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ABSTRACT
The use of bioactive compounds in plants as reducing, stabilizing, and capping agents in nanoparticle manufacturing is an
exceptionally eco-friendly approach. This work used rosehip seed extract, acquired by automatic solvent extraction, in the
microwave-assisted green production of zinc oxide nanoparticles (ZnO NPs). The total phenolic content (TPC), total flavonoid
content (TFC), and antioxidant activity of the extracted materials and nanoparticles (NPs) were assessed using the 2,2-diphenyl-
1-picrylhydrazyl (DPPH) and 2,2′-azinobis(3-ethylbenzothiazoline-6-sulfonic acid) (ABTS) assays. The ideal synthesis parameters
were established as 25 mL of extract, pH 12, 360 W of microwave power, and a metal salt concentration of 0.05 M for a duration of
7 min. The characterization of the ZnO NPs synthesized under these conditions was performed using x-ray diffraction (XRD),
Fourier-transform infrared spectroscopy (FT-IR), scanning electron microscopy with energy-dispersive x-ray analysis (SEM-
EDX), dynamic light scattering (DLS), zeta potential measurements, and UV–Vis spectrophotometry. High-purity, nano-sized,
antioxidant ZnO NPs were manufactured using an ecologically friendly, sustainable, and ecological technique.

1 Introduction

The idea of nanotechnology was popularized in the 1960s by
Richard Feynman, whereas earlier scientists had used minuscule
materials without knowledge [1]. The discipline of nanotech-
nology is progressing by the synthesis of nanomaterials with
controlled dimensions [2]. Nanoparticles (NPs) are often defined
as particles that measure 100 nm or smaller in at least one
dimension. It is essential to note that NPs exhibit distinct and
frequently enhanced physico-chemical properties relative to the
corresponding bulk material [3]. The chemical and physical
properties of nanoscale materials are affected by their surface
atoms, as a higher surface-to-volume ratio reduces grain size and

decreases the melting point of surface atoms, hence influencing
their chemical and physical characteristics [4]. Due to the reliance
of nanotechnology on the utilization of materials and gadgets
via nanoscale techniques across many fields, NPs have emerged
as a prominent substance for the advancement of science and
technology in recent years [5]. Nanoscience has swiftly advanced
owing to its prospective uses across diverse industries and has
emerged as a significant aspect of everyday life [6]. Nanomate-
rials have many applications in medical, cosmetics, packaging,
nanofibers, biosensors, and electronics, now attracting significant
interest owing to their magnetic, catalytic, mechanical, optical,
and electrical properties [7, 8]. A diverse array of metal-based NPs
has been precisely synthesized, including gold, silver, aluminum,
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copper, magnesium, palladium, zinc, and platinum [6, 9–13].
Metal oxide NPs may be manufactured by connecting two metal
segments (–O–) with oxy or hydroxyl bridges (–OH–), leading
to the creation of metal oxide or metal hydroxide NPs in an
aqueous solution [14]. Zinc oxide nanoparticles (ZnO NPs) have
attracted significant interest across several industries, including
optics, electronics, packaged foods, and medicine, due to their
advantageous properties such as biocompatibility, minimal cyto-
toxicity, and cost-effectiveness [15–18]. A ZnO semiconductor,
characterized by a band gap energy of around 3.37 eV, has many
uses in photocatalysis, sensing, optoelectronics, and biomedi-
cal sciences [2, 18, 19]. ZnO has considerable economic and
industrial significance due to its varied properties, facilitating its
employment in several industries, such as the rubber industry,
biomedical fields, and metal surface treatment [20]. In recent
years, there has been an increasing emphasis on the creation of
ecologically sustainable goods and processes, driven by concerns
over climate change, water pollution, finite natural resources, and
human health. In several fields, NPs have emerged as a prominent
material for the advancement of science and technology in recent
years [20–22]. Top–down and bottom–up approaches form the
basis of different methodologies for NP synthesis. The top–down
technique involves reducing the bulk material to tiny NPs by
breaking it into its monomers, whereas the bottom–up synthesis
constructs NPs from atoms. The synthesis of NPs employs a
variety of chemical, physical, and, more recently, biological
methods [3, 23]. The advancement and requirement of green
synthesis techniques to produce NPs have attracted significant
popularity in recent years.

Green synthesis denotes the ecologically sustainable creation
of various nanomaterials [24]. Physical and chemical synthesis
procedures are often expensive, require the use of hazardous
chemicals and specialized equipment, and are detrimental to
the surrounding environment. Thus, green synthesis is an envi-
ronmentally sustainable and cost-effective approach [2]. Diverse
compounds such as proteins, alkaloids, flavonoids, reducing
sugars, and polyphenols in biomaterials serve as reducing and
capping agents in the synthesis of NPs from metal salt precursors
[25]. The availability of phytochemicals in plant extracts, which
function as stabilizing and reducing agents, has resulted in the
use of diverse plant components—such as leaves, fruits, roots,
stems, and seeds—for the synthesis of different NPs [26]. The
ecologically sustainable production of ZnO NPs by plant extract
encompasses a three-phase process: reduction, nucleation,
and stabilization [27]. The extract’s bioactive components,
including flavonoids, phenolic acids, and tannins, are essential
in promoting the process. The phytochemicals in the aqueous
extract reduce zinc ions from the zinc precursor, such as zinc
nitrate. This reaction results in the creation of zinc hydroxide, as
shown in Equation (1). Under various conditions, such as heat
treatment or pH alteration, the reaction decomposes, producing
ZnO and releasing water, as demonstrated in Equation (2).
Phytochemicals encapsulate and stabilize the synthesized ZnO
NPs, preventing their agglomeration. The phytochemical coating
not only improves the stability of the NPs but also imparts
potential bioactive capabilities (Equation 3) [27, 20]:

