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Medicinal plants yield numerous antibacterial compounds. These plants possess thera-

peutic properties and are commonly employed to treat various ailments. In this study, 

four different medicinal plants (Zingiber officinale, Syzygium aromaticum, Citrus limon, 

and Allium sativum), traditionally used in medicine, underwent preliminary screening for 

antimicrobial potential against five pathogenic microorganisms: S. aureus, Klebsiella 

pneumoniae, Hafnia alvei, Serratia rubidaea, and E. coli, which were isolated from pa-

tients from different sources. Multi-drug resistant (MDR) Gram-negative pathogenic 

microorganisms were selected from isolated sputum and blood samples. The extracts of 

each plant were prepared and tested for their antibacterial potential and minimum inhibi-

tory concentration (MIC) using the agar well diffusion method. The results indicated that 

all plant extracts in this study exhibited antibacterial activity against the test pathogens. 

Syzygium aromaticum demonstrated excellent and broad-spectrum activity compared to 

the other four plant extracts. The most significant result was obtained with ethyl acetate 

clove extract (26 mm), followed by ginger (22 mm). This study emphasizes the signifi-

cance of these plant extracts in controlling certain pathogenic microorganisms. 
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1. Introduction  

Infectious diseases are a major source of morbidity and 

mortality worldwide, accounting for about half of all 

deaths in tropical countries. Despite significant advance-

ments in microbiology and microorganism management, 

rare outbreaks caused by drug-resistant bacteria and pre-

viously unknown disease-causing microbes pose serious 

threats to public health. These troubling health trends de-

mand a global initiative to develop new measures for pre-

venting and treating infectious diseases [1]. 

Medicinal plants are the primary strategy for treating 

bacterial infections. Antibiotic resistance is an essential 

issue in clinical use, and it can lead to therapeutic failure. 

Other problems with certain antibiotics include toxicity, 

high cost, and poor efficacy. These issues need an ongo-

ing quest for novel antibacterials [2]. 

Antibiotics are widely used to treat bacterial illnesses, 

but some pathogenic bacteria are increasingly resistant. 

Antibiotic overuse has hastened the quest for new antibac-

terial treatments. Plant-based natural compounds make up 

the majority of antimicrobial medications. Plants have 

been beneficial to human health since the beginning of 

civilization, and their ability to produce antimicrobial 

compounds has always led to the discovery of new natural 

antibiotic alternatives [3]. 

Methicillin-resistant S. aureus and extended-spectrum 

β-lactamase (ESBL)-producing E. coli and K. pneumoniae 

are becoming increasingly difficult to treat due to their 

ongoing development of resistance to most currently 

available antibacterial drugs through mutation or genetic 

information exchange. The rate at which multidrug-

resistant bacteria are emerging and re-emerging has 

alarmingly increased, leading to significant treatment 

challenges and remaining a global clinical and public 

health concern [4]. 

Although few studies have been conducted on the anti-

bacterial properties of medicinal herbs, their use has 

gained popularity worldwide in recent years due to in-

creasing resistance among various types of bacteria, a 

phenomenon later known as antibiotic resistance. This 

situation has led many people, especially the poor, to turn 

to herbs as an alternative to medicines [5]. 

To address the issue of antibiotic resistance, medicinal 

plants have undergone extensive research as alternative 

treatments for various ailments [6]. These plants contain a 

range of bioactive compounds that give them antibacterial 

properties, which can be harnessed to develop new antibi-

otics. By 2050, the international trade value of medicinal 

plants and their products is projected to reach USD 5 tril-

lion. Plants produce various compounds that, while not 

part of their primary metabolism, assist in surviving envi-

ronmental challenges [7]. 

Palombo (2011) reported that since plant-derived medi-

cines are generally considered safer than synthetic alterna-

tives, their use is expected to increase. There is much 

hope for discovering new bioactive chemicals because 

just around 1% of the world's 500,000 plant species have 

had their phytochemicals examined [8]. Medicinal plants 

are rich in numerous secondary metabolites and phyto-

chemical substances, such as tannins, alkaloids, and fla-

vonoids, which treat various ailments [9]. The plant uses 

its secondary metabolites, particularly oleoresins and es-

sential oils, as chemical weapons to defend itself from 

bacterial invasions. As natural products, spices are botani-

cals that are quite stunning. These fragrant herbs are uti-

lized for many purposes beyond their original usage. Zin-

giber officinale (ginger) and Syzygium aromaticum (clove 

bud) are two spices that have significant medicinal bene-

fits [10]. 

