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Abstract
The main objectives of the current study were synthesis and characterization of zinc oxide nanoparticles (ZnONPs) using 
the aqueous leaf extract of Guazuma ulmifolia (G. ulmifolia) plant and assessing its antimicrobial and antioxidant potential. 
The nanoparticles were characterized using Ultraviolet Visible (UV–Vis), Fourier Transform Infrared (FTIR) Spectroscopy, 
X-ray diffraction (XRD), Energy-dispersive X-ray (EDS) and Scanning electron microscopy (SEM). ZnONPs exhibited a 
maximum peak at 342 nm in the UV–Vis spectrum, indicating their absorption properties. FTIR analysis confirmed the 
presence of functional groups, such as OH and COOH which likely contributed to the stability of the nanoparticles. The 
XRD analysis confirmed the spherical structure of the nanoparticles as indicated by distinct diffraction peaks corresponding 
to the lattice planes of the ZnO standard. The EDS analysis confirmed the presence of Zn, C and O in the ZnONPs. SEM 
analysis provided insights into the nanoparticles size, shape and surface morphology, showing an average size between 19 
and 41 nm. Furthermore, the synthesized ZnONPs demonstrated excellent antioxidant and antibacterial activities against 
various bacteria and Candida species. This study highlights the promising potential of ZnONPs in diverse fields, including 
biomedicine, due to their low toxicity, economic viability and beneficial properties. It is crucial to conduct further in vivo 
investigations in order to determine the safety, effectiveness and compatibility of G. ulmifolia ZnONPs.
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1  Introduction

In recent years, ZnONPs have received a lot of attention due 
to their diverse applications. They are widely used in diverse 
fields, such as food, agriculture, biomedical, dentistry and 
pharmaceuticals. They exhibit antibacterial, antifungal and 
anticancer activities, making them suitable for use in food 
packaging, medical imaging, drug delivery and cancer treat-
ment [1–4]. Rahman et al. studied the influence of Mg and 
Cu dual-doping on phytogenically ZnONPs. Dual-doping 
enhances light-induced antibacterial and radical scavenging 
activities, showing potential for antibacterial treatments and 
antioxidant therapies [3, 4]. Additionally, ZnONPs have been 
found to be biocompatible, low in toxicity, and cost-effective, 
further enhancing their attractiveness for its uses [2, 5, 6]. In 
dentistry, these nanoparticles have been utilized for restorative 
dentistry, endodontics, periodontics and oral medicine, among 
other areas, owing to their unique optical, mechanical and 
regenerative properties [7]. The synthesis, characterization and 
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modification of nanoparticles have been extensively studied 
and their potential in various fields continues to be explored. 
The growing body of research supports the promising and ver-
satile nature of ZnONPs for numerous practical applications 
[3, 4, 6–10]. In earlier studies, ZnONPs synthesized with the 
leaf extract of Ziziphus mauritiana Lam. exhibited properties 
[3, 4, 8].

The mechanism of formation of ZnONPs can be elucidated 
by different methods. One proposed mechanism involves 
the hydrolysis of zinc precursors, formation of ZnONPs. 
For instance, in the polyol chemistry method, the reaction 
between zinc acetate dihydrate and diethylene glycol or tri-
ethylene glycol leads to esterification, forming zinc hydroxide, 
which dehydrates to produce ZnONPs [11]. Additionally, the 
mechanochemical method involves the milling process of zinc 
precursors, resulting in the formation of ZnONPs through sub-
sequent calcination [8, 9, 12]. Furthermore, the green synthesis 
approach, using plant extracts, has been shown to facilitate 
the formation of ZnONPs through bio-reduction and capping 
mechanisms [1, 2]. These mechanisms demonstrate the diverse 
pathways through which ZnONPs can be formed, each with 
their unique chemical and physical processes [13].