Zn2+ + phytochemicals → Zn (OH2) ↓ (1)

Zn (OH2)
heat or pH adjustment
�����������������→ ZnO + H2O (2)

ZnO + phytochemicals (Stabilizers) → stabilized ZnO NPs (3)

The production of ZnO NPs using plant extracts as support has
been examined in earlier research. Ifeanyichukwu et al. [28]
successfully produced ZnO NPs by green synthesis employing
aqueous extracts from pomegranate (Punica granatum) leaves
and flowers. Alharthi et al. [29] synthesized ZnO NPs by a simple
and modern technique employing aqueous Ziziphus jujuba leaf
extract, aided by microwave irradiation. Jamdagni et al. [30]
documented an ecologically sustainable method for synthesizing
ZnO NPs using the aqueous flower extract of Nyctanthes arbor-
tristis. MuthuKathija et al. [31] used reducing and capping agents
from Pisonia alba leaf extract for the eco-friendly production
of ZnO NPs. Du et al. [32] used Sida acuta leaf extract in
their research as a capping and reducing agent that encouraged
nucleation and morphological development.

The genus Rosa, under the Rosaceae family, has over 100
species distributed over Europe, Asia, and North America, with
its medicinal and nutritional advantages acknowledged and
used for thousands of years [33]. Rosa canina L. is a member
of the Rosaceae family, recognized for its white flowers and
luminous red rosehips [34]. Due to its high concentrations of
various bioactive compounds with antioxidant properties, such
as vitamin C, carotenoids, and known as “rosehip” is known for
its therapeutic properties in treating hemorrhoids and diabetes
mellitus, as well as its anti-inflammatory and anti-obesity effects
[35–37]. Often, people do not eat the fruits fresh; instead, they
use them to make marmalade, jams, juices, teas, syrups, wine,
and more recently, probiotic beverages, yogurts, and soups [38].
Every year, people discard several rosehip seeds, despite the seed
making up a substantial portion of the fruit. In this context,
seeds are classified as substantial agricultural and industrial
waste [39]. Advanced extraction techniques enhance efficiency
and selectivity, while reducing processing time and expenses.
Additionally, this method minimizes solvent use, substitutes con-
ventional solvents with more eco-friendly and safer alternatives,
and ensures the safety of the final extract [40]. Automatic solvent
extraction (ASE) is a solid–liquid extraction technique conducted
at elevated temperatures (50◦C–200◦C) and high pressures (10–
15 MPa), with its primary benefits over conventional extraction
techniques being significant reductions in solvent use and extrac-
tion duration [41]. Furthermore, ASE has shown promising
results in the extraction of bioactive compounds, especially with
green solvents [42]. Ethanol is used for its cost-effectiveness
and in scenarios where the objective is to get moderately polar
compounds, such as phenolic acids [43]. This study used rosehip
seeds, a significant element of the fruit, for the first green
synthesis of ZnO NPs. ASE, a novel method for extracting plant
material, decreased both extraction duration and solvent use.
The extract’s and ZnO NPs’s total phenolic content (TPC), total
flavonoid content (TFC), and antioxidant activity were assessed
using spectrophotometric methods. The synthesis of ZnO NPs
was conducted in a sustainable and environmentally benign
way using a polyphenol-rich extract derived from seeds that
would otherwise be considered waste. ZnO NPs were produced
with a microwave heating method, leading to enhanced time
efficiency. The synthesis of ZnO NPs was optimized using a
UV–Vis spectrophotometer to determine the optimum synthesis
parameters. The synthesized ZnO NPs were examined using x-
ray diffraction (XRD), Fourier transform infrared spectroscopy

2 of 15 Chemistry & Biodiversity, 2025

 16121880, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/cbdv.202402724 by Istanbul Saglik V

e T
eknoloji U

niversitesi, W
iley O

nline L
ibrary on [21/04/2025]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



(FT-IR), scanning electron microscopy with energy dispersive x-
ray analysis (SEM-EDX), dynamic light scattering (DLS), zeta
potential assessments, and UV–Vis spectrophotometry. We antic-
ipate that the eco-friendly method of synthesizing pure and
nano-sized ZnO NPs will illuminate future research.

2 Materials and Methods

2.1 Materials

2.1.1 Plant Materials

The fresh rosehip (R. canina L.) fruit samples used in this
research were collected by Rabia Nur Bozkurt from Çerkeş,
Çankırı, Turkey (Central Anatolia Region; latitude 40◦ 48′ N,
longitude 32◦ 53′ E, height 800 m) in September 2023. The seeds
of some harvested fruits were collected, whereas the fruit was
still fresh. The seeds of some harvested fruits were extracted,
whereas the fruit remained fresh. A portion of the fruit was
desiccated by sunlight. The seeds of dried rosehip fruit were
extracted. A part of the fresh fruit was converted into marmalade.
The fruits were cooked, strained through a sieve, leaving the seeds
behind. Distilled water was used to cleanse the beans adhering
to the strainer. The seeds left after the fruit was processed into
marmalade constituted the predominant portion of the plant
material. The core, acquired under three distinct conditions, was
preserved in the refrigerator at −25◦C until the extraction phase.

