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Effect of the Juglans Regia (Walnut) leaf extract concentration on the 
biosynthesis of ZnO nanoparticles: Characterisation and antimicrobial activity
Eda Çinar Avara* Kübra Erkan Türkmenb, Elif Loğoğlua and Hikmet Katircioğluc

aDepartment of Chemistry, Gazi University, Ankara, Turkey; bDepartment of Biology, Karamanoglu Mehmetbey University, Karaman, 
Turkey; cDepartment of Biology Education, Gazi University, Ankara, Turkey

ABSTRACT
In the present article, we have developed an eco-friendly, phytosynthetic, cost-effective, and 
straightforward method for the synthesis of ZnO nanoparticles using leaf extracts of Juglans 
Regia (JR) as green reducing agents. The powder X-ray diffraction pattern revealed the high 
crystalline nature of synthesised ZnO nanoparticles also rivalled with ICSD no. 98–009-4004. 
The SEM images of the samples showed the spherical and irregularly distributed rod and plate- 
like structures. The EDS spectrum filed only Zn and O peaks revealed that the sample has good 
purity in ZnO nanoparticles. The HRTEM analysis explained the formed ZnO nanoparticles by 
biogenic reduction were hexagonal shape with definite edges and the average grain size was 
obtained as 33.18 ± 6.2 nm for the 50JR sample. The d-spacings of fringes and SAED pattern got 
also rivalled with XRD d-spacings. According to the UV-Visible analysis, the values of peak 
absorbance wavelength decreased (blue shift) with the increase in the leaf extract concentra
tions. The bandgap values were calculated in the range of 2.74–3.17 eV. The Fourier Transform 
Infra-Red study explicated the biomolecules for the reduction of nanoparticles and also ZnO 
bonding. These results also proved the presence of ZnO nanoparticles synthesised using 
Juglans Regia extract. Regarding the antimicrobial effects of ZnO NPs, ZnO NP which was 
using 50 mL JR extracts was detected as highly efficient nanoparticles against test microorgan
isms. In particular, the highest antimicrobial activity was measured with 15.66 ± 1.15 mm 
against Candida albicans 10,231 and revealed data compared with fluconazole, as reference 
antifungal, recorded 69% antimicrobial index. The findings demonstrated that ZnO NPs can be 
evaluated for use in biomedical applications.
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Introduction

Metal oxides have been used for different purposes all 
over the world since ancient times [1]. Metal oxide 
nanoparticles are widely used in many different fields 
such as agriculture, textile, pharmaceutical, biomedi
cal, energy, food, and consumer goods production [2– 
4]. Many metal oxide nanoparticles have a wide appli
cation area, especially in the biomedical field, due to 
their high stability, easy processing, preparation in the 
desired morphology, being easily modified with var
ious molecules, and being biocompatible [1–4]. Since 
ZnO nanoparticles are chemically stable, non-toxic, 
and biocompatible, their use in biomedicine, tissue 
engineering, medicine, and cosmetics has recently 
attracted attention [5–10].

Zinc oxide (ZnO) nanoparticles, which are among 
the inorganic nanoparticles, have a wide range of 
applications in the plastic, glass, ceramic, rubber, 
cement, and food industries due to their easy proces
sing and low cost [1,11,12]. According to their 
intended use, there are various physical and chemical 
methods for synthesising ZnO nanoparticles with tar
geted properties [13]. These methods are sol-gel, 
microwave-assisted synthesis, chemical vapour 
deposition, pulsed laser deposition, infrared irradia
tion, electrochemical reduction, hydrothermal synth
esis, spray pyrolysis, UV light-mediated synthesis, 
mechanical milling, mechanochemical synthesis [14– 
23]. Chemical methods used in nanoparticle synthesis 
generally use organic solvents, and most of them are 
highly reactive and toxic to the environment [24]. The 
by-products formed at the end of chemical synthesis 
processes are also highly toxic, and these methods are 
low-efficient, require long reaction times, high energy 
at high temperature and pressure conditions, the use 
of large-volume costly equipment and equipment 
usage expertise [25–31].

