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Abstract— This study aimed to determine the antimicrobial activity of ZnONPs synthesized by the green method using Nigella 

sativa extract against Staphylococcus aureus, Klebsiella pneumoniae, Pseudomonas aeruginosa, and Streptococcus pyogenes. In 

addition, the effect of pure ZnONPs on the same bacteria was compared to the effect of ZnONPs synthesized using the green 

method. The synthesis of ZnONPs was carried out using the standard green method. The results indicate that ZnONPs 

synthesized by N. sativa seed extract had an effect against S. aureus with a zone of 19 mm obtained from the concentration of 

150 mg/ml of ZnONPs synthesized using 25 ml of N. sativa seed extract. Also, ZnONPs showed antimicrobial activity against S. 

pyogenes in zone 19 mm at 150 mg/ml concentrations of ZnONPs synthesized using 25 ml of N. sativa. The synthesized 

ZnONPs showed activity against K. pneumoniae in zone 14 mm for 100 mg/ml and 150 mg/ml of ZnONPs synthesized using 25 

ml of N. sativa extract. Moreover, ZnONPs synthesized by the green method was low effective on P. aeruginosa. Finally, the 

results exhibited low antimicrobial activity of pure ZnONPs compared to the ZnONPs synthesized by the green method, and the 

best effect of ZnONPs was obtained at concentrations of 150 mg/ml of ZnONPs synthesized from 25 ml of N. sativa extract. 
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1. Introduction  

The discipline of nanotechnology has had exponential growth 

over the last two decades and has significantly influenced the 

physical, chemical, earth, and biological sciences [1]. 

Nanotechnology is used in fields involving life, such as 

electronics, the environment, agriculture, and medicine [2]. 

Recent advances in nanotechnology have attracted the 

scientific community's interest because of their peculiar 

physical and chemical characteristics that set them apart from 

their bulk counterparts [3]. Metal oxides are favoured for use 

as sterile coatings on biomedical devices like catheters, dental 

implants, adhesives, biosensors, biomaterials, tissue 

engineering, DNA modification, drug delivery systems, and 

packaging due to their antibacterial, chemical, and catalytic 

properties [4]. The introduction of novel bacterial strains 

resistant to existing antibiotics poses a severe threat to the 

public's health, which is why there is a strong incentive to 

develop new bactericides [5]. Due to the significant problem 

of antibiotic resistance, several initiatives are being taken to 

discover novel antimicrobials [6]. Scientists around the world 

are seeking to utilize nanomaterials due to their exceptional 

properties, including a high surface area to volume ratio and 

faster chemical reactions. [7]. Zinc oxide (ZnO), which has a 

distinctive structure and a wide range of uses, including 

translucent electronics, piezoelectric sensing, catalytic 

processes, and chemical, and biological sensing has received 

much interest [8]. It is also biosafe and biocompatible [1, 9]. 

In addition, ZnO includes a mineral (Zn) that is necessary for 

people and harmless for the environment. It possesses good 

selectivity, heat resistance, reduced toxicity, and higher 

durability [1]. ZnO, a metal oxide with nanoscale dimensions, 

has been widely utilized for its antibacterial and anticancer 

properties [4]. ZnO nanoparticles (ZnONPs) have been 

employed as feed additives, food preservatives, and tissue 

healing agents. They cure meningitis, tumors, and illnesses in 

animals brought on by intracellular infections such as viruses 

and bacteria such as S. aureus, K. pneumoniae, P. 

aeruginosa, and Streptococcus species [10]. 

The grassy plant Nigella sativa, sometimes recognized as 

black seed, belongs to the Ranunculaceae family [11]. 

Proteins, alkaloids, saponins, and essential oils comprise the 

remaining portion of the black seeds' composition, including 

dihomolionolenic acid, tocopherols, healthy fatty acids, 

phytosterols, and alkaloids like nigellone, and nigellimine. 

Nigella sativa has been recognized as a natural remedy for a 
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multitude of diseases and health conditions, including asthma, 

hypertension, cough, bronchitis, dizziness, diabetes, 

headaches, inflammation, eczema, fever, and influenza. [12]. 

A revolutionary method for making metal nanoparticles 

without hazardous compounds is biosynthesizing 

nanoparticles using various plant extracts [13]. A notable 

benefit of using plant extract to make metal oxide is the 

creation of valuable compounds that decrease metal ions [14]. 

The polyphenols in the plant extract, such as the tannins, 

glycosides, and flavonoids, react with the ions of zinc in 

solution to generate complexation followed by a hydrolysis 

process to form zinc hydroxide since the polyphenols include 

a hydroxyl group [15]. The determination of the antimicrobial 

activity of ZnONPs against bacteria, specifically S. aureus, K. 

pneumoniae, P. aeruginosa, and S. pyogenes, was the 

purposes of this study as well as to compare the antimicrobial 

activity of ZnONPs produced using the green method by N. 

sativa extract with that of pure ZnONPs. 

 

2. Related Work  

Zinc oxide nanoparticles (ZnONPs) have been widely studied 

for their antimicrobial activity. The green synthesis method 

using Nigella sativa extract has been found to be effective in 

synthesizing ZnO NPs [5In recent years, numerous studies 

have been conducted to investigate the antimicrobial 

properties of ZnONPs and their efficacy in inhibiting the 

growth of bacteria and fungi. Although the exact mechanisms 

of action of ZnONPs against bacteria have not been fully 

determined, it is widely acknowledged that higher 

concentrations of ZnONPs lead to stronger inhibition. Among 

metal-based nanoparticles, ZnONPs have been extensively 

studied. Research studies, such as [16], have reported that the 

antibacterial effect of ZnONPs against bacteria increases with 

concentration and effectively impedes bacterial growth. 

