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Abstract  

Bacterial infections remain a critical global health concern, often leading to prolonged self-

medication, extended healing times, treatment failures, increased hospitalization, and higher 

healthcare costs, alongside increased mortality rates. Recent research efforts have focused on 

enhancing human health and environmental sustainability through innovative synthesis techniques. 

This study presents a straightforward and cost-effective method for the green synthesis of zinc oxide 

nanoparticles (ZnO NPs) using fruit extract from Washingtonia robusta H. Wendl and investigated 

their antibacterial activity. The W. robusta fruit extract underwent fractionation using polar and non-

polar solvents, resulting in the isolation of four distinct fractions that were tested against various 

Gram-positive and Gram-negative bacteria as antibacterial agents. The methanolic fraction 

demonstrated the highest antibacterial potential and was analyzed for bioactive compounds using 

gas chromatography-mass spectrometry (GC-MS). This analysis identified ten biochemical 

constituents, including hexasiloxane (43.28%), E-9-tetradecenoic acid (12.99%), oleic acid 

(10.12%), and heptasiloxane (9.83%). This methanolic fraction was utilized in the synthesis of ZnO 

NPs. The resulting nanoparticles were characterized using various techniques, including UV-Vis 

spectroscopy, FTIR spectroscopy, zeta analysis, and transmission electron microscopy (TEM). The 

antibacterial efficacy of the ZnO NPs was evaluated against Escherichia coli ATCC25922, and 

Bacillus cereus ATCC6633. The antibacterial activity was assessed using the agar well diffusion 

method, minimum inhibitory concentration (MIC), and minimum bactericidal concentration (MBC). 

Results indicated that the ZnO NPs exhibited a good antibacterial activity with average inhibition 

zones 18 ± 0.03 mm against E. coli, and 24 ± 0.14 mm against B. cereus. The MIC values for ZnO 

NPs were 35 µg/ml against E. coli and 25 µg/ml against B. cereus. The MBC values matched with 

MIC results that indicated the potent bactericidal action of the prepared ZnO NPs. 

Keywords: Washingtonia robusta, zinc oxide nanoparticles, GC‒MS, antibacterial activity. 

 

Introduction 

Antimicrobial resistance (AMR) occurs 

when microorganisms such as bacteria, fungi, 

and parasites acquire resistance to antimicrobial 

treatments in people and animals. AMR has 
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grown into a severe concern, influencing illness 

treatment and increasing mortality rates 

(Prestinaci et al., 2015). It has become a 

persistent global public health issue, with a 

projected 10 million fatalities per year 

worldwide by 2050 (Tripathi et al., 2019). This 

issue is ascribed to the excessive and 

inappropriate use of antimicrobial agents, 

particularly antibiotics, which contributes to the 

global burden of antimicrobial resistance. As a 

result, antibiotic use and consumption are 

constantly and thoroughly monitored around 

the world (Tang et al., 2023). The development 

of innovative antimicrobial medicines to 

counteract persistent disease progression has 

been the subject of numerous investigations in 

recent years. Furthermore, the European Food 

Safety Authority (EFSA) has found that some 

bacteria such as Escherichia coli, Pseudomonas 

aeruginosa, Bacillus cereus, and Klebsiella 

pneumoniae, are becoming less vulnerable to 

the existing antibiotics, including 

fluoroquinolones (Silva et al., 2024). The term 

"high-risk clone" describes bacterial strains that 

accelerate the development of antibiotic 

resistance. Since E. coli has become a 

storehouse of genes resistant to different 

antibiotics, the World Organization for Animal 

Health (WOAH) acknowledges that it is an 

essential indication for tracking the spread of 

antibiotic resistance (De Lagarde et al., 2021). 

Since these strains are extremely effective at 

carrying mobile genetic elements, such as genes 

that provide resistance to antibiotics, which 

speeds up the spread of these genes, they are a 

serious cause for concern. Furthermore, they 

present serious difficulties while treating 

patients (Tiwari et al., 2023). 

Herbal therapy has been suggested as a 

secure and efficient way to deal with this issue. 

