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Abstract 

This study focuses on an eco-friendly and cost-effective green synthesis of zinc oxide nanoparticles using the aqueous leaf extract 

of Ehretia cymosa as a natural capping and stabilizing agent, combined with zinc acetate dihydrate as a precursor. Synthesis was 

conducted across various volumetric precursor-to-extract ratios (1:1, 1:2, and 1:3 v/v) at pH 12, followed by thermal annealing 

at 500°C. X-ray diffraction analysis confirmed the formation of phase-pure, highly crystalline ZnO NPs featuring a hexagonal 

wurtzite crystal structure. Based on the Debye-Scherrer equation, the calculated average crystallite sizes were 17.84 nm for the 

1:1 ratio and 18.25 nm for the 1:3 ratio. The smaller particle size observed in the 1:1 formulation is attributed to higher 

concentrations of phytochemical capping agents that prevented nanoparticle aggregation. The antibacterial efficacy of the 

synthesized ZnO NPs was evaluated against Gram-negative (Escherichia coli) and Gram-positive (Staphylococcus aureus) 

bacterial strains using the disc diffusion method. The nanoparticles exhibited strong, dose-dependent antibacterial activity against 

both pathogens. Higher antibacterial susceptibility was observed in S. aureus (26 mm inhibition zone at 0.04 mg/mL) compared 

to E. coli (25 mm inhibition zone at 0.04 mg/mL). This differential sensitivity is linked to structural variations in their cell walls, 

as the outer membrane of Gram-negative bacteria acts as a partial permeability barrier. Generally, Ehretia cymosa leaf extract 

provides a sustainable biological platform for producing functional ZnO nanomaterials with effective antimicrobial properties. 
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1. Introduction 

The design, synthesis, and use of materials with at least one 

dimension in the nanoscale less than 100 nanometers are the 

main focus of the quickly developing interdisciplinary disci-

pline of nanotechnology [1]. Nanomaterials small size and 

high surface area-to-volume ratios, which lead to improved 

reactivity, catalytic activity, and unique optical and electronic 

features, are largely responsible for their distinctive physical, 

chemical, and biological properties [2]. These characteristics 

have created new opportunities for the creation of cutting-

edge materials and gadgets with uses in biomedical therapies, 

electronics, sensing, cosmetics, drug delivery, and environ-

mental remediation. 

Stability, nontoxicity, and variety of functional characteris-

tics make metal oxide nanoparticles as it gains a lot of interest 
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among different nanomaterials [3]. Because of their semicon-

ducting, piezoelectric, and photocatalytic qualities, zinc oxide 

nanoparticles in particular are unique and can be used in solar 

cells, UV light emitters, personal care products, and antimi-

crobial agents. Because of its high biocompatibility and low 

toxicity, zinc oxide nanoparticles can be used in biomedical 

applications such as antioxidant, antibacterial, anticancer, and 

inflammatory treatments [4]. Because ZnO nanoparticles have 

the ability to fight pathogenic microbes, including those that 

are resistant to drugs and constitute a serious danger to world 

health, their antibacterial activity is of great interest [5]. 

ZnO nanoparticles are often synthesized using physical and 

chemical processes such sol-gel, hydrothermal, chemical va-

por deposition, and microemulsion techniques [6]. These 

methods can regulate the size and shape of particles, but they 

frequently call for high temperatures, costly equipment, and 

dangerous chemicals, all of which can be harmful to the envi-

ronment and human health [7]. As a result, there has been an 

increasing drive to create green synthesis techniques that use 

biological entities like plants, bacteria, fungi, and enzymes to 

create nanoparticles in an economical, scalable, and environ-

mentally benign way. 

Because they contain a wide variety of naturally occurring 

reducing and capping agents, such as proteins, phenolics, fla-

vonoids, and alkaloids, which aid in the bioreduction of metal 

ions into nanoparticles and stabilize them during nucleation 

and growth, plants in particular present a promising platform 

for green synthesis [8]. Green chemistry principles and sus-

tainability objectives are in line with plant-mediated synthesis, 

which does away with the need for hazardous chemicals and 

significant energy inputs [9]. ZnO nanoparticles with excep-

tional antibacterial and photocatalytic properties have been 

successfully synthesized from Ehretia cymosa plant species 

[10]. Ethiopia is home to the understudied medicinal plant Eh-

retia cymosa, which is a member of the Boraginaceae family. 

