 1 hour and then 
shaken at room temperature. The resulting extract (a 
brown solution) was filtered and stored in a refrigerator 
at 4˚C. Additionally, part of the obtained aqueous 
extract was lyophilized (Christ Alpha 1-2, Germany) at -
50 ˚C. The resulting brown powder was kept at room 
ambient for later use. 
 
2.5. Biosynthesis of ZnO nanoparticles 
100 mililiters of the aqueous extract of H. perforatum 
was combined with 50 ml of ZnCl2.2H2O (0.1 M). The 
reaction mixture changed color (from brown to yellow-
green) when the solution of 5 M NaOH was used to 
achieve a final pH of approximately 9.5. The mixture of 
reaction was heated and agitated at 80 ˚C for 1 hour. 
The resulting mixture was then cooled to ambient 
temperature and centrifuged (10 min, 10000 rpm). The 
precipitate was rinsed 3 times with DI H2O in a 
centrifuge (10000 rpm, 10 min) and dried for 1 h in an 
oven. A dark brown precipitate was attained and after 
that this resulting precipitate was annealed at 500 ˚C for 
3 hours. Pale white precipitate was obtained as the final 
product. H. perforatum/ZnO NPs were collected and 
stocked at ambient temperature for further experiments. 
 
2.6. Characterization 
The phytosynthesised ZnO NPs were confirmed through 
UV-Vis DRS in the range of 300-800 nm (Shimadzu-
2550, Japan).  FT-IR spectra were obtained for as-
obtained samples in the range of 400-4000 cm-1 via an 
Avatar model FT-IR Spectrometer (Thermo, USA) to 
testify the functional groups. The structural and surface 
morphological features of the prepared nanoparticles 
were surveied using FESEM (Zeiss SigmaVP, 
Germany). Elemental analysis of the prepared samples 
was also performed by EDX. Biosynthesized ZnO NPs 
were subjected to X-ray diffraction analysis (XRD) with 
a Malvern, X’pert Pro diffractometer equipped with Cu 
Kα radiation (λ= 0.15406 nm) at 2θ range from 5◦ to 
80◦.  The shape and size of phytosynthesised ZnO NPs 
were also investigated by analyzing TEM images (Zeiss 
EM10C, Germany). 
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2.7. Antibacterial activity study 
The bacterial strains applied in this study were collected 
from the Department of Microbiology and Applied 
Virology Research Center, Baqiyatallah University of 
Medical Sciences, Tehran, Iran. Among the 
microorganisms were two gram-positive bacteria; 
Methicillin-resistant Staphylococcus aureus (MRSA), 
Bacillus subtilis (ATCC 6633) and gram-negative 
bacteria; Pseudomonas aeruginosa (PAO1). 
 
2.7.1. Agar disc diffusion method 
The agar disc diffusion method has been used to define 
the susceptibility of microorganisms to as-obtained 
samples (Kirby-Bauer). First, bacterial suspensions for 
each tested bacterium were prepared with sterile saline 
(0.9% sodium chloride) and their cloudiness was 
adapted to standard solution of 0.5 McFarland's at a 
concentration of 1.5 × 10 8 CFU/ml. In petri dishes, the 
bacterial suspension was transferred to Mueller-
Hinton Agar (MHA) medium and spread equally on the 
surface of the medium (grass culture) with a sterilized 
cotton swab. Then blank paper discs (diameters 6 mm) 
containing 25 μL of extracts and synthesized ZnO 
nanoparticles (at concentrations of 250, 500 and 1000 
μg/mL) were placed on the inoculated medium. The 
plates were incubated for a duration of 20 hours at 37 
˚C, following which the diameter of the inhibition zone 
(mm) was investigated. Furthermore, Gentamycin 
standard discs (10 μg) were employed as control. 
Experiments were accomplished in triplicate. 
 
