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ABSTRACT:  

 

Moringa oleifera leaf extract has garnered significant attention 
for its potential as a green reducing and stabilizing agent in 
nanoparticle synthesis. This biogenic synthesis route is cost-
effective, eco-friendly, and free from toxic by-products. In this 
study, metal oxide nanoparticles, including copper oxide 
(CuO), zinc oxide (ZnO), silver oxide (AgO), and manganese 

oxide (MnO), were synthesized and characterized by using X-
ray diffraction, scanning electron microscopy, and Fourier-
transform infrared spectroscopy to determine their size, 
morphology, and chemical composition. The antibacterial 
activity of these nanoparticles was evaluated against 
pathogenic bacteria, demonstrating their potential for 
biomedical applications. Characterization confirmed the 
successful synthesis and crystalline structures of the 

nanomaterials. The average particle sizes of CuO, ZnO, AgO, 
and MnO nanoparticles were 44.70 nm, 27.04 nm, 37.11 nm, 
and 36.04 nm, respectively. Antibacterial assays revealed 
strong inhibitory effects against Staphylococcus aureus, 
Escherichia coli, and Pseudomonas aeruginosa, with the 
highest activity observed for Ag and CuO nanoparticles. 
Inhibition zones were measured up to 16.11 mm for E. coli and 

14.8 mm for S. aureus. These results suggest that green-
synthesized nanoparticles from Moringa oleifera extracts are 
promising antibacterial agents, offering a sustainable 
alternative to conventional antibiotics. 
 

Keywords: Metals Oxide nanomaterials, Synthesized and 
characterized, Moringa oleifera leaf extract, Green synthesis, 
Antimicrobial activity. 
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1. INTRODUCTION 

 

Antibiotic-resistant microorganisms evolve due to the overuse of antibiotics, which pose a 

major threat to public health worldwide. Antibiotic-resistant infections are responsible for 

about 800,000 deaths per year, with projections for up to ten million deaths per year by 2050 

in the absence of effective interventions, according to the World Health Organization (Kraker 

et al., 2016). Standard treatments and preventive measures are becoming ineffective against 

resistant pathogens, which require developing new tools for treating these pathogens. Of these, 

metallic nanoparticles are particularly effective compounds due to their distinctive behavior, 

which results from their small size compared to more conventional bulk chemical materials 

and their high specific surface area (Álvarez et al., 2023). They are synthesized using chemical 

reduction (Marchianò et al., 2021), electrochemical methods (He et al., 2023), microwave-

assisted techniques (Garadkar et al., 2016), and eco-friendly green chemistry processes for their 

stabilization. 

Nanoparticles, as important agents in medicine and biology, have been studied since the 1980s, 

initially for their potential in drug delivery. Since then, advances in nanotechnology have 

ushered in countless applications, from imaging to diagnostics to therapy. Due to the 

differences in particle size, a large surface-to-volume ratio, and tunable morphological 

properties with respect to their bulk counterparts, nanomaterials have garnered increased 

interest, particularly those made from metal and metal oxide nanoparticles (Fifere et al., 2023). 

These nanoparticles enhance bactericidal activity through the production of reactive oxygen 

species (ROS), which affect the bacterial cell membrane, proteins, and DNA. They are small 

enough to enter bacteria and manipulate the cells' vital mechanisms. The nanoscale interactions 

and reactivity of metallic nanoparticles interfere with essential cellular processes and produce 

oxidative stress, ultimately leading to cell death, thereby contributing to the antibacterial 

properties of metallic nanoparticles (Shahzadi et al., 2018), The mechanism of this eco-friendly 

antimicrobial activity is illustrated in Fig. (1). 

