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Abstract— The variation, in the secondary metabolite
profile of trees is greatly affected by the climatic conditions.
The main aim of the study was to compare the phytochemical
profiles of Quercus brantii and Quercus infectoria leaves and
evaluate their effectiveness in green synthesis of ZnO NPs.
Phytochemical variation of leaves of two abundant oak species
in Barzewa forest, Q. brantii and Q. infectoria leaves has been
examined and the role of their aqueous leaf extract in green
synthesis of zinc oxide nanoparticles has been studied. Q.
brantii leaves was significantly higher in total phenol and
flavonoid contents (10.50 and 0.267 mg/g) compared to Q.
infectoria (8.41 and 0.026 mg/g) respectively. While, tannin
content did not differ significantly between the two species.
Both species’ role was confirmed as reducing and stabilizing
co- factors in the conversion of ZnO metal oxide to nano ZnO.
UV–visible spectroscopic analysis verified successful synthesis
with a specific ZnO NPs peak absorbance at 370.4 nm for Q.
brantii and 374 nm for Q. infectoria. In both species a
consistent peak at 399.35 cm⁻¹ evidenced the presence of Zn–O
stretching vibration in Fourier Transform Infrared
spectroscopy (FTIR) analysis. Whereas X-Ray Diffraction
spectroscope (XRD) confirmed wurtzite hexagonal structure
crystals for both species. ZnO- mediated by Q. brantii leaves
yielded a smaller crystallite size 27.55 nm compared to Q.
infectoria, which produced ZnO NPs with 46.12 nm. Scanning
electron microscopy (SEM) revealed that smaller, more
homogeneous particles were generated with Q. brantii, with an
average diameter of 46.11 nm. In comparison, larger diameter
(50.01 nm) and more heterogeneous nanoparticles were
generated by Q. infectoria. The findings of the study highlight
the significant role of selecting specific species of any plant
depending on their phytochemical profile for optimizing the
nanomaterial synthesis-based plants.
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I. INTRODUCTION
Although the first creation of “nanotechnology” belongs

to 1974, its origins back to 1959 [1]. Due to their distinctive
properties, nanoparticle have become a modern,
revolutionary invention, and widely used in contemporary
science. It has a wide application in various life disciplines
like agriculture, medicine, and industry [2]. In agriculture,
they played a significant role in safeguarding crops, nutrient
transport, and boosting plant growth [3]. Nanoparticles (NPs)
are extremely significant due to their better physicochemical
and biological characteristics compared to the bulk material.
They have greater surface reactivity, because of their tiny