Clove (Syzygium aromaticum) is a plant commonly cul-

tivated in the Spice Islands, Indonesia, Pemba, and Zanzi-

bar; however, it was initially produced in China. Clove is 

a common name for the blooming bud of a tree in the 

Myrtaceae family [11].  Its antibacterial properties were 

demonstrated when essential oil extracts killed many 

Gram-positive and Gram-negative species. Clove's essen-

tial oils contain eugenol, oleic acids, and lipids, contrib-

uting to their antibacterial properties [12]. 

Ginger (Zingiber officinale) is a well-known spice and 

herbal remedy to cure symptoms such as fever, cough, 

etc., particularly its antibacterial activity, which has been 

extensively utilized in clinics or as a preservative in the 

food sector [13]. According to a chemical investigation, 

ginger comprises over 400 distinct components. Lipids 

(3–8%), terpenes, phenolic chemicals, and carbohydrates 

(50–70%) are the main components of ginger rhizomes. 

Ginger has direct anti-microbial activity and thus can be 

used to treat bacterial infections [14]. 

The lemon tree, or Citrus limon, is a native Asian plant 

that belongs to the Rutaceae family. It is cultivated com-

mercially worldwide in warm temperate, tropical, and sub-

tropical regions, including the Mediterranean. The peels of 

citrus fruits contain flavonoids, glycosides, coumarins, 

sitosterol, and volatile compounds, which have an antibac-

terial effect [15]. 

An ancient plant, garlic (Allium sativum) has influenced 

many cultures and culinary traditions. In China and India, 

for example, it is used as a spice, flavoring, and medicinal 

herb. It is well-liked in many different cuisines due to its 

distinct flavor, aroma, and health advantages [16]. Botan-

ically, Allium sativum belongs to the Lillaceae family, 

which includes onions, chives, and shallots [17]. Garlic 

contains at least thirty-three sulfur compounds, several 

enzymes, and seventeen amino acids. Garlic's strong 

smell and many of its therapeutic properties are caused by 

sulfur molecules [18]. These sulfur compounds give garlic 

its well-known therapeutic properties, including anti-

inflammatory, anti-cancer, anti-diabetic, antibacterial, 

antioxidant, cardioprotective, immunomodulatory effects, 

and flavor [19]. 

This study is a preliminary screening for certain plant 

extracts for biologically active chemicals that can be used 

against MDR bacteria.  
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2.  Materials and Methods 

2.1. Bacterial strains used in the present study  

The bacterial isolates were kindly obtained by Dr. As-

maa Kamal in the Biotechnology lab of Al-Azhar Univer-

sity (Girls Branch). The bacteria found belong to Klebsiel-

la pneumonia, Hafnia alvei, Serratia rubidaea, Staphylo-

coccus aureus, and E. coli. They were cultured on a Nu-

trient agar medium mixed with blood and then incubated 

at 37⁰C for 24 hours. The bacteria were tested for antibi-

otic resistance to determine the most MDR bacteria. 

2.2. Preparation of plant extracts 

The extraction procedure involved different organic sol-

vents (such as methanol, ethanol, and ethyl acetate) and 

cold water, demonstrating various polarities to facilitate 

the extraction of all hydrophilic and lipophilic bioactive 

compounds. Extracts were prepared by weighing 10 g of 

dried plant powder in 100 ml of cold water, methanol 

(85%), ethanol (95%), and ethyl acetate (99%), and then 

left to soak for 3 days in dark bottles at room temperature. 

However, lemon peel and garlic (fresh plants) were 

soaked in both of the aforementioned solvents used with 

the other herbs for 10 days at 37⁰C. The extracts were 

filtered through Whatman filter paper to obtain a clear 

filtrate. The filtrate was then concentrated using a rotary 

evaporator to produce the final plant extracts, which were 

collected in a sterile dark bottle and stored in the fridge 

until use [20, 21]. 