Another study [17] highlighted the antimicrobial activity of 

ZnONPs against both gram-positive and gram-negative 

bacteria and discussed their potential application as a 

biocompatible coating agent for intelligent storage. In 

addition, [18] documented the inhibition levels of ZnONPs 

against S. aureus, in conjunction with improved structural 

integrity. Additionally, studies have noted the antibacterial 

properties of ZnONPs synthesized using green methods, such 

as against S. aureus and K. pneumoniae as reported in [18]. 

Furthermore, [19] has reported the antibacterial effect of 

ZnONPs synthesized using green methods against S. 

pyogenes, with an inhibition zone of 16mm. According to 

[20], ZnONPs synthesized by the green method as an 

antibacterial have an effect against  K. pneumoniae with 

inhibition zone 12 mm. The N. sativa extract contains various 

bioactive compounds, such as thymoquinone and carvacrol, 

that have antimicrobial properties. The N. sativa extract also 

acts as a reducing and capping agent during the synthesis of 

ZnO NPs. Studies have shown that the N. sativa-synthesized 

ZnONPs exhibit higher antimicrobial activity compared to 

chemically synthesized ZnONPs [8]. The ZnONPs 

synthesized through this method have shown efficacy against 

a range of microorganisms, including bacteria and fungi. The 

antimicrobial mechanism of the N. sativa-synthesized 

ZnONPs is thought to be due to the production of reactive 

oxygen species and the disruption of the bacterial cell 

membrane [18]. This green synthesis method using N. sativa 

extract provides a promising alternative for the synthesis of 

ZnONPs with improved antimicrobial activity [16]. 

3. MATERIALS AND METHODS 

Preparation of Nigella sativa Seeds extract.  

Seeds of N. sativa were bought from the central market in 

Dhamar city. Freshly purchased seeds of N. sativa (black 

seeds), weighing 25 g, were ground and melted in 50 ml of 

distilled water with stirring of mixture for 20 minutes. 

Subsequently, the aqueous mixture was filtered using 

Whatman filter paper no. 1 to get the black seed extract [6]. 

Synthesis and green synthesis of ZnONPs 

First, 50 ml of distilled water was used to dissolve 2.98 g of 

zinc nitrate (0.1M), which was then stirred for one hour. After 

that, desired volume of distilled water was used to dissolve 

sodium hydroxide (0.1M) that was stirred for ten minutes. 

Then, the sodium hydroxide was added to zinc nitrate with 

mixing by distillation with continuous mixing for three hours, 

the precipitate that resulted was filtered, washed with distilled 

water and ethanol alternately several times, dried in the oven 

at 150 Celsius for 24 hours, then continuously ground in a 

mortar before being placed in a sterilized container [21, 22]. 

In order to create four new substances for the green synthesis 

of ZnONPs with black seed extract, the same steps as those 

for making pure zinc were used. However, in the third step, 

black seed extract was added in 2 mL, 4 mL, 6 mL, and 7 mL 

after half an hour of mixing to synthesize four different types 

of ZnONPs. The nanopowders were analyzed using atomic 

absorption X-ray diffraction (XRD), and the size of the 

particles was measured by measuring the diameter of the 

particles. From ZnONPs synthesized by the green method 

using N .sativa seeds extract, five different concentrations of 

each mixture prepared, 10, 25, 50, 100, and150 mg/ml, to be 

used in the testing of the antimicrobial activity of ZnONPs 

against bacteria.  

Cultivation and confirmation of bacteria 

Pathogenic bacteria used to assess the antimicrobial activity 

of zinc oxide nanoparticles were obtained from the 

laboratories of Al-Jarfi, including S. aureus, P. aeruginosa, S. 

pyogenes, and K. pneumoniae. The implant media for the 

bacteria culture for confirmation were prepared according to 

the manufacturer's instructions. The microscopic examination 

of the culture and the biochemical reaction, including the 

catalase test, coagulase test, oxidase test, citrate utilization 

test, methyl red test, and indole test, carried out the 

confirmation of bacteria [23]. The bacteria were activated, 

and the MacFarland scale's bacterial suspension was prepared 

[24].  

Antimicrobial activity of ZnONPs 

The efficacy of ZnONPs against bacteria was assessed 

through a disc diffusion method on Muller-Hinton plates. The 
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medium was created according to the manufacturer's 

instructions, then sterilized in an autoclave at 121°C (1.5 

psi/inch2) for 15 minutes. 20 ml of sterilized medium was 

then poured into each Petri dish. The Muller-Hinton agar 

plates were inoculated with the bacterial culture by streaking 

with a cotton swab. Four filter discs were soaked in ZnONPs, 

with each disc being treated with 10 µm of the substance on 

both sides [25]. The positive control was soaked in distilled 

water, while the negative control was soaked in azithromycin. 

The discs were placed on the plates and incubated at 37°C for 

24 hours. The antibacterial activity was determined by the 

size of the inhibition zone, which was measured [25-27]. 