size (1–100 nm), which makes them to have a higher ratio of
surface: volume [4]. Metal oxides nanoparticle such as Zinc
oxide (ZnO) nanoparticles gained a particular interest of use
because of their chemical stability, broad radiation
absorption, high electrochemical coupling coefficient, UV-
blocking behavior, photocatalytic activity, and antimicrobial
properties. These characteristics make ZnO NPs valuable in
environmental remediation, agriculture, food packaging,
cosmetics, and biomedical fields [5]. Synthesizing ZnO NPs
via chemical and physical routes often requires higher
consumption of energy, and involve toxic and harmful
chemicals that threaten the environment and living organism
health. In contrast, bio- methods for synthesizing ZnO NPs
offers an offer eco-friend and cost-efficient alternatives [6].
Biological synthesis employs living materials such like;
bacteria, fungi, and plant extracts, they were act as reducer
and stabilizer agents [7]. Plant extracts, in particular, have
gained wide popularity as reducing and stabilizing agents
due to their rich content of phytochemicals such as tannins,
flavonoids, phenolic acids, terpenoids, and alkaloids. The
phytochemicals participate directly in reducing Zn²⁺ ions and
stabilizing the resulting ZnO-NPs, while also influencing the
nanoparticles’ size, morphology, crystallinity, and stability
[8]. Previous studies have demonstrated the role of different
plant extracts in ZnO NP synthesis [9]. Many types of plants
have been used in the manufacturing of ZnO NPs; namely,
aloe vera (Izwanie et al., 2020), Moringa oleifera leaf extract
[10], Ocimum basilicum [11], rosemary leaves (Noukelag et
al., 2020), Azadirachta indica leaves (Iqbal et al., 2021),
Lycopersicon esculentum [12], and Cassia fistula and
Eucalyptus leaf extract [13]. But the efficiency of the extract
strongly depends on the accumulated secondary metabolites
in plant tissues, because they produced as a defense
mechanism, that remark their degree of tolerance against
biotic and abiotic stress factors in their environment [14].
Even their concentrations varied in different plant parts
(leaves, roots, bark, flowers, fruits, and seeds) [15]. The
environmental factors like; soil profile content, climate,
elevation, and biotic life interactions regarded as the main
reason for inducing such variation among the same species
of genus as well as plant body parts within the species [16].
Oak tress is well known by its medicinal use due to its rich
phytochemical content in their leaves and acorns [17]. Varied
altitude and geospatial variations as well as the climate
changes in the north of Iraq made a great diverse in the
growth of the trees and their bio- chemical contents [18].
Oak trees make up to 4% of the total forest region in the area.
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They are abundant in the northeast; near the Iranian border at
Hurin Sheren and Turkish border at Zakho, with latitudes
between 34° 40' and 37° 08' and longitudes between 42° 40'
and 45° 30' [19]. In iraqi Kurdistan forests Q. brantii, Q.
libani, Q. infectoria, and Q. macranthera are regarded as
most abundant oak species [20]. The climate variables affect
the presence records in distribution target species and their
defense mechanisms to combat the climate changes by
producing various secondary metabolites [21-22]. As the
phytochemical composition of plant extracts have a crucial
role on the quality of ZnO-NPs, evaluating these compounds
in Q. brantii and Q. infectoria is necessary. Differences in
polyphenol, flavonoid and tannins content may directly
affect nanoparticle formation, stability, and functional
properties. Therefore, , the aim of this study is to compare
the phytochemical profiles of Q. brantii and Q. infectoria
leaves and to investigate their effectiveness in the green
synthesis of zinc oxide nanoparticles.

II. MATERIAL ANDMETHODS

Collection of leaf samples: Mature leaves of 30 trees of Q.
brantii and Q. infectoria were gathered from Barzewa forest.
The leaves were washed with tap water, then rinsed with
distilled. Barzewa is a mountainous area characterized by
high altitudes, with an average elevation of approximately
1,800 meters. It belongs to Soran District in Erbil province in
Iraqi Kurdistan region. Its coordinates “Latitude: 36.62461°
N and Longitude: 44.61258°. The cleaned leaves shed dried
at room temperature (20–30 °C) temperature, and grinded
slowly then sieved using 25-mesh to have a smooth powder,
and finally the powder kept in tightly sealed dark glass
bottles at 4 °C.

A. Phytochemical screening of Quercus app. Leaves
Preparation of leaf extract: dry powder (10 g) of each
species was extracted in 100 ml ethanol for three days with
regular stirring at room temperature. A guarantee of
extraction process is given by repeating it three times. For
obtaining the crude extracts it was filtered twice using
Whatman NO.1 filter paper followed by concentrating it
using rotary evaporator [23].
Total phenol content (mg/g): It was measured in the leaf
extract measured in the leaf extract using the Folin–Ciocalteu
reagent method [24]. Briefly, 0.125 ml of the extracts was
mixed with 0.5 mL of distilled water and 0.125 mL of Folin-
Cicalteau’s reagent. After 6 min, 1.25 mL of 7.5% aqueous
Na2CO3 solution was added. The final volume adjusted to 3
mL with distilled water and mixed vigorously and then kept
at room temperature for 90 min. Finally, the absorbance of
the extract was measured at 760 nm (HACH DR/4000U-
USA- Spectrophotometer). The total phenolic content was
expressed as mg of gallic acid per g of dry weight.
Total flavonoids content (mg/g): The leaf extract flavonoids
content was determined using the aluminum chloride
colorimetric method [25]. 0.5 ml of the extract was mixed
with 0.5 ml of 2% aluminum chloride methanol solution.
After 15 min keeping at at room temperature, the absorbance
was measured at 430 nm using spectrophotometer (HACH
DR/4000U-USA). The total flavonoid content was expressed
as mg of rutin equivalents per grams of leaf dry weight.
Total tannin content (mg/g): Tannins were determined using
the Folin- Ciocalteu colorimetric method with the standard
tannic acid compound [22]. 1 ml of 10-fold diluted extracts,
5 ml of 2.5% KIO3 were mixed in a vial and vortexed for 10

seconds. The absorbance of the mixture (red color) was
measured at 550 nm. Different standard concentrations of
tannic acid solutions (100 to 1600 mg/ml) were used to
calibrate and standard curve preparation. The final results
were expressed as mg tannic acid per gram of leaf dry
powder.
Data analysis: An independent t-test was based to compare
the phytochemical profile; phenol, flavonoids and tannins
for the thirty individual trees of the two species. The
difference was statistically significant when P- value < 0.05.
Results are presented as mean ± standard error (SE).