Yet, our incomplete knowledge of how nanoparticles exert their antimicrobial effects and their 

possible toxicity to human cells has restrained the clinical use of nanoparticles (Manuja et al., 

2021). These challenges have led to a potential solution, which is the synthesis of metallic 

nanoparticles through green methods using natural plant extracts, offering a convenient eco-

friendly pathway that can prevent harsh chemical use and minimize environmental impact 

(Mahabadi et al., 2021). Green synthesis of nanoparticles is achieved from a variety of 

biological matrices with reducing agents that convert metal ions into nanoparticles and 

bioactive molecules that confine and stabilize metal nanoparticles during synthesis (Rajak et 

al., 2023; Gnanasangeetha & Suresh, 2020). Extracts such as neem, turmeric, and green tea 

have been used to synthesize nanoparticles, reducing the environmental hazards of chemical 

synthesis and adding bioactive compounds inherent to the plants, thereby enhancing the 

bactericidal potential of the nanoparticles. 

In this regard, among a variety of influential plant extracts in the reduction of metal ions into 

nanoparticles, plant extracts might be a more effective role by taking advantage of the 

availability and biodiversity of the plant species and the richness in plant secondary metabolites 

with reducing and stabilizing properties (Singh et al, 2018). Moringa oleifera leaf extract in 

synthesizing metal oxide nanoparticles has attracted the attention of scientists, using it as a 

reducing and stabilizing agent (Fifere et al., 2023). The plant which is popularly called as a 

Drumstick tree is famous for its nutritional and medicinal benefits. Due to the usage of 

prominent vitamins, amino acids, enzymes and many other natural antioxidants., its leaves are 

loaded with bioactive compounds Polyphenols, flavonoids, tannic acid, terpenoids, 

carbohydrates, amines, enzymes. These compounds are important in the reduction of metal 

ions to nanoparticles and their stabilization, which ensures the size is homogeneous, and the 
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particles do not cluster together. In addition, biometallic nanoparticles synergize with these 

bioactive compounds to increases the antibacterial effect of the nanoparticles (Gautam et al., 

2023). 

In recent years, numerous studies have reported the environmentally friendly production of 

metal and metal-oxide nanoparticles using plant extracts for bactericidal purposes. Of those, 

Copper oxide nanoparticles (CuO) in particular show good ability to kill multi resistant 

bacteria, making them a potential competitor in new antibacterial treatments (Kim et al., 2012). 

(Velsankar et al. 2020) and (Andualem et al. 2020) used the extract of Allium sativum in 

synbiotic process to synthesis CuO nanoparticles and also the assessment of their antimicrobial 

effectiveness as well as antioxidant and anti larvicidal activities was performed. A study by 

(Bhumika K Sharma et al., 2018) investigated the eco-friendly synthesis of CuO nanoparticles 

utilizing Azadirachta indica leaf extract and assessed their antibacterial properties. These 

results suggested that CuO nanoparticles were capable of exhibiting potential antibacterial 

activity on being used against both Gram-positive and Gram-negative bacteria and may 

consequently be significant antimicrobial agents. Several recent studies by (Virk et al. 2023) 

by using Aloe vera extract synthesized CuO NPs which performed very important antibacterial 

activity to different pathogenic bacterial strains. Altogether these studies underscore the new 

trend in the synthesis of CuO NPs and their applications being introduced predominantly in the 

environmentally more friendly methods of using plant extracts as reducing agents which also 

showed pronounced antibacterial effects. Zinc oxide ZnO nanoparticles also have antibacterial 

properties and low toxicity which makes them desirable for biomedical (Sirelkhatim et al., 

2015). Sirelkhatim and his collaborators discussed the antibacterial and low toxicity properties, 

suggesting their suitability for diverse biological applications. utilisation of plant extracts to 

the green synthesis of ZnO nanoparticles, discussing the antibacterial and low-toxicity 

properties in such a way suggesting their suitability for diverse biological applications. (Rao et 

al. 2021) also reported a study that discussed green synthesis of ZnO nanoparticles using 

Camellia sinensis extract as a reducing agent and its use in the antibacterial and antioxidant 

activities using ZnO nanoparticles. In addition, (Yadi et al., 2018) unveiling their excellent 

antibacterial activity and eventually confirming the formulation of ZnO nanoparticles with 

