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Abstract 

The effectiveness of a plant extract of Nigella sativa (black seed) and Zingiber officinale (ginger) against 

multidrug-resistant Escherichia coli Strains was carried out. Ten strains were selected from a previous study 

and diagnosed by biochemical tests and confirmed by the VITEK 2 device. Susceptibility testing against (10) 

selected antibiotics was performed, which proved that all strains were multidrug-resistant. The Agar Diffusion 

method was used to test the effectiveness of the extracts through discs saturated with methanol and water 

extracts at concentrations of 100 mg/ml. 

Some strains showed non-significant inhibition zones around the discs which were saturated with methanolic 

extract. In contrast, the aqueous extracts did not show any noticeable effect. The Minimum Inhibitory 

Concentration was determined by the dilution method, where the ethanolic extracts reduced the turbidity of 

some strains at concentrations of (100 mg/ml). Still, the bacterial growth continued as scattered colonies when 

the samples were re-cultured on an agar medium. These results indicate that the plant extracts that were used 

did not achieve any effectiveness in inhibiting the growth of multidrug-resistant Escherichia coli, highlighting 

the need for further studies to explore other methods or concentrations. 
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Introduction 

When microorganisms can resist a different group of 

antimicrobials, this condition is known as Antibiotic 

Resistance. In such a state of resistance, microbes can 

develop this form of drug resistance [1]. Multidrug 

resistance is the ability of bacteria to resist multiple 

drugs. This type of bacteria has different resistance 

mechanisms, such as natural microbial resistance to 

some microbes, acquired microbial resistance, or 

genetic mutation [2,3]. Irrational use of antibiotics is 

causing a rise in antibiotic resistance, leading to high 

rates of deaths associated with antimicrobial 

resistance worldwide [4,5]. The commensal E. coli 

bacteria do not affect the host, but they can develop 

resistance mechanisms by acquiring resistance genes 

from other bacteria that can transform from 

commensal bacteria to multi-resistant bacteria [6,7]. 

The environment and host greatly influence the 

genetic structure of Escherichia coli strains, allowing 

bacteria to acquire diverse antibiotic resistance 

mechanisms [8,9]. To address these problems, we 

must rely on an alternative system by relying on 
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natural materials, especially medicinal plants, and 

herbs, through intensive studies in developing 

materials that work as antibiotics or using modern 

therapeutic alternatives by developing some 

molecules of these materials to work as antibiotics 

against these infectious germs [6,10] Manufactured 

drugs are widely available and are used to eliminate 

bacteria that cause infectious diseases, but they also 

cause many side effects to patients. An example of 

such cases is meningitis, which is treated with the 

antibiotic chloramphenicol. This medication can 

induce aplastic anemia by bridging the blood-brain 

barrier [11] Humans have used this medicinal plant 

since ancient times, to eliminate a wide range of 

diseases and for other necessary purposes. Medicinal 

plants have long been used as a source of treatment 

in all societies. In addition, many traditional 

medicines contribute to modern medicine [12,13]. 

Many plants and spices are widely recognized for 

their antibacterial and antioxidant properties, and 

essential oils and extracts from these plants are rich 

in bioactive substances like phenolic compounds 

[14,15]. For centuries, the annual herbaceous Nigella 

sativa (NS) plant, a member of the buttercup family, 

has been widely used in traditional medicine [16]. 

This plant is widely found in India and also in the 

Middle East and North Africa. As a galactagogic and 

emmenagogue, it is beneficial for treating various 

ailments, including fever, eczema, cough, and asthma 

[17,18]. Nigella sativa exhibited strong antibacterial 

properties Against both Gram-negative and Gram-

positive bacteria, as well as antibiotic-resistant 

strains, according to in vitro Studies published 

between the years 2000 and 2015. For example, 

Nigella sativa impeded the growth of bacteria such as 

E. coli, Salmonella, and Helicobacter pylori. which 

causes serious gastrointestinal morbidity. A literature 

review showed that Nigella sativa has strong 

antibacterial qualities against MDR strains in vitro 

[19] While ginger is known by the scientific name 

Zingiber Officinale, it is a plant from the family 

known as Zingiberaceae [20,21]. ginger is associated 

with the Indian subcontinent's tropical rainforest 

regions, but it has also been linked to countries in 

Southern Asia with minor differences in Z. 

officinale's genetic composition [21,22]. One of 

those medicinal plants that has been very helpful in 

treating a variety of illnesses is ginger extract. Strong 

antimicrobial effects of ginger include killing or 

inhibiting the growth of pathogenic bacteria [21] 

anti-inflammatory and antioxidant (19) anti-

thrombotic [24]. hypoglycemic [25], And antitumor 

[26]. 

This experimental study aims to evaluate the 

effectiveness of aqueous and ethanolic plant extracts 

of Nigella sativa and Zingiber officinale in inhibiting 

the growth of multi-resistant Escherichia coli 

isolates. The study focuses on testing the 

effectiveness of these extracts as potential natural 

alternatives to address the increasing challenges of 

bacterial infections due to the resistance of many 

bacterial strains to conventional antibiotics. 