Then, the agar diffusion method was carried out accord-

ing to Erhonyota et al. (2023) and Scorzoni et al. (2016) 

[22, 23]. A predetermined volume of inoculum(50µl) at a 

standardized concentration is evenly distributed through-

out the gelled agar plate's surface. A sterile cork borer is 

used to aseptically punch a hole 8mm to 1 cm in diameter. 

The boring agar well is then filled with a predetermined 

volume of plant extract (100 µl), the plates are then put in 

the refrigerator for 2 hours, and the test microorganism is 

cultured at the ideal temperature and duration. The diffu-

sion of the plant extract on bacterial plates was incubated 

at 37°C for 24 hours [24], and the inhibition zone of all 

types of bacteria under the effect of the different types of 

solvent extracts was measured, and the highest effective 

extract [25]. 

2.3. The antibiotic disc susceptibility testing method 

   The most common technique used to detect the antimi-

crobial effect of the antibiotic is the disk diffusion tech-

nique, known as the Kirby-Bauer technique [26]. The disk 

technique uses several antibiotic paper disks affixed to 

Mueller-Hinton agar (MHA) plates infected with the test 

strains. The chemical then diffuses into the agar and in-

hibits the germination and growth of the test bacteria. The 

antimicrobial effects of antibiotics are defined by the size 

of the inhibition zone (clear area) of the microorganism 

formed around the antibiotic discs used. The diameter of 

these regions formed on the agar surface can be measured 

precisely with a ruler to within a millimeter. 

2.4. Minimum inhibitory concentration (MIC) method 

The minimum inhibitory concentration (MIC) is the 

lowest extract concentration that completely inhibits the 

visible growth of a microorganism, required to inhibit or 

kill bacteria, and it serves as the reference for antimicro-

bial susceptibility testing [27]. The test is typically con-

ducted by inoculating a bacterial culture into the wells of 

a plate and applying dilutions across the rows. The MIC is 

determined by monitoring the minimum concentration 

necessary to stop bacterial growth [28]. MIC was evaluat-

ed only for the ethyl acetate extract of S. aromaticum as 

the most effective clove extract [21].  

The minimum inhibitory concentration was measured 

using the agar well diffusion method. The plates with 

Mueller-Hinton agar medium were covered with 0.1 mL 

of bacterial inoculum. A sterile cork-borer cut wells (8 

mm in diameter) in agar plates, filling the wells with 1 

mL of each plant extract, followed by the 5 microdilutions 

(0.5, 0.25, 0.125, 0.625, 0.3125). Plates were incubated at 

37°C for 24 hours, and the diameter of the inhibitory zone 

was determined. Antimicrobial agent combinations were 

tested three times each. Microorganisms with a clean zone 

of greater than 6mm were judged inhibited [29]. 

3.  Results and discussion  

3.1. Determination of the MDR bacteria 

Data in Table 1 showed the effect of different antibiotics 

against the bacterial strains under study. Where, the anti-

biotics used were Amoxicillin (AMOX)10mg, Trime-

thoprim-Sulphamethoxazole (1.25/23.75) mcg (TXS), 

Cefotaxime30mg (CTX), Gentamycin120mg (CN), 

Cefoxitin30mcg (FOX), Cefuroxime 30 mg (CXM), Col-

istin sulphate (CT) 10 mg, Vancomycin 30 mg (VA), 

Oxacillin 1 (OX), Erythromycin (E15), Streptomycin 

(S10) and Rifamycin (RD5). R; resistant, S+; low sensi-

tivity. 

         Table (1). The effect of different antibiotics against the bacterial strains under study.  