4. Results and Discussion 

The antibacterial potency was determined against Gram-

positive microorganisms (S. aureus and S. pyogenes) and 

Gram-negative microorganisms (K. pneumoniae and P. 

aeruginosa) through the disc diffusion method. X-ray 

diffraction (XRD) was utilized to examine the crystal 

structure, particle size and lattice parameter of ZnONPs 

synthesized by the co-precipitation method. Diffraction peaks 

were observed at 2-theta values of 31.479
0
, 34.317

0
, 36.688

0
, 

47.899
0
, 56.341

0
, 63.222

0
, 68.418

0
, 69.478

0
 and 

76.946
0
corresponding to lattice planes (1 0 0), (0 0 2), (1 0 1), 

(1 0 2), (1 1 0), (1 0 3), (1 1 2),  (201)  and (2 0 2) respectively. 

As shown in Figure 1, All the diffraction peaks in the sample 

were identified as belonging to crystalline hexagonal ZnO 

with a quartzite structure as compared to powder diffraction. 

Notably, there were no extra peaks corresponding to any 

other phase of ZnO or impurities detected. Using Scherer's 

formula, the average crystallite size was calculated to be 

15.47 nm, which was in agreement with previously reported 

results[28].
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Fig 1. XRD pattern of synthesized ZnO (pure). 

In this study, the results indicate that ZnONPs synthesized by 

the plant N. sativa seeds extract affected S. aureus bacteria, as 

mentioned in Table 1. The synthesized ZnONPs showed 

activity against S. aureus with zone of inhibition 19 mm at 

the concentration of 150 mg/ml of ZnONPs synthesized using 

25 ml of N. sativa. In contrast, the lowest inhibition with an 

inhibition zone of 9 mm was recorded at the concentration of 

25 mg/ml of ZnONPs synthesized using 5 ml of N. sativa 

extract. At the concentration of 10 mg/ml, the antimicrobial 

activity ranged from 11 to 12 mm; the highest antimicrobial 

activity was at the ZnONPs synthesized by 10 and 25 ml, as 

well as the pure, while the lowest antimicrobial activity was 

at the ZnONPs synthesized by 5 ml. At concentration 25, the 

antimicrobial activity ranged from 9 to 12 mm; the highest 

antimicrobial activity was at the ZnONPs synthesized by 10 

and 25 ml, as well as the pure, while the lowest antimicrobial 

activity was at the ZnONPs synthesized by 5 ml. At the 

concentration of 50 mg/ml, the antimicrobial activity ranged 

from 11 to 15 mm; the highest antimicrobial activity was at 

the ZnONPs synthesized by 25 ml of N. sativa extract, while 

the lowest was at pure. At the 100 mg/ml concentration, the 

antimicrobial activity ranged from 11 to 15 mm; the highest 

antimicrobial activity was at the ZnONPs synthesized from 

25 ml of N. sativa extract, while the lowest was at the 

ZnONPs synthesized from 5 ml and the pure. Moreover, at 

the 150 mg/ml concentration, the antimicrobial activity 

ranged from 12 to 19 mm; the highest antimicrobial activity 

was at the ZnONPs synthesized from 25 ml of N. sativa 

extract, whereas the lowest was at the pure ZnONPs. These 

results were consistent with those mentioned by [29], where 

they noted the effect of ZnONPs synthesized by the green 

method as an antibacterial against S. aureus with an inhibition 

zone of 18 mm obtained from the 75 concentration of 

ZnONPs synthesized using 5 ml of N. sativa. Also, the results 

were consistent with those mentioned by [30], where the 

effect of ZnONPs synthesized by the green method as an 

antibacterial against S. aureus with an inhibition zone of 16 

mm obtained from the 25 concentration of ZnONPs 

synthesized using 5 ml of Punica granatum. The process of 

ZnONP formation is a result of a reaction between the zinc 

ions in the solution and the polyphenols, like flavonoids, 

glycosides, and tannins in the N. sativa extract. This reaction 

forms complexation, followed by hydrolysis, which leads to 

the creation of zinc hydroxide because of the occurrence of 

hydroxyl groups in the polyphenols. [2]. Also, the results 

were consistent with [31]. ZnONPs synthesized from plant 
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extracts were found to have similar significant S. aureus 

bacteria inhibition activity, with zone of inhibition 20 mm 

that was obtained from the concentration 50 mg/l ZnONPs 

synthesized using 10 ml. Also, this is similar to the results 

reported by [32], who found inhibition activity with an 

inhibition zone of 21 mm obtained from ZnONPs synthesized 

using 10 ml of N. sativa and inhibition activity with an 

inhibition zone of 14 mm obtained from ZnONPs synthesized 

using 7 ml of N. sativa. ZnONPs cause biochemical changes 

in the cell wall, cell physiology, and cell metabolism [25]. It 

happens when the biocompatible, synthesized ZnONPs 

element interacts with the microbial cell surface. According 

to [33],  The attachment of ZnONPs to bacterial surfaces 

causes the release of Zn
2+

 ions that disrupt active transport 

inhibition and amino acid metabolism, resulting in severe 

harm to the enzyme system. The size and solubility of the 

Zn
2+

 ions utilized in the culture contribute to this 

characteristic [34]. The generation of Reactive oxygen 

species (ROS), strongly dependent on photocatalytic 

generation and exposure of UV, increased ZnO nanoparticles' 

antibacterial activity and surface [35, 36]. Nanoparticles can 

cross living membranes and enter cells, causing increased 

oxidative stress, cytokine production, and cell death. it may 

also be because zinc works to form hydrogen peroxide as it is 

a negatively charged hydroxyl radical, which can penetrate 

the bacterial cell membrane directly, causing injuries and 

preventing cell growth, thus leading to bacterial elimination. 

However, it causes damage to carbohydrates, nucleic acids, 

and lipids [37, 38].  

