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Abstract
The objective of this study was to prepare metallic gold nanoparticles (AuNPs) from the Diospyros kaki L. (persimmon) 
leaf (DKL) extract, which was grown in the Trabzon province of Türkiye, using microwave extraction. Separate additions 
of 0.1 and 0.5 mL DKL extract were made to the 0.5 mM  HAuCl4.3H2O solution while the heater was kept at 25 °C and 
stirring continuously. In this method, UV-Vis spectroscopy (300–800 nm) absorption measurements were performed on 
extracts of Diospyros kaki L. leaves at different time intervals (10, 20, 30, 60, 120, and 1440 min). Green chemistry principles 
were utilized in the preparation of gold nanoparticles (AuNPs), which were characterized by UV–visible, X-ray diffraction 
(XRD), transmission electron microscopy (TEM), Fourier-transform infrared spectroscopy (FTIR), and Zetasizer. FTIR  
analysis can be used to determine the various functional groups that were synthesized in the gold (Au) nanoparticles. Based 
on the AuNPs’ XRD peaks, the average crystallite size was determined to be 25.99 nm. Zetasizer study results showed that 
the average particle size of Au nanoparticles produced by microwave extraction in an aqueous medium was 45.44 ± 1.095 nm, 
the zeta potential (ZP) was − 16.9 mV ± 1.19, and the polydispersity index was 0.316 ± 0.009. The UV-Vis absorption spectra 
of the AuNP solutions were stable for approximately 2.5 to 3 months when they were kept in a refrigerator.
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PEG-200  Polyethylene glycol-200
SPR  Surface plasmon resonance
FTIR  Fourier transform infrared spectroscopy
XRD  X-ray diffraction
TEM  Transmission electron microscopy
DLS  Dynamic light scattering
ZP  Zeta potential

Introductıon

Nanoparticles (NPs), with sizes ranging from 1 to 100 nm, 
have been employed extensively in a variety of fields for 
decades [1, 2]. The components that green nanotechnol-
ogy, which is a subset of nanotechnology, discloses at the 
molecular level, have recently received a lot of attention. 
Due to their widespread usage in treating a wide range of 
illnesses in medicine and other fields, these products con-
tinue to be a growing subject of study [3]. The physical and 
chemical characteristics of nanoparticles (NPs) are superior. 
NPs’ exceptional qualities include their resistance to high-
temperature changes in addition to their vast surface areas 
[4]. Particularly, nanometals like gold (Au), silver (Ag), and 
titanium (Ti) are used in fields like drug delivery systems, 
biological labeling, and optical devices. Some processes, 
like the synthesis and stability of metal nanoparticles (NPs), 
also receive a lot of attention in this area [5]. The usage of 
NPs in medicinal applications, the cosmetics and food indus-
tries, bioremediation research, and other fields makes them 
valuable materials as well [6, 7]. Different methods are used 
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to obtain metallic NPs. Among these methods, synthesis by 
biological methods has some advantages. Among these are 
advantages such as being eco-friendly, nominal energy, and 
cost-effective, as it does not contain toxic chemicals in the 
synthesis stages [8].

NPs can be produced by a variety of techniques, includ-
ing chemical, mechanical, and biologic methods. While 
pure and well-defined nanoparticles can be effectively pro-
duced by mechanical and chemical means, capping agents 
are required to stabilize the size. The chemicals utilized 
for this purpose (stabilization) are hazardous and result 
in byproducts that are not environmentally friendly. It is 
necessary to employ a non-toxic strategy in order to resolve 
this problem. Thus, for this goal, green nanotechnology is 
employed [9, 10].