Due to the harsh traditional chemical and physical pro-
cesses that are linked to global environmental problems. It has 
become more vital [14–17]. Due to its innovative nature and 
broad range of applications in nearly all scientific and tech-
nological domains, including the biological sciences, nano-
technology has garnered increased attention [18, 19]. Con-
ventionally, a range of physical and chemical techniques are 
employed to produce nano particles, which can be expensive 
and pose risks to both the environment and human well-being 
[17–22]. Although they enable the large-scale creation of sta-
ble nanoparticles in a variety of forms and sizes, they possess 
several disadvantages. On the other hand, plants are the most 
popular green, simple, and environmentally friendly method 
for creating nanoparticles [23, 24]. Phytochemicals that func-
tion as both capping or stabilizing and reducing agents can be 
found in plant extracts [25–28].

There is a need for alternative environmentally friendly 
methods to synthesize nanoparticles, considering the increas-
ing need to minimize waste and accomplish sustainable devel-
opment goals. This can be achieved by applying the fundamen-
tal principles of green chemistry [29, 30].

Our aim is to create echo-friendly ZnONPs, characterized 
with UV–Vis, FTIR, SEM, EDX, XRD methods and screen 
the synthesized ZnONPs as antioxidants and antimicrobials.

2 � Experimental

2.1 � Materials

Fresh leaves of G. ulmifolia were procured from a place 
near the college campus. Zinc acetate (SRL, India, 99.5%), 
nutrient broth (Hi media, India), agar power (Hi media, 
India) and all the constituents for preparation of media 
were obtained from Hi Media Laboratories. The chemi-
cals used were of high purity. UV visible spectrum was 
recorded using spectrophotometer (UV Shimadzu 1700).

10 g of fresh leaves were taken and cleaned using dis-
tilled water, then finely chopped and grinded using mor-
tar pestle and in 250 mL beaker the grinded leaves were 
added to 100 mL of distilled water and boiled using Bun-
sen burner for 15 min and cooled. The filtrate was allowed 
to centrifuge at 8000 rpm for 10 min and the supernatant 
was stored [3, 4].

2.2 � Synthesis of ZnONPs

Zinc acetate [Zn(CH3COO)2.2H2O] solution was prepared 
by dissolving 2.195 g of zinc acetate (0.1 M) in 100 mL of 
distilled water and for complete solubilization. It was kept in 
magnetic stirrer for 1 h. Following this 20 mL of leaf extract 
was added drop wise to 80 mL of zinc acetate solution and is 
stirred continuously and stirring should be kept continuous. 
NaOH (2 M) was freshly prepared and was added drop wise 
to the solution with mild stirring and the pH was adjusted 
to 10. After this the solution was kept in water bath at 50° C 
for 1 h and stirring of reaction mixture was continued for 2 h 
using magnetic stirrer. A white crystalline precipitate was 
obtained and then was allowed to wash repeated times using 
H2O and checked till pH 7. Using UV Vis spectrophotom-
etry, the precipitate absorbance was measured between 200 
and 600 nm to ensure the formation of zinc oxide nanoparti-
cles. Then the precipitate was air dried in oven at 50 °C and 
the sample was stored in powder form for further process 
[8–10, 31, 32].

2.3 � Effect of pH

The pH of the green synthesized solution is one of the fac-
tors influencing the synthesis of ZnONPs. The pH was 
adjusted to 6, 8, 9, and 10 using HCl (1 M) and NaOH (1 M). 
The absorbance was then measured using a double beam 
UV–Vis spectrophotometer in the range of 200–800 nm. 
Zinc acetate (0.1 M) solution was prepared, 40 mL of this 
solution, 10 mL of plant leaves extract was added drop wise, 
and 10 mL of this mixture was transferred to five test tubes 
and by adding NaOH, each test tubes were set to different 
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pH values as 6, 8, 9, 10. The test tubes were heated in the 
water bath at 50 °C.

2.4 � Effect of temperature

Temperature has a crucial role in the synthesis of ZnONPs. 
The synthesis of a representative sample was conducted at 
temperatures of 50, 60 and 70 °C maintaining an optimal 
pH level. The suspensions UV–Vis absorption spectra were 
measured at various temperature ranges.