Medicinal plants frequently contain 

polypeptides, flavonoids, coumarins, 

terpenoids, alkaloids, tannins, polyphenols, and 

essential oils (Leisegang, 2021). The 

fabrication of antibiotics and the management 

of many diseases are facilitated by these 

secondary metabolites (Abutaha et al., 2023). 

Palms yield a variety of beneficial goods and 

are rich in terpenoids, phenolic compounds, and 

oils. Pro-vitamin A, tocols, vitamin E, and 

triterpene pentacyclics are among the 

terpenoids and other volatile substances found 

in the mesocarp and endocarp oils of certain 

palms that have been linked to health 

advantages. The phenolic chemicals that 

include phenolic acids, resveratrol, other 

stilbenes, anthocyanins, flavones, flavonols, 

dihydroflavonoids, flavan-3-ol, procyanidins, 

and lignansthat have been identified in various 

tissues of this palm, particularly in the pulp, 

seeds, and leaves (Da Silveira, 2018). 

According to Selim et al. (2020), Washingtonia 

robusta produces several phytochemical 

substances with antibacterial properties, 

including n-hexadecanoic acid, 1,2,3-

propanetriol, and 1-acetate. However, during 

the biofilm-forming process, several bacteria, 

such as S. aureus and E. coli, show resistance to 

certain phytochemical substances (Monte et al., 

2014; Silva et al., 2024). Furthermore, 

combining phytochemical substances with 

other antibiotics, including tetracycline, 

erythromycin, salicylic acid, and saponins, did 

not result in a synergistic impact against S. 

aureus-resistant strains (Monte et al., 2014).  

Presently, technological developments 

such nanotechnology might enhance the health 

benefits of these phytochemicals and encourage 

their use (Álvarez-Martínez et al., 2020; Díaz-

Puertas et al., 2023). Nanomaterials (1 to 100 

nm) are a remarkable category of materials with 

a range of unique physicochemical and 

biological properties when compared to bulk 

materials of larger scale (Fayed et al., 2023). 

Nanomaterials are produced using different 

chemical and physical methods, including the 

sol-gel method, thermal breakdown, chemical 

vapor deposition, laser ablation, and microwave 

synthesis (Khan, 2020). Nevertheless, it was 

discovered that the artificial nanomaterials 

created using earlier techniques were harmful to 

human cells and might have detrimental 

consequences on medicinal applications. As an 

alternative, biological methods that employ 

plants and other microbes during biosynthesis 

have produced biocompatible, stable, and 

nontoxic nanomaterials (Raina et al., 2020). 

Various medical applications of metal-based 

nanoparticles (NPs) have been investigated. 

According to the World Health Organization 

(WHO), metal-based NPs have the potential for 

combating priority-listed diseases moreover 

their small size and improved bacterial 

selectivity. They have nonspecific bacterial 

toxicity mechanisms because they do not attach 

to a specific receptor in the bacterial cells. This 

prevents the growth of bacterial resistance and 

increases the range of antibacterial activity 

(Sánchez-López et al., 2020). due to their solid 

state and ability to treat wounds with salt 
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solutions, a variety of NPs with antibacterial 

activity, such as silver, gold, copper, and 

manganese NPs, have been employed as 

antimicrobial agents for wound healing (Chen 

and Schluesener, 2008). Biomedicine, the food 

industry, textiles, and cosmetics are among the 

majority of the industries that use 

nanomaterials. Their prospective uses as 

antibacterial agents, medical device coatings, 

and chemotherapeutic drug carriers have 

contributed to their increasing popularity in the 

biomedical sector (Chen and Schluesener, 

2008; Sengul and Asmatulu, 2020). However, 

despite their strong antibacterial action, these 

metals or their metal oxide nanoparticles have 

serious negative consequences. Some research 

indicates that the primary target tissues for 

extended exposure to silver nanoparticles 

(AgNPs) are the liver and lungs (Hadrup and 

Lam, 2014). It can release silver ions that can 

result in cytotoxicity, genotoxicity, and even 

cell death because of its capacity to interact with 

biological systems and pass-through cell 

membranes (De Lima et al., 2012; Zhang et 

al., 2014). Due to gold NPs (AuNPs), Because 

they are less harmful to mammalian cells than 

AgNPs and efficient against both Gram-

positive and Gram-negative bacteria, they are 

the most frequently used antimicrobial agents. 