Because of its strong bioactive profile, it has historically been 

used to treat conditions like fevers, headaches, toothaches, ul-

cers, and different skin infections [11]. Ehretia cymosa has not 

yet been studied as a bioresource for the environmentally 

friendly manufacture of metal oxide nanoparticles, despite its 

wide range of ethnopharmacological uses. This plant's use in 

the synthesis of nanoparticles offers a unique chance to use its 

phytochemicals for the production of sustainable nanomateri-

als [12]. 

The concerning increase of antibiotic-resistant bacterial in-

fections has accelerated the need to find new antimicrobial 

treatments [13]. Green-synthesised nanomaterials have 

demonstrated improved biocompatibility and inherent anti-

bacterial qualities that can supplement or even outperform tra-

ditional antibiotics, providing novel approaches to antimicro-

bial resistance [14]. Due to production of reactive oxygen spe-

cies, the release of Zn+2 ions, and the breakdown of bacterial 

cellular membranes, ZnO nanoparticles produced using plant 

extracts have shown notable efficiency against both gram-pos-

itive and gram-negative bacteria. 

This article focuses on the environmentally friendly pro-

duction of ZnO nanoparticles by employing Ehretia cymosa 

leaf extract in aqueous form as a stabilizing and reducing 

agent. The study's findings should add to the body of 

knowledge for next studies on green nanotechnology and pro-

vide insights into the effectiveness of ZnO nanoparticles me-

diated by Ehretia cymosa as sustainable antibacterial agents. 

Additionally, this research is in line with international efforts 

to create environmentally safe nanomaterials with useful bio-

medical uses. 

2. Literature Review 

2.1. Zinc Oxide Nanoparticles (ZnO NPs) 

The distinct physical, chemical, and biological characteris-

tics of metal oxide nanoparticles have made them stand out 

among the other kinds of nanoparticles as being very promis-

ing. The remarkable catalytic activity and enormous surface 

area of zinc oxide nanoparticles, which are defined as zinc ox-

ide particles with diameters less than 100 nanometers, are 

noteworthy [15]. Significant interest in both scientific study 

and industry applications has been sparked by these features. 

ZnO nanoparticles have been thoroughly investigated for a va-

riety of uses, including as solar energy conversion, chemical 

sensors, rubber production, and environmental remediation, 

such as the elimination of arsenic and sulfur from water. They 

are also used in paints, cosmetics, antimicrobial agents, med-

icine delivery systems, fiber manufacturing, and lumines-

cence-based technologies [16]. Because of its inherent semi-

conducting and piezoelectric qualities, ZnO can be used in 

transparent electronics, ultraviolet (UV) light emitters, 

spintronics, catalysts, coatings, and personal care items. In 

particular, because of their favorable optical and electrical 

characteristics, ZnO nanoparticles are used in diode lasers, 

UV light emitters, transparent electrodes for solar cells, and 

anti-reflection coatings [17]. Research on the synthesis and 

use of ZnO nanoparticles is still ongoing due to its eco-friend-

liness and adaptability, which could improve the sustainability 

and performance of a variety of biomedical and technical 

goods. 

2.2. Synthesis of ZnO Nano Particles 

Physical, chemical, and biological techniques can be used 

to create zinc oxide nanoparticles (ZnO NPs). Among them, 

the biological or green synthesis method has drawn more at-

tention as a cost-effective and environmentally friendly sub-

stitute for traditional physical and chemical procedures, which 

frequently require for hazardous chemicals and challenging 

circumstances [18]. 

Chemical synthesis techniques are useful for creating nano-

particles with precise size and shape, but because they employ 

hazardous chemicals, they frequently have negative effects on 

the environment and biocompatibility. Direct precipitation, 
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homogeneous precipitation, solvothermal and hydrothermal 

procedures, sonochemical processes, pyrolysis, chemical va-

por deposition, reverse micelle approaches, sol-gel techniques, 

and others are common chemical techniques used for ZnO NP 

production [19]. Although these techniques offer exact control 

over the properties of nanoparticles, there are serious concerns 

to the environment and human health due to the use of harmful 

precursors and byproducts. 