2.1.2 Chemical Materials

Ethanol (≥99.9%) (EtOH) was obtained from Merck
(Darmstadt, Germany) for the extraction process. Sodium
carbonate (≥99.0%) (Na2CO3), sodium hydroxide (NaOH),
(+)-catechin, 2,2-diphenyl-1-picrylhydrazyl (DPPH), 2,2′-
azinobis(3-ethylbenzothiazoline-6-sulfonic acid) (ABTS),
6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid
(Trolox), butylated hydroxytoluene (BHT), Folin–Ciocalteu
reagent, and gallic acid monohydrate (≥98.0%) were procured
from Sigma-Aldrich (St. Louis, MO, USA). Methanol (≥99.9%)
(MeOH) was obtained from Merck (Darmstadt, Germany).
Zinc nitrate hexahydrate (Zn(NO3)2⋅6H2O) utilized for
NP manufacturing was procured from Merck (Darmstadt,
Germany). Deionized water was provided by the Millipore
Milli-Q purification system.

2.2 Methods

2.2.1 Rosehip Seed Extract Preparation

An environmentally friendly method, specifically ASE technol-
ogy, was utilized to extract a phytochemically rich material from
rosehip seeds. The rosehip (R. canina L.) seeds, stored at −25◦C,
were prepared for extraction by air-drying at room temperature
and washing twice with pure water.

2.2.2 Automatic Solvent Extraction

Extraction of rosehip seeds was carried out with an automatic
solvent extractor (Velp Scientifica, Usmate, Italy). Rosehip seed

samples (1 g) were placed in extraction cartridges (Whatman,
Maidstone, UK, 33 mm × 80 mm). Then, 80 mL of extraction
solvent was added to the extraction containers. Depending on the
type of solvent, extraction temperature, washing time, immersion
time, removal time, and recovery time are set on the device screen.
A period of 20 min for immersion, 40 min for washing, 30 min for
recovery, and 2 min for cooling were adjusted to the appropriate
temperature level according to the solvent type. Extraction time
lasted 1 h 32 min. The extract was filtered using a 0.45 μm syringe
filter. The extract was stored in an amber bottle at +4◦C [42].

2.3 Quantitative Determination of
Phytochemical Constituents

2.3.1 Determination of TPC

The Folin–Ciocalteu technique was used to quantify the TPC
of rosehip seed extract and ZnO NPs. The same procedure
was applied for both. A volume of 20 μL of the sample was
taken, and 380 μL of distilled water was added. Subsequently,
2000 μL of Folin–Ciocalteu reagent and 1600 μL of sodium
carbonate solution were included. Absorbance measurements
were recorded at 765 nm using a UV spectrophotometer (PG
Instruments, T60, Leicestershire, UK), with samples stored in
darkness for 30 min. Calibration curves were determined using
suitable solvents obtained from pure gallic acid, with results
expressed as milligrams of gallic acid equivalent per gram of dry
matter (mg GAE/g DM) [44].

2.3.2 Determination of TFC

The aluminum chloride method was used to measure the TFC
of rosehip seed extract and ZnO NPs. The same approach was
utilized for both. A 25 μL sample was taken, and then 2225 μL
of distilled water was added. Subsequently, 113 μL of NaNO2 was
introduced and maintained in darkness for 6 min. A volume of
225 μL of AlCl3 was incorporated into the mixture and allowed
to stand for 5 min in darkness. Ultimately, 750 μL of NaOH and
412 μL of distilled water were included, respectively. Absorbance
measurements were obtained using a UV spectrophotometer
(PG Instruments, T60/Leicestershire, England) at a wavelength
of 510 nm. Calibration curves were established with catechin
as a reference standard. Results are presented as milligrams of
catechin per gram of dry matter (mg CE/g DM) [45].

2.3.3 Determination of Antioxidant Activity by DPPH
Method

The antioxidant activity of the extract and NP solution was
evaluated using the DPPH method. The same technique was used
for each. A solution was made by diluting 0.0079 g of DPPH in
40 mL of methanol (80% v/v). After that, 600 μL of methanol
(80% v/v) and 3000 μL of diluted DPPH solution were added to
100 μL of the sample solution. The mixture was then left alone
for 30 min in the dark. The antioxidant activity was quantified
spectrophotometrically at 517 nm by the DPPH technique. BHT
was used as the control. Calibration curves were developed using
Trolox (6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid)
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in suitable solvents. The outcomes were quantified as milligrams
of Trolox equivalent antioxidant activity (mg TEAC/g DM) per
gram of dry matter [46]. The ability to scavenge the DPPH radical
was determined using the following equation:

Antioxidant activity (%inhibition) ∶
𝐴control−𝐴sample

𝐴control

× 100 (4)

where Acontrol is the absorbance of the control (DPPH solution
without sample), and Asample is the absorbance of the test sample.

2.3.4 Determination of Antioxidant Activity by ABTS
Method

The free radical scavenging activity of the extract and NPs
was evaluated using the ABTS assay. The same approach was
implemented for both. Following the addition of 150 μL of
sample solution to 2850 μL of diluted ABTS solution, absorbance
was recorded at the 10th minute at 734 nm, using a blank
sample empty of ABTS as a reference. BHT was used as the
control. Results were presented as milligrams of trolox equivalent
antioxidant capacity per gram of dry matter (mg TEAC/g DM)
[47]. Scavenging activity of the samples against the ABTS radical
was stated as written in Equation (4).

2.4 ZnO NPs Synthesis

The synthesis conditions for ZnO NPs from rosehip seed extract
were adjusted by changing many parameters using a UV–Vis
spectrophotometer. Following the establishment of optimal syn-
thesis conditions, a 0.5 M solution of 50 mL Zn(NO3)2⋅6H2O was
produced. A volume of 25 mL of the rosehip seed extract was
thereafter added dropwise to the metal precursor while being
stirred on a magnetic stirrer. The pH of the synthesis was adjusted
to 12 with 1 M NaOH. The procedure continued for 7 min under
microwave irradiation at 360 W. The procedure was conducted in
a microwave extraction reactor (NEOSGR, Milestone Srl, Italy).
The resultant milky ZnO NPs suspension underwent centrifu-
gation at 4000 rpm for 15 min. The supernatant was discarded,
and the precipitate was washed with ethanol and filtered water to
eliminate any remaining contaminants. The precipitate was then
dried in an oven at 80◦C for 24 h. Upon drying, the precipitate was
ground in a mortar and preserved in Eppendorf tubes at +4◦C for
further characterization and spectrophotometric analysis.