Green synthesis is one of the methods used in 
nanoparticle synthesis and has been developing 
rapidly in recent years. Green synthesis aims to effi
ciently use non-toxic and biodegradable raw materials 
and solvents for the environment. The main purpose 
of green synthesis is to combat human health and 
environmental problems by relying on non- 
hazardous and biologically friendly precursors that 
prevent waste production, protect the yield and quality 
of the product [32,33]. In the biological synthesis 
method of nanoparticles, microorganisms, fungi, 
algae, and plants are used as reducing agents [34,35]. 
Among these organisms, plants seem to be the best 
candidates and are suitable for the large-scale bio
synthesis of nanoparticles. The nanoparticles pro
duced using various parts of plants are more stable 
and the synthesis rate is faster than microorganisms. 
In addition, nanoparticles produced from plant parts 
have greater diversity in shape and size compared to 

those produced by other organisms [36]. The biologi
cal activity of nanoparticles can vary depending on 
various variables such as size, morphology, surface 
chemistry, stability, and reactivity in solution [34]. 
The use of plant extracts for the green synthesis of 
nanoparticles has been considered more reliable than 
other methods, so nanoparticles prepared by green 
synthesis have a strong potential for biomedical appli
cations. For the synthesis of metal oxide nanoparticles, 
parts of plants such as stems, leaves, flowers, fruits, 
roots, latex, seeds, and seed coats are used [37,38]. 
Plant extracts act as both reducing and stabilising 
agents in nanoparticle synthesis. Many plant species 
contain different types of antioxidative compounds 
(reducing agents) such as flavonoids, coumarins, 
xanthones, anthraquinones, and terpenoids [39,40]. 
Biomolecules (for example, enzymes, proteins, amino 
acids, vitamins, polysaccharides, and organic acids) 
that perform the bioreduction of metal nanoparticles 
and are found in plant extracts are not toxic to the 
environment and are chemically complex [41, 42]. 
These critical roles of plants for the production of 
metal nanoparticles from biological materials con
tinue to attract the attention of researchers. In general, 
the biosynthesis of ZnO nanoparticles is accomplished 
by adding zinc nitrate or zinc acetate to a biological 
extract. The production of ZnO nanoparticles by 
green synthesis is a one-step, easy, low-energy, and 
low-cost, scalable process. After the reaction, this solu
tion is subjected to heat treatment and ZnO powder is 
obtained [35,43,44].

Juglans regia is a deciduous temperate forest tree of 
the Juglandaceae family [45], which is widespread 
throughout the world [46,47]. Walnut tree leaf has 
long been used in the cosmetic and pharmaceutical 
industry [45], as well as in traditional medicine in 
Asia, for the treatment of various diseases [48,49]. 
Walnut leaf contains 3-Caffeoylquinic, 4-p-coumar
oylquinic acids, 3-p-oumaroylquinic, 4-p-coumaroyl
quinic, malic acid, quercetin derivatives, sucrose, α- 
tocopherol, tocopherol isomer, and many phenolic 
compounds [50,51]. These bioactive components in 
walnut leaves are used as stabilising and reducing 
agents in the synthesis of inorganic metal oxide nano
particles. The number of bioactive components in 
walnut leaves varies depending on climatic conditions, 
geographical origin, environmental, and some agricul
tural factors [52,53]. Juglans regia leaf contains 
a significant number of phenolic compounds, has 
strong antioxidant, antimicrobial, anticancer, and 
anti-inflammatory activity [48,49,54,55].

Various plants such as Abutilon indicum [[1-]], 
Cassia fistula [1,2], Azadirachta Indica [1–3], Daphne 
mucronata [1–4], P. Roebelenii [1–5], Ocimum basili
cum [1–6], Laurus nobilis [1–7], Citrus sinensis [1–8], 
Mussaenda frondosa [1–9] have been used so far in the 
synthesis of ZnO nanoparticles. Juglans regia is one of 
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the widely cultivated tree species worldwide. The use 
of Juglans regia leaf for the synthesis of various nano
particles will enable this low-cost product, which is 
abundant in nature, to be converted into functional 
materials. In the study by Darvishi, E et al. [1–10], 
ZnO nanoparticles were synthesised using Juglans 
regia leaf extract and various properties were com
pared with ZnO nanoparticles synthesised by chemical 
method. However, to the best of our knowledge, ZnO 
nanoparticle synthesis using different amounts of 
Juglans regia leaf extract has not been studied before. 
This study aims to investigate the structural and mor
phological changes of ZnO nanoparticles and antimi
crobial activity changes against various 
microorganisms by changing the Juglans Regia (wal
nut) leaf extract concentration. Characterisations of 
ZnO NPs were done by using XRD, SEM, EDS, 
HRTEM, UV-VIS, FT-IR, and TG. Antimicrobial 
activities of ZnO nanoparticles were evaluated using 
standard test microorganisms (Pseudomonas aerugi
nosa RSKK 07031 B9, Escherichia coli RSKK 97021, 
Bacillus cereus RSKK 05915, Staphylococcus aureus 
RSKK 96045, Candida albicans ATCC 10231).