Gold nanoparticles (AuNPs) have recently gained pop-
ularity in biological applications such as drug delivery, 
antibacterial, and anti-cancer agents Dhandapani et al. 
[11]. The therapeutic drug delivery mechanism of AuNPs 
includes the control of immunological and anti-inflamma-
tory responses. These mechanisms point to potential uses 
of AuNPs as “drugs” to treat various skin conditions [12]. 
Due to their biocompatibility, adaptability in size and sur-
face chemistry, and unique plasmonic property, AuNPs are 
now recognized as a hot topic in the realm of nanosystem 
research and usage for topical drug administration [13]. For 
the environmentally benign production of AuNPs, biosyn-
thesis techniques utilize naturally occurring metabolites 
from plants and microorganisms such as bacteria, fungus, 
and algae [14, 15]. The plant extract was utilized to create 
NPs [16] that have been shown to be more promising in 
terms of bioactivity and biocompatibility than those cre-
ated using inorganic methods [17].

In the synthesis, biological reduction, and stabilization 
of metal nanoparticles, these phytochemicals are crucial. 
Additionally, it is believed that phenolic substances such 
as tannins, phenolic acids, and flavonoids contribute to 
the reducing or antioxidant properties of medicinal plants. 
These phenolic compounds function as hydrogen dona-
tors, reducing agents, singlet oxygen quenchers, and metal 
chelating agents because of their redox activity [18]. For 
stable and regulated size nanoparticle production, green 
synthesis is recommended. Additionally, there is less 
chance of pollution with green synthesis of nanoparticles 
[19, 20]. The nanoparticles are stabilized by biological 
material components that surround them [21]. In addition, 
the plant extract’s secondary metabolites simultaneously 
stabilized and capped the zero-valent species of  Au0, 
leading to the synthesis of AuNPs [22]. Researchers have 
demonstrated that the majority of the chemicals listed 
above, which are responsible for the production of nano-
particles, are ecologically beneficial based on the results 
of numerous studies [23]. PEG (polyethylene glycol) is 

a synthetic, water-soluble, biocompatible polymer that is 
typically used in biomedical applications. Its main pur-
pose is to coat nanoparticles in order to improve their 
penetration and dispersion in aqueous solutions.

Diospyros kaki L. (persimmon) is mostly grown in East-
ern Asia, which includes Japan, China, and Korea and can 
be grown as well in Azerbaijan, India, Türkiye, Spain, 
USA, and Brazil [24]. Concerning the amount and value 
to economy, its fruit is regarded as one of the significant. 
There has been an increase in curiosity about the chemi-
cal and bioactive components of Diospyros kaki L. (DK) 
fruit recently. There have been numerous researches on the 
effects of DK vegetables and the substances they contain 
on human health. Carbohydrates, organic acids, phenolic 
molecules, carotenoids, and tannins make up the majority of 
DK fruit’s ingredients and provide the fruit its anti-oxidant, 
anti-cancer, and pharmacological effects. Additionally, it 
contains a number of macro and micronutrients with high 
bioavailability [25]. The leaves of persimmon trees are val-
uable as ingredients for functional foods, medicines, and 
nutraceuticals since they are deciduous. Numerous bioactive 
substances, including caffeine, polysaccharides (cellulose, 
hemicelluloses, and lignins), phenolics (flavonoids), terpe-
noids, carotenoids (kryptoxanthin), amino acids, vitamin C, 
minerals, and chlorophylls, are found in persimmon leaves. 
Specifically, the leaves have a high concentration of phe-
nolic compounds, such as kaempferol, proanthocyanidins, 
flavonolglucosides, myricitrin, quercetin, and isoquercetin, 
which have anti-inflammatory, antidiabetic, anti-cancer, 
anti-allergic, and vasorelaxant properties [24, 26–28]. 
Utilizing high-performance liquid chromatography–quad-
rupole time of flight–mass spectrometry (HPLC-QTOF-
MS) in negative ion mode, Huang et al. [29] identified 32 
compounds in persimmon leaves. The major compounds 
were hyperoside, quercetin, kaempferol, myricetin, trifolin, 
vitexin, astragalin, 19α, 24-dihydroxy ursolic acid, barbin-
ervic acid, and pomolic acid. Both the fruit and the leaves 
of the DK are said to have significant biological benefits, 
such as anti-inflammatory properties, defense against ath-
erosclerosis, a decrease in cholesterol levels, resistance to 
free radicals, protection against diabetes, cancer treatment, 
and cancer prevention [11].