2.5 � UV–Visible studies

With the help of UV–Vis Spectrophotometer, (Model- UV 
9600A, Kyoto, Japan), we investigated the absorption char-
acteristics of the produced ZnONPs. Finding the ZnONPs' 
absorption maxima in the 300–600 nm wavelength range 
was the aim of the analysis. The blank was created from 
deionized water from Milli-Q purification equipment. A 
graph was created to show the absorption behavior of the 
ZnONPs [33, 34].

2.6 � FTIR studies

Using a Thermo Scientific™ Nicolet iSTM50 FTIR Spec-
trometer, FTIR was examined to know the potential func-
tional groups present in the leaf extract. The 400–4000 cm–1 
range was the focus of FTIR analysis.

2.7 � SEM—EDS studies

The surface morphology & elements contained in the green 
synthesized ZnONPs were studied by SEM–EDS spec-
troscopy (model: JSM-IT500 JEOL, USA). Prior to being 
affixed onto a sample holder, the sample was adhered to a 
piece of double-sided adhesive tape. A 10 µm coating of 
gold was deposited onto the sample under vacuum condi-
tions. The sample, which was coated using a sputtering tech-
nique, was examined by scanning it with an accelerating 
voltage of 5 kV.

2.8 � XRD studies

XRD was performed to measure the X-ray intensities and 
scattering angles that escape a material in response to 
input X-ray radiation [35, 36]. The crystalline structure 
of ZnONPs was investigated through the use of a Rigaku 
SmartLab SE X-ray diffractometer, Japan. The apparatus 
used in this study was equipped with a copper K-alpha radia-
tion source with a wavelength of 1.54 Å. It was operated at 
an applied voltage of 40 kV and a current of 30 mA. The 
diffractogram was acquired by scanning at a rate of 5° min−1 
over the range of 1–100 Å.

The average size (D) of the nanocrystals calculated as:

2.9 � Qualitative phytochemical analysis of G. 
ulmifolia leaf extract

Aqueous extract of G. ulmifolia was subjected to phyto-
chemical analysis using the previously described methods 
[35] for the determination of flavonoids, alkaloids, tannins, 
etc. [36].

3 � Applications

3.1 � Antimicrobial activity

Antimicrobial potential of the synthesized ZnONPs was 
determined using agar well diffusion. Microbial cultures 
that were 24 h old were utilized for the purpose of agar disc 
diffusion antibiotic susceptibility assay. 0.1 mL of microbial 
inoculum was uniformly distributed throughout the entire 
agar plate. surface to inoculate it. An aseptic procedure was 
used to create a hole with a diameter of 8 mm using a sterile 
tip. A solution containing 10 mg of ZnONPs was prepared 
by dissolving them in 1 mL of distilled water. Then, a small 
volume of 50 μl of this solution was added to the well and 
incubated in a bacteriological incubator [3, 4, 6].

3.2 � Antioxidant activity

The antioxidant study of ZnONPs was assessed by standard 
method. Different concentrations of ZnONPs and leaf extract 
were prepared separately in test tubes 2,2-Diphenyl-1-pic-
rylhydrazyl (DPPH) was introduced into each and allowed 
to incubate in darkness for a duration of 20 min. UV–Vis 
Spectrometer used to measure absorbance at 510 nm [3, 4].

4 � Results and discussion

4.1 � Phytochemical tests

Phytochemical analysis of G. ulmifolia showed the pres-
ence of alkaloids, proteins, phenols, saponins, and flavo-
noids (Table 1). These compounds have various biological 
activities and potential health benefits. However, glyco-
sides, anthraquinones, and tannins were not detected in the 
sample. Further research is needed to explore the specific 
compounds present and their potential applications. The tra-
ditional applications of Guazoma have been scientifically 
validated through in-vitro and in-vivo investigations, which 
have linked its bioactivities to its phytochemical composi-
tion and beneficial qualities.



	 Journal of Umm Al-Qura University for Applied Sciences

4.2 � Effect of change in pH

In the experiment to find the optimum pH, colour of the solu-
tion turned from pale yellow to yellow coloured (Table 2) 
precipitate which showed the presence of ZnONPs.

This table consolidates the information about the effects 
of changing pH and incubation temperature on the synthe-
sis of ZnONPs using plant leaf extracts. It highlights the 
optimal conditions (pH 10 at temp. 60°C) for the synthesis 
process, as shown by the colour change to yellow and the 
characteristic peak at 342 nm.