B. Preparation of leaf extract and synthesizing ZnO
NPs:

Fifty grams of powdered leaf was added to distilled water
(300 ml) in boiling water bath for 30 minutes. Kept for
another 30 minutes at 60 °C to ensure successful bioactive
compounds extraction. The precipitant was removed in leaf
extract through a filtration process to obtain a clear filtrate
and stored at 4 °C. The leaf extract (50 mL) of both species
was heated gently (60 °C). An amount of 1.10 g of zinc
acetate- dihydrate Zinc acetate dihydrate (Zn (CH₃COO)
₂·2H₂O, ≥ 99% purity, Sigma-Aldrich, USA) was added to
the extract. The mixture was then constantly mixed for an
hour under and the temperature was kept at 60 °C, and till
turned to a brownish paste, which is a visible remark for the
production of NPs. The paste was calcined at 400 °C for two
hours in a muffle furnace, after cooling to room temperature,
the ZnO NP powder was washed several times with distilled
water and ethanol.

C. Characterization of ZnO NPs:
 Ultraviolet -visible spectroscopic analysis: The

optical properties of the ZnO NPs were measured
by ultraviolet- visible (UV–Vis) spectroscopy using
the Kenza 240 Tx spectrophotometer (single- and
double- beam capable) [26].

 Fourier Transform Infrared- spectroscopic (FTIR):
(FTIR- SHIMADZU/ Japan) Spectroscopy used to
identify the presence of functional groups that
mediated the reduction of metal ions into
nanoparticles.

 X- Ray Diffraction Spectroscopy (XRD):
Crystalline phase identification determination was
performed using (PANalytical X’Pert PRO X-Ray
Diffractometer) The size of crystals being computed
according to Debye Scherrer equation [27]:

D = 0.9λ/βcos θ

Where 0.9 is the shape factor (Scherrer constant), D
is the mean of crystal size, K is shape factor, ʎ is X-
Ray wavelength, β is the half of maximum width,
and θ is the diffraction angle.

 Energy Dispersive X-Ray Spectroscopic (EDX):
The elemental composition of the ZnO NPs were
analyzed using FEI Quanta 450 Scanning Electron
Microscope (SEM) equipped with a Bruker EDS
(Energy-Dispersive X-Ray Spectroscopy) [28].

 Scanning Electron Microscope Analysis: The
morphological characters of NPs checked using FEI
Quanta 450- SEM, imaged under appropriate
accelerating voltage (e.g., 10–20 keV) [29].
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III. RESULT AND DISCUSSION

A. Phytochemical screening of Quercus app. Leaves
The phytochemical profile of Q. brantii and Q. infectoria

revealed a significant variation in the phenolic and flavonoid
content in their leaves. A significant and higher total
phenolic content was exhibited by Q. brantii was (10.50
mg/g) compared to Q. infectoria that had 8.41 mg/g.
Similarly, higher total flavonoid content was denoted by Q.
brantii (0.267 mg/g) as compared to Q. infectoria that stored
0.026 mg/g of flavonoids in their leaves. In contrast, the
tannin remains constant and not varied between the species
(Table 1). The observed phytochemical profiles align with
other researches on Quercus species, which are known for
their rich composition of secondary metabolites of Iranian
oak [30]. The significant difference in the total phenol and
flavonoid contents in both species suggests a species
depended variation in the biosynthesis and accumulation of
such compounds, even when they were habituated Barzewa
forests (relatively high altitude of this area (approximately
838 m above sea level) might be played a great role in the
chemical content variations. [31-32] confirmed that higher
altitudes greatly affect the flavonoid compounds, because in
higher altitudes the UV radiation increased and temperatures
lowered significantly, which enhances the plant to activate
their antioxidant defense system in the plant body. While,
[33] revealed that the concentration of the secondary
metabolites mostly affected by altitude in comparison to
primary metabolites, because they derivates in response to
the stress factors in the environment.