 

Table 1. The inhibition zone of the pure ZnONPs and ZnONPs synthesized by green method on S. aureus 

ZnONPs 
Zone of Inhibition (mm) of concentration ZnONPs (mg/ml) 

10 25 50 100 150 

Zn pure 12 12 11 13 12 

5 ml
*  

 11 9 12 13 14 

10 ml
*  

 12 12 14 14 13 

25 ml
* 
 12 12 15 15 19 

 *  = N. sativa seeds extract added during the preparation of ZnONPs   

For S. pyogenes, the ZnONPs produced by plant extract from 

the seeds of N. sativa was effective against S. pyogenes. The 

synthesized ZnONPs demonstrated activity against S. 

pyogenes with zone of inhibition of 19 mm obtained from the 

concentrations (150 mg/ml) of ZnONPs synthesized using 25 

ml of N. sativa. In comparison, the lowest inhibition with an 

inhibition zone of 10 mm was recorded at the concentration 

of 25 mg/ml of ZnONPs synthesized using 10 mL of N. sativa 

extract. The antibacterial activity ranged from 11 to 13 mm at 

a concentration of 10 mg/ml; the ZnONPs made from 25 ml 

of N. sativa extract had the maximum antimicrobial activity, 

while the pure and 5 ml exhibited the lowest antimicrobial 

activity. The antibacterial activity varied from 10 to 14 mm at 

a concentration of 25 mg/ml; the pure and the 10 mg/ml 

ZnONPs had the lowest antimicrobial activity, and the 5 

mg/ml N. sativa extract-derived ZnONPs had the greatest. 

The antibacterial activity at 50 mg/ml varied from 11 to 15 

mm; the ZnONPs synthesized by 25 ml of N. sativa extract 

had the maximum antimicrobial activity, whereas the 

ZnONPs created by 5 ml of N. sativa extract had the lowest. 

The antibacterial activity was measured at concentrations of 

100 mg/ml and varied from 12 to 16 mm; the ZnONPs 

synthesized using 25 ml of N. sativa extract had the greatest 

antimicrobial activity, whilst those made with 10 ml of N. 

sativa extract had the lowest. The antibacterial activity varied 

from 12 to 19 mm at a concentration of 150 mg/ml; the 

ZnONPs produced by 25 ml of N. sativa extract had the 

maximum antimicrobial activity, whereas pure had the 

lowest. These results were in line with those indicated in [19], 

that investigated the antibacterial activity of ZnONPs 

produced using the green technique against S. pyogenes, with 

an inhibition zone of 16 mm achieved from the concentration 

of 100 ZnONPs produced using 20 ml of N. sativa. The 

results likewise coordinated those reported in [39], where 

they noted the antibacterial activity of ZnONPs produced 

using the green method against S. pyogenes, with an 

inhibition zone of 15 mm obtained from the 50 concentration 

of ZnONPs produced using 10 ml of N. sativa. The results 

also agreed with those mentioned by [30], who underlined the 

antibacterial activity of ZnONPs produced using the green 

method against S. pyogenes, with an inhibition zone of 14 

mm from a 25 concentration of ZnONPs produced using 5 ml 

of Punica granatum. The results were consistent with those 

reported by [40], who demonstrated that ZnONPs produced 

using 20 ml of N. sativa have an inhibitory effect on a variety 

of bacteria, including S. aureus and S. pyogenes with zones of 

inhibition19 mm, 16 mm, 15 mm, and 13 mm, respectively. 

ZnONPs generally operate in three ways [1, 2, 41]; firstly, 

due to the integrity of the plasma membrane, which forms 

difficulty in material movement and gaseous exchange, 

nanoparticles can disrupt normal bacteria function by 

inducing chemical alterations in the plasma membrane. 

Secondly, free radicals on ZnONPs' surface finally lead to 

oxidative stress after penetrating the cells. Thirdly, the H2O2 

and free radical OH-groups that ZnONPs form in aqueous 

circumstances are extremely poisonous and have a limited 

lifespan; they immediately interact with the DNA and 

enzymes of the cell, halting the function of all metabolic 

machinery and causing cell death. 

 

 



Int. J. Sci. Res. in Biological Sciences                                                                                                        Vol.10, Issue.1, Feb 2023   

© 2023, IJSRBS All Rights Reserved                                                                                                                                             22 

Table 2. The inhibition zone of the pure ZnONPs and ZnONPs synthesized by green method on S. pyogenes 

ZnONPs 
Zone of Inhibition (mm) of concentration ZnONPs (mg/ml) 

10 25 50 100 150 

Zn 11 10 12 13 12 

5ml* 11 14 11 13 14 

10ml* 12 10 13 12 13 

25ml* 13 12 15 16 19 

 

K. pneumoniae is concerned as shown in Table 3, the N. 

sativa seed extracts' ZnONPs had an impact on the K. 

pneumoniae bacteria. The produced ZnONPs exhibited 

antimicrobial action against K. pneumoniae, with an 

inhibitory zone of 14 mm measured at concentrations of 100 

mg/ml and 150 mg/ml, respectively. The ZnONPs 

concentration of 10 mg/ml was produced by 10 ml of N. 

sativa extract, and the pure resulted in the lowest inhibition, 

with an inhibition zone of 8 mm, utilizing 25 ml of N. sativa. 