Experimental procedure

Chemical and reagents

The Juglans regia (walnut) leaves were collected from 
Gezin Station Village, Maden, Elazığ, Turkey. Zinc 
acetate hexahydrate (Zn (CH3COO)2.6H2O), dimethyl 
sulphoxide (DMSO), Mueller-Hinton Agar (MHA), 
Nutrient Broth (NB), Sabouraud Dextrose Broth 
(SDB), and Sabouraud Dextrose Agar (SDA) were 
purchased from Merck (Merck Co., Darmstadt, 
Germany). All the chemicals used were of analytical 
grade and without any additional purification steps.

Preparation of Juglans regia leaves extracts

Juglans regia leaves were thoroughly washed with tap 
water and dried at room temperature in dust-free 
condition. Dried leaves were crushed into the finest 
powder. 25 g of the powder was boiled with 250 mL of 
deionised water at 75°C for 30 min. After two hours, 
the aqueous leaves were extracted by filtration 
(Whatman No. 1) filter paper and the resulting filtrate 
was stored at 4°C for further use.

Biosynthesis of ZnO nanoparticles

For ZnO nanoparticles biosynthesis, 0.2 M zinc acetate 
hexahydrate was mixed with 10, 20, 30, 40, 50 mL of 
the extract under vigorous stirring for two hours. After 
the completion of the reaction, the precipitate was 
separated from the reaction solution by centrifugation 
at10000rpm for 10 min. The resultant precipitate was 

washed repeatedly with double distilled water followed 
by ethanol to remove the impurities. Finally, a solid 
white powder was obtained after overnight drying of 
the purified precipitate at 60°C in an oven. The powder 
was then subjected to calcination under a muffle fur
nace at 400°C for 2 h. The obtained dried particles were 
collected and used for further characterisation studies.

Characterisation of ZnO nanoparticles

X-Ray Diffraction (XRD) Analysis of ZnO 
Nanoparticles

The crystalline nature of the synthesised ZnO nano
particles was characterised by Panalytical Empyrean 
XRD with Cu Kα radiation (λ = 1.154 Å), accelerating 
voltage 45 kV, beam current 40 mA, in an angular 
range of 10–80° at a step size of 0.02° and a counting 
time of 1 s. The estimation of the sizes of particles was 
performed by Debye–Scherrer’s formula.

Scanning electron microscopy and energy 
dispersive X-ray analysis (SEM-EDS)

The morphological characterisation of the ZnO nano
particles was carried out using FEI Quanta FEG 450 
SEM at 10 kV in secondary electron mode. The ele
mental presence of zinc oxide was confirmed with 
EDX analysis using Bruker Quantax 200 EDX 
detector.

High-resolution transmission electron microscopic 
(HRTEM) Analysis

The synthesised ZnO nanoparticles were characterised 
for their shape and size distribution using 
a Transmission electron microscope (TEM, TECNAI 
G2 F-30, FEI). The structural characterisation and 
particle size examination of zinc oxide nanoparticles 
were carried out by Transmission Electron 
Microscopy (TEM) (JEM-1230, JEOL, Akishima, 
Japan). The samples were put on the carbon-coated 
copper grid for 1 min to make a small film of the 
sample. The excess liquid was removed with a filter 
paper, and it was then set in a grid box sequentially.

UV–Vis spectroscopy analysis

The synthesised ZnO nanoparticles were characterised 
with UV-Vis spectroscopy by measuring the absor
bance between the spectrum range of 300–700 nm.