Table 1: Phytochemical screening of Quercus spp. Leaves

Quercus spp.
Total phenols

(mg/g)

Total

flavonoids

(mg/g)

Tannins

(mg/g)

Q. brantii 10.50 ± 1.01 a 0.267 ± 0.02 a 0.06 2± 0.09 a

Q. infectoria 8.41 ± 2.01 b 0.026 ± 0.09 b 0.061±0.08 a

P-value
(Sig.2-tailed)

0.007< 0.05 0.001< 0.05 0.12> 0.05

B. Characterization of ZnO NPs:
The surface plasmon resonance (SPR) reflects metal ion

reduction to nanoparticle, which resulted in interacting
electromagnetic waves with electron conduction band
oscillation which was detected using UV–visible
spectroscopy [34]. The absorption spectra (Figures 1 and 2)
were confirmed the formation of ZnO- NP synthesized using
Quercus brantii and Quercus infectoria extracts, respectively.
Both samples exhibited absorption peak characteristics
within the range of 360–380 nm, which is typical for ZnO
nanoparticles due to their intrinsic band-gap absorption [35].
When Q. brantii-mediated the synthesis process, an observed
peak was at 370.4 nm and had 0.787 absorbance value
(Figure 1). Similarly, Q. infectoria showed a strong peak at
374 nm, but an absorbed value was at 1.46 (Figure 2). This
slight difference in the absorbance value indicates higher
yield of the NPs or they have smaller diameters of Q.
infectoria compared to Q. brantii. A strong peak appeared in
the UV region (370–374 nm), followed by a gradual decrease
in absorbance as previously was proved by [36-38]. As well
as the tailing phenomenon ensures that the particles are
within the range of nanoscale [39]. Quercus brantii and
Quercus infectoria leaf extracts are rich phytochemicals

(Table 1) facilitated the conversion of Zn²⁺ ions from zinc
acetate dihydrate into ZnO nanoparticles.

Fig. 1: UV Vis peaks of ZnO NP mediated with Q. brantii leaves

Fig. 2: UV Vis peaks of ZnO NP mediated with Q. infectoria leaves

The spectra obtained from FTIR for Quercus brantii and
infectoria showed different peaks belongs to the functional
groups in both extracts that functioned greatly in
nanoparticle formation. Successful production of ZnO
nanoparticles in both samples was confirmed by the
observation of a consistent peak for both spectra at 399.35
cm⁻¹, that belongs to stretching vibrations of Zinc- oxygen
bond (Zn–O). Despite having the lowest intensity (10.00) in
both instances (Figures 3 and 4), this peak had the biggest
area, suggesting a wide absorption range characteristic of
ZnO nanoparticles, which are distinguished by their
heterogeneous nature and large surface area [40-41]. The
FTIR spectrum of Quercus brantii showed notable peaks at
867.65 cm⁻¹, 1052.96 cm⁻¹, 1414.96 cm⁻¹, and 1483.91 cm⁻¹
(Figure 3). These peaks were attributed to C–H bending in
aromatic rings (867.65 cm⁻¹), C–O stretching (1052.96 cm⁻¹),
and vibrations of C=C in aromatic rings (1414.96 and
1483.91 cm⁻¹). These peaks align with the extract's high
concentrations of flavonoids (0.267 mg/g) and total phenols
(10.50 mg/g) as shown in table (1). These functional groups'
existence indicates that phenolic and flavonoid chemicals
were important for ZnO nanoparticle reduction, stability, and
capping. Flavonoids and phenolic acids are examples of
secondary metabolites originating from plants that exhibit
characteristic signatures of C–O and aromatic C=C
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vibrations, indicating their role in the creation of
nanoparticles. However, Q. infectoria's FTIR spectra
revealed more functional groups, including peaks at 3433.25
cm⁻¹ (O–H stretching), 2319.96 cm⁻¹ (Zn–CO₂ bending),
1644.80 cm⁻¹ (N–H bending or C=O stretching), and
1035.72 cm⁻¹ (C=O stretching) (figure 4). Even though ZnO
nanoparticles have a lower overall phenol (8.41 mg/g) and
flavonoid (0.026 mg/g) content (Table 1), occurrence of
further peaks might be related to the involvement of other
phytochemicals or interaction of flavonoids, tannins and
phenols.