By breaking bulk materials or arranging atoms into 

nanostructures, physical methods create nanoparticles via me-

chanical and physical forces. Colloidal dispersion, vapor con-

densation, amorphous crystallization, physical fragmentation 

and evaporation, pulsed laser deposition, and sputtering are 

examples of common physical processes [20]. Even though 

these techniques don't contain any chemical contaminants, 

they frequently need a lot of energy, expensive equipment, 

and may not be very scalable. 

Green synthesis, on the other hand, minimizes environmen-

tal impact and does away with the need for hazardous chemi-

cals by using biological entities like bacteria, fungi, plant ex-

tracts, and enzymes as reducing and stabilizing agents. In par-

ticular, bioactive compounds such as proteins, alkaloids, fla-

vonoids, and phenolics are used in plant-based green synthesis 

to help reduce and cap Zn ions into ZnO nanoparticles. The 

generated ZnO NPs are especially well-suited for biomedical 

applications since this method improves biocompatibility 

while also being economical and environmentally safe [21]. 

2.2.1. Green Synthesis of ZnO Nano Particles 

Due to its eco-friendliness and various inherent advantages 

over conventional chemical and physical processes, green 

synthesis of nanoparticles has become a very popular and sus-

tainable strategy in recent years. By using biological entities 

as reducing and stabilizing agents, such as microbes, enzymes, 

and, most importantly, plants or plant extracts, this biogenic 

synthesis reduces the usage of dangerous chemicals and con-

ditions [22]. In addition to its environmental sustainability, the 

green synthesis pathway is known for its affordability, bio-

compatibility, and operational safety all of which are very 

beneficial for environmental and medicinal applications. Be-

cause of their inherent semiconductor qualities as well as the 

bioactive substances from the biological source, zinc oxide 

nanoparticles produced using environmentally friendly pro-

cesses have shown strong antibacterial activity [23]. 

The amount of bioactive compounds found in plants, in-

cluding phenols, flavonoids, polyphenolics, alkaloids, pro-

teins, and enzymes, makes them a rich source for the green 

synthesis of ZnO NPs [24]. These phytochemicals work well 

as capping agents, stabilizing and preventing the agglomera-

tion of the nanoparticles, and reducing agents, converting zinc 

ions into ZnO nanoparticles. This dual function is essential for 

regulating particle size and shape as well as improving the 

ZnO NPs' biological efficiency. ZnO nanoparticles have been 

successfully synthesized in a number of experiments using 

aqueous extracts from different plant parts, usually leaves, 

which are rich in phytoconstituents [25]. 

2.2.2. Physical and Chemical Method 

Physical Methods: To produce nanoparticles with a limited 

size distribution, physical synthesis techniques frequently 

make use of physical energies like heat energy, alternating 

current (AC) power, and arc discharge. These methods are 

suited for scale-up because they can produce vast quantities of 

nanomaterials in a single batch [26]. Evaporation-condensa-

tion and laser ablation are important physical techniques. High 

heat energy and high pressures are usually needed for these 

methods, which can be energy-intensive and may require ex-

pensive, specialized equipment for accurate control and oper-

ation. 

Chemical Methods: Three basic elements are typically in-

volved in the chemical synthesis of nanoparticles: (i) metal 

precursors that provide the metal ions; (ii) reducing agents that 

chemically transform these ions into nanoparticles; and (iii) 

stabilizing or capping agents that regulate particle size and 

prevent aggregation. 

Sol-gel processes, microemulsion techniques, hydrother-

mal synthesis, polyol methods, chemical vapor synthesis, and 

plasma-enhanced chemical vapor deposition are examples of 

common chemical synthesis pathways. Chemical synthesis 

methods provide for greater control over particle size and 

shape, but they frequently use dangerous chemicals that are 

harmful to the environment and human health. These tech-

niques' sustainability is limited by the production of chemical 

waste and the usage of hazardous reagents [27]. Green synthe-

sis has advantages over chemical and physical methods. On 

the other hand, green synthesis a biological process that makes 

use of enzymes, microbes, or plant extracts offers a number of 

significant benefits. Because it does not require high temper-

atures, high pressures, costly equipment, or hazardous chemi-

cals, it is safer, more economical, and ecologically friendly. 

Furthermore, green synthesis is a possible substitute for sus-

tainable nanomaterial production since it is typically easier to 

scale up for large-scale production [28]. 

2.3. Synthesis of Nanoparticle by Using Plants 

Due to their ease of use, effectiveness, and practicality, 

plant extracts are a desirable option because microbiological 

techniques of nanoparticle synthesis are typically slow [29]. 