In order to minimize the energy required for the synthe-
sis of nanoparticles, underutilized biological resources have 
been investigated recently. These resources help reduce the 
metal ion to its equivalent nanoparticles at room tempera-
ture since they include phytochemicals [30]. In the literature, 
the biosynthesis of gold nanoparticles from the fruit part of 
Diospyros kaki L. has mostly been reported [11, 31, 32]. 
According to the information obtained by researching the lit-
erature so far, gold nanoparticles have not been synthesized 
by the green synthesis method from Diospyros kaki L. leaf 
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containing phenolic compounds collected from Trabzon city 
of Türkiye, and their characterization has not been studied. 
For this reason, it was aimed to collect Diospyros kaki L., 
an economically valuable plant, from Trabzon, obtain its 
extracts with laboratory microwaves, produce gold nanopar-
ticles by the green method, and characterize it with XRD, 
Zetasizer, TEM, and FTIR in this study.

Materials and Methods

Extraction of Diospyros kaki L. Leaf

The leaves of Diospyros kaki L. were gathered from 
located in Trabzon province, Turkey. From their natural 
habitat in Trabzon, representative samples of Diospyros 
kaki L. leaves were gathered. Prof. Dr. Salih Terzioğlu 
verified the taxonomic identity of the plant material and 
then the plant material was added to the Herbarium of the 
Department of Forest Engineering Faculty at Karadeniz 
Technical University in Trabzon, Türkiye (KATO:19479). 
To get rid of any waste and pollutants, leaves were washed 
several times in deionized water. The leaves were then 
shred and let to dry. Then, to produce a fine powder, the 
dried leaves were ground up in a stainless steel mixer. The 
10 g of Diospyros kaki L. leaves were shaken in 100 mL 
of water for 300 min in a shaker. They were then put in 
the flask of a 600-W microwave (Milestone Start S Micro-
wave, USA), heated to 40 °C, extracted for 6 min, and 
cooled. All of the chemicals employed in the synthesis 
of AuNPs were of analytical grade, and the filtrate was 
collected.

DKL‑AuNPs Biosynthesis

For the synthesis of DKL-AuNPs, a 0.5 mM metal solution 
was made using  HAuCl4.3H2O (99.9%, Sigma-Aldrich). 
Firstly, 20 mL of the  HAuCl4.3H2O (0.5 mM) aqueous 
solution was mixed with 0.1 mL and 0.5 mL volume of 
DKL extract solution at 25 °C under continuous stirring. 
The stabilizing agent polyethylene glycol (PEG-200, 1%), 
after the optimal parameters were identified, was used to 
produce the nanoparticles. Every procedure was run three 
times. The way allowed for different minutes to witness the 
color shift. Based on the color shift, samples from the reac-
tion media were extracted. A common sign that colloidal 
AuNP is forming in the solution is this shift in hue. In this 
optimized method, such as varying the amount of DKL 
extract and reaction parameters like concentration, time, 
and volume were investigated. UV-Vis spectroscopy was 
used to monitor the AuNPs production kinetics. Following 
the end of the reaction, the pellet was again suspended after 
the resulting DKL-AuNPs were centrifuged three times for 

15 min at 10,000 rpm. DKL-AuNPs were stored at 4 °C in 
anticipation of future studies. The metal ion reduction was 
seen using ultraviolet-visible spectroscopy at a wavelength 
of 300–800 nm.

