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The aim of this research is to use red onion extract (Allium cepa) in the green synthesis of 

zinc oxide nanoparticles (ZnO NPs). With an average crystal size of 8.13 nm, X-ray diffraction 

(XRD) scanning was used to determine the hexagonal wurtzite structure of the ZnO NPs. 

Infrared spectra (FT-IR) provided evidence of capping and biogenesis stability of ZnO NPs. The 

absorption peak at 374 nm with an energy gap of 3.32 eV was determined by surface plasmon 

resonance via UV-visible analysis. Morphological analysis was performed, and the results 

demonstrated the formation of spherical ZnO NPs with sizes ranging from 2.83 to 15.35 nm. 

The great purity, intensity, and crystal width of zinc and oxygen was determined by EDS. When 

compared to a common antibiotic such as ciprofloxacin, which was used as a positive control in 

the inhibitory zone, ZnO NPs showed more antibacterial effect against E. coli than S. aureus 

bacteria. Onion extract and DMSO were added to the control wells, but these additions did not 

produce an inhibitory zone that could be seen. 
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INTRODUCTION 

 

Green nanotechnology focuses on the use 

of non-toxic compounds at mild process 

conditions to fabricate nanomaterials, thereby, 

enhancing the environmental sustainability of 

the nanoparticles1. This field has gained 

attention because of the promising features 

such as eco friendliness2&3, low-costs4-6, simple 

processes, and relatively high energy savings2,7. 

Nanomaterials are produced through extensive 

chemical and physical processes, yet their use 

and disposal raise concerns about potential 

environmental impacts. Because of this, 

biogenic synthesis, often known as a "green 

synthesis strategy," provides a workable 

foundation for the long-term and sustainable 

production of nanomaterials8,9. The plants are 

eco-friendly10, sustainable11, free of chemical 

contamination, less expensive12, and can be 

used for mass production13,14. Furthermore 

presence of various compounds, such as 

proteins, alkaloids, flavonoids, reducing sugars, 

polyphenols, etc., in the biomaterials act as 

reducing and capping agents for the synthesis 

of NPs from its metal salt precursors15. 

Phytochemical profile of the onion extract is 

mainly derived from the carbohydrate, lipid, 

protein, and polyphenols moieties, also 

quercetin and quercetin 4'-O-β-glucopyranoside 

were involved in the formation of metal oxide 

nanoparticles16. An effective antioxidant and 

anticancer is the onion (Allium cepa)17. The 

extract works as a powerful chelating agent to 

help with the formation of ZnO NPs, because it 

contains anthocyanins (derivatives of cyanidin) 

and flavanols18.  Recently, a biological ZnO 

NPs synthesis based on plant extracts has been 

established, and it offers several advantages 

over chemical and physical ways, including 

lower costs, simpler handling, nontoxicity, and 

environmental friendliness. ZnO NPs has 

previously been produced using a variety of 

plants, including Citrus sinensis, Moringa 

oleifera, oak fruit, and Brassica oleracea19. The 

employing of ZnO NPs in several applications, 

antibacterial treatment20, solar cells21-23, 

luminous materials20, and drug-delivery24, has 

generated significant attention.  

Here, an environmentally friendly 

technique for creating ZnO NPs using onion 

extract has been developed. After that, different 
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approaches for physicochemical 

characterization were used to aid in the 

nanoscale biogenesis of ZnO NPs. In addition, 

both Gram-positive and Gram-negative bacteria 

were used to compare the antibacterial 

capabilities of ZnO NPs to those of 

ciprofloxacin. 

 

Experimental 

Compounds of analytical grade were used 

in this experiment. Acetonitrile, ethanol, 99 % 

pure ZnSO4, 99 % pure NaOH (Scharlau, 

Spain), HPLC grade from LOBA CHEMIE, 

and NH4OH at a concentration of 35% (Merck, 

UK). Ciprofloxacin was kindly donated by 

Organo for Pharmaceutical and Chemical 

Industries in Obour City, Egypt, serving as an 

antibacterial standard. 

 

Green synthesis of ZnO NPs 

With use of distilled water, the red onions 

were meticulously washed before being shade-

dried for about 100 g at room temperature. A 

glass tank containing the dried onions is filled 

with 50 % aqueous ethanol and let to soak for 

2.5 days. After the solid material has been 

eliminated and filtered, any leftover solids are 

subsequently eliminated using Whatman filters. 