2.5 ZnO NPs Characterization

The characterization of ZnO NPs synthesized using the green
method was performed through absorbance measurements to
optimize various parameters on a UV–Vis spectrophotometer
(Agilent/8453, Victoria, Australia). The samples were diluted with
distilled water, placed in quartz cuvettes, and measurements were
conducted within the wavelength range of 300–500 nm. UV–
Vis diffuse reflectance spectra (DRS) were obtained using the
(PG Instruments T92+, Leicestershire, UK) spectrophotometer
across a wavelength range of 300–600 nm. An XRD machine
(Rigaku/R-Axis Rapid-S, Tokyo, Japan) was used to study the
structure of crystalline NPs. Data were collected at a step size

of 0.01 across the range of 2θ = 10◦–80◦. FT-IR (Bruker/Tensor
27, MA, USA) was used to identify the functional groups of
the synthesized ZnO NPs. Measurements were conducted within
the range of 400–4000 cm−1. The surface shape and elemental
content of the produced NPs were examined using scanning
electron microscopy (SEM) (Zeiss Evo LS 10, Jena, Germany).
DLS using a Brookhaven 90 Plus Nano Particle Size Analyzer
(New York, USA) assessed the average size, size distribution,
and polydispersity index (PDI) of the NPs. Finally, the effective
electrical charge on the surface of the synthesized ZnO NPs was
determined using the Zetasizer (Malvern Nano ZS, Malvern, UK).

2.6 Statistical Analysis

Analysis of variance test (ANOVA) was used to measure the
significance between the groups for the findings of bioactivity
tests. Therefore, InStat software (GraphPad, San Diego, CA, USA)
was used to analyze the means of three replicate (n= 3) results via
Tukey’s test.

3 Results and Discussions

3.1 Determination of Phytochemical Content of
Plant Extract

Given the recognized significance of phenolic compounds in
plant extracts as reducing, stabilizing, and capping agents in the
development of metallic NPs [48], we assessed the three varieties
of discarded rosehip seeds for their TPC to determine the most
suitable seed type. The optimal solvent type and concentration
for TPC were assessed, and the extract was prepared using the
suitable solvent type and concentration. The extracted material
was assessed for TFC, TPC, and antioxidant activity using the
DPPH and ABTS assays and was used in the synthesis of ZnO
NPs. ASE subjected three varieties of rosehip seed samples—
seeds extracted from fresh fruit (S1), seeds extracted from dried
fruit (S2), and seeds extracted after thermal treatment of the
fruit (S3)—to extraction using an 80% ethanol solution. Figure 1a
indicates that S1 exhibits the lowest TPC, but S2 has a greater TPM
compared to S1. S3 achieved the maximum TPC. This scenario is
believed to be associated with the rupture of the cell wall in the
rosehip seed tissue prior to extraction, influenced by temperature
and vapor pressure, resulting in an increase in the release of
phenolic compounds from the cell walls. The predominance of
seed debris derived from the thermal processing of the fruit
indicates its advantageous role in trash recycling within the
study’s framework. Once the core type with the highest TPC
was identified, the process of selecting the most suitable solvent
commenced. Numerous factors, including plant composition,
extraction method, solvent type, and plant-to-solvent ratio, affect
the extraction of biologically active compounds from plants.
The solvent is a critical variable when the extraction time and
temperature are held constant. The use of ethanol or an aqueous
ethanol solution, both polar solvents, during the extraction
process promotes a more ecologically friendly method for using
the extract in food and health applications [49]. Rosehip seeds
were extracted using distilled water and ethanol solutions of
varying strengths, and their TPC was analyzed. Figure 1b illus-
trates that the lowest TPC was determined during the extraction
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FIGURE 1 (a) Determination of TPC in several rosehip types, (b)
determination of TPC in different solvent concentration, (c) bioactiv-
ity properties of plant extract. The data are presented as the mean
(n = 3) ± standard deviation. Different letters within each column
indicate significant differences between treatments according to Tukey’s
test at p < 0.001. ABTS, 2,2′-azinobis(3-ethylbenzothiazoline-6-sulfonic
acid); DPPH, 2,2-diphenyl-1-picrylhydrazyl; TFC, total flavonoid content;
TPC, total phenolic content.