However, some researchers are investigating 

into the possible antibacterial activity of 

AuNPs. In addition to their antibacterial 

properties, AuNPs also have antioxidant and 

anticancer effects (Sánchez-López et al., 

2020). These NPs cause microbial DNA 

damage and cell death, and promote the 

production of endogenous reactive oxygen 

species (ROS) (Sánchez-López et al., 2020; 

Tiwari et al., 2011). Conversely, zinc (Zn) and 

zinc oxide (ZnO) have emerged as powerful 

antibacterial agents in various pharmaceutical 

and industrial applications, including paint, 

paper, cosmetics, plastics, building materials, 

and ceramics. Their desirable characteristics, 

such as high stability, antimicrobial efficacy, 

and anticorrosive properties, make them 

effective alternatives in the biomedical field. 

Zinc also plays a crucial role in various 

biological functions, such as supporting 

immune health, promoting wound healing, and 

acting as an antioxidant. Additionally, both zinc 

and zinc oxide are cost-effective, safe, exhibit 

low toxicity, and possess strong UV absorption 

capabilities (Tulinski and Jurczyk, 2017). 

Their antibacterial activity is enhanced when 

combined with other compounds. Zinc ions 

interact with biological macromolecules, 

leading to damage to bacterial cell walls, 

inhibition of bacterial cell reproduction, 

disruption of protein synthesis, reduction of 

membrane permeability, and interference with 

bacterial metabolic functions (El-Fallal et al., 

2023). The current study aimed to green-

synthesize zinc oxide (ZnO) using W. robusta 

fruit extract at room temperature (25°C) and 

investigate there antibacterial efficacy against 

Gram-positive and Gram-negative bacteria. 

Material and Methods 

Sample collection 

Fresh W. robusta fruits were collected 

during the autumn season (October 5th, 2023) 

from palms in New Damietta City, Damietta 

Governorate, Egypt, and taken to the 

Microbiology Laboratory at the Faculty of 

Science, Damietta University, for extraction. 

They were round to oval, roughly 1.27 cm long, 

and had a fleshy crust that was black to dark 

brown (Figure 1). The fruits were carefully 

washed to remove any dirt, and any damaged 

seeds were discarded before drying. The 

healthy, mature fruits were then ground into a 

fine powder and stored in glass containers at 

4°C for subsequent physicochemical analysis 

(Gomaa, 2019). 

 

Figure 1. Washingtonia robusta H. Wendl (left) and 

its fruits (right) that used in the current study. 
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Plant sample preparation and extraction 

The fruits of W. robusta were crushed using a 

hammer, then blended and sieved through a 30-

mesh stainless steel screen. To ensure a 

consistent powder, the remaining residue was 

blended again until all of it passed through the 

screen. Five grams of this powder were 

homogenized with 40 ml of methanol for 1 

minute and extracted on a shaker for 3 hours at 

room temperature (25°C) (Gomaa, 2019). The 

resulting extracts were hydrolyzed with 3 M 

HCl and fractionated using polar and non-polar 

solvents at the Center for Excellence in 

Research of Advanced Agricultural Sciences 

(CERAAS), Damietta University, Egypt. 

Antibacterial activity of fractionated-fruit 

extracts using agar well diffusion method 

The agar well diffusion method was used to 

assess the fruit extracts' antibacterial activity in 

accordance with the Clinical and Laboratory 

Standards Institute (CLSI) protocol (CLSI, 

2017). E. coli ATCC25922 and B. cereus 

ATCC6633 were used as bacterial models. A 

0.5 McFarland standard (1-2 x 10^8 CFU/ml) 

from each bacterial strain was prepared. These 

microbes were inoculated into cooled melted 

nutrient agar medium flasks, which were then 

poured into sterile Petri dishes and allowed to 

solidify. Using a cork borer, wells were made in 

each plate, and 100 µl of each fractionated 

extracts were added to the wells under aseptic 

conditions. After incubation at 37°C for 24 

hours, the inhibition zones around the wells 

were measured in millimeters. 