Until it was time to employ the filtrate for the 

biosynthesis of ZnO NPs, it was kept at 25 oC. 

At 60 oC, 100 mL of the onion extract solution 

was gradually added to 60 mM of aqueous 

ZnSO4. The pH is adjusted to 10.5 with a 25 % 

ammonia solution while the mixture is kept at 

60 oC and continuously stirred. After the 

addition, the solution was allowed to react for 

an hour, at which point a brown precipitate 

could be seen. After being allowed to rest for 

24 hrs, the precipitate was rinsed with double-

distilled water and ethanol, and then it was 

separated by centrifuging at 5000 rpm for 20 

minutes. At 60 °C, the material was dried for 6 

hrs. ZnO NPs separated precipitate was 

calcined for 2 hrs at 400 oC25. 

 

Characterizations 

To analyze the ZnO NPs crystal phase 

data, the German Electric Muffle Furnace ST-

1200°C-666 was used to produce solid ZnO at 

the nanoscale. X-ray diffractometer (Philips, 

PW-1710) was used to determine the ZnO NPs 

diameters, which ranged from 10 to 80o in 2θ. 

The size of ZnO NPs was established using 

Scherers formula and the lattice parameters 
16,26. Scanning electron microscopy (SEM; 

QUANTAFEG-250 with energy-dispersive x-

ray spectroscopy; EDX) and transmission 

electron microscope (TEM; JEM-100CXII, at a 

voltage of 80 kV) was evaluate ZnO NPs 

surface morphology. Elemental analysis of the 

as-prepared NPs was assessed using EDX 

analysis. The FT-IR spectra of prepared NPs 

were captured by a Thermo Fishers Nicolet 

iS10 FT-IR spectrometer. UV-Vis absorption 

spectra were measured using a Perkin Elmer 

Spectrophotometer (Lambda 750 UV/Vis/NIR) 

in 200-900 nm range. On the Hitachi (F-7100) 

fluorescence spectrophotometer, 

photoluminescence (PL) measurements were 

made. Using a micro-Raman Horiba Jobin 

Yvon LabRam spectrometer, Raman analysis 

was carried out (HR800).  

 

Antimicrobial activity 

In the current work, antimicrobial efficacy 

of biosynthetic ZnO NPs against various 

microbes was investigated using the well 

diffusion method27. The microorganisms used 

for the antibacterial activity were Escherichia 

coli ATCC 25922, Salmonella typhimurium 

ATCC 14028, Staphylococcus aureus ATCC 

25923, and Enterococcus faecalis ATCC 

29212. Ciprofloxacin was the antibacterial 

agent applied as a positive control. The four 

distinct ZnO NPs concentrations 225, 250, 275, 

and 300 μg/mL were made. All the bacteria 

were tested using different concentrations in 

DMSO in a 25 μL volume. The experiments 

were next conducted using Ciprofloxacin as a 

positive control (275 μg/mL), and their results 

were compared to those obtained using an 

onion extract and DMSO as a negative control. 

Each plates zone of inhibition was quantified, 

and the experiment was run three times. 

 

Preparation of culture strains 

A nutrient broth subculture was used to 

create the pure cultures, which were then 

incubated at 37 °C overnight for 24 hrs. The 

cultures were diluted in the same broth until 

they had 10-3 cfu/mL of concentration. In order 

to produce the plates, 15 mL of nutritional agar, 

1 mL of each diluted culture and the drilling of 

wells with sterile pipette tips were required. We 

moved and added 25 μL of each ZnO NP 

concentration (225, 250, 275, and 300 μg/mL) 

to the wells. After being left to stand for 

diffusion, the plates underwent a 24 hr 

incubation at 37 °C. 



 

957 

RESULTS AND DISCUSSION 

 

XRD analysis 

Fig. 1 displays the XRD pattern of 

fabricated ZnO NPs that was calcined at 400 oC 

for 2 hrs. Diffraction peaks were seen for lattice 

planes (100), (002), (101), (102), (110), (103), 

(200), (112), (200), and (201) at 31.61o, 34.19o, 

36.11o, 47.32o, 56.49o, 62.67o, 65.85o, 67.77o 

and 68.9o, respectively. These peaks confirmed 

that the hexagonal wurtzite structure had 

formed with JCPDS card No. 01-079-020828,29. 

The additional diffraction peaks, which were 

observed at 24.48°, 28.76°, and 40.5°, are 

considered to be caused by the onion species. 