2.7.2. MIC and MBC studies 
Minimum inhibitory concentration (MIC) studies of 
extracts and fabricated ZnO NPs were achieved using a 
Clinical and Laboratory Standards Institute (CLSI) 
based Broth micro-dilution assay. This was performed 
using sterile 96-well microplates. All wells were filled 
with100 μL of Muller Hinton Broth (MHB). Then,100 
microliters of the stock solutions from the synthesized 
samples were poured into the first well of each row in 
the microplate. Two-fold serial dilution of these stock 
solutions was done in 96-well microplates. The 
cloudiness of the bacterial suspensions was adapted 
standard solution of 0.5 McFarland's. Then 10 
microliters of every diluted microbial suspension was 
transferred to all wells, so that after inoculation, every 
well included nealy 5 × 105 CFU /ml (CLSI 2015). 
Wells of control were filled with only MHB and 
solutions from synthesized samples (negative control) 
and also only with MHB and bacterial suspensions 
(positive control). After that, the microplates were 
located in an incobator for a duration of 20 hours at 37 

˚C. The MIC was then determined as the lowest 
concentration of extracts and synthesized zinc oxide 
nanoparticles that inhibited visible bacterial growth. On 
the other hand, the minimum bactericidal concentration 
(MBC) complements the MIC value. Each turbidity-free 
well corresponding to the MIC was cultured separately 
on Muller-Hinton agar medium. Then all the plates were 
incubated for a duration of 20 hours for MBC 
determination. MBC was then distinguished as the 
lowest concentration of the synthesized samples that 
prevented bacterial growth. Experiments were 
accomplished in triplicate. Additionally, Gentamycin 
was employed as a control. 
 
3. Results and discussion 
3.1. Phytosynthesis of ZnO nanoparticles using H. 
perforatum and possible mechanism 

Phytosynthesized ZnO NPs are persistent and vary in 
shape and size. Some of the main factors affecting the 
different morphology and size of phytosynthesized 
ZnONPs may depend on the change in thermal 
treatment temperature, variations of pH, reaction time, 
zinc salt and extract concentration [60-61]. By 
increasing the extract concentration to a fixed amount 
of zinc precursor, the particle size decreases [62], 
particle size increases by increasing the concentration 
of Zn precursors without changing extract 
concentration [63], an increase in pH decreases 
particle size and agglomeration [20,64] as the 
calcination temperature increases, the crystallinity 
improves and the particle size increases [65-25]. 
Calcination temperature can also affect particle 
morphology. Sukri et al. [25] used P. granatum fruit 
peel extract for phytosynthesized ZnO NPs. They 
reported spherical structures in samples calcined at 
500 °C, while hexagonal structures were also seen in 
samples calcined at 700 °C. The plant extracts contain 
different biomolecules, the compound and 
concentration of which can differ according to type of 
the plant. Considering the possible concurrent 
involvement of several bioactive molecules in the 
synthesis, the exact mechanism of the preparation of 
zinc oxide NPs using plant extracts is not known [61]. 
Many researchers believe that the possible mechanism 
is not related to the reduction of Zn2+ to zinc element 
and then oxidation in air at high temperature. Instead, 
Zn2+ forms a complex structure with bioactive 
molecules through polar functional groups. The 
complex is then thermally decomposed using 
calcination, releasing the ZnO nanoparticles, followed 
by particle growth, finally giving the observed capped 
and stabilized ZnO nanoparticles [27, 60-61, 66]. 
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Fig. 1. Schematic diagram for synthesis of  ZnO NPs using H. perforatum extract, a) interaction of Zn 2+ ions with water and main 
compounds in H. perforatum, b) calcination of coordinated complexes and formation of H. perforatum/ZnO NPs. 

 
In the current research, ZnO nanoparticles were 
obtained using an aqueous extract of flowering 
shoot tips of H. perforatum. 

The most significant phytochemical components of H. 
perforatum have been isolated from the aerial parts of 
H. perforatum, including rutin, hyperforin, hyperoside, 
isoquercitrin, quercetin, neochlorogenic acid, 
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chlorogenic acid, hypericin and pseudohypericin 
[56,59]. These are compounds like flavonoids and 
polyphenols have hydroxyl groups or atoms with lone 
pair electrons like oxygen. They are better known as 
antioxidants and can neutralize free radicals and 
reactive oxygen species [67]. When aqueous extract of 
H. perforatum was heated with solution of 
ZnCl2.2H2O (pH= 9.5) at 80 ˚C for 1 hour, the lone 
pair electrons of polar functional groups in aqueous 
extract like –OH, can occupy two orbitals of the Zn2+ 
ions and make coordinated complexes with positively 
charged zinc ions. Then resulting  dark brown 
precipitate was annealed. Infact, when this precipitate 
is placed in muffle furnace at 500 ˚C  for 3 hours, this 
action causes the release of carbon and its combustion, 
and most of the phytochemical components (Primary 
and secondary metabolites) of H. perforatum are 
removed. In addition, ZnO nanoparticles were formed 
via calcination of these complexes. FTIR  analysis 
(Fig. 3c) revealed residues of  phytochemical 
components of plant in H. perforatum/ZnO NPs. They 
played a fundamental role as capping and stabilizing 
factor in the phytosynthesis of ZnO NPs. Furthermore, 
these antioxidant components of H. perforatum also 
impeded the agglomeration of ZnO NPs via adhering 
to the surface of ZnO NPs and control the measure of 
nanoparticles. All these steps are shown schematically 
in Fig. 1. 
 