Gas chromatography-mass spectrometry (GC-

MS) analysis 

The phytochemicals extracted from the fruits of 

W. robusta H. Wendl were identified at the 

CERAAS, Damietta University, Egypt. GC-MS 

analysis of extract was carried out in accordance 

with Elbestawy et al. (2023). A GC-MS system 

(TSQ 9000 triple quadrupole mass spectrometer 

was coupled to a Thermo Scientific™ 

TRACE™ 1310 Gas Chromatograph) fitted 

with a 30 m × 0.25 mm Rtx-5 MS column (0.25 

μm film thickness) was used to examine the 

extract's chemical makeup. With an injection 

volume of 1.0 μL and a split ratio of 10:1, 

Helium functioned as the carrier gas at a steady 

flow rate of 1.2 mL/min. At 70 eV, the 

ionization mass analysis was carried out. The 

ion source temperature was kept at 280°C while 

the injector temperature was adjusted to 250°C. 

The oven temperature programming started 

with an initial isothermal phase at 110°C for 

two minutes, followed by increases of 

10°C/min to 200°C, then 5°C/min to 280°C, and 

finally held isothermally at 280°C for nine 

minutes. Data was collected using the GC-MS 

post-run software. 

Green synthesis of zinc oxide nanoparticles 

(ZnO NPs) 

Zinc nitrate hexahydrate solution (10 mM) was 

prepared, mixed with the selected W. robusta H. 

Wendl fruit extract at a ratio of 1:1 (v/v%) and 

shaken well (200 rpm) at room temperature 

(25°C ± 2) for 15 min until the colour change of 

the solution from pale yellow and white 

precipitate formation indicated the formation of 

ZnO NPs (Song et al., 2022).   

Characterization of ZnO NPs 

The green-synthesized ZnO NPs were analyzed 

using several techniques, including UV/Vis 

Spectrophotometer (Beckman DU-40) and 

Fourier transform infrared spectroscopy (FTIR, 

FT/IR-4100 type A). Additional analyses 

included zeta potential measurements (Malvern 

Zetasizer Nano-ZS90, Malvern, UK), and 

transmission electron microscopy (TEM, JEOL 

JEM-2100, Japan). 

Antibacterial activity of ZnO NPs using agar 

well diffusion method 

Different concentrations (250, 500, and 1000 

µg/ml) of ZnO NPs were evaluated for their 

antibacterial activity against the selected 

bacterial strains using the agar well diffusion 

method, in accordance with the Clinical and 

Laboratory Standards Institute (CLSI, 2017). 

Penicillin G was used as a control antibiotic. 

The methanolic fraction of fruit extract was also 

included in the testing. 

Minimal inhibitory concentration (MIC) 

The broth microdilution method was used to 

evaluate the MICs of ZnO NPs in accordance 

with CLSI recommendations (CLSI, 2000). B. 

cereus and E. coli were cultivated on Mueller-

Hinton broth (MHB) at a 0.5 McFarland 
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standard. Serial solutions (0-100 μg/ml) from 

ZnO NPs, and penicillin G were prepared and 

tested. The microorganisms under the test were 

cultured for 48 hours at 37°C. After incubation 

time, the turbidity of bacterial growth was 

evaluated at 630 nm using a spectrophotometer 

in comparison to the growth control. 

Minimum bactericidal concentration (MBC) 

Each MIC bacterial flask was inoculated into 

Mueller-Hinton agar plates using the pour plate 

method and incubated at 37°C for 24 hours. 

Every bacterial colony's total count was 

measured in colony-forming units per milliliter 

(CFU/ml) (El-Zahed et al., 2024). 

Statistical analysis 

Statistical analysis of the data was conducted 

using SPSS version 18 software. Each 

experimental value is presented as the mean ± 

standard deviation (SD), and one-way analysis 

of variance (ANOVA) was employed for the 

analysis. A significant level of p<0.05 was 

established. All experiments were performed in 

triplicate. 