with pure water and 100% ethanol. Prior research has shown
that alcohol–water combinations outperform single-component
solvents in the extraction of phenolic compounds [49–51]. Water
acts as a swelling agent for cells, enhancing the contact surface
between the plant matrix and the solvent; therefore, it raises
the concentration of phenolic compounds. TPC increased with
rising ethanol concentration up to 60%, after which it started to
decrease. This occurs because when the concentration of ethanol
is above a certain threshold, it denatures proteins, inhibiting
the dissolution of polyphenols and reducing the TPM value [52].
Figure 1c displays the TPC, TFC, and antioxidant activity values
of rosehip seed extract. The TPC of rosehip seed extract was
measured as 53.62 ± 0.012 mg GAE/g DM. İlyasoğlu’s work on
the characterization of rosehip seed and seed oil revealed that
the concentration of phenolic compounds in rosehip seed extract
was lower than that observed in our research [36]. Our research
obtained results similar to the phenolic chemicals generated by
Demir et al. from rosehip fruit [53]. Variations in factors like
the plant’s genotype, cultivation location, extraction process, and
solvent used influence the TPC, resulting in disparate findings
among research [54]. The TFC value of rosehip seeds was
determined to be 224.42 ± 0.002 mg CE/g DM. The TFC value
of rosehip seed extract was determined to be greater than the
flavonoid content reported by Paunović et al. in their investigation
of rosehip fruit [35]. This variance is believed to result from
variations in the extraction process and solvent conditions used.
Changes in plant species also contribute to these differences.
The DPPH technique determined the antioxidant activity to
be 27.23 ± 0.002 mg TEAC/g DM, whereas ABTS assays gave
31.14 ± 0.002 mg TEAC/g DM. ABTS finding is higher than that
of DPPH. This is in agreement with the report of Gaber et al.
on pomegranate residue extracts [55]. They recommended ABTS
assay as a more sensitive method and better choice comparing to
DPPH assay. The scavenging activity of the rosehip seed extract
against DPPH radicals was determined to be 97%, demonstrating
a remarkable antioxidant capacity. In comparison, the positive
control, BHT, exhibited a scavenging activity of 89%. Similarly,
when evaluated using the ABTS radical scavenging assay, the
extract showed an even higher activity of 98%, whereas BHT
demonstrated a scavenging activity of 92%. In both tests, these
results show that rosehip seed extract is better at getting rid of
radicals than the standard antioxidant, BHT. To conclude, the
three groups show significant difference in terms of bioactive
properties at p < 0.001.

3.2 Optimization of ZnO NPs Synthesis
Conditions

Prior research indicated that concentration, temperature, NP
size and morphology, pH, and other factors influenced surface
plasmon resonance (SPR) bands. Several elements influence it,
as evidenced by previous research [56]. Consequently, an initial
metal salt concentration, extract amount, pH, microwave power,
and microwave duration were optimized for the production of
ZnO NPs. Given that ZnO exhibits significant optical absorption
in the 315–400 nm range, conditions were adjusted by conducting
absorbance measurements over the 300–500 nm wavelength
spectrum using a UV–Vis spectrophotometer.
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FIGURE 2 Determination of optimum initial metal salt concentra-
tion.

3.2.1 Determination of Optimum Initial Metal Salt
Concentration

The initial metal salt concentration was adjusted for the pro-
duction of ZnO NPs. To get the best results, 50 mL solutions
of Zn(NO3)2⋅6H2O were used at concentrations of 0.001, 0.005,
0.01, 0.05, and 0.10 M. The extract, pH, microwave power, and
microwave duration were all kept the same. UV–Vis spectropho-
tometry used a wavelength range of 300–500 nm. Figure 2 displays
the results of absorbance measurements conducted within the
specified range. At low concentrations, no analytical signal was
found. However, strong absorbance values were recorded at
0.01, 0.05, and 0.10 M. The highest absorbance was found at
0.05 M Zn(NO2)2⋅6H2O, after ground adjustments were made.
The peak wavelength reported was 362 nm. When the initial
metal salt concentration exceeds a certain point, it halts the
reduction of metal ions, resulting in the formation of fewer
ZnO NPs. Moreover, prior studies indicate that a rise in metal
salt concentration leads to bigger particle sizes owing to the
heightened presence of metal ions, resulting in the agglomeration
of NPs [57]. Consequently, an increase in metal salt concentration
from 0.05 to 0.10 M resulted in a reduction in absorption. The
extract’s biomolecules may not be able to turn metal ions into NPs
as metal ions increase. This could potentially lead to a decrease in
the formation of ZnO NPs [58].

3.2.2 Determination of Optimum Extract Amount

Second, the extraction quantity was modified for the production
of ZnO NPs. To optimize the conditions, the concentrations
of metal salts, pH, microwave power, and microwave duration
were held constant, whereas the extract volumes were varied
at 5, 10, 15, 20, and 25 mL. Figure 3 presents absorbance
data acquired from the UV–Vis spectrophotometer in the 300–
500 nm wavelength spectrum. An analytical signal was identified
within the typical wavelength range for all extract amounts, with
absorbance values increasing in direct correlation to the extract
quantity. The maximum absorbance value, after background

FIGURE 3 Determination of optimum extract amount.

FIGURE 4 Determination of optimum pH value.

corrections, was recorded at 357 nm with the application of
25 mL of extract. The bioactive compounds in the extract serve
as reducing agents, resulting in elevated absorbance values with
increasing extract quantity, hence enhancing the concentration of
ZnO NPs. Notwithstanding the noted rise in absorbance within
the standard wavelength range of ZnO, even with diminished
extract amounts, it is postulated that the bioactive components in
the extract function as capping agents, preventing agglomeration.
Prior studies indicate that an increase in extract amount is
associated with a decrease in NP agglomeration and size [59].

3.2.3 Determination the Optimum pH Value

Third, the pH value was adjusted for the production of ZnO NPs.
To optimize the pH value, the concentrations of metal salts, the
quantity of extract, microwave power, and microwave duration
were maintained constant while varying the pH values of 4, 6,
8, 10, and 12. Figure 4 displays absorbance readings obtained
from the UV–Vis spectrophotometer within the 300–500 nm

6 of 15 Chemistry & Biodiversity, 2025
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FIGURE 5 Determination of optimum microwave power.

wavelength range. No analytical signal was seen between pH 4
and 6; however, a rise in absorbance was noted beginning at
pH 8. The peak absorbance was observed at a wavelength of
359 nm at pH 12 conditions. The pH level significantly influences
the reduction of metal ions. Changes in the electrical charges of
physiologically active compounds link to the influence of pH on
synthesis. This impacts their capacity for reduction and capping,
thereby influencing the aggregation of NPs [60]. Prior research
indicates that an increase in pH value correlates with a reduction
in both particle size and aggregation of NPs [61]. Figure 4
illustrates that there was no increase in absorbance in an acidic
condition; nevertheless, absorbance began to rise when the con-
dition changed to alkaline. Literature shows that ZnO NPs form
in basic and neutral conditions, leading to increasing absorbance
at a higher pH [48]. The role of pH in ionization via electron
transfer with the metal salt and phytochemicals in the aqueous
solution may elucidate this phenomenon, leading to an increase
in absorbance and facilitating the creation of ZnO NPs [20].