The average particle size of ZnO NPs was 

found to be 8.13 nm using Debye Scherrers 

equation, which is in agreement with the results 

of SEM and TEM30. The values are shown in 

Table 1, and by comparing the d-spacing value 

with the standard value, all values were found 

to be Compatible with the literature reference 

data29. The c/a values confirmed that the 

prepared NPs were crystalline in nature. The 

estimated values for a and c in Table 1, are 

agreement with the published values (a = 3.246 

Å, c = 5.219 Å)22.  

 

FT-IR analysis 

Fig. 2 displays the FT-IR spectra of 

biosynthesised ZnO NPs using from onion 

extract. In Fig. 2, O−H(St) stretching of the 

alcohol and phenol groups, N−H(As) stretching 

of proteins, and adsorbed water31 all contribute 

to the peak at 3407 cm−1. C−H(As) asymmetric 

stretching is attributed to the peak at 2927 cm−1. 

The characteristic peak at 1636 cm−1 is due to 

the C=O vibrations in the onion extract, which 

may have helped the formation of  ZnO NPs32. 

ZnO NPs shows similar peaks; but there are 

small differences in their positions and 

intensities. However the broad peak at 3319 

cm−1, which was previously found in plant 

extract, was related to O−H or N−H. The bands 

at 1055 cm−1 represented the C−O(As) stretching 

of the carboxylic acid and ester functional 

groups. The similarities between the spectra of 

ZnO NPs and onion extract indicated the 

existence of bioactive organic groups as 

reducing agents, which confirmed that these 

bioactive groups were responsible for the 

fabrication and stabilization of prepared 

nanoparticles33,34. the new peak was observed at 

567 cm−1 according to Zn−O(As) stretching 

vibration, 35,36.  
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Fig. 1: X-ray diffractogram of biofabricated ZnO NPs. 

 

Table 1:  Comparison between XRD results of biosynthesized ZnO NPs and standard ZnO powder. 

ZnO NPs a (Å) c (Å) v (Å 3) c/a 
Dx x 104 

 (kg m-3) 

ZnO powder 3.264 5.219 48.17 1.598 6.213 

ZnO NPs 3.2521 5.2221 47.83 1.604 6.214 
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Fig. 2: FT-IR spectra of onion extract and as-biofabricated ZnO NPs. 

 

Optical characteristics 

Fig. 3 (a) displays the UV-visible 

spectrum of ZnO NPs dispersed in water. The 

ZnO NPs showed a single absorption peak at 

374 nm, which is the characteristic peak for 

hexagonal wurtzite ZnO NPs and is almost 

identical to the ZnO NPs made by Parthenium 

leaf37. When compared to the absorption peak 

of bulk ZnO (365 nm)38, the peak exhibits a red 

shift of approximately 9 nm. The development 

of shallow levels can be the cause of this red 

shift. Additionally, no other peaks were visible 

in the spectrum, demonstrating the high purity 

of the prepared ZnO NPs. Employ equation 1 

from the Tauc relationship to determine the 

semiconductors electronic band gap10,39. 

 

(𝜶𝒉𝝂)𝒏 = 𝑨(𝒉𝝂 − 𝑬𝒈)                     (1) 

 

where α is coefficient of absorption, h is 

the Planck’s constant, ν is the photon 

frequency, and Eg is the optical band gap. The 

Eg in the direct transition was determined by 

extrapolating the linear portion of the plot of 

(αhυ)2 against hυ (Fig. 3(b)), and it was found 

to be in the range (3.32 eV)9,40. Evidently, from 

the estimated value of Eg for direct transition, 

the suggestion of the crystallinity nature of the 

biosynthesized ZnO NPs is confirmed. The 

photoluminescence spectrum analysis of as-

synthesized ZnO NPs is shown in Fig. 3(c). 

The explanation given for the blue-green 

emission bands (excitonic transitions) seen at 

428 nm was that the ZnO NPs had innate 

crystal defects41. 

 

Morphology analysis (SEM, TEM and EDX 

analyses) 

Fig. 4 displays the distribution curves (b & 

c), TEM and SEM microscopy (a & d) of 

fabricated ZnO NPs calcined at 400 oC for 2h. 