DKL‑AuNPs Characterization

An important technique for evaluating the creation and 
stability of metal nanoparticles in aqueous solutions is 
UV-Vis spectroscopy, which is used in the DKL-AuNPs 
characterization procedure. Diospyros kaki L. (persim-
mon) leaf extracts at different time intervals were used by 
UV-Vis spectroscopy (300 − 800 nm) absorption measure-
ments (Shimadzu, Japan) in this method. As a result of 
these measurements, SPR bands of Au nanoparticles were 
formed and characteristic plasmon resonance peaks around 
500–600 nm were determined, indicating the formation of 
gold nanoparticles. The sharp narrow-shaped band is evi-
dence of both spherical and homogeneous distribution of 
gold nanoparticles [33]. The stability criterion requires that 
the highest absorbance value remain constant when samples 
collected at different times are examined [34]. The different 
functional groups in the produced AuNPs can be identified 
via FTIR analysis. It offers details on a molecule’s structure, 
which are usually learned through. Using Fourier-transform 
infrared (FT-IR) (PerkinElmer Frontier) spectroscopy in the 
range of 4000–550  cm−1, the organic compounds encapsu-
lated on the exterior of the DKL-AuNPs were categorized. 
The crystal sizes and patterns of the particles produced dur-
ing the synthesis were examined using an XRD. With the 
use of X-ray data in the 10°–90° range, the XRD pattern of 
the synthesized DK-AuNPs sample was obtained utilizing 
an X-ray diffractometer (XRD, Panalytical X’Pert3 Pow-
der). TEM micrographs captured using the Hitachi HT-7700 
instrument were utilized to examine the morphological 
characteristics of the generated AuNPs. Furthermore, the 
morphological structure was examined using the data 
obtained from TEM images. The surface charges and size 
distributions of the produced DKL-AuNPs were measured 
using the zeta potential distribution device. Using a zeta 
size analyzer, zeta potentials, polydispersity indices (PI), 
and average particle sizes of Au nanoparticles are calcu-
lated using the DLS technique (Malvern Zetasizer Nano 
ZSP), a light source of a He–Ne laser with a wavelength 
of 633 nm, a maximum power of 10 mW, and a maximum 
power of 100 VA.

Statistical Analysis

Every experiment is carried out thrice, dependent on the 
determined analytical method, and the mean ± standard 
deviation (SD) (n = 3) was employed.
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Results and Discussion

Characterization of DKL‑AuNPs

Consequently, a shortened process for the phytosynthesis of 
DKL-AuNPs employing an aqueous extract of Diospyros 
kaki L. (persimmon) leaves is shown in Fig. 1.

As such, the use of chemicals was unnecessary. It is 
hypothesized that these phytoconstituents function as both 
a stabilizing and a reducing agent simultaneously. First, 
reduced gold ions into a metallic or zero-valent form of 
gold (AuNPs) are extracted from the leaves of Diospyros 
kaki L. (persimmon).

UV–Visible Spectroscopy

UV–visible spectroscopy is used to identify surface plas-
monic resonance, which is the distinct peak at a wavelength 
where a light source produces excitation [35, 36]. Surface 
plasmon resonance (SPR) bands are specific to most metal-
lic nanoparticles [35]. Furthermore, the form and location 
of the SPR peak are often determined by the size and shape 
of the NPs.

When  HAuCl4.3H2O was mixed, the color of the extract 
quickly changed from light yellow to purple; this shows the 
synthesis of AuNPs (Fig. 2a, b). In UV-Vis spectroscopic 
examination of the produced DKL-AuNPs solution in the 

wavelength range of 300–800 nm, a strong surface plasmon 
peak at 534 nm was obtained, confirming the synthesis of 
DKL-AuNPs. However, the DKL solution did not exhibit 
any absorption peak between 300 and 800 nm (Fig. 2c).

Figures 3 and 4 display the UV-Vis spectra of Au nano-
particles that were produced at 25 °C using 0.1–0.5 mL DKL 
extract and 0.5 mM  HAuCl4.3H2O solutions. This consists 
of the metal salt (Au) and the synthesis time concentration 
and the amount of DKL extract during the biosynthesis of 
DKL-AuNPs.