Results  

Antibacterial activity of fractionated extracts 

of W. robusta H. Wendl fruit 

Methanolic, ethyl acetate, n-hexane, and 

chloroform extracts were separated into four 

fractions. The antibacterial activity of the 

fractionated-extracted fractions was assessed 

against various Gram-positive and Gram-

negative bacteria, as shown in Table 1. The 

methanolic extract demonstrated significantly 

greater antibacterial activity against Gram-

negative bacteria than against Gram-positive 

bacteria. It was particularly effective against E. 

coli ATCC25923, exhibiting an inhibition zone 

of 15 mm compared to B. cereus, exhibiting an 

inhibition zone of 12 mm. In contrast, the n-

hexane extract displayed the lowest 

antibacterial activity against both bacterial 

strains. The ethyl acetate extract also showed 

weaker antibacterial effects compared to the 

methanolic extract. On the other hand, ethyl 

acetate did not affect E. coli. 

 

Table 1. The agar well diffusion method of 

fractionated extract of W. robusta H. Wendl fruits 

against the tested bacteria. 

Fractions  

Inhibition zone in mm (mean ± SD) 

Gram-negative 

bacterium 

Gram-positive 

bacterium 

E. coli B. cereus 

n-Hexane 6 ± 0.16 9 ± 0.14 

Chloroform 12 ± 0.14 10 ± 0.06 

Ethyl acetate -ve 8 ± 0.16 

Methanol 15 ± 0.06 12 ± 0.03 

Chemical composition of methanolic fraction 

of fruit extract using GC‒MS analysis 

Ten different compounds were found during the 

GC-MS screening of the methanolic extract of 

W. robusta H. Wendl fruits (Figure 2 and Table 

2). hexasiloxane (43.28%), E-9-tetradecenoic 

acid (12.99%), oleic acid (10.12%), and 

heptasiloxane (9.83%), 

trimethylsiloxyphenylsiloxane (8.36%), 

decanoic acid (4.02%), and 2-isoxazolin-5-one, 

3-phenyl (3.89%) were the main constituents. 
Table 2. Chemical profile of methanolic W. robusta H. Wendl fruit extract by GC‒MS. 

Peak Retention time Peak Area % Compound name Molecular formula Molecular weight 

1 7.28 2.25 1,2,3-Propanetriol,1-acetate C5H10O4 134 

2 9.67 3.89 2-Isoxazolin-5-one, 3-phenyl C9H7NO2 161 

3 17.92 4.02 Decanoic acid C19H36O2 296 

4 21.05 2.21 Phenytoin C15H12N2O2 252 

5 23.88 3.05 
psi.,.psi.-Carotene, 3,4-didehydro-

1,2-dihydro-1-methoxy 
C41H58O 566 

6 26.28 12.99 E-9-Tetradecenoic acid C14H26O2 226 

7 26.61 10.12 Oleic Acid C18H34O2 282 

8 30.07 8.36 
Bis[di(trimethylsiloxy)phenylsiloxy]t

rimethylsiloxyphenylsiloxane 
C33H60O7Si8 792 

9 38.03 9.83 
Heptasiloxane,1,1,3,3,5,5,7,7,9,9,11,

11,13,13-tetradecamethyl 
C14H44O6Si7 504 

10 43.75 43.28 

Hexasiloxane, 

1,1,3,3,5,5,7,7,9,9,11,11-

dodecamethyl 

C12H38O5Si6 430 
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Figure 2. GC‒MS analysis of the methanolic extract 

of W. robusta H. Wendl fruits. 

Synthesis and characterization of the ZnO NPs 

The formation of the NPs was first indicated by 

a color change in the reaction mixture to bright 

yellow, as illustrated in Figure 3. Within 10 

minutes, a white precipitate of ZnO NPs 

emerged, confirming their successful green 

synthesis. Also, an absorption peak at 347 nm 

was observed at the UV-Vis spectrum (Figure 

3).  

 

Figure 3. Color change and UV‒Vis spectroscopy 

analysis of the ZnO NPs. (A) Color of the reaction 

mixture at the beginning of the experiment. (B) 

Color changes to a white color due to the formation 

of ZnO NPs.  