The antibacterial activity was 8–10 mm at 10 mg/ml; the 

ZnONPs synthesized from 25 ml of N. sativa extract had the 

maximum antimicrobial activity, whereas the pure and ten 

ml-synthesized ZnONPs had the lowest antimicrobial 

activity. At a concentration of 25 mg/ml, the antimicrobial 

activity was between 10 and 13 mm; the ZnONPs made from 

25 ml of N. sativa extract had the maximum antibacterial 

activity, whereas those made from 10 ml of N. sativa extract 

had the lowest. The antibacterial activity at 50 mg/ml varied 

from 10 to 13 mm; the ZnONPs synthesized using 25 ml of 

N. sativa extract had the greatest antimicrobial activity, while 

the ZnONPs made with 10 ml of N. sativa extract had the 

lowest. The antibacterial activity at a concentration of 100 

mg/ml varied from 10 to 14 mm; the ZnONPs synthesized 

from 25 ml of N. sativa extract had the maximum 

antimicrobial activity, whereas those made from 5 ml and 10 

ml of N. sativa extract had the lowest antimicrobial activity. 

The antimicrobial activity varied from 11 to 14 mm at the 150 

mg/ml concentration; the ZnONPs produced by 25 ml of N. 

sativa extract had the maximum antibacterial activity, 

whereas the ZnONPs produced by 10 ml of N. sativa extract 

had the lowest. These results were in agreement with those 

mentioned in [35], where he described the antibacterial 

activity of ZnONPs produced using the green method against 

K. pneumoniae, which had an inhibition zone of 15 mm and 

was obtained from a concentration of 100 ZnONPs produced 

using 20 ml of N. sativa. On K. pneumoniae, antibacterial 

activity was evaluated; the results are listed in Table 4.4. 

According to [42], the inhibition zones of 17 mm from the 

concentration 100 of ZnONPs were obtained from 20 ml of 

N. sativa, and an inhibition zone of 13 mm from the 

concentration 50 of ZnONPs was obtained from 10 ml of N. 

sativa, ZnONPs synthesized by the green method 

demonstrated a progressive increase in the inhibition of 

bacterial growth. Additionally, the results were in line with 

those reported by [20], who noted the antibacterial activity of 

ZnONPs produced using the green method against K. 

pneumoniae, with an inhibition zone of 12 mm obtained from 

the 50-fold concentration of ZnONPs produced using 25 ml 

of N. sativa. The results were consistent with those recorded 

by [30], who highlighted the antibacterial activity of ZnONPs 

produced using the green technique against K. pneumoniae. 

They noted an inhibitory zone of 11 mm from a 25-fold 

concentration of ZnONPs produced using 5 ml of Punica 

granatum. Nanoparticles break down the bacterial cell wall, 

allowing water to enter and destroy the germs. It is also 

possible that zinc oxide is the cause of cell death, membrane 

rupturing, and cell shrinkage [8]. [19] observed the impact of 

zinc oxide on K. pneumoniae bacteria with an inhibitory zone 

of 12 mm, which clarified why the impact of zinc oxide on 

the bacterial cell membrane and genetic material, as well as 

the effect of zinc oxide on both. 

 

Table 3. The inhibition zone of the pure ZnONPs and ZnONPs synthesized by green method on K. pneumoniae 

ZnONPs 
Zone of Inhibition (mm) of concentration ZnONPs (mg/ml) 

10 25 50 100 150 

Zn 8 12 12 13 13 

5ml* 9 11 11 10 12 

10ml* 8 10 10 10 11 

25ml* 10 13 13 14 14 

The results for P. aeruginosa showed that ZnONPs synthesized using the green approach had a low impact on P. aeruginosa 

compared to the other bacteria. The synthesized ZnONPs showed activity against P. aeruginosa with an inhibition zone of 12 

mm obtained from the concentration of 150 mg/ml of ZnONPs synthesized using 25 ml of N. sativa. In contrast, the lowest 

inhibition with an inhibition zone of 3 mm was recorded at the concentration of 25 mg/ml of ZnONPs synthesized using 5 ml of 

N. sativa extract as in table 4. The results were disagreed with the findings of [43]. The sort of structure of bacteria and its 

modification due to its wide spreading may be the cause. Such behaviour is brought on by various bacteria's different cell wall 

structures (Kumar et al., 2017). The strength and form of bacterial cells are controlled by a porous peptidoglycan layer found in 

their cell walls. This layer is thicker in gram-positive bacteria than in gram-negative bacteria. Due to their supremacy over gram-

negative particles, these particles have a harder time becoming harmful [44].  
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Table 4. The inhibition zone of the pure ZnONPs and ZnONPs synthesized by green method on P. aeruginosa 

ZnONPs Zone of Inhibition (mm) of concentration ZnONPs (mg/ml) 

10 25 50 100 150 

Zn 5 6 9 9 11 

5ml* 3 5 7 7 8 

10ml* 4 6 7 9 11 

25ml* 8 8 10 11 12 

 

6. Conclusion  

In conclusion, the study aimed at determining the 

antibacterial potency of zinc oxide nanoparticles (ZnONPs) 

synthesized using Nigella sativa seeds extract. The disc 

diffusion method was used to test the activity of ZnONPs 

against both Gram-positive (S. aureus and S. pyogenes) and 

Gram-negative (K. pneumoniae and P. aeruginosa) 

microorganisms. X-ray diffraction was used to examine the 

crystal structure, particle size, and lattice parameter of 

ZnONPs, and the results indicated that ZnONPs synthesized 

by the co-precipitation method had a crystalline hexagonal 

structure. The average crystallite size was calculated to be 

15.47 nm. The results showed that the ZnONPs had 

antimicrobial activity against S. aureus, with the highest 

activity recorded at a concentration of 150 mg/ml with an 

inhibition zone of 19 mm and the lowest activity at a 

concentration of 25 mg/ml with an inhibition zone of 9 mm. 