3.2. UV-Vis DRS spectroscopy 
Phytosynthesized ZnO NPs were evaluated using UV-
Vis DRS in a range from 300-800 nm. The UV-Vis 
spectrum of ZnO NPs reveals an excited absorption 
peak at 365 nm (Fig.2). Similar UV-Vis results were 
also announced for other phytosynthesized zinc oxide 
NPs [27,68]. Due to the intrinsic band gap, when the 
excited electrons move from the valence bands to 
conduction bands, we can recognize the characteristic 
absorption peak of ZnO NPs [25]. The wavelength value 
reduces due to the decrease in the size of Zinc oxide 
NPs (blue shift) and the absorbance also decreases 
[25,27,69]. 
 
3.3. Fourier transform infrared (FTIR) spectroscopy 
FTIR measurements were performed to distingush the 
potential biomolecules of the H. perforatum extract 
responsible (Fig. 3a). prenylated phloroglucinols 
(hyperforin), flavonoids (rutin, hyperoside, 
isoquercitrin), phenolic acids (neochlorogenic acid), 
naphthodianthrones (hypericin) are the most important 
constituents of H. perforatum [57,59]. In the FTIR 
spectrum of aqueous extract of H. perforatum, wide 

peaks between 3200-3600 cm-1 correspond to O–H 
stretching vibrations of phenols, alcohols and carboxylic 
acids. 

 
Fig. 2. UV-Vis DRS absorption spectra of phytosynthesized 
ZnONPs at 500 ˚C. 
 
 
Bands at 3005 cm-1 and 2918 cm-1 show the C-H 
stretching of the alkene (both aromatic) and alkane 
respectively. Characteristic bands at 1624 -1732 cm-1 
attributed to C=C aromatic stretching and vibration of –
C=O groups of carboxylic acids, ketones and esters. The 
peak at 1456 referred to C=C aromatic stretching. The 
bands observed at 1076 cm-1 are due to C-O bond 
stretching of carboxylic acids, esters and alcohols. 
Figure 3c depicts the FT-IR analysis of H. 
perforatum/ZnO NPs. The peaks of the metal oxygen 
bond are between 400 and 600 cm-1 [70]. According to 
Figure 3c, the FT-IR spectrum manifest a characteristic 
peak at 451 cm-1 owing to the Zn-O vibrations [68]. 
Also the characteristic band at 3553 cm-1 represents the 
O-H functional group stretching vibrations of carboxylic 
acids, phenols and alcohols. The bands perceived at 
1051 cm-1 attributed to C-O bond of esters, carboxylic 
acids, ethers and alcohols. The presented functional 
groups in FT-IR measurement (Fig. 3c) illustrated that 
these H. perforatum metabolites played a fundamental 
role as capping and stabilizing factor in the 
phytosynthesis of ZnO NPs. The residues of plant 
metabolites impeded the agglomeration of ZnO NPs via 
adhering to the surface of ZnO NPs. Also the FT-IR 
spectra of annealed ZnO NPs shows distinct 
characteristics at 451 cm-1 when compared with the FT-
IR analysis of biosynthesized ZnO NPs before annealing 
process (Fig. 3b & 3c). 
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3.4. XRD analysis 
According to Figure 4, the XRD pattern of annealed 
ZnO nanoparticles is depicted. The important diffraction 
peaks of ZnO nanoparticles at 2θ values of 31.84 ˚, 
34.46 ˚, 36.27 ˚, 47.56 ˚, 56.69˚,62.97 66.50, ˚ 68.09˚ 
and 69.20 ˚ which can be attributed to the (100), (002), 
(101), (102), (110), (103), (200), (112) and (201) planes 
of the hexagonal form of ZnO, which proves the 
fabrication of Zinc oxide NPs [71-72]. The observed 
diffraction peaks correspond to the standard reference 
powder diffraction pattern accounted for hexagonal ZnO 
NPs (JCPDS no 36-1451) [27]. The existence of sharp 
and strong diffraction peaks represents that the annealed 
ZnO NPs posses excellent crystallinity. Furthermore, 
the crystallite size (D) of the annealed ZnONPs was 
computed via the Debye-Scherer equation:  D=Kλ 
⁄βcosθ where, λ is the applied X-ray wavelength 
(0.15406 nm ̇), D is the crystallite size of NPs (nm), K is 
the Scherer shape factor (0.9), β is the full width at half 
maximum (FWHM) in radians and θ is the angle of 
Bragg diffraction. According to this, the mediocre 
crystallite size of annealed ZnONPs was computed to be 
11.76 nm, which is consistent with TEM observations. 
 