The spherical shape of the ZnO NPs is 

confirmed in Fig. 4a uniformly aggregated, and 

according to a study that examined the 

crystalline size of the generated NPs using 

TEM analysis, range in size from 2.06 to 15.35 

nm on average. The ZnO NPs synthesized by 

onion extract were smaller than those 

previously reported42-45, according to the 

experiment analyses. The distribution curves 

show that the particle size of ZnO NPs ranges 

from 1 to 20 nm, and the average size is 9.01 

nm (Fig. 4b and c). The EDX confirms the 

existence of zinc and oxygen signals in ZnO 

NPs, as seen in Fig. 5. The elemental 

composition of the biosynthesized ZnO NPs 

was determined using EDX analysis. The 

sample created using onion extract has pure 

ZnO phases, according to the energy dispersive 

spectra of the samples obtained from the SEM-

EDX analysis. Analysis of the sample showed 

that they had wt% of the elements 71.33% Zn 

and 15.13 O, indicating that the produced ZnO 

NPs are in their purest form25,46. 
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Fig. 3: UV-vis absorption (a), plots of (αhѵ)2 as a function of photon energy hʋ for a direct bandgap 

(b),  and PL spectra of fabricated ZnO NPs (c). 
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Fig. 4: Particle size distributions (b & c), TEM and SEM microscopy (a & d) of fabricated ZnO NPs. 
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Fig. 5: EDX analysis of as-prepared ZnO NPs. 

 

Raman analysis 

ZnO NPs have a hexagonal wurtzite 

structure that is fit into the P63mc space 

group22. Only the optical phonons near the 

Brillouin zone's point Γ, participate in first-

order Raman scattering for the perfect ZnO 

crystal. Equation 2 lists the optical modes that 

should be present in a wurtzite ZnO based on 

the group theory. 

 

  𝑻𝒐𝒑𝒕 = 𝑨𝟏 + 𝟐𝑩𝟐 + 𝑬𝟏 + 𝟐𝑬𝟐                 (2) 

 

where, both A1 and E1 modes are polar 

branches, split into a transverse optical mode 

(TO), and a longitudinal optical mode (LO). E2 

mode consists of low E2
low and high E2

high 

frequency phonons modes. E2
low is associated 

with the vibration of the oxygen atom and E2
high 

is related to heavy Zn sublattices47. The first-

order Raman-active modes are A1, E1, and E2. 

Additionally, the B1 modes, also known as 

silent modes are typically inactive in Raman 

spectra. Fig. 6 shows the Raman spectra for the 

ZnO NPs, which had typical peaks in the 

400−700 cm−1 range. One of the distinctive 

modes of the hexagonal wurtzite phase of ZnO, 

the high-frequency branch of the nonpolar 

optical phonon E2
high of ZnO matched to the 

high-intensity peak seen at 446 cm−1. The high-

intensity peaks correlation with the E2
high 

optical mode also emphasized the remarkable 

structural integrity and optical properties of the 

greenly synthesized ZnO NPs made from onion 

extract48. The additional peaks at 613 and 628 

cm−1 do not match up with ZnO normal modes. 

These peaks represent other vibrational modes 

linked to faults49-51. 
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Fig. 6: Raman spectrum of biosynthesis ZnO NPs. 
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The antimicrobial activity of ZnO NPs 

Minimum inhibitory concentration values 

were evaluated to study the antibacterial 

properties of the biosynthesis of ZnO NPs 

using red onion extract. The results are shown 

in Table 2 below. Following treatment with 

ZnO NPs at various concentrations 225, 250, 

275, and 300 μg/mL against S.typhimurium and 

E.coli, E.faecalis, and S.aureus, the 

antibacterial activity demonstrated inhibitory 

zones (Gram-positive bacteria). Against both 

Gram-positive and Gram-negative bacteria, the 

ZnO NPs showed strong antibacterial action, 

according to the antibacterial activity results. S. 

typhimurium, E. coli, S. aureus, and E. faecalis 

growth inhibition has generally been increased 

by increasing the concentration of ZnO NPs. 

The zone of inhibition that ZnO NPs create 

against all different microbes is depicted in 

Fig.s 7 and 8. E. coli (MIC 31.2 ± 0.76 mm), S. 

aureus (MIC 30.2 ± 1.04 mm), E. faecalis 

(MIC 28.3 ± 0.76 mm), and S. typhimurium 

(MIC 26.3 ± 0.94 mm) were shown to be the 

species most sensitive to the nanoparticles. 

Therefore, as compared to conventional 

antibiotics, ZnO NPs showed better 

antibacterial activity against gram-negative (E. 

coli) than gram-positive (S. aureus) bacteria. 