The activity was found to be consistent with previous studies, 

which also reported significant antimicrobial activity against 

S. aureus. The mechanism of action of ZnONPs is thought to 

involve the interaction of ZnONPs with the microbial cell 

surface, which leads to the release of Zn2+ ions that cause 

severe harm to the enzyme system, disrupt active transport 

inhibition and amino acid metabolism, and generate reactive 

oxygen species. The results of this study highlight the 

potential of ZnONPs synthesized using N. sativa seeds extract 

as a natural and effective antibacterial agent. 

 

Data Availability  

The datasets used and analyzed during the current study are 

available from the corresponding author upon reasonable 

request. 

 

Conflict of Interest 

The authors declare no conflict of interest. 

 

Funding Source 

Not applicable 

 

Acknowledgements 

The authors are grateful to the Faculty of Applied Sciences at 

Thamar University in Yemen for providing access to their 

research facilities. They also extend their thanks to the 

International Institute of Education (IIE) Scholar Rescue 

Fund for supporting the corresponding author with a 

fellowship. Additionally, the authors express their gratitude to 

the Faculty of Science and Technology at Universiti 

Kebangsaan Malaysia, which hosted the corresponding 

author's fellowship. 

 

References  

[1].  S. Ahmed, M. Ahmad, B. L. Swami, and S. Ikram, "A review on 

plants extract mediated synthesis of silver nanoparticles for 

antimicrobial applications: a green expertise," Journal of advanced 

research, vol. 7, no. 1, pp. 17-28, 2016. 

[2]. S. Akbar et al., "An overview of the plant-mediated synthesis of 

zinc oxide nanoparticles and their antimicrobial potential," 

Inorganic and Nano-Metal Chemistry, vol. 50, no. 4, pp. 257-271, 

2020. 

[3]. S. M. Amini, "Preparation of antimicrobial metallic nanoparticles 

with bioactive compounds," Materials Science and Engineering: C, 

vol. 103, p. 109809, 2019. 

[4]. R. Dobrucka and J. Długaszewska, "Biosynthesis and antibacterial 

activity of ZnO nanoparticles using Trifolium pratense flower 

extract," Saudi journal of biological sciences, vol. 23, no. 4, pp. 

517-523, 2016. 

[5]. R. Dobrucka, J. Dlugaszewska, and M. Kaczmarek, "Cytotoxic and 

antimicrobial effects of biosynthesized ZnO nanoparticles using of 

Chelidonium majus extract," Biomedical Microdevices, vol. 20, no. 

1, pp. 1-13, 2018. 

[6]. K. Elumalai and S. Velmurugan, "Green synthesis, characterization 

and antimicrobial activities of zinc oxide nanoparticles from the 

leaf extract of Azadirachta indica (L.)," Applied Surface Science, 

vol. 345, pp. 329-336, 2015. 

[7]. K. Elumalai, S. Velmurugan, S. Ravi, V. Kathiravan, and S. 

Ashokkumar, "RETRACTED: Green synthesis of zinc oxide 

nanoparticles using Moringa oleifera leaf extract and evaluation of 

its antimicrobial activity," ed: Elsevier, 2015. 

[8]. K. Elumalai, S. Velmurugan, S. Ravi, V. Kathiravan, and S. 

Ashokkumar, "Bio-fabrication of zinc oxide nanoparticles using 

leaf extract of curry leaf (Murraya koenigii) and its antimicrobial 

activities," Materials Science in Semiconductor Processing, vol. 

34, pp. 365-372, 2015. 

[9]. B. A. Fahimmunisha, R. Ishwarya, M. S. AlSalhi, S. Devanesan, 

M. Govindarajan, and B. Vaseeharan, "Green fabrication, 

characterization and antibacterial potential of zinc oxide 

nanoparticles using Aloe socotrina leaf extract: A novel drug 

delivery approach," Journal of Drug Delivery Science and 

Technology, vol. 55, p. 101465, 2020. 

[10]. V. Ganesan, M. Hariram, S. Vivekanandhan, and S. 

Muthuramkumar, "Periconium sp.(endophytic fungi) extract 

mediated sol-gel synthesis of ZnO nanoparticles for antimicrobial 

and antioxidant applications," Materials Science in Semiconductor 

Processing, vol. 105, p. 104739, 2020. 

[11]. T. H. Al-Ameedy and R. Omran, "Antimicrobial Activity of 

Nigella Sativa Extract Against some Bacterial and Fungal Species," 

Journal of University of Babylon for Pure and Applied Sciences, 

vol. 27, no. 1, pp. 277-286, 2019. 

[12]. S. Kumar and B. Kumar, "Comparative assessment of different 

herbal galactogogue preparations on milk production and 

economics of lactating crossbred cows," Journal of 

Pharmacognosy and Phytochemistry, vol. 7, no. 5, pp. 2508-2512, 

2018. 



Int. J. Sci. Res. in Biological Sciences                                                                                                        Vol.10, Issue.1, Feb 2023   

© 2023, IJSRBS All Rights Reserved                                                                                                                                             24 

[13]. K. Logaranjan, A. J. Raiza, S. C. Gopinath, Y. Chen, and K. 

Pandian, "Shape-and size-controlled synthesis of silver 

nanoparticles using Aloe vera plant extract and their antimicrobial 

activity," Nanoscale research letters, vol. 11, no. 1, pp. 1-9, 2016. 