3.5. FE-SEM/TEM and the EDS/Map studies of H. 
perforatum/ZnO NPs 
FESEM is an principal tool for studying size 
distribution, surface morphology and fundamental 
structural characteristics. So far, various morphologies 
have been accounted in the production of ZnO NPs 
through the utilization of diverse plant extracts [27,60]. 
The shape and size of phytosynthesized ZnO NPs vary 
depending on the zinc salt and extract used [27]. The 
FESEM micrograph of biosynthesized H. 
perforatum/ZnO NPs revealed that the nanometer-scale 
sample was fabricated in a semi-spherical shape. Figure 
5 and Figure 6 represent FESEM images of H. 
perforatum/ZnO NPs without calcinations and annealed 
H. perforatum/ZnO NPs at 500˚C, orderly. The 
EDS/Map technique was recorded and depicted for H. 
perforatum/ZnO NPs in Figure 7 (a & b) and affirms the 
presence of Zn, O and C elements in the physico-
chemical composition of the biosynthesized ZnO NPs. 
The presence of carbon can be originated from a plant 
extract. Furthermore, the shape and morphological 
properties of the phytosynthesized ZnO NPs were 
assessed via transmission electron microscopy (TEM). 
A quasi-spherical particle morphology can be 
distinguished in the annealed ZnO NPs sample (Figure 8 
a & b). Aditionally, the particle size distribution 
histogram defined from the TEM images showed a 
mean size of H. perforatum/ZnO NPs of 14 nm at 500˚C 

(Figure 8 c). Furthermore, TEM and FESEM 
micrographs showed that the obtained samples were 
surrounded and stabilized by a thin protective layer 
containing biomolecules of H. perforatum extract. 
 
3.6. Antibacterial properties 
P. aeruginosa is a rod-shaped gram-negative bacterium. 
S. aureus and B. subtilis are both Gram-positive 
bacteria, but one is round and the other rod-shaped. 
Among the strains of S.aureus, MRSA is genetically 
distinct from the others. MRSA and P. aeruginosa are 
among the main operative of nosocomial infections and 
also have high resistance to common antibiotics.  These 
opportunistic pathogens contribute greatly to burn 
infections and are the most important reasons of death in 
patients, especially in the intensive care unit (ICU) [73]. 
A number of studies have shown that ZnONPs are not 
toxic in human cells [74]. However, ZnONPs can 
conveniently interact with biological molecules and can 
be used as an antibacterial agent. They have 
antibacterial properties and  treat bacterial infections 
caused by various causes, such as high surface-to-
volume ratio, reduced particle size, increase of particle 
surface reactivity, properties of physicochemical [75-
76]. One of the most important factors influencing the 
susceptibility of bacteria to nanomaterials is the particle 
size [25]. ZnO NPs with an average size of 30 nm can 
eliminate the membrane integrity through direct contact 
with lipid bilayers [75]. 
 