3.2.4 Determination of Optimum Microwave Power

The microwave power was tuned for the creation of ZnO NPs.
To optimize the synthesis, the concentrations of metal salt,
extract volume, pH, and microwave duration were maintained
at 90, 180, 360, and 450 W, respectively. Figure 5 displays
the absorbance spectra obtained from measurements conducted
with the UV–Vis spectrophotometer within the 300–500 nm
wavelength range. Analytical signal creation occurred over the
characteristic wavelength range at all microwave power levels,
with maximum absorbance recorded at 359 nm at 450 W of
microwave power. As convection or conduction heats the walls of
the reaction vessel, the conventional heating approach requires
extended durations for the core of the metal oxide NPs to reach
the correct temperature. This results in nonuniform temperature
distributions inside the reaction vessel. One way to get around
this problem is to use microwave radiation heating, which is
between infrared and radio frequencies in the electromagnetic
spectrum. This lets the reaction mixture heat up quickly and
evenly to the right temperature [62]. Figure 5 illustrates that an

FIGURE 6 Determination of optimum microwave duration.

increase in microwave power correlates with a rise in absorbance.
This scenario is attributed to the rise in microwave power, which
elevates the nucleation rate of particles and therefore enhances
absorbance due to the production of more NPs. There is evidence
from earlier studies that too much microwave power breaks down
biologically active parts and makes the NP solution less stable [62,
63]. Consequently, in determining the optimal microwave power,
360 W was selected as the ideal power level, considering ground
corrections and maintaining a comparable absorbance value.

3.2.5 Determination of Optimum Microwave Duration

The microwave duration was optimized for the production of
ZnO NPs. To optimize microwave duration, the concentrations
of metal salts, extract volume, pH, and microwave power were
held constant for 1, 3, 5, and 7 min. Figure 6 presents absorbance
measurements acquired from the UV–Vis spectrophotometer in
the 300–500 nm wavelength spectrums. Absorbance increases
over the typical wavelength range at all time intervals. Peak
absorbance accounts for baseline adjustments. The synthesis
occurred at 361 nm for a duration of 7 min. As the time of
microwave exposure rises, the energy transferred to the system
increases proportionally. This indicates that with the passage of
time, the reduction of metal salt to ZnO NPs escalates, resulting
in an increase in absorbance. Furthermore, prolonged dura-
tions were avoided due to concerns that in extended processes,
the physiologically active compounds from the extract would
undergo hydrolysis, thus diminishing their stabilizing efficacy
and leading to agglomeration [63].

3.3 Characterization of ZnO NPs

3.3.1 Analysis of UV–Vis Spectroscopy and Band Gap
Energy of ZnO NPs

Studies have shown that parameters like concentration, temper-
ature, NP size and shape, and pH influence SPR bands [56]. This
work studied and adjusted the variables of pH, extract quantity,
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starting salt concentration, microwave power, and microwave
duration for the production of ZnO NPs. The optimization
process yielded the following ideal conditions: 50 mL of 0.05 M
Zn(NO3)2⋅6H2O concentration, 25 mL of extract, pH 12, 360 W of
microwave power, and a duration of 7 min. Figure 7a illustrates
the UV–Vis absorption spectra of the green-synthesized ZnO
NPs. The absorbance peak at around 361 nm strongly shows the
presence of ZnO NPs. Gur et al. [64] used a green synthesis
method to make ZnO NPs with Thymbra spicata L. plant extract
and saw a clear absorbance peak at 360 nm. In another work,
Abel et al. [65] used coffee leaf extract to synthesize ZnO NPs.
The absorption spectra of ZnO NPs exhibited a distinct peak
at around 360 nm. This investigation demonstrated that the
produced material was ZnO NPs, as shown by the discovery of
a comparable peak. The synthesized ZnO NPs were characterized
using UV–Vis DRS, and the spectra are shown in Figure 7b.
The corresponding band gap value was calculated using the
absorption wavelength edge of the NPs obtained from UV–Vis
(Figure 7c) [66]. The calculation employed the Kubelka–Munk
function for band gap analysis, applying n = 1/2 (indirect band
gap) for the sample [67]. The determined band gap value was
2.73 eV, which matches what has been reported in the literature
about the indirect band gap of ZnO NPs [68].

3.3.2 XRD Analysis

The XRD technique is used to examine the structure of crystalline
metallic NPs. X-rays penetrate the materials being examined and
provide insights into their overall structure [7] (Figure 8). The
crystallite size (D) of the synthesized ZnO NPs was calculated
using the Debye–Scherrer equation [5]:

𝐷 = 𝐾𝜆

𝛽cos (𝜃)
(5)

where 𝐷 is the crystallite size (nm), 𝐾 is the shape factor, typically
taken as 0.9, 𝜆 is the x-ray wavelength (1.5406 A for Cu Kα), 𝛽 is
the full width at half maximum (FWHM) of the diffraction peak
(radians), and 𝜃 is the Bragg angle (degrees).