The change from pale yellow colour to yellow coloured 
precipitate was the confirmatory sign for nanoparticle syn-
thesis. The characteristic peak value for nanoparticle synthe-
sis at pH 10 was observed at 342 nm at maximum (Fig. 1). 
It was observed that at this pH it was shown the reduction 
of ZnO and synthesis of ZnONPs.

4.3 � Effect of change in incubation temperature

Temperature conditions ranging from 50 to 70 °C were uti-
lized to incubate ZnONPs. The incubation process involved 
the combination of 2 mL of leaves extract and 2 mL of zinc 

acetate (0.1 M) solution, with the pH set at 10. The resulting 
synthesis of ZnONPs was then analyzed using a UV spec-
trometer. Notably, a distinct and concentrated peak (Table 2) 
was observed at the optimal temperature of 60 °C (Fig. 2).

5 � Characterization

5.1 � UV–Vis analysis of ZnONPs

ZnONPs production was monitored by taking absorption 
spectra between 300 and 800 nm. After a 24 h incubation 
period in a darkroom, UV–visible spectroscopic analysis at 
342 nm confirmed successful synthesis of ZnONPs (Fig. 3). 
This analysis provides evidence for the presence of ZnONPs 

Table 1   Phytochemical 
analysis of the leaf extract of G. 
ulmifolia 

Phytochemicals Result

Alkaloids  + 
Protein  + 
Phenols  + 
Glycosides −
Anthraquinones −
Saponins  + 
Flavonoids  + 
Tannin −

Table 2   Effect of changing pH and incubation temperature on the synthesis of ZnONPs using plant leaf extracts

S. No pH Characteristic 
Peak (nm)

Change in colour Observation Remarks

1 6 380 Pale yellow to yellow Wide peak
2 8 400 Pale yellow to yellow Wide peak
3 9 378 Pale yellow to yellow Wide peak
4 10 342 Pale yellow to yellow Wide and Narrow peak observed, 

indicating optimal temperature
Optimal pH for the syn-

thesis of ZnONPs

S. No Temperature Characteristic 
Peak

Change in colour Observation Remarks

1 500C 341 Pale yellow to yellow Small peak
2 600C 342 Pale yellow to yellow Narrow peak observed, indicating 

optimal temperature
Optimal Temperature 

for the synthesis of 
ZnONPs

3 700C 340 Pale yellow to yellow Small peak

Fig. 1   UV–Vis spectra of ZnONPs at different pH
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in the solution, which allowed for further characterization 
and potential applications in various fields.

5.2 � FTIR Analysis

The FTIR analysis of synthesized ZnONPs were carried out 
to analyses the functional groups present in ZnONPs. The 
FTIR analysis of synthesized ZnONPs shows many peaks 
at 400–4000 cm−1. Peaks were obtained at 1603 cm−1 cor-
respond to Zn–O stretching, at 3354  cm−1 indicates the 
OH vibration and 1123 cm−1, CO stretching in amino acid. 
Peak at 1506  cm−1 indicates aromatic C = C stretching, 
936 cm−1 describes CH bonding (Fig. 4(a, b)).

5.3 � SEM Study

To observe the ZnONPs size, shape, and surface, SEM anal-
ysis was done. SEMVEGA 3 TESCAN model was utilized 
to ascertain the ZnONPs form across various magnifica-
tion levels. The spherical morphology and aggregated NPs 
of the ZnONPs were revealed by the SEM magnification 
images. SEM pictures of biosynthesized ZnONPs in 2000, 

5000, 12,000 and 13,000 magnifications (Fig. 5). The zinc 
nanoparticles were found to have an average size ranging 
from 19 to 41 nm by measuring in Image J software and they 
exhibited a spherical shape.