[14]. H. Murthy, T. Desalegn, M. Kassa, B. Abebe, and T. Assefa, 

"Synthesis of green copper nanoparticles using medicinal plant 

hagenia abyssinica (Brace) JF. Gmel. leaf extract: Antimicrobial 

properties," Journal of Nanomaterials, vol. 2020, 2020. 

[15]. M. Rai, A. P. Ingle, S. Birla, A. Yadav, and C. A. D. Santos, 

"Strategic role of selected noble metal nanoparticles in medicine," 

Critical reviews in microbiology, vol. 42, no. 5, pp. 696-719, 2016. 

[16]. S. M. Gad El-Rab, A. E. Abo-Amer, and A. M. Asiri, "Biogenic 

synthesis of ZnO nanoparticles and its potential use as 

antimicrobial agent against multidrug-resistant pathogens," Current 

Microbiology, vol. 77, no. 8, pp. 1767-1779, 2020. 

[17]. A. Al-Nabulsi et al., "Antimicrobial activity of chitosan coating 

containing ZnO nanoparticles against E. coli O157: H7 on the 

surface of white brined cheese," International Journal of Food 

Microbiology, vol. 334, p. 108838, 2020. 

[18]. S. Sharma, K. Kumar, N. Thakur, S. Chauhan, and M. Chauhan, 

"The effect of shape and size of ZnO nanoparticles on their 

antimicrobial and photocatalytic activities: a green approach," 

Bulletin of Materials Science, vol. 43, no. 1, pp. 1-10, 2020. 

[19]. K. S. Siddiqi and A. Husen, "Properties of zinc oxide nanoparticles 

and their activity against microbes," Nanoscale research letters, 

vol. 13, no. 1, pp. 1-13, 2018. 

[20]. R. Farzana et al., "Antimicrobial Behavior of Zinc Oxide 

Nanoparticles and ÃƒÅ½Ã ‚Â²-Lactam Antibiotics against 

Pathogenic Bacteria," Archives of clinical microbiology, vol. 8, no. 

4, pp. 1-9, 2017. 

[21]. M. H. Kahsay, "Synthesis and characterization of ZnO 

nanoparticles using aqueous extract of Becium grandiflorum for 

antimicrobial activity and adsorption of methylene blue," Applied 

Water Science, vol. 11, no. 2, pp. 1-12, 2021. 

[22]. M. Naseer, U. Aslam, B. Khalid, and B. Chen, "Green route to 

synthesize Zinc Oxide Nanoparticles using leaf extracts of Cassia 

fistula and Melia azadarach and their antibacterial potential," 

Scientific Reports, vol. 10, no. 1, pp. 1-10, 2020. 

[23]. F. Al-Badaii et al., "Prevalence of Helicobacter pylori infection and 

associated risk factors among schoolchildren at Dhamar City, 

Yemen," Int J Sci Res Biol Sci, vol. 8, no. 6, pp. 16-22, 2021. 

[24]. F. Al-Badaii et al., "Isolation, Identification and Antibiotic 

Susceptibility of Bacteria from Upper Respiratory Tract Infections 

at Dhamar Governorate, Yemen," Int. J. Sci. Res. in Biological 

Sciences Vol, vol. 8, no. 2, 2021. 

[25]. S. Vijayakumar, C. Krishnakumar, P. Arulmozhi, S. Mahadevan, 

and N. Parameswari, "Biosynthesis, characterization and 

antimicrobial activities of zinc oxide nanoparticles from leaf extract 

of Glycosmis pentaphylla (Retz.) DC," Microbial pathogenesis, 

vol. 116, pp. 44-48, 2018. 

[26]. F. Al-Badaii and M. Shuhaimi-Othman, "Water pollution and its 

impact on the prevalence of antibiotic-resistant E. coli and total 

coliform bacteria: a study of the Semenyih River, Peninsular 

Malaysia," Water Quality, Exposure and Health, vol. 7, no. 3, pp. 

319-330, 2015. 

[27]. F. Al-Badaii and A. Abdul Halim, "Potential Risk Assessment of 

Drinking Water Source Exposed to Contamination Using Microbial 

Indicators and Multiple Antibiotic Resistance Index," Iranian 

(Iranica) Journal of Energy & Environment, vol. 12, no. 1, pp. 81-

92, 2021. 

[28]. A. Alaghemand, S. Khaghani, M. R. Bihamta, M. Gomarian, and 

M. Ghorbanpour, "Green synthesis of zinc oxide nanoparticles 

using Nigella sativa L. extract: the effect on the height and number 

of branches," Journal of Nanostructures, vol. 8, no. 1, pp. 82-88, 

2018. 

[29]. M. Khatami, R. S. Varma, N. Zafarnia, H. Yaghoobi, M. Sarani, 

and V. G. Kumar, "Applications of green synthesized Ag, ZnO and 

Ag/ZnO nanoparticles for making clinical antimicrobial wound-

healing bandages," Sustainable Chemistry and Pharmacy, vol. 10, 

pp. 9-15, 2018. 

[30]. P. Kaur, R. Thakur, and A. Chaudhury, "Biogenesis of copper 

nanoparticles using peel extract of Punica granatum and their 

antimicrobial activity against opportunistic pathogens," Green 

Chemistry Letters and Reviews, vol. 9, no. 1, pp. 33-38, 2016. 