Fig. 3: FTIR spectrum of green-synthesized ZnO nanoparticles using Q.
brantii leaf extract.

Fig. 4: FTIR spectrum of green-synthesized ZnO nanoparticles using Q.
infectoria leaf extract.

The nano- scaled particles of the two species of oak
exhibited wurtzite hexagonal structure, with a narrow
diffraction peak which giving the approval of high
crystallinity without impurities (Figures 5 and 6). The
crystallite size was calculated via Debye–Scherrer equation
valued as 27.55 nm for Q. brantii and 46.12 nm for Q.
infectoria, suggesting that the higher phenolic and flavonoid
content in Q. brantii promoted enhanced nucleation and more
effective capping, thereby limiting crystal growth. In contrast,
in Q. infectoria the capping efficiency was reduced due to
lower flavonoid content that led to yield more extensive
crystal growth. The results obtained were in parallel with
previous reports that size of crystals often decreases as the
phytochemical content increase in green extracts. For
example, when Aloe barbadensis Miller aqueous leaf extract

(2.45 an 0.45 mg/g fresh weight of phenols and flavonoids)
used, ZnO NPs yielded crystallite diameter of 16.70 nm
reported by [42]. As well as, [43] reported highly
crystallinity nature with a hexagonal wurtzite structure of
ZnO NP, with 12.2 nm diameter using Aloe vera extract.
While, [44] demonstrated the well-defined formation of ZnO
nanoparticles with pure wurtzite hexagonal crystals and an
average diameter of 52 nm when miracle tree leaves were
used, indicating their potential for efficient nanoparticle
synthesis. [45] found that Ocimum Tenuiflorum zinc oxide
crystalline size was 28.13 nm. [46] used Allium
Calocephalum Wendelbow to obtained average crystallite
size for Zinc Acetate 16.91 nm, 20.99 nm, and 21.25 nm, and
for Zinc Chloride 28.19 nm, 20.99 nm. The crystallite size
values obtained in the present study in parallel with previous
reported sizes for green methods in synthesized ZnO NPs.

Fig. 5: X-ray Diffraction (XRD) for Q. brantii leaf extract

Fig. 6: X-ray Diffraction (XRD) for Q. infectoria leaf extract

The leaf extracts of Quercus brantii and Quercus
infectoria mediated in ZnO NP synthesis a strong signal for
zinc and oxygen were detected in EDX analysis, the presence
of such strong peaks of both elements confirms the of ZnO
NPs yield (Figures 7 and 8). For Q. brantii, the elemental
composition was 86.98 wt.% Zn and 13.02 wt.% O. While
for Q. infectoria, the composition was 84.28 wt.% Zn and
15.72 wt.% O (table 2). In both cases, Zn peaks appeared
prominently at 1 and 8.6 keV, and oxygen (O) peaks with
0.50 keV for both species, which is consistent with reported
EDX profiles of plant-mediated ZnO synthesis. [47] found
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that ZnO nanoparticles synthesized using Coriandrum
sativum leaf extract exhibited maximum absorbance at
333 nm and 348 nm for samples calcined at 100 °C and
550 °C, respectively, which corresponded to band gap
energies of 3.56 eV and 3.72 eV, indicating a slight increase
in band gap with higher calcination temperature. The results
obtained related to element ratios are located within the
typical ranges for Zn (35- 90 %) and O (10- 50 %). [48] used
Achillea wilhelmsii for ZnO NP green synthesis, and the
yield obtained was 36.80 % Zn and 51.3 % O. In addition,
when Arthrospira platensis based for ZnO- synthesis, the
yield was 56.60 and 20.4 % of Zn and O [49] While Punica
granatum peel extract yielded 55.30 % Zn and 24.3 O %
[50]. [39] obtained similar elemental ratio of Zn: O
stoichiometry for ZnO NPs synthesis when they used Aloe
vera. In conclusion the two oak species have been yielded
stoichiometric elemental ratios, high grade pure ZnO
nanoparticles and no impurities, that’s in parallel with those
reported in other related studies. The results of [51] revealed
75.12 and 23.55 % of Zn and O used Plectranthus
amboinicus extract mediated in ZnO NP synthesis.
Furthermore, [49] synthesized ZnO nanoparticles using
Pluchea indica, with a composition of 20.5% oxygen, 29.3%
carbon, and 50% zinc, indicating the successful incorporation
of the expected elements in the nanoparticles. In another
investigation, [52] confirmed similar ratios with high purity
ZnO NPs when Mucuna pruriens (utilis) used. [53]
confirmed that the mass percentages of Zn and O were 38.15
and 52.13% when they used Limonium pruinosum L. Chaz.
leaf extract.