An affordable and practical option for large-scale production 

is the use of plants for the synthesis of nanoparticles. Using 

plant-based techniques, zinc oxide nanoparticles with a vari-

ety of morphological characteristics can be produced both ex-

tracellularly and intracellularly. Extracts from plant parts, like 

leaves, roots, and fruits, are usually added to an aqueous solu-

tion containing metal ions to start the synthesis process. Nat-

ural reducing and stabilizing agents are provided by the bio-

molecules found in plant extracts, such as sugars, flavonoids, 

proteins, enzymes, polymers, and organic acids. These com-
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pounds facilitate the bioreduction of metal ions into nanopar-

ticles, effectively mediating the formation of metal nanoparti-

cles in an eco-friendly manner [30]. 

2.4. Properties of ZnO Nano Particles 

Zinc oxide is a highly functional, strategic, and versatile 

inorganic material with broad applicability across various 

fields. outstanding attributes of ZnO nanoparticles is their 

distinctive electrostatic characteristics, which are particu-

larly advantageous for biomedical applications [31]. ZnO 

nanoparticles possess neutral hydroxyl groups on their sur-

faces, a feature that critically influences their surface charge 

behavior. Their nanostructured form offers a large surface 

area coupled with high catalytic activity, making them ex-

ceptionally suited for catalytic reaction processes. Im-

portantly, the synthesis of ZnO nanoparticles lends itself to 

relatively straightforward control over particle size and size 

distribution, allowing for tailored properties. A significant 

functional property of ZnO nanoparticles is their capacity to 

generate reactive oxygen species, which can induce cell 

death once the oxidative defense mechanisms of cells are 

overwhelmed. This ROS generation capability is intrinsi-

cally linked to the semiconductor nature of ZnO, where elec-

trons occupy certain energy bands distinct from the continu-

ous electronic states found in metals. These unique elec-

tronic properties underpin the promising biological and cat-

alytic activities exhibited by ZnO nanoparticles [4]. 

2.5. Biological Activity of ZnO NPs 

Particle morphology, size distribution, surface chemistry, 

and reactivity in solution are some of the variables that affect 

the biological activity of zinc oxide nanoparticles (ZnO NPs). 

Because ZnO NPs are known to be inexpensive and low-tox-

icity nanomaterials, there has been a lot of interest in using 

them in biological applications. These uses include anti-in-

flammatory, antidiabetic, antioxidant, anticancer, and anti-

bacterial properties. ZnO nanoparticles' numerous applica-

tions in medical research and technology are further demon-

strated by their usage in drug delivery systems and bioimag-

ing [25]. 

2.5.1. Antibacterial Activity of ZnO NPs 

Zinc oxide nanoparticles'antibacterial activity is of great in-

terest since these nanomaterials can supplement antibiotics, 

particularly in situations where antibiotics frequently fail, like 

fighting biofilms, multidrug-resistant bacteria, and mutants 

[26]. ZnO nanoparticles' surface area and concentration have 

a major impact on how well they work as antibacterial agents. 

Their antibacterial effectiveness is increased by higher con-

centrations and greater surface areas. ZnO nanoparticles' 

small size enhances their surface area, which improves their 

ability to interact with bacterial cells and makes them perfect 

antibacterial agents [27]. 

2.5.2. Mechanism of Antibacterial Activity of ZnO 

NPs 

Due to ongoing disputes and the complexity of their mode 

of action, the antibacterial activity of zinc oxide nanoparticles 

involves a number of mechanisms that are still incompletely 

understood. According to available data, the antibacterial ef-

fects are mainly mediated through three different pathways: (i) 

direct physical interaction of ZnO-NPs with the bacterial cell 

membrane, which results in structural disruption and loss of 

membrane integrity; (ii) the release of Zn2⁺ ions, which inter-

fere with cellular processes to exert antimicrobial effects; and 

(iii) the production of reactive oxygen species (ROS), such as 

hydrogen peroxide (H2O2) and superoxide anions (O2⁻), which 

cause oxidative stress and damage intracellular components 

[28]. It is crucial to remember that the physicochemical char-

acteristics of ZnO-NPs and the chemical makeup of the sur-

rounding medium, which impact ion dissolution and ROS 

generation dynamics, have an impact on the antibacterial ac-

tivity and underlying processes. 