Fourier transform infrared spectroscopic (FT-IR) 
analysis

The ZnO nanoparticles were analysed to determine 
the functional groups present by Fourier transform 
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infrared spectroscopy (FTIR). The analysis was done 
using a Thermo Nicolet Smart Golden Gate MKII 
spectrometer equipped with a single reflection ATR 
and further measurements were recorded at a scan 
range of 400–4000 cm−1 at room temperature.

Thermogravimetric (TG) analysis

The thermal behaviour of the NPs was investigated 
from 50°C to 1000°C with a heating rate of 20°C/min 
by SII Exstar TG/DTA 7200 in a flowing N2 

atmosphere.

Antimicrobial activity of ZnO nanoparticles

Antimicrobial activity of the ZnO nanoparticles was 
examined by the disc diffusion method Gram-positive 
bacteria (B. cereus RSKK 05915, S. aureus RSKK 
96045) and Gram-negative bacteria (P. aeruginosa 
RSKK 07031 B9, E. coli RSKK 97021) and yeast 
(C. albicans ATCC 10231). Bacterial cultures were 
taken into the Nutrient Broth medium before antibac
terial testing and refreshed in a shaking incubator at 
37°C for 24 h. The turbidity of the bacterial cultures 
was then adjusted to 0.5 McFarland standard. 
A 100 μL of appropriate dilution (~106 CFU/mL) of 
bacterial culture was seeded by spread plate technique 
on sterile MHA plates. Yeast strain (C.albicans 10,231) 
was grown into SDB medium at 37°C for 24 h. Then 
culture was diluted for arranging turbidity as 0.5 
McFarland standard. 100 μL of fresh yeast culture 
was spread onto the SDA medium. All ZnO NPs 
were dissolved in DMSO to adjust a final concentra
tion of 5 mg/mL and filtered through 0.2 µm Sartorius 
filters for sterilisation. The 6 mm sterile filter discs 
(Bioanalyse, Turkey) were placed on MHA (for bac
terial strains) and SDA (for yeast) plates at appropriate 
distances, then 20 µL of samples were impregnated to 
each disc. The plates were incubated at 37°C for 24 h, 
then the zone of inhibition was measured in milli
metres. All tests were performed in three replicates 
and the inhibition zones were compared with refer
ence antibiotic – antibacterial Chloramphenicol 
(30 μg, Oxoid antibiotic disc, Germany) and antifun
gal – Fluconazole (25 μg, Oxoid antibiotic disc, 
Germany). The antimicrobial index was calculated 
using the formula below.

[56].
Antimicrobial index: (ZnO-NPs inhibition zone/ 

antibiotic inhibition zone) x 100

Results and discussions

X-Ray Diffraction (XRD) Analysis of ZnO-NPs

To understand the crystal structure and phase purity 
of the ZnO samples, an XRD analysis was performed. 

Figure 1 shows the XRD patterns of the ZnO nano
particles at five different concentrations of Juglans 
Regia leaf extract (10, 20, 30, 40, 50 mL). The diffrac
tion peaks for all samples detected in a range of 10–80° 
(2θ) were matched perfectly with the standard diffrac
tion peaks, indexed as (100), (002), (101), (102), (110), 
(103), (200), (112), (201), and (202) for hexagonal 
structured ZnO with space group-P63mc (186) in the 
database (ICSD no. 98–009-4004). In addition, no 
impurity diffraction peaks were noticed to correspond 
to any other phase. This indicates obtaining the high 
purity of ZnO products. The crystallite size and the 
lattice strain of all samples were calculated based on 
the highest intensity peak (101) using the following 
Equations, respectively [57]. 

D ¼
0:9λ

β cos θ
(1) 

ε ¼
β

4 tan θ
(2) 

Here, D is the crystallite size, λ is the X-ray wave
length, β is the full width at half maximum 
(FWHM), θ is the Bragg diffraction angle, and ε is 
the lattice strain. However, the dislocation density 
(δ) which defines the number of defects in the samples 
were calculated from the following equation [57]. 