[31]. N. A. Al-Shabib et al., "Biofabrication of zinc oxide nanoparticle 

from Ochradenus baccatus leaves: broad-spectrum antibiofilm 

activity, protein binding studies, and in vivo toxicity and stress 

studies," Journal of Nanomaterials, vol. 2018, 2018. 

[32]. M. Ali, M. Ikram, M. Ijaz, A. Ul-Hamid, M. Avais, and A. Anjum, 

"Green synthesis and evaluation of n-type ZnO nanoparticles doped 

with plant extract for use as alternative antibacterials," Applied 

Nanoscience, vol. 10, no. 10, pp. 3787-3803, 2020. 

[33]. A. B. Djurišić et al., "Toxicity of metal oxide nanoparticles: 

mechanisms, characterization, and avoiding experimental 

artefacts," Small, vol. 11, no. 1, pp. 26-44, 2015. 

[34]. J. Santhoshkumar, S. V. Kumar, and S. Rajeshkumar, "Synthesis of 

zinc oxide nanoparticles using plant leaf extract against urinary 

tract infection pathogen," Resource-Efficient Technologies, vol. 3, 

no. 4, pp. 459-465, 2017. 

[35]. T. Safawo, B. Sandeep, S. Pola, and A. Tadesse, "Synthesis and 

characterization of zinc oxide nanoparticles using tuber extract of 

anchote (Coccinia abyssinica (Lam.) Cong.) for antimicrobial and 

antioxidant activity assessment," OpenNano, vol. 3, pp. 56-63, 

2018. 

[36]. M. Ramesh, M. Anbuvannan, and G. Viruthagiri, "Green synthesis 

of ZnO nanoparticles using Solanum nigrum leaf extract and their 

antibacterial activity," Spectrochimica Acta Part A: Molecular and 

Biomolecular Spectroscopy, vol. 136, pp. 864-870, 2015. 

[37]. A. Raja et al., "Eco-friendly preparation of zinc oxide nanoparticles 

using Tabernaemontana divaricata and its photocatalytic and 

antimicrobial activity," Journal of Photochemistry and 

Photobiology B: Biology, vol. 181, pp. 53-58, 2018. 

[38]. S. S. Rad, A. M. Sani, and S. Mohseni, "Biosynthesis, 

characterization and antimicrobial activities of zinc oxide 

nanoparticles from leaf extract of Mentha pulegium (L.)," 

Microbial pathogenesis, vol. 131, pp. 239-245, 2019. 

[39]. R. Pandimurugan and S. Thambidurai, "UV protection and 

antibacterial properties of seaweed capped ZnO nanoparticles 

coated cotton fabrics," International journal of biological 

macromolecules, vol. 105, pp. 788-795, 2017. 

[40]. N. Jones, B. Ray, K. T. Ranjit, and A. C. Manna, "Antibacterial 

activity of ZnO nanoparticle suspensions on a broad spectrum of 

microorganisms," FEMS microbiology letters, vol. 279, no. 1, pp. 

71-76, 2008. 

[41]. M. Sundrarajan, S. Ambika, and K. Bharathi, "Plant-extract 

mediated synthesis of ZnO nanoparticles using Pongamia pinnata 

and their activity against pathogenic bacteria," Advanced powder 

technology, vol. 26, no. 5, pp. 1294-1299, 2015. 

[42]. E. Rasha, A. Monerah, A. Manal, A. Rehab, D. Mohammed, and E. 

Doaa, "Biosynthesis of Zinc Oxide Nanoparticles from Acacia 

nilotica (L.) Extract to Overcome Carbapenem-Resistant Klebsiella 

Pneumoniae," Molecules, vol. 26, no. 7, p. 1919, 2021. 

[43]. K. Ali et al., "Aloe vera extract functionalized zinc oxide 

nanoparticles as nanoantibiotics against multi-drug resistant clinical 

bacterial isolates," Journal of colloid and interface science, vol. 

472, pp. 145-156, 2016. 

[44]. P. Basnet, T. Inakhunbi Chanu, D. Samanta, and S. Chatterjee, "A 

review on bio-synthesized zinc oxide nanoparticles using plant 

extracts as reductants and stabilizing agents," Journal of 

Photochemistry and Photobiology B: Biology, vol. 183, pp. 201-

221, 2018. 

 

 

 

 

 

 

 



    

 

 
Submit your manuscripts at 

www.isroset.org 
email: support@isroset.org 

 

 

 
 

 
   

Call for Papers:  

Authors are cordially invited to submit their original research papers, based on theoretical or experimental works for 

publication in the journal. 

All submissions:                                                                                                                          

- must be original 

- must be previously unpublished research results 

- must be experimental or theoretical 

- must be in the journal's prescribed Word template 

- and will be peer-reviewed 

- may not be considered for publication elsewhere at any time during the review period 

https://www.isroset.org/
https://www.isroset.org/journals.php
https://www.isroset.org/journal/IJMSRP/index.php
https://www.ijsrnsc.org/
https://www.isroset.org/journals.php
https://www.isroset.org/journal/IJSRBS/index.php
https://www.isroset.org/journal/IJSRCS/index.php
https://www.isroset.org/journal/IJSRCSE/index.php
https://www.isroset.org/journal/WAJES/index.php
https://www.isroset.org/journal/JPCM/index.php
https://www.isroset.org/journal/IJSRMSS/index.php
https://www.isroset.org/journal/IJSRMS/index.php
https://www.isroset.org/journal/WAJM/index.php
https://www.isroset.org/journal/IJSRPAS/index.php
https://www.ijcseonline.org/

	4-ISROSET-IJSRBS-08516
	Last page of Each Paper