The XRD examination showed that the produced material is ZnO
with a wurtzite hexagonal structure, as indexed by JCPDS Card
No. 36-1451 [69]. The diffraction peaks at 31.7◦ (100), 34.4◦ (002),
36.2◦ (101), 47.5◦ (102), 56.6◦ (110), 62.9◦ (103), 67.9◦ (112), 72.5◦

(004), and 76.9◦ (202) correspond to the typical planes of ZnO. No
impurity phases were observed. The average crystallite size was
determined to be 24.46 nm using the Scherrer equation, derived
from the peak broadening (FWHM) seen in the XRD pattern
(Table 1). The degree of crystallinity was calculated on the basis of
the XRD data by evaluating the ratio of crystalline and total areas
under the diffraction peaks using the following equation [70]:

%Crystallinity ∶
𝐴cyristalline

𝐴total

× 100 (6)

where 𝐴cyristalline represents the area under the crystalline peaks,
and 𝐴total is the total area under the diffraction pattern, including
both crystalline and amorphous regions.

FIGURE 7 (a) UV–Visible absorption spectrum of ZnO NPs syn-
thesized under optimum conditions, (b) UV–Visible diffuse reflectance
spectra (DRS) of ZnO NPs, (c) Tauc plots of ZnO NPs. ZnO NPs, zinc oxide
nanoparticles.
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FIGURE 8 XRD analysis graph of ZnO NPs.

TABLE 1 The peak values indicate the crystal sizes of ZnO NPs.

2θ (degrees)
FWHM

(degrees)
Crystal size

(nm)
Miller indices

(h k l)

32.104 0.298 27.40 100
34.774 0.305 27.294 002
36.593 0.309 27.079 101
47.893 0.348 24.978 102
56.921 0.377 23.969 110
63.202 0.423 22.051 103
66.707 0.452 21.042 200
68.297 0.418 22.965 112
69.409 0.419 23.063 201
72.909 0.361 27.360 004
77.239 0.488 20.836 202
Average 24.460

Abbreviation: FWHM, full width at half maximum.

In this study, all observed diffraction peaks were assumed to
originate solely from the crystalline phase, leading to a calculated
crystallinity of 100%.

The percentage porosity was calculated on the basis of the
theoretical and bulk densities of the material using the following
equation [71]:

%Porosity ∶

(
1 −

𝜌bulk

𝜌theoritical

)
× 100 (7)

where 𝜌bulk is the bulk density of the material, which can be
determined experimentally, and 𝜌theoritical is the theoretical density
of ZnO, taken as 5.606 g/cm3 on the basis of literature.

FIGURE 9 FT-IR analysis graph of ZnO NPs.

The experimental density of ZnO NPs, as determined by XRD
data, was 4.82 g/cm3 [72]. Consequently, porosity was determined
to be 14%.

Specific surface area (𝑆) of the material was calculated using the
following equation [73]:

𝑆 ∶
6

𝜌𝐷
(8)

where 𝑆 is the specific surface area (m2/g), 𝜌 is the theoretical
density of ZnO (5.606 g/cm3 ), and 𝐷 is the average crystallite size
(nm), calculated from XRD data using the Scherrer equation.

The produced ZnO NPs exhibited a specific surface area of about
43.706 m2/g and an average crystallite size of 24.46 nm. This
estimate was conducted on the assumption that the particles
were spherical and that the density was uniformly distributed
throughout the material. The XRD findings correlated with the
approaches documented in the current literature [24, 74, 75].

3.3.3 FT-IR Analysis

The FT-IR study of ZnO NPs produced under optimal conditions
is shown in Figure 9. Metal oxides are known to typically exhibit
absorption peaks in the 400–600 cm−1 range. Therefore, it is
known that the vibration tensions between Zn and O atoms are
the source of the absorption peaks seen at 459 and 412 cm−1

[76, 77]. This result showed the successful synthesis of ZnO NPs.
The absorption peak at 3358 cm−1 corresponds to O–H stretching
[78]. C = C stretching is responsible for the absorption peak at
1503.04 cm−1 [79]. A 1372 cm−1 corresponds to the bending vibra-
tion of C–H bonds [80]. The absorption peaks at 949, 832, 733, and
687 cm−1 were attributed to various aromatic functionalities in
rosehip seed extract [42]. The results unequivocally demonstrate
that the rosehip seed extract is the source of the supplementary
peaks in the spectrum, which, aside from the vibrational tensions
between Zn and O atoms, confirm the biological coating and
stabilization of the ZnO NPs. The results of this study agree with
those of earlier research that showed how important functional
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TABLE 2 The dynamic light scattering (DLS) analysis results pro-
vide data on particle size (nm) and particle number (%).

Particle size (nm) Number of particles (%)

36.2 26
42.5 44
47.4 58
51.7 70
55.7 80
59.5 87
63.3 93
67.1 97
71.0 99
75.1 100
79.5 99
84.1 97
89.2 93
94.9 87
101.4 80
109.3 70
119.1 58
132.9 44
156.2 26

groups are in bioreduction of metal salts and stabilization of NPs
[56, 82, 83].

3.3.4 SEM-EDX Analysis

Figure 10a presents an SEM image that illustrates the surface
morphology of ZnO NPs, which were synthesized from rosehip
seeds using a green synthesis approach. The ZnO NPs have
a spherical shape, demonstrate dense aggregation, and show
uniform dispersion. In addition, the particle size distribution
histogram (Figure 10c) of the SEM images shows that the average
size of the ZnO NPs is about 66 nm. Figure 10c illustrates the
EDX analysis spectrum used to determine the chemical structure,
purity, elemental composition, and stoichiometry of the ZnO NPs.
The mass percentage of the synthesized ZnO NPs was 78.20% for
zinc and 21.80% for oxygen; the atomic percentage was 46.75%
for zinc and 53.25% for oxygen. The SEM-EDX results were
corresponded with prior investigations on green synthesis [84,
85].