δ ¼
1

D2 (3) 

For the different concentrations of Juglans Regia leaf 
extract, the obtained structural values are listed in 
Table 1. It can be observed that the crystallite size 
values have a reduction with the increasing concentra
tion of the leaf extract, which is similar to the works by 
Miri et al. [58]. The crystallite sizes of all samples were 
obtained between 232.2 and 41.4 nm. Conversely, the 

Figure 1. XRD patterns of the ZnO nanoparticles synthesised 
using different concentrations of Juglans Regia leaf extract.
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lattice strains and dislocation densities increased with 
the crystallise size reduction. The maximum lattice 
strain of 0.379% and the maximum dislocation density 
of 5.834 × 10−4 nm−2 were observed for the 50 mL of 
leaf extract. These results indicated that because of the 
grain boundary effect the small crystallite size was 
induced by the large lattice strain and imperfections 
might be produced by a relative displacement between 
the lattices [59]. The lattice parameters such as a, c, 
and volume of the unit cell (V) of all samples were 
estimated by using the three major peaks correspond
ing to (100), (002), and (101) planes, and calculated 
the following Equations [60]. 

sin2θ ¼
λ2

4
4
3

h2 þ hkþ k2

a2 þ
l2

c2

� �� �

(4) 

V ¼ 0:866a2c (5) 

As seen from Table 1, the calculated lattice parameters 
were almost unchanged with the concentration of the 
leaf extract. Concerning this, the constant value (c/a) 
was 1.603 for all samples and found that it is in good 
agreement with the ICSD data (#94004). In addition, 
the Zn-O bond length (L) was calculated by using the 
following Equation [61]; 

L ¼
a2

3
þ c2 0:5 � uð Þ

2
� �0:5

(6) 

where u is the internal positional parameter, and can 
be obtained from the following Equation [61]. 

u ¼
1
2

a
c

� �2
þ

1
4

(7) 

Since there is a correlation between c/a and 
u parameters, the u parameter was found to be equal 
to 0.3796 for all samples. As seen in Table 1, the bond 
length between Zn and O remained nearly constant, 
whereas the Zn-O bond length of pure ZnO nanopar
ticles was reported as 0.19752 nm [62].

Scanning electron microscopy and energy 
dispersive X-ray analysis (SEM-EDS)

The particle morphology and the chemical composi
tion of all the samples were examined by SEM and 
EDS analyses, as shown in Figure 2. The SEM images 
at low and high magnifications (10kX, left side and 
100kX, middle side) displayed apparent morphologi
cal changes in response to various concentrations of 

the leaf extract. The investigated particles by SEM 
were seemed to be composed of almost spherical and 
irregularly distributed rod and plate-like structures 
with an agglomerated morphology. The polarity and 
electrostatic attraction of the ZnO nanoparticles might 
be the reason for this observed agglomeration, as 
reported in the previous study [63]. However, the 
EDS spectra on the right side of Figure 2 revealed 
that all structures consist of just Zn and O elements, 
where the peaks are located at around 1.01, 8.64, and 
9.60 eV for zinc, and peaks located at around 0.52 keV 
for oxygen. This confirms the purity of the synthesised 
nanoparticles, which agrees well with the XRD results. 
In addition, almost all the samples showed a similar 
chemical composition to the theoretically expected 
stoichiometric mass percentage of Zn as 80.3% and 
the O as 19.7% [63].

Transmission electron microscope (TEM) analysis

Figure 3 shows the TEM analysis results for the 50 mL 
of leaf extract. The bright field TEM image in Figure 3a 
exhibited the presence of almost spherical and partly 
hexagonal-shaped ZnO nanoparticles with an agglom
erated morphology. As shown in Figure 3b, the aver
age grain size distribution of the sample 50JR is 
33.18 ± 6.2 nm. Similar morphology and size distribu
tion were reported by Soares et al. [64] and Dinca et al. 
[65]. However, the spacing between the lattice fringes 
was obtained from the high-resolution TEM 
(HRTEM) image of the sample (Figure 3c). The lattice 
fringe values were measured to be around 0.28 nm and 
0.24 nm, which are consistent with (100) and (101) 
planes of ZnO, respectively. The selected area electron 
diffraction (SAED) ring pattern (Figure 3d) also con
firms the polycrystalline nature of the sample and 
agrees with the XRD analysis.