3.6.1. Evaluation of the inhibition zone diameter of  
prepared samples 
Here, the antibacterial properties of H. perforatum 
aqueous extract and H.perforatum/ZnO NPs  at various 
concentrations (250,500,1000 μg/mL) were studied 
according to the inhibition zone diameter via agar disc 
diffusion approach against three different 
microorganisms like MRSA, B. subtilis, and P. 
aeruginosa. When the concentration of the drugs (plant 
extract and as-prepeard ZnO NPs) increases, the 
inhibition zone intensifies against all bacteria, and as a 
result, the effectiveness of drugs also increased. Also, 
examination of the inhibition zone of all drugs showed 
that the lowest amount was against P. aeruginosa and 
the largest against B. subtilis. 
As shown in Table 1, the highest inhibition zone was 
achieved for H. perforatum/ZnO NPs against B. subtilis 
(18 mm), followed by MRSA (13 mm) and P. 
auroginosa (10 mm) at 1000 μg mL-1

. The findings also 
presented that MRSA and B. subtilis are more 
susceptible to phytosynthesized ZnO NPs than P. 
aeruginosa. The resistantness of Gram-negative bacteria 
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to antibiotics owing to their impenetrable cell walls is 
higher than that of Gram-positive bacteria.  
Additionally, according to the results obtained, the zone 

of inhibition of H. perforatum aqueous extract against 
B. subtilis at 1000 μg mL-1 was 10 mm, but no results 

 
 

 
Fig. 3. FT-IR spectra of a) H. perforatum aqueous extract, b) H. perforatum/ZnO NPs without calcination and c) annealed H. 
perforatum/ZnO NPs at 500˚C. 
 

 
Fig. 4. XRD pattern of H. perforatum/ZnO NPs (annealed at 500˚C) 



Chem Rev Lett 7 (2024) 185-200 
 

193 
 

 

 
Fig. 5. Fesem images of H. perforatum/ZnO NPs befoe calcination. 

 

 
Fig. 6. Fesem images of  H.  perforatum/ZnO NPs at 500˚C 
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Fig. 7. a) EDX patterns and b) Mapping of H. perforatum/ZnO NPs at 500˚C 

 

 
Fig. 8. TEM micrographs of H. perforatum/ZnO NPs at 500˚C (a & b), the particle size distribution  histogram defined from the 
TEM images (c). 

a b 

a b 

c 
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MIC and MBC values are described in terms of μg/mL 
 

 
Fig. 9. Inhibition zone of a) H. perforatum extract against B. subtilis and Inhibition zone of photosynthesized ZnO NPs against b) B. 
subtilis, c) MRSA, d) P. aeruginosa. 
 

Table 1 Inhibition zone of H. perforatum extract and H. perforatum/ZnO NPs against MRSA, 
P. aeruginosa and B. subtilis using disc diffusion method 

Samples Concentration (μg mL-1) 

Inhibition zone (mm) 
Microorganisms 

MRSA B. subtilis P. 
aeruginosa 

H. perforatum aqueous 
extract 

250 no Zone 8 no Zone 
500 no Zone 9 no Zone 
1000 no Zone 10 no Zone 

 

H. perforatum/ZnO 
NPs 

250 11 12 7 
500 12 16 8 
1000 13 18 10 

Gentamycin 10 μg/disc 20 26 17 

Table 2 Minimum inhibitory and minimum bactericidal concentrations of H. perforatum/ZnO NPs and H. 
perforatum extract against MRSA, P. aeruginosa and B. subtilis 
Studied 
Microorganisms 

H. perforatum H. perforatum/ZnO 
NPs 

Gentamycin 

MIC* MBC* MIC MBC MIC MBC 
MRSA 2500 2500 156.2 312.5 0.292 0.585 
B. subtilis 2500 2500 39.06 78.12 0.146 0.292 
P. aeruginosa - - 625 625 18.78 37.5 
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were obtained for other bacteria. In other words, P. 
aeruginosa and MRSA are resistant to the extract, while 
B. subtilis is a semi-susceptible bacterium. The 
inhibition zone of samples against the selected 
microorganisms were presented in Fig.9. The outcomes 
are like to those reported of Mahendra et al. [77], which 
showed that biosynthesized ZnO NPs were more intense 
antibacterial properties than plant extract. In another 
report [66], the antibacterial property of biosynthesized 
ZnO NPs was investigated via Rosa canina. The zones 
of inhibition of ZnO NPs against S. aureus and E. coli at 
1000 μg mL-1 were 11mm and 8 mm respectively. 
Furthermore, alcoholic extracts of plants have been 
found to have more antibacterial properties than 
aqueous extracts [56]. In another research revealed that 
the ethanolic extract of H. perforatum exhibited a 
stronger antibacterial activity against E. faecalis and s. 
aureus PTCC 1112 compared to certain Gram-negative 
bacteria [78]. Different potential antimicrobial 
mechanisms have been reported to demonstrate the 
inhibitory effects of ZnO NPs against tested bacteria. 
Some of the proposed mechanisms can be described as 
follows: (a) ZnO nanoparticles can be dissolved into the 
cell and then zinc ions can be released. At the cellular 
level, Zn ions may attach to the bacterial membrane and 
change its permeability, causing leakage of proteins and 
sugars and ultimately cell death. (b) Small particle size 
and ROS generation are important parameters affecting 
the antimicrobial activity of ZnO NPs. The production 
ROS damages the vital components which are necessary 
for sustaining the expected physiological functions of 
the bacteria, causes cell death [76]. To induce cell death, 
the ZnO nanomaterial should amassed and penetrate 
into the protoplasm of bacterial cell [79]. The mean size 
of the phyto-fabricated ZnO NPs is relatively 14 nm and 
also semi-spherical shaped, that revealed exceptional 
antibacterial activity. 