Ginkgo biloba leaf extract. Cumulatively, these results substantiate the eco-friendly 

phytosynthesis of ZnO nanoparticles coupled to efficient antibacterial and anti-oxidant 

performances due to the biomaterial. Silver oxide nanoparticles AgO NPs are in the top list of 

candidate as well with their excellent antibacterial effect and are already applied in plenty of 

health and consumer products (Temizel, et al., 2020). According to (Gupta et al. 2020) extract 

as reducing agent and their antimicrobial activity have been studied which provides very useful 

knowledge to the researchers and demonstrates superior antibacterial efficacy against different 

bacteria (Jyoti et al. 2020). Further, (Abdellatif et al. 202202) Investigates the Green Synthesis  

of Silver oxide Nanoparticles from Acanthopanax sessiliflorus Extract and Antibacterial and 

antioxidant Activities of These Products Other studies have shown that manganese oxide 

nanoparticles have antimicrobial properties, and because of these favorable physicochemical 

properties, their synthesis has been applied in various fields of science technology, including 

medicine and in biotechnology (Khan & Wahab, 2022). However, recent work has proven that 

MnO2 NPs is a worthwhile candidate to act as a drug carrier for its biocompatibility and 

permeability through biological barriers. Another study by Cai et al., 2019, reported the 

potential applicability of manganese oxide nanoparticles as positive contrast agent for magnetic 

resonance imaging for diagnostic imaging purposes. In the nutshell, green synthesis of CuO, 

ZnO, AgO and MnO nanoparticles using Moringa oleifera leaf extracts is a highly effective 

and advanced method for the availability of novel antibacterial agents to combat antibacterial 

resistance, nowadays (Prasad & Elumalai, 2011). 
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These green-synthesized nanoparticles can be useful in antibacterial treatments and special 

applications. They can be potentially utilized for several biomedical applications like drug/gene 

carriers, wound healing and biosensing. Classified as nanomaterials, they are also considered 

environmental applications such as water purification and antimicrobial coatings, as interesting 

prospects for research and development. Further studies need to investigate the possible 

molecular interaction of these nanoparticles along with in-depth insights into the long-term 

stability and biocompatibility, or synthesis optimization to explore the potential for a larger 

production scale. Expanding the knowledge and applicability of 'green-synthesized' 

nanoparticle materials associated with antibiotics will ultimately help in fighting antibiotic 

resistance which in return is expected to improve public health. There could also be far-

reaching economic implications from using these green synthesis methods, which might save 

money in production, as well as in regulatory controls on chemical synthesis. 

In the current investigation, we propose a new environmental technique for the synthesis of 

metallic nanoparticles using Moringa oleifera extracts as a natural product providing rich 

bioactive compounds. A step by step procedure was adopted for the synthesis of bioactive 

compounds from Moringa oleifera leaves followed by the reduction of metal ions to 

nanoparticles. The nanoparticles were analyzed using X-ray diffraction (XRD) and 

transmission electron microscopy (TEM). The antidiarrheal activity of selected extracts was 

further assessed by applying crude extracts topically in vivo on castor oil induced diarrhea and 

in vitro with various antimicrobial activity tests like disk diffusion and minimum inhibitory 

concentration (MIC) tests against pathogenic bacterial strains. We speculate that nanoparticles 

derived from Moringa oleifera extracts possess strong potential antibacterial activity and are 

sufficiently nontoxic to be candidates for biomedical use. By addressing the synthetic and 

application challenges of metallic nanoparticles, this work introduces alternatives to 

conventional antibiotics for use in clinical settings. 

 

 
Fig. (1): Mechanism of the Eco-Friendly Antimicrobial Activity of Metal Oxide 

Nanomaterials 
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2. MATERIALS AND METHODS 

 

2.1. Preparation of Moringa Leaf Extract 

Moringa oleifera leaves were collected from the high plateaus of Algeria. The Moringa leaves, 

pre-treated by washing twice with demineralized water to remove all contaminating substances, 

were accurately weighed to (5 g) and finely ground. The resulting powder was placed in a 

beaker containing 100 mL of demineralized water and then put on a magnetic stirrer for 1 hour 

at a temperature of 80°C. After a period of maceration, the mixture was filtered using a paper 

filter to remove any remaining solid impurities, as illustrated in Fig. (2). 