5.4 � EDS analysis

The presence of metallic zinc acetate was established by 
EDS analysis of the synthesized ZnONPs. Zn, C and O pres-
ence was confirmed in the ZnONPs. Zinc had three peaks in 
the EDS spectrum, while oxygen and carbon only have one 
peak (Fig. 6). In the EDS study, peaks caused by the SPR 
of zinc oxide NPs are clearly visible. The trace amount of 
oxygen indicates the presence of plant phytochemicals in 
metal ion reduction, capping agents of ZnONPs synthesis. 
The ZnONPs synthesis was verified by the presence of zinc 
oxide ions at 10 keV in the elemental biosynthesized ZnO 
utilizing G. ulmifolia extract.

5.5 � XRD study

The synthesized ZnONPs, the XRD pattern clearly displays 
the crystal image of the nanoparticles. At 2θ values of 31.46, 
34.29, 36.33, 47.51, 58.50, 62.84, 67.79, and 76.83 degrees, 
we could see the distinct diffraction peaks. Diffraction lat-
tice planes 100, 002,101, 102,110,103, 112 & 202 are cor-
responding peaks (Fig. 7), and they verify that the produced 
nanoparticles have a spherical structure having a range of 19 
to 41 nm (Table 3), this pattern matches the standard peaks 
(JCPDS 36–1451), which also matches with the values pre-
viously reported [37, 38].

Fig. 2   UV–Vis spectra of ZnONPs at different temperatures

Fig. 3   UV–Vis spectra of ZnONPs from G. ulmifolia leaf extract 

Fig. 4   a FTIR spectra of G. ulmifolia leaf extract and b FTIR spectra 
of synthesized ZnONPs from G. ulmifolia 
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5.6 � Antimicrobial activity

The agar well diffusion method is a widely accepted 
approach to assess the antibacterial properties of plants 
extracts. By diffusing into the agar medium, the antimi-
crobial agent can effectively hinder the growth of the 
tested microbial strains [4, 6, 8, 39–41]. The results of 

the present study can be seen in Table 4 and Figs. 8 and 
9. The experiment employed two gram +ve, three-gram 
-ve bacteria, for the bacteria strains, ampicillin was used 
as a standard antibiotic. For fungal strain, Fluconazole 
was used as the standard. When tested against E. coli, 
ZnONPs exhibited remarkable antibacterial effective-
ness, while other strains showed slightly lower activity. 

Fig. 5   SEM spectra of G. ulmifolia ZnONPs at different magnifications a Magnification × 2000 b Magnification × 5000 c Magnification × 12,000 
d Magnification × 13,000

Fig. 6   EDS spectra of G. ulmifolia ZnONPs
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Zinc oxide nanoparticles possess a multifaceted anti-
bacterial mechanism that involves various impacts on 
bacterial cells, interactions at a physicochemical level, 
and mechanisms of cellular absorption. Understanding 
these mechanisms is essential for developing effective 
antibacterial treatments and strategically designing anti-
microbial medicines using nanomaterials. Developing 

effective antibacterial treatments necessitates a deep com-
prehension of these complex systems. With the expertise 
of a pharmacologist, it becomes feasible to strategically 
develop antimicrobial medications using nanomaterials, 
harnessing their unique properties to precisely combat 
microbial infections. Utilizing zinc nanoparticles in 
antimicrobial techniques shows promise in enhancing 
the effectiveness of existing treatments and tackling the 
problem of antibiotic resistance.

The data is presented in sets of three replicates (n = 3), 
with mean ± SEM indicated. The STD used for fungi was 
Fluconazole, while for bacteria it was Ampicillin.

5.7 � Antioxidant activity

The antioxidant activity of synthesized ZnONPs was carried 
out using standard method (Fig. 10). The ZnONPs showed 
promising antioxidant activity, consistent with previous 
research that investigated the antioxidant properties of vari-
ous plant extracts for nano preparations [4, 6, 8, 42–47].