3.3.5 DLS Analysis

As shown in Table 2, the DLS method found the size distribution,
median diameter (nm), average diameter (nm), and PDI of ZnO
NPs made from rosehip seed extract under optimum conditions.
The DLS analysis revealed that the NP sizes ranged from 36.2
to 156.2 nm, with a median diameter of 75.1 nm, an average
diameter of 82.9 nm, and a PDI value of 0.239. The PDI value,

FIGURE 10 (a) SEM image, (b) particle size analysis, and (c) EDX
spectrum of ZnO NPs.

which quantifies particle size distribution, approaches 0 to signify
monodispersity and nears 1 to denote polydispersity [86]. The
proximity of the reported PDI value to 0 indicates that the
green-produced ZnO NPs possess a monodisperse structure.
Furthermore, the average diameter of less than 100 nm suggests
the production of ZnO at the nanoscale (Figure 11). Compared to
previous green synthesis experiments, the average particle size is

10 of 15 Chemistry & Biodiversity, 2025
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FIGURE 11 Dynamic light scattering (DLS) analysis of ZnO NPs.

FIGURE 12 Zeta potential analysis of ZnO NPs.

smaller than most investigations have observed [87, 88]. This is
a result of the success of the biologically active components in
rosehip seed extract.

3.3.6 Zeta Potential Analysis

The zeta potential results from the colloidal solution of ZnO
NPs made with the green technique and rosehip seed extract are
shown in Figure 12. The zeta potential of the NPs was measured
at −20.4 ± 3.89 mV. Zeta potential, a measure of the extent of
repulsion among charged particles, serves as an indication of
their physical stability [89]. Repulsive interparticle interactions
inhibit the agglomeration of NPs. It is thought that the reducing
agents in rosehip seed extract help make the ZnO NPs, which
have a negative charge potential. Furthermore, the negative zeta
potential indicates that the produced NPs possess substantial

electrostatic forces [77]. Figure 12’s result demonstrates the
significant stability of the produced NPs [89, 90]. The results align
closely with findings reported in previous studies [91, 92].

3.4 Determination of Phytochemical Content of
ZnO NPs

The TPC value of ZnO NPs was determined to be
5.17 ± 0.002 mg GAE/g DM. It is because of their aromatic
rings that phenolic compounds and flavonoids can bind to
metals and attract nucleophiles. ZnO NPs made by the green
approach possess phenolic content. This indicates that phenolic
compounds from the plant envelop the NPs, acting as stabilizing
and reducing agents [93]. The TFC value was determined
to be 120 ± 0.001 mg CE/g DM. The presence of flavonoid
content in the produced ZnO NPs is attributed to the role of
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FIGURE 13 Comparison of TPC, TFC, ABTS, and DPPH findings of
rosehip seed extract and ZnO NPs. The data are presented as the mean
(n = 3) ± standard deviation. Different letters within each column
indicate significant differences between treatments according to Tukey’s
test at p < 0.001. ABTS, 2,2′-azinobis(3-ethylbenzothiazoline-6-sulfonic
acid); DPPH, 2,2-diphenyl-1-picrylhydrazyl; TFC, total flavonoid content;
TPC, total phenolic content; ZnO NPs, zinc oxide nanoparticles.

flavonoid compounds from rosehip seed extract as capping
agents for NP stability. The antioxidant activity values of
ZnO NPs measured by DPPH and ABTS tests are found to be
21.82 ± 0.004 mg TEAC/g DM and 24.92 ± 0.002 mg TEAC/g DM,
respectively. The scavenging effect of ZnO NPs was found
to be more than 50% based on the both tests. The TPC and
TFC values of ZnO NPs show how well green-produced NPs
work as antioxidants. The antioxidant effect of ZnO NPs is
due to secondary metabolites made up of flavonoids, which
are found in rosehip seeds and have free hydroxyl groups.
Consequently, Zn2+ is believed to be decreased and stabilized by
these secondary metabolites [94]. The research shows variability
in the antioxidant properties of ZnO NPs produced using
different plant extracts [62, 95, 96]. The NPs, depending on the
plant extract and synthesis conditions, exhibit differences in size
and surface characteristics. Prior research indicates that NPs
have increased radical scavenging activity as their size decreases
[95].

Figure 13 displays the antioxidant activity measured by two
assays, TPC, and TFC of both rosehip seed extract and zinc
ZnO NPs side by side. ZnO NPs exhibit lower TPC, TFC, and
antioxidant activity compared to the extract. The findings are
found to be statistically different based on p < 0.001. Because of
the way the compound was made, the phenolic and flavonoid
compounds in rosehip seed extract give electrons from their
hydroxyl groups to the Zn2+ ion. This makes metallic Zn. Metallic
zinc is recognized for its reaction with oxygen to produce
ZnO NPNPs. The chemicals included in the extract acted as
stabilizing agents for the produced ZnO NPs [97]. This suggests

that the production of ZnO NPs involves the use of the plant’s
secondary metabolites. The aforementioned findings suggest that
the reduced levels of phenolic and flavonoid chemicals detected
in NPs may indicate the involvement of other components present
in the plant extract in their creation [93].

4 Conclusions

The green synthesis method for NP production is eco-friendly
and cost-effective. This work successfully produced ZnO NPs
using a green technique, which involved the use of rosehip seed
(R. canina L.) extract. ASE, a sophisticated extraction technique,
produced a polyphenol-rich extract. The extract yielded favorable
outcomes for TPC, TFC, and antioxidant activity. The microwave
heating approach expedited the production of ZnO NPs. The
characterization findings showed the production of pure NPs
under 100 nm that exhibit antioxidant capabilities. A nanoma-
terial has been sustainably manufactured using an exceptionally
eco-friendly process for diverse applications.
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