 
3.6.2. MIC and MBC evaluation 

 The Minimum Inhibitory Concentration (MIC) values 
of bio-fabricated ZnO NPs and plant extract were 
obtained against different bacterial strains and the 
achieved outcomes are reported in Table 2. The MIC 
values of H. perforatum/ZnO NPs against MRSA, B. 
subtilis and P. aeruginosa were 156.2, 39.06 and 625 
μg/mL orderiy. Also aqueous extract of H. perforatum 
exhibited inhibitory activity against MRSA and B. 
subtilis (MIC 2500 μg/mL). The obtained MIC values 
were in accord with the findings of Mahendra et al. 
[77] and Gilavand et al. [80] studies. These studies 
showed that the MIC values of phytosynthesized zinc 

oxide nanoparticles were obtained at lower 
concentrations compared to the plant extract, 
indicating their stronger antibacterial activity. The 
research also shows that organic solvents are more 
appropriate than water for the extraction of 
antibacterial compounds from plants [81]. 
Additionally, a great antimicrobial activity of 
methanol extracts of H. Perforatum against typical 
Gram-positive bacteria with MIC values of 50 μg mL-1 
was reported by Conforti et al. [82]. These 
observations of treatment with H. perforatum/ZnO 
NPs can be due to numerous biological interactions. 
Furthermore, many ROS produced by the use of ZnO 
nanoparticles can cause membrane damage and cell 
death [83]. Minimum bactericidal concentration 
(MBC) complements the MIC value. According to 
Table 2, the MBC values of ZnO nanoparticles against 
B. subtilis, MRSA and P. aeruginosa were 78.12, 312.5 
and 625 μg/mL, orderly. H. perforatum/ZnO NPs had 
adequate antibacterial activity against the Gram-
positive strain. Our research indicates that 
phytosynthesized ZnO NPs can be applied as potential 
antimicrobial factor to treat difficulties induced by the 
studied bacteria. 
 

4. Conclusion 
It is widely known that the fabrication of Zinc oxid NPs 
mediated by plant extract is much more cost-effective 
and safer, that too according to green chemistry 
guidelines. Phytosynthesis of ZnO nanomaterials via 
aqueous extract of H. perforatum as capping and 
stabilizing agents was reported and structurally 
determined employing XRD, FT-IR, FESEM, TEM, 
EDS/Map, and UV-Vis DRS analyses. The fabricated 
ZnO NPs were semi-spherical shaped, monodisperse, 
with an average size of 14 nm, narrow size distribution, 
crystalline and pure phase, and also represented UV-Vis 
absorption at 365 nm. Furthuremore, the antibacterial 
activity of both the phytosynthesized  ZnO NPs and the 
extract was investigated against MRSA, P. aeruginosa  
and B. subtilis using the agar disc diffusion method, 
MBC and Broth micro-dilution method to determine 
MIC. The results revealed that the antibacterial 
properties of H. perforatum/ZnO NPs and extract 
against Gram-positive bacteria are higher than against 
Gram-negative bacteria. The obtained findings in this 
research proposed that the phyto-fabricated ZnO NPs 
have suitable biological characteristic, including 
antimicrobial potential that can be applied in various 
medicinal and biological utilizations. 
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