               Antibiotics 

 

Bacterial Strains 

AMX TXS CTX CN FOX CXM CT VA OX E15 Rd5 S10 

Klebsiella pneumonia R R R R R R R R R R S+ R 

Serratia rubidaea  R R R S+ R R R S+ R R S+ R 

Hafnia alvei R R R R R R R S+ R R S+ R 

Staphylococcus aureus  R R R S+ R R R S+ R S+ S+ S+ 

E. coli R R R S+ R R R S+ R S+ S+ S+ 

The data in Table 1 showed that all strains resist most 

antibiotics. Klebsiella pneumonia represents the highest 

strain in antibiotic resistance because it is resistant to all 

antibiotics used, except for one type (Rifamycin RD5), 



 Ahmed et al.   702 

which has a weak response. It is followed by Hafnia alvei, 

Serratia, Rubbidea, Staphylococcus aureus, and E. coli. 

These results indicate that all strains are MDR. 

The present study mainly focuses on determining 

activity against multidrug-resistant bacteria isolated from 

the respiratory tract. 

3.2. Antimicrobial activity of the alcoholic and 

aqueous plant extracts against the MDR isolates 

The results presented in Table 2 indicate that Syzygium 

aromaticum exhibits the strongest effect on Klebsiella 

pneumonia, with inhibition zones measuring 26.00 mm 

for ethyl acetate, 22.00 mm for ethanol, 19.00 mm for 

methanol, and 15.00 mm for water. Zingiber officinale 

ranks second, demonstrating inhibition zones of 22 mm 

for ethyl acetate, 16.33 mm for ethanol, 16.00 mm for 

methanol, and 14.00 mm for water. Both Allium sativum 

and Citrus limon show the least effect overall, although 

ethyl acetate produced favorable results for them as well. 

These findings clearly suggest that ethyl acetate extracts 

yield the most promising results against all multidrug-

resistant (MDR) bacteria, followed by ethanol, methanol, 

and water, which generally exhibit the least impact among 

the tested extracts. 

Many authors demonstrated that plants are known for 

their essential oils and phenolic chemicals, which prevent 

oxidative processes and the proliferation of various [28, 

30, 31]. Antibiotic-resistant bacteria, such as K. 

pneumoniae, have virulence genes that allow them to 

resist many medicines. Ginger extracts containing volatile 

oils and chemical components can effectively kill, 

eliminate, and suppress bacteria [32]. Ethanol extracts of 

garlic and ginger have antibacterial action against 

Klebsiella spp. multi-drug resistant isolates [33].  

The Clove essential oil (EO) extract displayed the 

highest activity levels against K. pneumoniae. Methanol 

extracts from several plants were potent against all 

pathogenic bacterial strains tested, but their inhibition 

zones differed. The most significant effect is probably 

with Klebsiella pneumoniae [34]. 

One hundred two multidrug-resistant Klebsiella species 

produce Extended-Spectrum β-lactamase (ESBL) 

enzymes, which are associated with severe morbidity and 

mortality and have been observed more frequently in 

critical care units. Forty-four isolates produced high and 

moderate levels of biofilm, while 52 isolates were ESBL, 

indicating that ginger, clove, and garlic oils inhibited 

biofilm production [35]. 

Salisu et al. reported that the clove extracts contained 

alkaloids, glycosides, saponins, tannins, flavonoids, 

sterols, and triterpenes. The antibacterial efficacy of 

diethyl ether, ethanolic, and aqueous clove extracts was 

evaluated against multidrug-resistant isolates. S. aureus 

and Klebsiella spp. are the most susceptible to all clove 

extracts, whereas E. coli is less so [36].  

 

Figure 1. The inhibition zone of Syzygium aromaticum 

extracts against Klebsiella pneumonia (1; methanol 

extract, 2; ethanol extract, 3; ethyl acetate extract,4; water 

extract c1; control methanol, c2; control ethanol, c3; 

control ethyl acetate) 

The EOs with the highest antimicrobial activity levels 

were cloves (Syzygium aromaticum L.). Combined disk 

diffusion tests and checkerboard assays revealed synergy 

between these EOs and colistin. Clove extracts are 

reported to demonstrate significantly high free radical 

scavenging and peroxide inhibition activity, indicating 

their reducing character,  which may somewhat explain 

the inhibition of bacterial growth. Clove essential oil 

(CEO) is extracted from cloves, and its chemical 

composition varies with the growth environment of 

cloves. In general, eugenol is the main component of 

CEO, followed by eugenol acetate and caryophyllene[37].  