 

 
Fig. (2): Preparation of dried moringa leaf extract 

 

2.2. Chemicals reagents and bacterial strains 

All the chemical reagents used in this research were purchased from Sigma Chemical. Metal 

sulfates and nitrate (CuSO4; 5H2O), (AgNO3), (MnO4S; H2O) and  (Zn(NO3)2.6H2O) were of 

analytical grade and 98–100% pure, Mueller Hinton Agar medium was also received from 

Sigma Aldrich. 

The three reference bacterial strains used are from the American Type Culture Collection 

(ATCC) and constitute excellent models for researching the antibacterial effects of different 

substances. These are: Escherichia coli ATCC 25922 (G -), Staphylococcus aureus ATCC 

25923 (G +) and Pseudomonas aeruginosa ATCC 27853. These microorganisms are 

pathogenic and responsible for certain serious infectious diseases. They come from the 

microbiology laboratory of the Algerian University Hospital Center. 

 

2.3. Synthesis of Metal Oxide Nanoparticles 

Aqueous extracts of Moringa oleifera leaves were used in the precipitation process to 

synthesize metal oxide nanoparticles. The dried leaves were ground and macerated in 

demineralized water to prepare a 30 mL extract. This was then quickly added to the metal ions 

prepared beforehand from 10 mL of metallic salt solution each. The pH was adjusted to 10 

using a 12 M sodium hydroxide (NaOH) solution and stirred constantly at a temperature of 

80°C. These steps lead to the formation of metal oxide nanoparticles. 

 

Characterization of Nanoparticles 
The synthesized nanoparticles were characterized for their structure, size, and morphology.  

Crystallographic data from the X-ray powder diffraction of 2ϴ were collected between 10°   

and 80° with a scan rate of 1° min-1 at 25 C° on a Bruker D8 diffrac-tometer with a theta–theta 
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geometry and a CuKα radiation (k=1.54056 A˚), The crystallite size was determined by 

applying Scherrer's formula, which is as follows: D = Kλ/βcosϴ, where K is the Scherrer's 

constant, typically taken to be 0.89, λ is the CuKa radiation's X-ray wavelength (k = 1. 1541 

Å), β is the half-maximum line width in radians, and ϴ is Bragg's diffraction angle. The X-ray 

spectra of the nanoparticles showed sharp diffraction peaks, confirming their crystalline 

structure. The features of the peaks were attributed to the specific crystalline phases of the 

metal oxide NPs. The average grain size of the Metal-Oxide/Moringa nanoparticles was 

measured from the micrographs obtained. 

The functional groups correlated with the Metal-Oxide/Moringa nanoparticles were graphed 

by Fourier transform infrared spectroscopy (FTIR) and revealed the existence of characteristic 

absorption bands related to phenolic, amine, and alkene functional groups, indicating that 

molecules present in the Moringa oleifera extract function in reducing and stabilizing the 

nanoparticles. The Metal-oxide and Moringa oleifera leaf extract FTIR spectra were collected 

within the range of 200 cm-1 to 5000 cm-1. SEM images demonstrated that the nanoparticles 

had a primarily spherical morphology with a uniform size distribution . 

 

Antibacterial Activity Tests 

The high antibacterial efficacy of the nanoparticles was evaluated by the agar diffusion method 

against two bacterial strains, Escherichia coli (ATCC 25922) and Staphylococcus aureus 

(ATCC 25923). Various concentrations of nanoparticles were tested to determine the minimum 

inhibitory concentration (MIC). Wells were made in agar plates and filled with the 

nanoparticles, following incubation, bacterial growth was observed to be inhibited very 

effectively. 