By assessing the DPPH scavenging activity of the two 
substances at different doses (0.125, 0.25, 0.5, and 1.0 mg/
mL), the bar graph shows the antioxidant potential of both 
the aqueous plant extract and the ZnONPs. One well-known 
technique for evaluating antioxidant potential is the DPPH 
assay, which measures a substance's strength as an anti-
oxidant by measuring its capacity to neutralise DPPH free 
radicals. According to this analysis, the DPPH scavenging 
ability of the aqueous plant extract increases with concen-
tration, peaking at 1 mg/mL, and this indicates increased 
antioxidant activity. This shows that the plant extract's abil-
ity to stabilize DPPH radicals and neutralize their reactivity 
may be enhanced at larger concentrations by giving electrons 
or hydrogen atoms. In addition, ZnONPs exhibit a rise in 

Fig. 7   XRD pattern of G. ulmi-
folia ZnONPs

Table 3   XRD analysis under Scherrer’s formula

S N 2θ ° FWHM ° Miller indices Particle size (nm)

1 31.80 0.29 (100) 28.95
3 34.46 0.20 (002) 41.26
4 36.31 0.27 (101) 30.82
6 47.64 0.41 (102) 21.15
7 56.61 0.36 (110) 25.25
9 62.85 0.45 (103) 20.49
11 67.94 0.38 (112) 25.35
12 69.09 0.48 (202) 19.93
Average 26.65

Table 4   The antibacterial activity of ZnONPs and the leaf extract in 
combination with standard drugs

Microorganisms ZnONPs
ZOI (mm)

Standard (Ampicillin)
ZOI (mm)

E. coli 12.1 ± 0.2 25 ± 0.83
B. subtilis 15 ± 0.8 25 ± 0.31
B. cereus 12 ± 0.3 22 ± 0.31
P. aeruginosa 10 ± 0.4 23 ± 3
Z. mobilis 12 ± 0.7 20 ± 0.01
C. albicans 10 ± 0.6 20 ± 0.31

(Fluconazole)
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DPPH scavenging activity as their concentration increases. 
This suggests that ZnONPs have antioxidant qualities, most 
likely because they can interact with DPPH radicals by 

surface reactions or by releasing ions that can contribute 
hydrogen or electrons. The varied ways in which ZnONPs 
and plant extract interact with and neutralise free radicals 

Fig. 8   Antimicrobial activity of G. ulmifolia ZnONPs depicting the zone of inhibitions (ZOI) against pathogenic microorganisms

Fig. 9   Antimicrobial activity of G. ulmifolia ZnONPs against pathogenic bacteria and fungi. Data presented as replicates of 3 (n = 3), showing 
mean ± SEM. STD = standard for fungi (Fluconazole); for bacteria (Ampicillin); control did not show any ZOI
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are important to comprehend since it provides information 
on how these compounds may be used as antioxidants in 
the future.

6 � Conclusion

This research marks a significant advancement in nanotech-
nology, particularly in the green synthesis of ZnONPs using 
G. ulmifolia leaf extract. The synthesized ZnONPs, char-
acterized by their spherical shape and size of 19 to 41 nm, 
underscore the efficacy of plant extracts in producing nano-
particles with controlled morphologies and dimensions. The 
optimization of synthesis parameters achieving an ideal pH 
of 10 and a temperature of 60 °C highlights the critical role 
of environmental conditions in tailoring nanoparticle proper-
ties for specific applications.

The ZnONPs synthesized in this study demonstrate 
remarkable antioxidant and antibacterial activities, sug-
gesting their potential as effective agents in biomedical 
fields. Their capability to scavenge free radicals and inhibit 
microbial growth positions them as promising candidates 
for applications in disease prevention, treatment, and medi-
cal imaging. The use of G. ulmifolia leaf extract not only 
provides a sustainable and eco-friendly approach to nanopar-
ticle synthesis but also adds value to this method by leverag-
ing the intrinsic properties of the plant materials.

Looking forward, the integration of ZnONPs into vari-
ous chemical reactions and formulations could revolution-
ize therapeutic strategies, particularly in targeting cancer-
ous cells, combating microbial infections, and enhancing 

diagnostic imaging techniques. The potential for these nan-
oparticles to be incorporated into drug delivery systems, 
wound healing materials, and antimicrobial coatings opens 
new avenues for research and development in nanomedicine.

Further in vivo studies are imperative to ascertain the 
safety, efficacy, and biocompatibility of ZnONPs, particu-
larly in clinical settings. The findings from this research will 
pave the way for practical implementations that could signifi-
cantly impact public health and environmental sustainability.
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