Methods: 

 Preparation of Plant Extracts: 

The plant extracts (black seed and ginger) were 

extracted using two methods: aqueous extraction 

and solvent extraction. 

1. Aqueous extraction method: Black seed seeds and 

fresh ginger roots were washed and at room 

temperature (25°C) they were dried and then 

crushed to a fine powder. 50 g of each powder was 

heated to boiling in 500 ml of distilled water for 

30 min. After cooling the mixture, it was filtered 

using filter paper and then concentrated by 

evaporation to obtain a concentrated extract. 

Aqueous extracts are stored in sterile, opaque 

bottles at 4 °C for a while until use [27,28]. 

2. Solvent extraction method: Nigella sativa seeds 

and fresh ginger roots were washed and dried at 

room temperature, crushed into powder, add 50 

grams of extract powder to 500 ml of 70% 

ethanol, leave the mixture to soak at room 

temperature for 48 hours with periodic stirring, 

then filter the extract mixture using filter paper, 

the extract is concentrated using an evaporating 

flask at 40-50 °C to form a dry extract, it is stored 

in opaque and sterile bottles at 4 °C until use 

[27,28]. 



Journal of Bioscience and Applied Research, 2024, Vol.10, No. 4, P.856-865             pISSN: 2356-9174, eISSN: 2356-9182                 858 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: Extraction of Nigella sativa and Zingiber officinale using ethanol solvent. 

 

 

 

Isolation and identification of Multidrug-resistant 

Escherichia coli: 

Multidrug-resistant Escherichia coli strains were 

selected from a previous study of urine samples of 

hemodialysis patients. The identity of these isolates 

was confirmed by biochemical tests and VITEK 2 

device to accurately identify the bacterial strains 

[29,30]. 

Antibiotic Sensitivity Test: 

The susceptibility of the selected bacterial strains to 

antibiotics was determined using the Kirby-Bauer 

method. Standard antibiotic discs were distributed on 

Mueller-Hinton agar and incubated for 24 h at 37°C. 

The inhibition zones around the discs were 

determined using a sterile ruler and the results were 

read according to Clinical Laboratory Standards 

Institute (CLSI) guidelines. 

Disk Diffusion Test for plant extracts: 

 Plates containing Mueller-Hinton agar medium were 

inoculated with multidrug-resistant strains. Sterile 

paper discs were prepared and immersed in the plant 

extract at different concentrations (50, 100, 200) 

mg/ml The discs were distributed on the agar 

medium; the plates were incubated for 24 h at 37°C, 

and the diameters of the inhibition zones around the 

discs were determined to evaluate the antibacterial 

activity of each extract [31]. 

Minimum Inhibitory Concentration (MIC): 

The Minimum Inhibitory Concentration (MIC) of 

plant extract was tested using the serial dilution 

method. Ethanol and aqueous extracts Nigella sativa 

and Zingiber officinale were prepared at an initial 

concentration of 100mg/ml. Serial dilutions were 

made at a ratio of 2:1 to reach the following 

concentrations (100, 50, 25, 12.5, 6.25, 3.125, 1.56) 

mg/ml. 1 ml from each concentration was added to 9 

ml of broth nutrient medium, and then 100 μl of a 

standard bacterial suspension was added for each 

strain of E. coli. The tubes were incubated for 24 h at 

37°C, and bacterial growth was assessed visually 

based on turbidity to determine the minimum 

concentrations that inhibit bacterial growth [32]. 

Results: 

1.  Results of Isolation and Identification  

Ten multidrug-resistant Escherichia coli were 

isolated from urine samples. These strains were 
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subjected to initial biochemical tests, such as oxidase 

and catalase, urease, and IMViC tests, in addition to 

sugar fermentation to detect the metabolic 

characteristics of Escherichia coli. After that, all 

strains were confirmed using the VITEK 2 device, 

which showed an exact match with Escherichia coli 

in all samples. This indicates that the strains have the 

genetic and physiological characteristics of 

multidrug-resistant Escherichia coli. 

1. Antibiotic susceptibility testing 

The susceptibility of Escherichia coli strains to 11 

types of antibiotics was tested using the Kirby Bauer 

plate diffusion method. The inhibition result was 

determined and interpreted according to the Clinical 

Laboratory Standards Institute (CLSI) guidelines. 

The results were as follows: 

2. Disk Diffusion Test (Kirby-Bauer Test): 

The effectiveness of plant extracts From Nigella 

sativa (black seed) and Zingiber officinale (ginger) 

against Multidrug-resistant Escherichia coli strains 

were tested by the agar diffusion method with disks 

saturated with ethanolic and aqueous extracts 

prepared at a concentration of 100mg/ml. Although 

some strains showed inhibition zones around the 

discs saturated with ethanolic extracts, non-

significant zones were obtained against E. coli  

strains. Based on these results, the plant extracts of 

Nigella Sative and Zingiber officinale e cannot be 

considered effective in inhibiting the growth of 

multidrug-resistant Escherichia coli. 