 

3. RESULTS AND DISCUSSION 

 

Interpretation of Characterization Data 

The XRD technique was used to determine the crystal structure and particle size of the 

nanoparticles. X-Ray diffraction patterns of Metal-Oxide nanoparticles synthesized at 25 °C 

are presented in Figure 3. The range of the diffraction angle 2ϴ was from 10 degree to 80 

degree. The peaks observed in the spectra confirm the crystalline nature of the nanoparticles, 

which is an important factor for their physicochemical properties and antibacterial activity. The 

results show well-defined diffraction peaks which imply their crystalline and phase pattern in 

the Metal-Oxide crystalline lattice. The synthesized nanoparticles have an average crystal size 

of 44.70 nm, 27.04 nm, 37.11 nm, and 36.04 nm for ZnO, CuO, AgO, and MnO NPs, 

respectively, all exhibiting a consistent crystalline structure. 

 

 
Fig. (3): XRD pattern of M. oleifera leaf extract assisted green synthesized Metal Oxide 

sample; Position [2Ɵ] ( (CuO) Red, (ZnO) Yellow, (AgO) Blue and MnO Green). 
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The FTIR spectra illustrated in Figure 4, indicate that the phenolic and amine functional groups 

present in the Moringa oleifera extract play a key role in the reduction of metal ions to 

nanoparticles. These functional groups likely act as reducing and stabilizing agents, which is 

consistent with previous studies on nanoparticle biosynthesis. The spherical morphology and 

uniform size distribution confirmed in the SEM images  are favorable characteristics that may 

influence the interaction of nanoparticles with bacterial membranes 

 

 
Fig. 4.a. 

 

 
Fig. 4.b. 

 

 
Fig. 4.c. 

 
Fig. 4.d. 

 

Fig. (4): FTIR spectrum of M. oleifera leaf extract assisted green synthesized Fig. 4.a. CuO 

nanoparticles, Fig. 4.b. AgO, Fig. 4.c. ZnO and Fig. 4.d. MnO. 

 

SEM measurements were performed to examine the morphology of the prepared metal oxide 

samples. SEM images showing the shapes and configurations of various metal oxide 

nanoparticles provide essential information on the synthesis method and the reaction conditions 

used. CuO nanoparticles are able to aggregate or may present a more complex structure around 

5 μm in diameter (Figure 5 a). The ZnO nanoparticles display an aggregated morphology with 

defined features, including crystalline planes, defects, or growth facets as shown in the SEM 

images (Figure 5 b). Silver oxide (AgO) nanoparticles occur in the form of tiny spherical, 

hexagonal, or irregularly shaped particles depending on the synthesis conditions (Figure 5 c). 

The MnO nanoparticles are further characterized by different morphologies such as spherical 

particles, granulates, or aggregates, or even more complicated structures of various sizes 

controlled by the processing conditions (Figure 5 d). The images reveal the morphology of the 

synthesized metal oxide nanoparticles with high clarity, providing valuable insight into the 

synthesis and properties of the resulting materials. 
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Fig. (5): SEM images of (a).NP CuO, (b) NP ZnO, (c).NP AgO and (d) MnO NPs 

synthesized using M. oleifera leaf extract. 

 

Analysis of Antibacterial Activity 

The antibacterial activity tests showed that all tested nanoparticles inhibited the growth of E. 

coli and S. aureus. The zone of inhibition was proportional to the concentration of the 

nanoparticles, with higher antibacterial activity observed for Ag and CuO nanoparticles. The 

MIC values confirmed that silver and copper nanoparticles possess the strongest antibacterial 

activity among the tested nanoparticles. 

The increased antibacterial activity of Ag and CuO nanoparticles as shown in Figure 6 and 

Table 1 suggests that their size, shape, and chemical composition play a crucial role in their 

efficacy. The larger inhibition zones for these nanoparticles could be attributed to their higher 

oxidative potential and ability to induce cellular damage through oxidative stress. The 

correlation between the concentration of nanoparticles and the inhibition of bacterial growth 

suggests a dose-dependent effect, which is an important observation for the potential 

therapeutic application of these nanoparticles. 