FTIR spectroscopy was employed to verify the 

successful formation of ZnO NPs and to 

identify the presence of capping agents during 

the synthesis process. The spectrum (Figure 4) 

showed a broad peak at 3356 cm⁻¹, which 

corresponds to the O–H stretching vibration of 

methanol, the solvent used. Stretching peaks at 

2994 and 2938 cm⁻¹ were linked to secondary 

amines. Additional peak at 1636 cm⁻¹ indicated 

the presence of vinyl and cis-trisubstituted 

groups, while amine stretching vibrations were 

observed at 1457 and 1369 cm⁻¹. C–O 

stretching vibrations were noted at 822 cm⁻¹. 

The Zn–O stretching vibration was detected at 

approximately 648 cm⁻¹.  

 

Figure 4. FTIR of the green synthesized ZnO NPs. 

The Zeta potential analysis revealed a negative 

charge of -27.4 mV for the ZnO NPs (Figure 5). 

 
Figure 5. Zeta potential analysis of ZnO NPs. 

TEM micrograph of the obtained ZnO NPs are 

presented in Figure 6. The NPs displayed a 

spherical morphology, with an average 

diameter of 26.21 nm. 

 

Figure 6. TEM of ZnO NPs with scale bar = 100 nm. 

Antibacterial activity of the ZnO NPs 

The antibacterial action of green-synthesized 

ZnO NPs was evaluated and compared to that 

of methanolic fraction of fruit extract and 

penicillin G as a reference drug. All bacterial 

strains tested exhibited susceptibility to both 

ZnO NPs and penicillin G (Table 3). The 

methanolic fraction showed limited 

antibacterial activity, while ZnO NPs 
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demonstrated significantly stronger biocidal 

effects against Gram positive bacteria 

compared to Gram negative bacteria. The 

Gram-positive bacterium B. cereus was 

particularly affected by ZnO NPs, displaying an 

inhibition zone of 24 ± 0.14 mm, whereas 

Gram-negative bacterium E. coli showed a 

smaller inhibition zone 18 ± 0.03 mm. 

 

Table 3. Agar well diffusion of ZnO NP against the 

tested bacteria. 

Antibacterial 

agent 

Concentration, 

µg/ml 

Inhibition zone in mm 

(mean ± SD) 

Gram-

negative 

bacterium 

Gram-

positive 

bacterium 

E. coli B. cereus 

Methanolic 

fraction 

250 6 ± 0.12 -ve 

500 10 ± 0.14 7 ± 0.18 

1000 14 ± 0.12 10 ± 0.06 

ZnO NPs 

250 20 ± 0.16 11 ± 0.14 

500 22 ± 0.14 15 ± 0.06 

1000 24 ± 0.14 18 ± 0.03 

Penicillin G 

250 15 ± 0 12 ± 0 

500 18 ± 0 14 ± 0 

1000 21 ± 0 16 ± 0 

 
The MICs of ZnO NPs and penicillin G against 

E. coli and B. cereus were assessed (Figure 7). 

ZnO NPs completely inhibited B. cereus at 25 

µg/ml and E. coli at 35 µg/ml. In comparison, 

penicillin G inhibited B. cereus at 30 µg/ml and 

E. coli at 40 µg/ml. The MBC values for 

penicillin G were 35 µg/ml for B. cereus and 45 

µg/ml for E. coli, while the MBCs for ZnO NPs 

were consistent with their MICs. 

 

Figure 7. The minimum inhibition concentrations of 

ZnO compared to penicillin G against E. coli; (A) 

and B. cereus; (B). 

Discussion  

New antibacterial medications with potent and 

long-lasting action are required due to the 

rapidly growing bacterial resistance. W. robusta 

H. Wendl fruits were used to prepare an 

antibacterial plant extract which contains 

several bioactive compounds as recommended 

by previous studies (Abutaha et al., 2023; 

Gomaa, 2019; Selim et al., 2020). Most of the 

compounds identified in GC-MS analysis were 

also reported in Dewir et al. (2021) study, 

including oleic acid (40.6%), 1,2,3-

propanetriol,1-acetate (3.47%), hydrazine 

carboxamide (1.67%), decanoic acid (6.47%), 

n-hexadecanoic acid (6.47%), and octasiloxane 

(1.18%). Several of these compounds are 1,2,3-

propanetriol,1-acetate, decanoic acid, oleic 

acid, phenytoin, n-hexadecanoic acid, and 

octasiloxane are known for their inhibitory 

effects on both Gram-positive and Gram-

negative bacteria (Novak et al., 1961; Saeed et 

al., 2023; Venkatesh et al., 2014). Foo et al. 