This is in line with earlier research that found 

ZnO NPs had a larger antibacterial effect on 

gram-negative bacteria than gram-positive 

bacteria52. However, it has been found that ZnO 

NPs have a stronger effect on gram-positive 

bacteria than gram-negative bacteria53. This 

argument emphasises the significance of 

comprehending the mechanism underlying ZnO 

NPs antibacterial action54. Additionally, the 

efficiency of the functional groups that helped 

produce ZnO NPs during their biogenesis. 

Previous studies have described the mechanism 

of ZnO NPs antimicrobial activity, and they 

claimed that ZnO NPs exhibit antimicrobial 

activity by damaging cell membranes as a 

result of direct or electrostatic contact between 

ZnO NPs and cell surfaces, cellular 

internalisation of ZnO NPs, and the production 

of active oxygen species like H2O2 in cells as a 

result of metal oxides53,55.  

 

Table 2: Evaluation the antibacterial activity of ZnO NPs (mean ± standard deviation; n = 3). 

Microorganism

s  

Gram 

reactive 

ZnO NPs 

25 µL from 250 μg/mL 
Ciprofloxacin 

25 µL from 275 μg/mL 

Inhibition zone (mm) 

E.coli - ve 31.2 ± 0.76 5.30 ± 0.50 

S.aureus + ve 30.2 ± 1.04 30.3 ± 0.58  

E. faecalis + ve 28.3 ± 0.76 28.1 ± 0.76 

S. typhimurium - ve 26.0 ± 0.94 30.6 ± 0.47 

Fig. 7: Antimicrobial activity of ZnONPs solutions against; (1) E.coli (2) S.aureus (3) E. faecalis (4) S. 

typhimurium for representing bacteria. The concentration of solutions, A = 225, B = 250, C = 

275, and D = 300 μg/mL. 
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Fig. 8: Antibacterial activities of the biosynthesis ZnO NPs against E.coli, S.aureus, E. faecalis, and S. 

typhimurium.  

 

Fig. 9 shows a comparison of 25 μL of 

(250 μg/mL) ZnO NPs, 25 μL of (275 μg/mL) 

Ciprofloxacin, DMSO, and onion extract. In the 

inhibition zone that was visible from each plate, 

the data demonstrated that the biosynthesized 

ZnO NPs worked better than the Ciprofloxacin 

employed as a positive control, but there was 

no inhibition zone in the controlled wells 

treated with red onion extract and DMSO. The 

highest inhibitory zone against E.coli and 

S.aureus was seen, and it was followed by 

E.faecalis and S.typhimurium, showing that the 

bacteria were more averse to nanoparticle 

production. ZnO NPs may be more successful 

at inactivating a human infections than regular 

antibiotics, according to the antibacterial 

activity, which demonstrated that they are more 

harmful to bacterial cells. 

 

Fig. 9: Antimicrobial activity of 250 μg/mL ZnO NPs against (1) E.coli  (2) S. aureus (3) E. faecalis, 

and S. typhimurium (4), the letters A, B, C, and D refer to DMSO and onion extract, 250 

μg/mL ZnO NPs and 275 μg/mL of  Ciprofloxacin,  respectively. 
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Conclusions 

The first demonstration of employing 

onion extract as a potent oxidizing/reducing 

chemical agent to create ZnO NPs, via a green, 

distinctive, and environmentally friendly 

process to create exceptionally crystalline ZnO 

NPs. XRD, UV-Vis spectroscopy, FTIR, 

Raman, SEM, EDX, and TEM were used to 

analyze ZnO NPs. The presence of the 

phytoconstituents in FT-IR analyses for both 

aqueous onion extract and ZnO NPs 

demonstrates their importance in the production 

of NPs. All of the recorded peak intensity 

profiles were determined to be the hexagonal 

wurtzite structure of ZnO NPs based on the 

XRD findings. The ZnO NPs possessed a 

spherical shape, a cluster of agglomerated 

particles, and a particle size range of 2.83-15.35 

nm, per SEM and TEM studies. The EDX 

analysis verified the ZnO NPs elemental 

compositions. The bio-produced ZnO NPs were 

used as antibacterial materials as well. 

According to the antibacterial activity, the ZnO 

NPs examined to be more toxic to bacterial 

cells and may also be more effective at 

inactivating some human infections than the 

common drug Ciprofloxacin. The highest levels 

of inhibition were shown by E. coli and S. 

aureus after E. faecalis and S. typhimurium, 

demonstrating the selective action of ZnO on 

biological systems. 
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