Among inorganic photocatalysts, ZnO nanoparticles have 

higher photocatalytic activity and are more biocompatible and 

effective than materials like TiO2. ZnO-NPs experience 

photo-induced oxidation processes that are marked by in-

creased ROS generation when exposed to ultraviolet (UV) ra-

diation. By penetrating bacterial cells, these reactive species 

cause oxidative damage that impairs cellular viability and re-

sults in microbial inactivation [29]. ZnO-NPs have strong, 

broad-spectrum antibacterial qualities thanks to the integra-

tion of various processes, underscoring their significant poten-

tial for use in biomedical and environmental domains. 

2.6. Application of ZnO NPs 

Because of its special physicochemical characteristics, zinc 

oxide nanoparticles (ZnO NPs) have a wide range of applica-

tions in biological systems. Their nanoscale size permits ef-

fective cellular absorption and penetration through tiny capil-

laries, enabling tailored drug administration and improved 

therapeutic efficacy. ZnO NPs are useful agents for bioimag-

ing applications due to their unique optical characteristics. Be-

yond this, they play a crucial role in gene delivery systems and 

serve as sensitive biosensors in a variety of industries, such as 

the food industry, environmental monitoring, healthcare, and 

biological and chemical analyzes [30]. The synthesis of ZnO 

nanoparticles using Ehretia cymosa leaf extract and their as-

sessment against pathogenic bacteria like Bacillus species, 

Escherichia coli, and Pseudomonas aeruginosa have not been 

previously reported, despite the fact that ZnO nanoparticles 

have been produced using a variety of plant leaf extracts and 

shown to have effective antibacterial activities. In order to 

close this gap, this study synthesizes ZnO nanoparticles using 

environmentally friendly techniques using leaf extract from 

Ehretia cymosa and evaluates their antibacterial activity 

against these clinically significant bacterial species. 
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3. Materials and Methods 

3.1. Chemicals and Apparatus 

Green synthesis of ZnO nanoparticles using Ehretia cymosa 

leaf extract and their antibacterial application were carried out 

using locally collected plant leaves from Adama town. Zinc 

(II) acetate dihydrate was used as the precursor, distilled water 

as the medium, ethanol for washing, and sodium hydroxide as 

the precipitating agent in the synthesis. For bacterial cultiva-

tion, nutrient agar was utilized. A drying oven, balance, beak-

ers, volumetric and conical flasks, funnels, filter papers, mag-

netic stirrer, measuring cylinders, centrifuge, mortar and pes-

tle, sample holder, X-ray diffraction (XRD) apparatus, UV-

visible spectrophotometer, and Petri dishes for bacterial 

growth were among the necessary equipment. 

3.2. Methods 

3.2.1. Sample Collection and Preparation of Ehretia 

Cymosa Leaf Extract 

Ehretia cymosa leaves were gathered from Adama town, 

Kachema, East Shoa Zone, Oromia, Ethiopia. To get rid of 

dust, pollutants, sediments, pesticides, and parasites, the 

leaves were thoroughly cleaned two or three times under run-

ning tap water and then rinsed with distilled water. After that, 

they were allowed to air dry in the shade at room temperature. 

To improve solvent penetration during extraction and de-

crease particle size, the dried leaves were crushed into a pow-

der. To avoid contamination and air exposure, the powdered 

samples were packed and kept in sealed containers. 

 
Figure 1. Ehretia cymosa leaves, sample collection and preparation a) Fresh leaves of Ehretia cymosa plant, b) washed leaves, c) powder 

after grinding. 

3.2.2. Extraction of Ehretia Cymosa 

The aqueous extract of Ehretia cymosa was prepared by 

placing 20 g of finely powdered leaves into a 1000 ml conical 

flask, and then adding 400 ml of distilled water. The mixture 

was boiled for 60 minutes at 80 ℃ using a magnetic stirrer. 

During this process, the color of the solution changed from 

green to brown, indicating extraction of plant components. Af-

ter boiling, the extract was cooled to room temperature and 

filtered using Whatman filter paper to remove plant residues 

and impurities. The filtered extract was then stored for 24 

hours before being used for further experiments. 

 
Figure 2. Extraction of Ehretia cymosa leave. 