(2015) also reported that 1,2,3-propanetriol,1-

acetate exhibited antibacterial activity against 

B. cereus, while n-hexadecanoic acid showed 

effectiveness against Staphylococcus aureus 

ATCC 25923, E. coli ATCC 4102, and 

Salmonella sp. ATCC 50041 (Pu et al., 2010).  

The results obtained for the antibacterial 

activity of methanolic fraction of fruit extract 

are consistent with earlier studies, such as those 

conducted by Abutaha et al. (2019), who found 

that the methanolic extract of W. filifera (Lindl.) 

H. Wendl. fruit displayed stronger antibacterial 

activity against E. coli, K. pneumoniae, 

Acinetobacter baumannii, and S. aureus 

compared to other extracts like chloroform, 

ethyl acetate, and hexane. They reported that the 

methanolic extract was especially effective 

against S. aureus, achieving an inhibition zone 

of 30 mm, which exceeded the 20 mm inhibition 

zone noted for E. coli. Furthermore, Adegoke et 

al. (2010) observed that methanolic extracts 

demonstrated greater antibacterial activity 

against S. aureus ATCC25923 (inhibition zone: 

15 mm) than against Salmonella typhi 

(inhibition zone: 8 mm) when compared to 

chloroform extracts. These findings indicate 

that methanolic extracts are generally more 

effective against specific bacterial strains than 

extracts from other solvents.  

The observed color change during the synthesis 

process clearly indicates the successful 

formation of ZnO NPs. The white color of the 

obtained ZnO NPs appeared throughout 10 

minutes after mixing methanolic fraction of W. 

robusta H. Wendl fruits extract with zinc nitrate 

solution. The appearance of a white precipitate 

confirms their presence and is attributed to the 

Surface Plasmon Resonance (SPR) effect. The 
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specific absorption peaks at 347 nm and 361 nm 

verify the optical characteristics of ZnO NPs, 

which is consistent with prior research 

highlighting the importance of SPR in 

nanoparticle analysis consistent with the results 

of Saleem et al. (2022). While Lee et al., (2008) 

documented the synthesis of ZnO NPs 

displayed absorption peak at 361 nm. These 

results affirm the effectiveness of the synthesis 

method used to produce ZnO NPs. 

The current study recorded a good activity for 

the green synthesized ZnO NPs. Also ZnO NPs 

exhibited significant antibacterial activity 

against S. aureus, achieving a 30 mm inhibition 

zone as reported by Ahmad et al. (2020). In 

another study, Song et al. (2022) reported that 

the MICs of ZnO/Se were 312.5 µg/ml for S. 

aureus and 625 µg/ml for E. coli. Xia et al. 

(2022) observed that at a concentration of 1000 

µg/ml, the bacteriostatic rates of ZnO NPs 

against E. coli were 92.94% and 87.34%, 

respectively, while the rates against S. aureus 

were 58.94% and 55.64%. Microscopic analysis 

revealed a separation between the bacterial cell 

wall and cell membrane in bacteria treated with 

ZnO NPs. 

ZnO NPs are well-known antimicrobial agents 

that primarily target bacteria through oxidative 

stress. The production of ROS leads to the 

rupture of the bacterial cell wall, resulting in the 

release of proteins and nucleic acids. ROS also 

oxidizes key proteins like glutathione, 

disrupting major respiratory enzymes, which 

leads to bacterial cell death (Applerot et al., 

2009; El-Dein et al., 2021). Effective 

nanometallic materials, ZnO NPs cause 

bacterial membranes to become unstable, 

increasing cell permeability to NPs. They have 

shown a lot of promise as all-purpose 

antibacterials. However, further engineering is 

required to minimize their toxicity to healthy 

cells and optimize their biological function 

(Glover et al., 2021).  