Figure 1: indicates that the ethyl acetate extract of 

Syzygium aromaticum has the highest antimicrobial 

activity. 

      Table (2). Effect of different solvent plant extracts on Klebsiella pneumonia. 

 

Plant extracts 

H2O extract Methanol extract Ethanol extract Ethyl-acetate extract 

The mean diameter of the inhibition zone (mm.) 

Zingiber officinale 14.00 ± 00.00 16.00 ± 00.00 16.33 ±0.577  22.00 ±00.00 

Syzygium aromaticum 15.00 ± 00.00 19.00 ± 00.00 22.00 ± 00.00 26.00 ± 00.00 

Citrus limon 00.00 ± 00.00 15.00 ± 00.00 16.00± 00.00 19.00 ± 00.00 

Allium sativum 00.00 ± 00.00 15.00 ± 00.00 16.00 ± 00.00 20.00 ± 00.00 

Clove extracts reportedly possess antioxidant and 

antimicrobial properties due to the presence of phenolic 

compounds, such as flavonoids and hydroxybenzoic 

acids. Ethyl acetate was the most effective organic solvent 

in the extraction process, producing a high yield of clove-

active constituents [21]. 
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The results shown in Table 3 indicate that Syzygium 

aromaticum extracts have the highest effect on 

Staphylococcus aureus, followed by Zingiber officinale. 

Allium sativum and Citrus limon have similar results in all 

extracts, with moderate results compared to cloves and 

ginger. 

Tshabalala et al.(2021) indicated that clove exhibited 

the greatest inhibition zone extract and outstanding 

antibacterial activity against the most dangerous 

pathogens [38]. 

Gram-positive bacteria were found to be more 

susceptible to antimicrobial substances in spices than 

Gram-negative bacteria. The degree of sensitivity varied 

with the tension and environmental conditions applied. 

Certain spices can directly influence the fermentation rate 

by boosting acid production in the starting cultures. 

Phenols, alcohols, aldehydes, ketones, ethers, and 

hydrocarbons have been identified as key antibacterial 

components in spices. The antibacterial activity and 

mechanisms of action of spices, and their key 

antimicrobial components, are discussed [39]. Garlic 

extracts inhibited more bacterial isolates than ginger 

extracts. In general, ginger extracts have minimal 

antibacterial activity. However, some ginger extracts were 

more effective against certain bacteria. However, the 

results were mixed due to differences in ginger 

preparations and strengths. Ginger extracts may not have 

demonstrated antibacterial action against clinical isolates 

due to a lack of active components or insufficient 

quantities [40]. The most effective ethanol extracts 

against S. aureus were those made from clove and garlic 

spices. S. aureus showed the maximum sensitivity in the 

clove extract condition, followed by Klebsiella sp [41].  

Ethanol and ethyl acetate extracts showed potent 

antibacterial properties against Escherichia coli, Serratia 

marcescens, and Staphylococcus aureus ATCC 6538. 

Ethanol outperformed water when used as a solvent to 

extract flavonoids and phenolic components from clove 

buds [42]. 

Results illustrated in Table 4 indicated that, Syzygium 

aromaticum is evident has the highest effect compared to 

the other plant extracts and is followed by Zingiber 

officinale against Serratia rubbidea. It is also clear that 

there is a clear difference, which is that lemon peel has a 

higher effect this time than garlic. 

 

Figure 2. The difference in inhibition zones between 

Syzygium aromaticum extracts and  Zingiber officinale 

against Staphylococcus aureus (1; methanol extract, 2; 

ethanol extract, 3; ethyl acetate extract, c1; control 

methanol, c2; control ethanol, c3; control ethyl acetate ). 

The antimicrobial activity of clove is higher than that of 

ginger 

Plant extracts have a very complex structure, with the 

active components taking the form of natural organic 

molecules. The procedure of extracting a specific 

molecule is determined by its solubility in the solvent 

(aqueous or organic). The technique and extraction 

system vary with each product and chemical. The crude 

extracts of the studied plants revealed promising 

antibacterial activity [43].  