3.2.3. Synthesis of ZnO NPs Using Aqueous Extract 

of Ehretia Cymosa Leaf 

Zinc oxide nanoparticles (ZnO NPs) were synthesized via a 

plant-mediated green route using an aqueous leaf extract of 

Ehretia cymosa as a biological capping and stabilizing agent, 

paired with a 0.2M} solution of zinc (II) acetate dihydrate 

[Zn(CH}3{COO)}2H2O] as the precursor. To investigate the 
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influence of precursor-to-extract volumetric ratios on nano-

particle formation, reaction mixtures were prepared at defined 

ratios (1:1, 1:2, and 1:3{v/v). Precipitation and subsequent ox-

ide formation were induced by the dropwise addition of 

0.1{M}sodium hydroxide (NaOH) under continuous mag-

netic stirring until reaching pH 12. The reaction mixture was 

stirred for an additional 10 min to facilitate complete nuclea-

tion, yielding a characteristic pale-yellow precipitate. The re-

sulting suspensions were allowed to age undisturbed for 24 hr 

to ensure complete precipitation. Afterwards, the supernatant 

was decanted, and the solid phase was isolated by centrifuga-

tion at 15,000 rpm for 15 min. The collected precipitate was 

thoroughly washed with distilled water and ethanol to elimi-

nate unreacted precursors and impurities. The purified solid 

was transferred to a ceramic crucible, dried in an oven at 100℃ 

for 2h, ground using a mortar and pestle, and subsequently an-

nealed in a muffle furnace at 500℃ to obtain phase-pure, 

highly crystalline ZnO NPs. 

1) 1:2 ratio of ZnO nanoparticle synthesis 

Zinc oxide nanoparticles were created by transferring 140 

mL of a 0.2 M zinc (II) acetate dihydrate solution to a 600 mL 

beaker and stirring it magnetically for 10 minutes at room tem-

perature in order to achieve a 1:2 v/v extract-to-precursor ratio. 

Then, under constant stirring, 70 mL of the aqueous Ehretia 

cymosa leaf extract was added dropwise. For five hours, the 

reaction mixture was agitated without any external heating. A 

0.1 M sodium hydroxide (NaOH) solution was added drop-

wise until the reaction mixture reached pH 12 in order to cause 

precipitation and oxide production. The mixture was then ag-

itated for an additional 10 minutes until a pale-yellow precip-

itate formed. To guaranty full precipitation, the resultant sus-

pension was left undisturbed for a full day at room tempera-

ture. After decanting the supernatant, the solid phase was sep-

arated by centrifuging the reaction mixture for 15 minutes at 

15,000 rpm. The solid precipitate was repeatedly rinsed with 

distilled water and then ethanol to remove unreacted precur-

sors and contaminants. A ceramic crucible was used to collect 

the purified precipitate, which was then dried in an oven at 

100°C for two hours, ground with a mortar and pestle, and 

calcined at 500°C in a muffle furnace. Phase-pure ZnO NPs 

were produced and kept in sealed containers for later testing 

and characterization. 

2) 1: 3 ratio of ZnO NPs synthesis 

A 600 mL beaker containing 150 mL of a 0.2M zinc(II) ac-

etate dihydrate solution was magnetically agitated for 10 min 

at room temperature in order to synthesis zinc oxide nanopar-

ticles at a 1:3v/v extract-to-precursor ratio. Then, while con-

tinuously stirring, 50 mL of the aqueous Ehretia cymosa leaf 

extract was added dropwise. Without any external heating, the 

combination was left to react for five hours. Dropwise addi-

tion of 0.1M sodium hydroxide (NaOH) was used to induce 

precursor conversion and oxide precipitation until the reaction 

mixture reached pH 12. The mixture was then continuously 

stirred for 10 minutes until a pale-yellow precipitate formed. 

To guaranty total precipitation, the reaction mixture was left 

undisturbed for a full day. Centrifugation at 15,000 rpm for 15 

minutes was used to collect the solid product after the super-

natant was decanted. To get rid of any remaining chemical 

precursors and phytochemical contaminants, the isolated pre-

cipitate was repeatedly cleaned with distilled water and then 

ethanol. The refined precipitate was moved to a ceramic cru-

cible, dried for two hours at 100°C in an oven, ground with a 

mortar and pestle, and then calcined at 500°C in a muffle fur-

nace. For later characterization and biological testing, the bi-

osynthesized ZnO NPs were kept in sealed containers. 