3.  Minimum Inhibitory Concentration for 

Plant Extracts: 

 Minimum inhibitory concentrations (MIC) of plant 

extracts of Nigella sativa and ginger against 

multiresistant E. coli strains were determined using 

the serial dilution method. Concentrations starting 

from 100mg/ml were used and the results showed 

that ethanol extracts reduced the turbidity in some 

strains at concentrations of 100mg/ml, which 

suggests a relative decrease in bacterial growth 

density. However, after re-culture of the diluted 

solution on a nutrient medium (agar), scattered 

bacterial colonies appeared, indicating that the 

ethanolic extracts did not completely inhibit the 

bacterial growth, but only reduced the bacterial 

density. As for the aqueous extracts, they did not 

show any effect on turbidity or colony growth, which 

reinforces their ineffectiveness in inhibiting the 

growth of multidrug-resistant E. coli. Based on these 

results, no minimum effective inhibitory 

concentration was recorded that could be relied upon 

to completely stop the growth of bacterial strains (E. 

coli). 

 

 

Table 1: Number of Resistance and sensitivity strains of Escherichia coli against 11 antibiotics  

Antibiotic(symbol) 
Inhibition zones 

(mm) 

Number of 

sensitive strains  

Number of 

resistant strains 

Amikacin (AK) 16-22 2 8 

Cefepime (CFM) 0-6 1 9 

Ciprofloxacin (CIP) 10-14 3 7 

Doxycycline (DO) 8-12 1 9 

Imipenem (IPE) 18-24 8 2 

Nalidixic acid (NA) 0-5 2 8 

Nitrofurantoin (F) 14-18 4 6 

Novobiocin (NV) 0-3 1 9 

Norfloxacin (NOR) 10-13 3 7 

Tetracycline (TE) 8-12 2 8 
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Figure 2: Disc diffusion test with aqueous and ethanolic extracts 
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NS-A = Aqueous extract of Nigella sativa, NS-E = ethanol extract of Nigella sativa,           PI = Poor Inhibition  



Journal of Bioscience and Applied Research, 2024, Vol.10, No. 4, P.856-865             pISSN: 2356-9174, eISSN: 2356-9182                 861 

 

 

 

 

 

 

 

 

 

 

 

Figure 3: Minimum Inhibitory Concentration for Plant Extracts 

 

 

 

Discussion 

During this study, the effect of black seed extract 

(Nigella sativa) and ginger extract (Zingiber 

officinale) was studied. against multidrug-resistant 

Escherichia coli strains was evaluated. The results 

indicated that all strains were highly resistant, even 

when using ethanolic extracts, where small and 

statistically insignificant inhibition zones were 

observed. This is consistent with previous studies 

such as study [33] which indicated the resistance of 

bacterial strains against   Nigella sativa extracts. 

Another study in Jordan found no inhibitory effect of 

isolates using Nigella sativa aqueous extract [34]. 

As for Zingiber officinale, the strains showed similar 

resistance, as observed in the study [35]. A study also 

showed a weak effect of Zingiber officinale against 

E. coli compared to other extracts such as garlic [36]. 

In contrast, a study conducted in Baghdad, Iraq, by 

Duaa Yassin and colleagues showed that high 

concentrations of up to 1000 mg/ml were effective in 

inhibiting the bacteria of Escherichia coli [37]. 

Another study supported these findings, as the same 

concentration of 1000 mg/ml was required to 

achieve an inhibitory effect [38,39]. However, a 

study conducted in Malaysia showed that 

concentrations of 100 mg/ml of Zingiber officinale 

extract had no significant effect on E. coli, while it 

was effective against S. aureus and P. aeruginosa 

[40,41].  

These results suggest that E. coli has evolved 

multiple resistance mechanisms, including the use of 

multiple efflux pumps, which contribute 

significantly to its drug resistance [42,43]. Other 

reasons include structural differences such as unique 

cell envelope composition [44]. Biofilms are also 

one of the most complex causes of resistance to 

antimicrobial agents [45]. Furthermore, resistance 

occurs naturally through point mutations that result 

in changes in amino acids [46]. In addition, some 

plant extracts are only effective at high 

concentrations, where they must reach a sufficient 

 

 
ethanol extract of Zingiber officinal 

ethanol extract of Nigella sativa 

100 mg/ml 50  25  12.5  6.25
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, 
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concentration at the target site of the bacteria to show 

their antibacterial effect [47,48].  

Based on these results, it appears that the Nigella 

sativa and Zingiber officinale extracts were not 

sufficient in this study to effectively inhibit 

multidrug-resistant E. coli. However, this should not 

be considered a weakness of the study, but rather 

evidence of the complexity of bacterial resistance. 

Conclusion 

This study indicates that the effect of Nigella sativa 

and Zingiber officinale off extracts, whether 

ethanolic or aqueous extract at a concentration of 

100 mg/ml, was not sufficiently effective inhibitory 

against multidrug-resistant E. coli isolates. Although 

some slight responses were shown with ethanolic 

extracts of some isolates. Accordingly, further 

research is required on different extraction methods 

and increasing the concentrations used, in addition to 

studying other plant compounds that may be more 

effective against multidrug-resistant Escherichia 

coli. 
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