Fig. 1  A schematic representa-
tion of the green synthesis and 
characterization of DKL-AuNPs
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Fig. 3  UV-Vis spectra of 
Au nanoparticles synthe-
sized at 25 °C with 0.5 mM 
 HAuCl4.3H2O and in differ-
ent volume of DKL extract (a 
0.1 mL, b 0.5 mL)
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In Fig. 3a, a specific resonance band of DKL-AuNPs was 
first produced at 555 nm after 120 min. AuNPs were suc-
cessfully produced at 540 nm after 10 min, and the band 
peaked after two hours with 0.5 mL of DKL extract as 
shown in Fig. 3b, and the band peaked after 2 h. Following 
a 10-min time span, at 540 nm for 0.5 mM of  HAuCl4.3H2O, 
the SPR peaks emerged and after 2 h of reaction, the peaks 
gradually moved to 534 nm (Fig. 3b). Similarly, the addition 
of PEG-200 (1%), a stabilizing substance presented during 
synthesis. The SPR peaks appeared at 531 nm at a 10-min 
interval, and after 2 h of processing, they progressively 
shifted to 533 nm (Fig. 4b). As a result, an SPR peak char-
acteristic of AuNPs at 534 nm, as depicted in Fig. 3b, vali-
dated the successful phytosynthesis of DKL-AuNPs utilizing 
0.5 mL of the aqueous extract of Diospyros kaki L. (per-
simmon) leaves in this study. Nanoparticle production was 
higher in 0.5 mL extract volume (Figs. 3b and 4b). A high 
extract volume (0.5 mL) increased the number of nanoparti-
cles. It is possible that PEG-200 (1%) (Fig. 4a, b) restricted 
the production of nanoparticles in some way. There must 
be restrictions on bioactive compounds having lowering 
effects [33, 37]. The stability of the produced nanoparticles 
is also influenced by storage duration. Even after 75 days, 
as can be shown in Fig. 5, there was no discernible change 
in the UV-Vis spectra of DKL-AuNPs, suggesting that they 
were stable. However, a slight decrease in the spectrum was 
observed after 90 days and DKL-AuNPs were stable for up 
to 2.5–3 months (Fig. 5). Based on these findings, it can be 
concluded that AuNPs have remarkable dispersion stability 
against aggregation due to the negative biomolecules derived 
from DKL extract.

In the literature, Dhandapania et al. [11] and Huo et al. 
[32] produced gold nanoparticles from Diospyros kaki L. 
fruit under various conditions. Dhandapani et al. [11] opti-
mized reaction parameters such as pH, temperature, and time 
by using different concentrations of gold salt and DK fruit 
extracts to biosynthesize DK-AuNPs. They carried out the 
synthesis at 50–80 °C temperatures, 5–20-min reaction time 
spans, DK concentrations of 6–9 mg/mL, and  HAuCl4.3H2O 
concentrations of 1–5 mM. Dhandapani et al. [11] found 
maximum peak was 547 nm of optimized DK-AuNPs. Huo 
et al. [32] boiled a mixture of 2 g of persimmon powder 
and 200 mL of deionized water for 5 min. To examine the 
impact of  HAuCl4.4H2O concentration on the synthesis of 
AuNPs, 10 mL of persimmon extract was mixed with 50, 
100, 150, and 200 mL of  HAuCl4.4H2O (10 mM). These 
mixes were then allowed to incubate at room temperature. 
Furthermore, the impact of reaction temperature was investi-
gated through the incubation of the extract and  AuCl4.4H2O 
mixes at 30, 40, 50, 60, and 70 °C. The UV-Vis spectra were 
used to track the progress of the synthesis. Huo et al. [32] 
reported that when adding  HAuCl4.4H2O, the extract’s color 
quickly transformed from pale orange to purple, resulting 

in the formation of gold nanoparticles, and after 10 min, 
SPR peaks were observed at 532, 533, and 546 nm. There is 
no article in the literature showing the biosynthesis of gold 
nanoparticles at 25 °C from DKL extract obtained using the 
method, like in this one.