Conclusions 

This study presents a straightforward and eco-

friendly method for synthesizing ZnO NPs 

using methanolic extract of Washingtonia 

robusta H. Wendl fruit as both a stabilizing and 

reducing agent. The synthesis of ZnO NPs was 

confirmed using UV-Vis spectroscopy, FTIR, 

zeta analysis, and TEM. The zeta potential and 

FTIR analysis of the ZnO NPs demonstrated 

their long-term stability. The green-synthesized 

ZnO NPs showed potent antibacterial activity 

against both Gram-negative and Gram-positive 

bacteria, with MIC values ranging from 25 to 35 

µg/ml. In comparison, penicillin G exhibited 

higher MIC values between 30 and 40 µg/ml. 

Based on the results from the agar well 

diffusion assay, MIC, and MBC, it was 

observed that Gram-positive bacteria were 

more sensitive to ZnO NPs than Gram-negative 

bacteria that might use in different medical and 

pharmaceutical applications. 
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الأهمية وخاصة في القطاع الصحي، وغالباً ما تؤدي إلى إطالة فترة العلاج الذاتي، تمثل العدوى البكتيرية مصدر قلق عالمي بالغ 

وإطالة أوقات الشفاء، وأحيانا فشل العلاج، وارتفاع تكاليف الرعاية الصحية، إلى جانب زيادة معدلات الوفيات. ركزت جهود 

ن خلال تقنيات التخليق المبتكرة. تقدم هذه الدراسة طريقة الأبحاث العلمية الأخيرة على تعزيز صحة الإنسان والاستدامة البيئية م

مباشرة وفعالة وقليلة التكلفة للتخليق الأخضر لجسيمات أكسيد الزنك النانومترية باستخدام مستخلص ثمار واشنطونيا روبوستا 

استخدام الكروماتوغرافيا السائلة وبحثت في نشاطها المضاد للبكتيريا. خضع مستخلص ثمار واشنطونيا  روبوستا للفصل الكيميائي ب

عالية الأداء، مما أدى إلى عزل أربعة مستخلصات فرعية مميزة تم اختبارها للنشاط المضاد للبكتيريا ضد بكتيريا موجبة الجرام 

باستخدام  وسالبة الجرام. أظهر المستخلص الميثانولي أعلى النتائج المضادة للبكتيريا وتم تحليله للمركبات النشطة بيولوجيًا

كروماتوغرافيا الغازالمزود بمطياف الكتلة. كشف هذا التحليل عن وجود عشرة مكونات كيميائية حيوية، بما في ذلك 

٪(. تم 9.83٪(، والهبتاسيلوكسان )10.12٪(، وحمض الأوليك )12.99٪(، وحمض التيتراديكونيك )43.28الهكساسيلوكسان )

خليق جسيمات أكسيد الزنك النانومترية. تم توصيف الجسيمات النانومترية الناتجة باستخدام استخدام هذا المستخلص الميثانولي في ت

تقنيات مختلفة، بما في ذلك التحليل الطيفي للأشعة فوق البنفسجية المرئية،والتحليل الطيفي للأشعة تحت الحمراء، وتحليل زيتا، 

مضادة للبكتيريا لجسيمات أكسيد الزنك النانومترية ضد ايشيريشيا كولاي، (. تم تقييم الفعالية الTEMوالمجهر الإلكتروني النافذ )

و باسيلس سيريس. تم تقييم النشاط المضاد للبكتيريا باستخدام طريقة انتشار المواد خلال الأجار، والحد الأدنى المثبط ، والتركيز 

ية أظهرت نشاطًا مضاداً للبكتيريا جيداً مع مناطق تثبيط المبيد للجراثيم. أشارت النتائج إلى أن جسيمات أكسيد الزنك النانومتر

مم ضد باسيلس سيريس. كانت قيم الحد الأدنى للتركيز المثبط  0.14±  24مم ضد ايشيريشيا كولاي، و 0.03±  18متوسطة 

يريس. تطابقت ميكروجرام/مل ضد باسيلس س 25ميكروجرام/مل ضد ايشيريشيا كولاي و 35لجسيمات أكسيد الزنك النانومترية 

قيم التركيز المبيد للجراثيم مع نتائج الحد الأدنى للتركيز المثبط والتي تتشير إلى التأثير القوي المبيد لجسيمات أكسيد الزنك 

 .النانومترية ضد الميكروبات

 

 

 