3) 1: 1 ratio of ZnO NPs synthesis 

ZnO NPs were prepared in a 1:1 ratio by adding 70 millili-

ters of 0.2M zinc (II) acetate solution to a 600 milliliter beaker 

and using a magnetic stirrer without heat for ten minutes. A 

magnetic stirrer was used to add 70 milliliters of aqueous ex-

tracted plant leaf dropwise after 10 minutes. then continually 

stirred without heat for five hours. Using a dropper, a 0.1M 

NaOH solution was added drop by drop until the pH was ad-

justed to 12 under a continuous magnetic stirrer. The mixture 

was then agitated for ten minutes. till the raindrops turned a 

pale yellow hue. To achieve full precipitation, the synthesis 

was kept for a whole day. Following the decantation of the 

liquid above the precipitation, the reaction mixture was cen-

trifuged for 15 minutes at 15,000 rpm in order to separate the 

liquid from the solid. The solid portion was then repeatedly 

cleaned with distilled water and then ethanol to get rid of the 

contaminants. The solid precipitate was then gathered on a ce-

ramic crucible and dried for two hours at 100°C in an oven. It 

was dried, ground on mortar, and burned at 500 degrees in a 

furnace before being kept in covered containers. 

4. Results and Discussion 

In this work, zinc acetate dihydrate precursor and Ehretia 

cymosa leaf extract were used in varying volume ratios (1:1, 

1:2, and 1:3) to create ZnO nanoparticles. Photos of the pro-

duced ZnO nanoparticles are displayed in Figure 3. 

 
Figure 3. Zno NPs synthesized by (1:1, 1:2, and 1:3) ratio. 
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4.1. XRD Patterns of Synthesized ZnO 

Nanoparticles 

The crystalline nature, phase purity, and crystal orientation 

of the biosynthesized zinc oxide nanoparticles (ZnO NPs) 

were investigated using X-ray diffraction (XRD). Figure 4 de-

picts the comparative XRD patterns of {ZnO NPs} synthe-

sized at volumetric precursor-to-extract ratios of 1:1(a) and 

1:3 (b). Both diffractograms exhibit well-defined, intense dif-

fraction peaks that match the hexagonal wurtzite structure of 

zno [16]. 

The distinct diffraction peaks observed at 2theta values cor-

respond to the Miller indices (100), (002), (101), (102), (110), 

(103), (200), (112), and (201) lattice planes, confirming a 

highly crystalline, single-phase wurtzite framework without 

secondary phase impurities or unreacted metallic zinc species. 

The sharp and intense nature of the diffraction peaks indicates 

high crystallinity, whereas the slight peak broadening reflects 

the nanometer-scale dimensions of the synthesized particles. 

Furthermore, the higher intensity of the (101) reflection rela-

tive to other planes confirms a preferential orientation during 

particle growth. A comparison between the 1:1 and 1:3 v/v 

ratios shows that increasing the plant extract concentration 

yields sharper diffraction peaks, suggesting enhanced crystal-

linity and potential modification of crystallite growth kinetics 

facilitated by phytochemical capping agents. 

 
Figure 4. XRD diffraction patterns of Zno nanoparticles synthesized 

using zinc acetate dehydrate and Ehrecia cymosa leaf extract. 

The average grain size of the ZnO nanoparticles was calcu-

lated from the three most intense peaks using Debye-Scher-

rer"s formula. 

The average grain size of the ZnO nanoparticles was calcu-

lated from the three most intense peaks using Debye-Scher-

rer"s formula. FWHM values and average crystallite sizes of 

ZnO NPs calculated by Scherer’s Formula for was indicated 

in Table 1. 

Table 1. FWHM values and average crystallite size. 

 3:1 ZnO NPs 1: 1 ZnO NPs 

h kl 2Ɵ FWHM (degree) FWHM (degree) 

100 31.7568 0.4313 0.4495 

002 34.4152 0.4746 0.4706 

101 36.2314 0.462 0.4777 

Average crystal size 18.25 17.84 

The XRD result showed that the average crystallite size of 

ZnO nanoparticles in 1:1 ratio has a smaller particle size 

(17.84 nm) than that of the 3:1 (18.25 nm). This difference 

may be due to the greater amount of leaf extract (50 mL) used 

in 1:1 ratio during synthesis process resulting in more capping 

agents that effectively stabilize the synthesized nanoparticles 

and hindered aggregation. 