UV–vis spectral analysis of synthesised ZnO-NPs

UV–Vis absorbance spectra of the ZnO nanoparti
cles measured at room temperature are presented in 
Figure 4. As seen from the spectra, the excitonic 
absorption peaks of the nanoparticles are located at 
around 380, 375, 372, 371, and 369 nm for 10JR, 
20JR, 30JR, 40JR, and 50JR samples, respectively. 
This is ascribed to the transition of electrons from 
the valence band to the conduction band [66, 67]. 
However, the values of peak absorbance wavelength 

Table 1. Microstructural parameters were obtained from the XRD analysis of ZnO nanoparticles.
Sample code 2θ (101) (°) FWHM (°) D (nm) ε (%) δ x 10−4 (nm−2) a = b (nm) c (nm) V (nm3) L (nm)

10JR 36.2926 0.1363 232.2 0.123 0.185 0.3245 0.5203 0.0474 0.1975
20JR 36.2997 0.1733 114.1 0.188 0.768 0.3245 0.5202 0.0474 0.1975
30JR 36.3049 0.2090 76.7 0.244 1.699 0.3244 0.5202 0.0474 0.1975
40JR 36.3063 0.2247 67.0 0.268 2.227 0.3244 0.5201 0.0474 0.1974
50JR 36.3145 0.3020 41.4 0.379 5.834 0.3243 0.5201 0.0473 0.1974

MATERIALS TECHNOLOGY 5



decreased (blue shift) with the increase in the leaf 
extract concentrations. This shift in the peaks may 
be due to the changes in size, shape, and surface 
microstructures [66]. Also, it should be mentioned 
that there is an inverse proportion between the 
absorbance wavelength and the bandgap energy 
related to the size effect [63]. The direct bandgap 
energy of the samples was estimated by using the 
Kubelka–Munk relation [68]. As shown inset in 
Figure 4, the bandgap values of the 10JR, 20JR, 
30JR, 40JR, and 50JR samples were found to be 
2.74, 3.02, 3.09, 3.14, and 3.17 eV, respectively. 
This increment of the bandgap values can be attrib
uted to the decrease in the crystallite size, as given in 
Table XRD.

Fourier transform infrared spectroscopic (FTIR) 
Analysis

To characterise the formation of functional groups on 
the surface of ZnO nanoparticles, the attenuated total 
reflection (ATR)-FTIR spectra were employed. As 
seen in Figure 5, the ZnO nanoparticles synthesised 
using different concentrations of the leaf extract con
sist of several functional groups. The broad peaks 
between the range of 3200–3700 cm−1 correspond to 
O-H stretching due to the presence of water molecules 
absorbed by the ZnO nanoparticles. The peaks at 
around 2800–2900 cm−1 represent the 
C-H stretching vibrations. The functional group of 
CO2 at around 2300 cm−1 wavenumber could arise 
from ambient air. However, the peaks at around 

Figure 2. Low and high magnification SEM images and corresponding EDX spectra of the synthesised ZnO nanoparticles using 
different concentrations of Juglans Regia leaf extract; (a) 10JR, (b) 20JR, (c) 30JR, (d) 40JR, and (e) 50JR mL.
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1050, 1350, 1550 cm−1 can be attributed to the stretch
ing modes of the C-C, C-H, and C = O, respectively. 
At the low-wavenumber region, the peaks between 700 
and 900 cm−1 and 400–600 cm−1 indicate the Zn-OH 
and Zn-O vibrations, respectively. These results are in 
good agreement with the observed functional groups 
of ZnO in previous studies [52,69,70, 71].

Thermogravimetric (TG)-Differential thermal 
analysis (DTA) analysis

The thermogravimetric analysis (TG) curves of the 
synthesised ZnO nanoparticles using different 

concentrations of the leaf extract are shown in 
Figure 6. The thermal stability of the samples was 
explored by TG analysis at the temperature range of 
25–900°C. The total weight loss was determined 
approximately as 1.1, 2.5, 2.7, 2.8, and 3.0% for 10JR, 
20JR, 30JR, 40JR, and 50JR samples, respectively. 
According to the data, the weight loss of the samples 
increased with the increasing leaf extract concentra
tions. This can be attributed to the desorption of sur
face water and the thermal degradation of residual 
organics [72,73]. It can be concluded that the bio
synthesis of ZnO nanoparticles demonstrated good 
thermal stability with slight weight loss.

Antimicrobial activity of ZnO nanoparticles

The findings obtained from the antimicrobial activity 
test showed that 50-JR was the most efficient ZnO NPs 
against test microorganisms. Data were given in 
Figure 7 that the antimicrobial effect of ZnO NPs 
had increased depending on the concentration of JR 
in nanoparticles.