TEM Analysis

The TEM images in Fig. 6 verify the production of AuNPs 
(0.5 mM, 0.5 mL, no PEG-200, 25 °C), and these images 
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show that the structure of the spherical gold nanoparticles 
is consistent with the shape of the resonance band in the 
UV-Vis spectrum.

Based on the data presented in Fig. 6a and b, it was deter-
mined that the average particle size of DKL-AuNPs was 
approximately between 14.907 and 46.021 nm. Depending 
on the TEM images, the DKL-AuNPs had a mean size of 
29.842 ± 7.871 nm (Fig. 6b). Dhandapani et al. [11] reported 
23.42 ± 12.6 nm based on TEM image results of DK-AuNPs 
size. Huo et al. [32] reported that the isotropic growth of 
AuNPs had no significant effect on the size of AuNPs, 
despite the increase in temperature (50, 60, and 70 °C). 
Huo et al. [32] reported TEM images of synthesized AuNPs 
12 ± 5 nm, 16.5 ± 8.4, and 30.7 ± 15.8 nm size, respectively, 
at 0.5, 1.0, and 1.5 mM concentrations of  HAuCl4.4H2O. 
The size of DKL-AuNPs in this study was found to be com-
patible with the size of DK-AuNPs in the literature by Huo 
et al. [32] and Dhandapani et al. [11].

FT‑IR Analysis

An open spectrum library for bioactive compounds and the 
FT-IR spectrum database was used to evaluate the samples’ 
FT-IR spectra and determine their chemical linkages.

Different patterns were seen in the samples (Fig. 7). FTIR 
measurement provided additional evidence that potential 
functional groups in the persimmon extract were engaged in 
the synthesis process. The functional groups on the surface 
of the biosynthesized AuNPs obtained from the extract of 
persimmon leaves, as evidenced by the lack of significant 

difference between the spectra of the extract of persimmon 
leaves and the AuNPs that were biosynthesized utilizing the 
extract of this leaf (Fig. 7 a, b). The peaks at 3210.46  cm−1 
and 3209.94  cm−1, respectively, are the result of the phenolic 
and aliphatic hydroxyl groups in DKL and DKL-AuNPs. 
The protein’s methylene group’s C-H stretch was linked to 
the bands at 2919.94  cm−1 in DKL and 2917.80  cm−1 in 
DKL-AuNPs. The presence of the C–C bond in benzene 
may be responsible for the peak in DKL at 1545.04  cm−1 and 
the peak in DKL-AuNPs at 1552.16  cm−1. The stretching 
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Fig. 6  a TEM image (100  nm) of Au nanoparticles synthesized at 
25 °C with 0.5 mM  HAuCl4.3H2O with 0.5 mM  HAuCl4.3H2O and 
0.5 mL DKL extract. b Size distribution of AuNP
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vibrations of C-H and C = C may be associated with the 
peaks located at 1552.16 and 2917.80  cm−1 (Fig. 7b) [32, 
38]. The spectra of persimmon extract and the biosynthe-
sized AuNPs utilizing persimmon extract were not signifi-
cantly different, according to reports by Huo et al. [32] and 
Dhandapania et al. [11].

XRD Analysis

The XRD pattern verified the crystalline structure of 
DKL-AuNPs.