4.2. Antibacterial Activity Test 

The disk diffusion method was used to evaluate the antibac-

terial activity of ZnO nanoparticles. ZnO nanoparticles have 

appealing antibacterial qualities because of their larger spe-

cific surface area and smaller particle size, which increases 

their surface reactivity and interaction with bacterial patho-

gens [2]. Because of their tiny size, nanoparticles can easily 

penetrate the bacterial cell membrane and cause inhibitory 

processes to take place inside the cell. Zone of inhibition rises 

with increasing concentration of zinc oxide nanoparticles and 

decreasing particle size. Additionally shown in the Table 2 are 

the zone of inhibition values derived from the experiment. 

Table 2. Zone of inhibition (mm) of ZnO Nanoparticles against gram-

positive and gram-negative bacterial strains. 

 Inhibition zone (mm) 

Sample Concentration E.coli S. aureus 

1:1 ZnO NPs 
0.04 mg/mL 25 26 

0.01 mg/mL 10 13 

Positive Control  42 43 

Strong antibacterial action against gram-positive (S. au-

reus) and gram-negative (Escherichia coli) bacterial strains 

was demonstrated by green manufactured ZnO nanoparticles 

made from Ehrecia cymosa leaf extract [31]. Gram-positive 

bacteria were more susceptible to ZnO nanoparticles' anti-

bacterial activity than gram-negative bacteria. The discrep-

ancies in the morphological constitutions of gram-positive 
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and gram-negative bacteria may be the cause of their differ-

ing sensitivities [1]. The outer lipopolysaccharide membrane 

of gram-negative bacteria prevents antibacterial chemicals 

from penetrating their cell walls. Conversely, gram-positive 

bacteria are more vulnerable because they only have an ex-

terior peptidoglycan layer, which is ineffective as a permea-

bility barrier. 

 
Figure 5. Zone of inhibition (nm) of ZnO NPs against: a) Escherichia 

coli. b) staphylococcus. 

5. Conclusion and Recommendation 

5.1. Conclusion 

Using zinc acetate dihydrate as a precursor and an aqueous 

leaf extract of Ehretia cymosa as a biological capping and sta-

bilizing agent, zinc oxide nanoparticles were effectively pro-

duced utilizing a straightforward, environmentally benign, 

and economical green method. Phase-pure, highly crystalline 

with a distinctive hexagonal wurtzite structure were proven to 

form by X-ray diffraction (XRD) research. The average crys-

tallite diameters were 17.84 nm for the 1:1 v/v ratio and 18.25 

nm for the 1:3 v/v ratio, depending on the precursor-to-extract 

volumetric ratio. Both Gram-positive (Staphylococcus aureus) 

and Gram-negative (Escherichia coli) bacterial strains were 

significantly inhibited by the biosynthesized {ZnO NPs} in a 

dose-dependent manner. Because of structural differences in 

the design of their cell walls, gram-positive bacteria showed 

increased vulnerability. Generally, Ehretia cymosa leaf extract 

provides a sustainable, biogenic platform for synthesizing 

functional ZnO nanomaterials with strong antimicrobial per-

formance. 

5.2. Recommendations 

Future research should evaluate the phytochemical capping 

potential of Ehretia cymosa leaf extract for synthesizing other 

metal and metal oxide nanoparticles (Ag, CuO, TiO2). 

Complete morphological, optical, and chemical characteri-

zation of the synthesized ZnO NPs should be conducted by 

UV-Vis Spectroscopy, Fourier-Transform Infrared Spectros-

copy (FTIR), Scanning Electron Microscopy (SEM), Trans-

mission Electron Microscopy (TEM), and Energy-Dispersive 

X-ray Spectroscopy (EDX) is strongly recommended to con-

firm crystal lattice integrity, surface capping dynamics, parti-

cle size distribution, and phase purity. 

Systematic profiling of the bio-reducing and stabilizing 

phytochemical constituents (e.g., flavonoids, polyphenols) 

present in Ehretia cymosa extract should be conducted to es-

tablish the exact reaction mechanism. 

In vitro cytotoxicity, antioxidant potential, photocatalytic 

degradation efficiency, and broader biomedical applications 

of the green-synthesized ZnO NPs should be investigated. 
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