Table 2: the mass, normalized mass percent, and atom percent of elemental
component (Zn and O) using Q..brantii and Q. infctoria leaf extracts

Q. brantii
Element Mass (%) Normalized

mass (%) Atom (%) Error (%)
Zinc 10.56 86.98 62.04 2.72
Oxygen 1.58 13.02 37.96 19.78
Total 12.14 100.00 100.00

Q. infectoria
Element Mass (%) Normalized

mass (%) Atom (%) Error (%)
Zinc 10.19 84.28 56.74 2.73
Oxygen 1.90 15.72 43.26 18.53
Total 12.09 100.00 100.00

Fig. 7: EDX spectrum of synthesized ZnO NP from Q. brantii leaf extract

Fig. 8: EDX spectrum of synthesized ZnO NP from Q. infectoria leaf
extract

After obtaining images of SEM for Quercus brantii and
Quercus infectoria (Fig. 9), the images were processed using
ImageJ software for measuring the circularity degree and
particles diameter. The leaf extract of Q. brantii yielded NPs
with a diameters range (46.64– 86.64 nm) with an average
46.11 nm (Fig.10). While, from Q. infectoria were averaged
larger size nanoparticles 50.01 nm and more heterogenous
range from 30.04 to 86.30 nm compared to Q. brantii (Fig.
11). Although the particle sizes of the two samples were
similar, the phytochemicals in the leaf extracts likely played
a role in stabilizing and capping the nanoparticles, which is
reflected in the XRD peak intensities and crystallinity, rather
than causing a significant difference in particle size. ZnO
nanoparticles obtained from Thymus vulgaris extract
averaged around 51–52 nm and were predominantly
spherical [54-55] synthesized ZnO NPs from Aloe vera
extract, the particles ranging from 30 to 42 nm. Phoenix
dactylifera extract produced nanoparticles ranging from 18.1
to 61.6 nm with well-distributed spherical morphologies [56],
and Punica granatum peel extract yielded particles of 10–45
nm in TEM/SEM images with a hydrodynamic diameter of
~62 nm, again showing largely spherical shapes [57]. The
particles of both Quercus species characterized by their
quasi-spherical and moderately irregular shapes, which is in
parallel with the general characters of plant-mediated ZnO
nanoparticle synthesis.

Fig. 9: Examples of SEM images of green ZnONPs. A: Q. brantii and B: Q.
infectoria
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Fig.10 : The size distribution of ZnO NPs using Q. brantii leaves, showing
mean, maximum, and minimum particle diameters (nm).

Fig.11: The size distribution of ZnO NPs using Q. infectoria, showing mean,
maximum, and minimum particle diameters (nm).

Fig. 12: Circularity distribution of green synthesized ZnO NP using Q.
brantii leaf extract, indicating shape uniformity and morphology.

Fig. 13: Circularity distribution of green synthesized ZnO NP using Q.
infectoria leaf extract, indicating shape uniformity and morphology.

IV. CONCLUSION
Leaf extracts of Q. brantii and Q. infectoria

demonstrated successful synthesis of ZnO NPs. The crucial
determinants of size and morphology depend on the
phytochemical content of the plant extract. The higher
phenol and flavonoid content in Q. brantii leaves resulted in
a smaller, and more homogenous particles. In contrast, Q.
infectoria’s lower concentration for the two secondary
metabolites resulted in a synthesis of larger and more
heterogeneous particles. The results showed that oak species
act as an effective green reductant and provide valuable
manipulation of the natural phytochemical composition for
optimizing the synthesized nanomaterials characterization.
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