50-JR showed that had the most efficient nanopar
ticle with the biggest inhibition zone value for all test 
microorganisms; however, C. albicans 10,231 dis
played the biggest inhibition zone with 
15,66 ± 1,15 mm. The inhibition zone for 
P. aeruginosa RSKK 07031 B9 was the second- 
highest inhibition zone at 50-JR with a 
12,66 ± 0,57 mm. Other results for 50-JR’s antimi
crobial activity detected orderly as for S. aureus 
RSKK 96045 10,33 ± 0,57 mm, E. coli RSKK 97021 
8,33 ± 1,15 mm, B. cereus RSKK 05915 

Figure 3. (a) TEM image, (b) its corresponding size distribution, (c) HRTEM image, and (d) corresponding SAED pattern of the 
sample 50JR.

Figure 4. UV-Vis absorption spectra of the synthesised ZnO 
nanoparticles using different concentrations of Juglans Regia 
leaf extract. The inset represents the bandgap energy of the 
samples.
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7,66 ± 0,57 mm. Considering revealed outputs from 
40-JR-ZnO, 30-JR, 20-JR, and 10-JR antimicrobial 
activity results decreased from 50-JR to 10-JR as 
seen in Fig.7. To compare the reference antibiotic/ 
antifungal results with ZnO NPs which were selected 
only as highly efficient ZnO NP (50-JR), the antimi
crobial index was calculated and have shown in Fig.7. 
When literature evaluated for comparing antimicro
bial results of ZnO NPs, antimicrobial activity of 
ZnO NPs have various effects depending on synthesis 
material (plant material, etc.) or applied concentra
tions. Some of these studies showed green- synthesis 
ZnO NPs had an antimicrobial effect on different 
Gram-negative, Gram-positive bacteria, and yeast. 
One of these studies carried out by Gupta et. al 
which was used green synthesised ZnO NPs with 
leaf extract of Catharanthus roseus, against 
P. aeruginosa MTCC 424, E. coli MTCC 40, 
S. aureus MTCC 9760, and the antibacterial 

inhibition zones were found between 11.09 ± 0.01 
and 11.74 ± 0.03 mm [74]. Besides, in an experiment 
conducted by M. Jalal et. al was determined that 

Figure 5. ATR−FTIR spectra of the synthesised ZnO nanoparticles using different concentrations of Juglans Regia leaf extract; (a) 
10JR, (b) 20JR, (c) 30JR, (d) 40JR, and (e) 50JR mL.

Figure 6. Weight loss curves of the ZnO nanoparticles.

Figure 7. (a) In vitro antimicrobial activity of ZnO nanoparticles 
and (b) antimicrobial activity index against test 
microorganisms
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anticandidal activity by bioinspired ZnO NPs, 
synthesised by using leaf extract of Crinum latifo
lium, against Candida species [75]. Additionally, the 
index value for the reference antifungal fluconazole 
used for C. albicans ATCC 10231 was determined as 
69% and was considered remarkable for biomedical 
applications. Antifungal activity mechanism of ZnO 
NPs demonstrated by M.Jalal et. Al [75], Shoeb et. Al 
[76] and was stated that exposure of ZnO enhanced 
reactive oxygen species (ROS). Here, our results 
exhibited that JR-NPs possessed antimicrobial poten
tial against gram-negative, gram-positive bacteria 
and yeast. In particular, antifungal activity on 
C. albicans 10,231 draws attention with the highest 
inhibition compared to the other bacteria.

Conclusions

In the biomedical field, nanoparticles are used as anti
microbial, anticancer, and anti-inflammatory agents. 
As metal oxide nanoparticles continue to be 
researched, their usage areas are also expanding. In 
this study, ZnO nanoparticle was synthesised by green 
synthesis method using walnut leaf extract, which is 
inexpensive, non-toxic, short time, and does not 
require much energy, and environmentally friendly 
green synthesis method. The effect of varying extract 
amounts on the structural, morphological, and anti
microbial properties of the synthesised ZnO nanopar
ticle was investigated. It has been determined that the 
green synthesised ZnO nanoparticles decreased the 
particle size and showed better antimicrobial activity 
as the amount of extract used increased.
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