Figure 8 shows that distinct diffraction peaks of AuNPs 
were found at 38.2645°, 44.3936°, 64.6392°, and 77.6093°, 
which correspond to the lattice planes (111), (200), (220), 
and (311). Moreover, the (111) plane was the preferred 
growth direction of the green-produced DKL-AuNPs. The 
results obtained were in compliance with JCPDS 04-0784, 
the specified standards for crystalline gold. The average crys-
tallite size of DKL-AuNPs was calculated using the Scher-
rer formula, and it was found to be approximately 25.99 nm, 
which was in close proximity to the size range (29.842 nm) 
reported by TEM spectroscopy. Huo et al. [32] and Danda-
pani et al. [11] determined four different results from XRD 
of DK-AuNPs. Huo et al. [32] found the diffraction peaks 
corresponding to the (111), (200), (220), and (311) planes 
at 38.10, 44.24, 64.47, and 77.38, and Dandapani et al. [11] 
found the diffraction peaks at 38.14, 44.31, 64.55, and 77.59 
and reported that they found it compatible with JCPDS file 
No. 04-0784. The results of this study were found to be com-
patible with the XRD results of Huo et al. [32] and Danda-
pani et al. [11].

Zeta Potential and Particle Size

The microwave-extracted Au nanoparticles in Fig. 9a and b 
had an average particle size of 45.44 ± 1.095 nm in an aque-
ous solution, a zeta of 0.45 ± 0.011, and a polydispersity 
index of 0.316 ± 0.009. Using a zeta analyzer, the stability 
and surface charge of green-produced DKL-AuNPs were 
examined. This method is frequently used to assess the dis-
persion stability of nanoparticles [35, 39]. Zeta potential 

Fig. 7  FT-IR spectra of Diospyros kaki L. leaves (a) and DKL-
AuNPs (b)

Fig. 8  XRD pattern of DKL-AuNPs
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for DKL-AuNPs was − 16.9 mV ± 1.19 (Fig. 9), indicating 
that DKL-AuNPs were stable. Nanoparticles become more 
stable as the zeta potential value decreases [40]. Because 
DKL-AuNPs are capped with negatively charged phytocon-
stituents that create repulsion (dispersion) among them and 
promote their stability, they exhibit a negative zeta poten-
tial. DLS analysis demonstrates how size distribution varies 
with conjugated diameter or hydrodynamic size in particles 
that are colloidal; hence, the sizes are frequently higher 
than those found by TEM analysis [11]. Huo et al. [32] 
reported when 0.5, 1.0, 1.5, and 2.0 mM of  HAuCl4.4H2O 

were utilized as precursors, respectively, the resulting zeta 
potential values of AuNPs were − 24.1, − 23.2, − 23.3, 
and − 25.8 mV in literature. According to the result of this 
study, the average particle size of DKL-AuNPs in an aque-
ous solution (45.44 ± 1.095 nm) was founded higher than the 
average size of DKL-AuNPs (29,842 ± 7871 nm) of TEM 
image.

Conclusion

According to the results of this work, it can be concluded 
that gold nanoparticles can be produced from Diospyros kaki 
L. (persimmon) leaf extracts utilizing this method, which 
uses less energy overall. Utilizing of Diospyros kaki L. 
(persimmon) leaf aqueous extract as reducing and stabiliz-
ing agents, this study illustrated a biological process for the 
biosynthesis of DKL-AuNPs. Primary phytochemicals from 
Diospyros kaki L. (persimmon) leaf extracts are transformed 
into DKL-AuNPs by a plant-mediated process that is envi-
ronmentally benign. The current work is the demonstrate a 
rapid, one-step, cost-effective, and environmentally friendly 
production of gold nanoparticles (DKL-AuNPs) utilizing the 
aqueous extract of Diospyros kaki L. (persimmon) leaf. The 
phytosynthesis of DKL-AuNPs using the investigated spe-
cies’ aqueous extract was deemed to be successful and effi-
cient, as they were found stable for more than 2.5–3 months 
and evidenced by the formation of dark purple and sperical 
or elliptical. Furthermore, it can be said that the synthesis 
of DKL-AuNPs in the current study adheres to numerous 
green chemistry principles, including the use of renewable 
feedstocks, energy efficiency in design, and the avoidance 
of toxic solvents.
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