 

Considerations on Safety and Applicability 

While our results are promising for the use of nanoparticles as antibacterial agents, further 

studies on cytotoxicity and biocompatibility are necessary. Green biosynthesis offers a safer 

and more environmentally friendly method for producing nanoparticles, but the viability on a 

large scale and the long-term environmental impacts need to be assessed. 

 

 
Fig. (6): Bactericidal inhibitory effects of hierarchical (a) CuO, (b) ZnO, (c) MnO and (d) 

(AgO)  microspheres against Escherichia coli, Staphylococcus aureus, and Pseudomonas 

aeruginosa respectively. 
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The results indicate that each metal oxide exhibits antibacterial activity for different bacteria, 

as Table 1 shows. The copper oxides (CuO) showed moderate to high efficiencies on E. coli 

(14.28-16.11 mm) and P. aeruginosa (9.42-9.55 mm); however, it has weak efficiency on 

Staphylococcus aureus (8.10-8.30 mm). The overall activity of zinc oxides (ZnO) is good, and 

the values of the inhibition zones in (mm) for E. coli, Staphylococcus aureus, and P. aeruginosa 

are between 10.68 to 12.90 mm, 10.23 to 12.51 mm, and 11.84 to 11.87 mm, respectively. 

Silver oxides (AgO) display moderate efficacy against E. coli (9.93-10.73 mm), but strong 

antimicrobial activity against Staphylococcus aureus (9.98-14.8 mm) and Pseudomonas 

aeruginosa (11.09-15.26 mm). In contrast, manganese oxides (MnO) also demonstrate 

potential inhibitory activity toward E. coli (from 7.83 to 8.28 mm) and are highly active towards 

Staphylococcus aureus (~11.77 mm) and Pseudomonas aeruginosa (from 10.78 to 12.72 mm). 

These observations imply that nanometric metal oxides display bactericidal activity that is 

specific to each bacterium, and that the choice of an oxide may be crucial for antibacterial 

efficiency. 

 

Table 1: The table presents the results of antibacterial effectiveness tests of different 

nanometric metal oxides (NPs) against three bacteria: Escherichia coli (E. Coli), 

Staphylococcus aureus (Staphe), and Pseudomonas aeruginosa (P.a). 

Bacterium 

NPs 
E.Coli (mm) Staphe (mm) P.a (mm) 

 

NP CuO 

16.11 8.30 9.42 

14.28 8.23 9.45 

--------- 8.1 9.55 

 

NP ZnO 

12.90 12.51 11.87 

11.17 10.23 11.85 

10.68 --------- 11.84 

 

NPAgO 

10.71 14.8 15.26 

10.73 9.98 13.94 

9.93 10.31 11.09 

 

NP MnO 

8.28 11.76 11.48 

7.83 11.77 10.78 

7.87 11.77 12.72 

 

4. CONCLUSION 

 

To sum up, the research on the study of metal oxides, characterizations, and antibacterial 

outcomes of nanoparticles synthesized through Moringa oleifera leaf extract have been found 

to be exciting. Using techniques including FTIR, XRD, and SEM, the synthesis of 

nanoparticles with unique physicochemical properties such as a crystalline nature and spherical 

structure has been successfully demonstrated. Phenolic and amine groups present in the 

Moringa oleifera extract were responsible for the reduction and stabilization of these 

nanoparticles. 

Additionally, in vitro studies of antibacterial activity showed that nanoparticles AgONPs and 

CuO NPs had pronounced inhibitory effects against E. coli and S. aureus, suggesting their 

antimicrobial potential for application in nanobiotics. This activity is also dependent on size, 

shape, and composition, considering these parameters as pivotal factors for their antibacterial 

efficacy. The study offers one approach to addressing the issue of whether spherical 

nanoparticles of less than 5 nm in diameter are more toxic than other shapes and sizes of 

particles, regardless of composition, but it also points to the importance of conducting 
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appropriate safety and environmental assessments of these nanoparticles when being 

considered for practical applications. The use of green synthesis in this study opens up a 

plethora of possibilities for an environmentally sustainable mode of nanoparticle production; 

however, the scalability and sustainability of the process in the long term need to be explored. 
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