Table (3): Effect of different solvent plant extracts on Staphylococcus aureus 

  

Plant extracts 

H2O extract  Methanol extract Ethanol extract Ethyl-acetate extract 

 The mean diameter  of the inhibition zone (mm.) 

Zingiber officinale 20.00 ± 01.00  19.00 ± 01.00 21.00 ± 1.00 22.00 ± 1.00 

Syzygium aromaticum 18.00 ± 00.00  19.00 ± 00.00 23.00 ±2.00 25.00 ± 1.732 

Citrus limon 00.00 ± 00.00  12.00 ± 00.00 13.00 ± 1.00 14.00 ±00.00 

Allium sativum 00.00 ± 00.00  12.00 ± 00.00 12.00 ± 00.00 13.00 ±1.00 

Table (4): Effect of different plant extracts on Serratia rubidaea  

 

Plant extracts 

H2O extract Methanol extract Ethanol extract Ethyl-acetate extract 

The mean diameter  of the inhibition zone (mm.) 

Zingiber officinale 14.00 ± 00.00 16.00 ±00.00 16.33 ±1.527 22.66±1.154 

Syzygium aromaticum 18.00 ± 00.00 19.66 ± 00.50 22.00± 00.00 26.00±01.00 

Citrus limon 00.00± 00.00 11.00 ±01.00 11.00 ± 01.00 12.00 ± 00.00 

Allium sativum 00.00 ± 00.00 15.00± 01.00 15.00 ± 01.00 21.00 ± 00.00 

Spices may have considerable promise as antibacterial 

agents. Some bacteria resistant to certain antibiotics were 

susceptible to extracts of both garlic and clove [44]. 

As many previous studies have shown that, the extract of 

clove EO (essential oil) demonstrated the highest 

antimicrobial activity and antimicrobial spectra against 

Gram-positive bacterial strains and Gram-negative 
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bacteria, indicating that the essential oil, which is thought 

to make up the majority of the plant's composition, 

contains flavonoids, which are active substances that 

affect bacteria [45]. 

Syzygium aromaticum ethyl acetate extract showed the 

highest antimicrobial zone against Serratia. Clove extract 

was the most inhibitory, followed by extracts of ginger 

and garlic, which showed weak antibacterial activities 

against the tested strains [46]. Ethanol extracts of garlic 

and clove showed broad-spectrum antibacterial activity 

against Serratia sp [47].  

The US FDA has designated clove oil, a pale yellow 

liquid derived from the leaves, buds, and stems of 

Syzygium aromaticum, as a GRAS (Generally Recognized 

As Safe) component for human consumption. It's been a 

food ingredient for many years [48]. 

According to the findings, there were 65.52 mg of total 

phenolic compounds per gram of extract (GAE/g) in the 

ethyl acetate fraction of clove leaves. Therefore, it is 

possible to develop the ethyl acetate fraction of clove 

leaves as a source of phenolic compounds [49]. 

Garlic and ginger are natural spices with strong 

antibacterial properties against clinical infections resistant 

to several drugs. They can also be utilized to prevent 

drug-resistant microbial illnesses [50]. 

The data recorded in the provided table (Table 5) shows a 

different result from the previous one. It proves that 

Zingiber officinale has the highest effect compared to the 

other plant extracts, and is followed by Syzygium 

aromaticum against Hafnia alvei. Allium sativum and 

Citrus limon have similar results, but less than cloves and 

ginger. 

   According to the present study, which showed that the 

antibacterial and therapeutic qualities of ginger extracts, 

all extracts except water exhibit antibacterial activity, and 

the suppression of bacterial growth is dose-dependent. 

Extracts from ginger may be able to cure bacterial 

illnesses [51]. 

This study discussed plants including Zingiber officinale 

(ginger) roots, Citrus limon (lemon) leaves, and Syzygium 

aromaticum (clove). These plants clearly affect Hafnia 

alvei, which is regarded as one of the examined species 

[52].  

Ottou et al. (2022) reported that it can explain why 

Syzygium aromaticum and Zingiber officinale do so well 

in treating specific disorders. It has effectively treated 

infantile diarrhea, pneumonia, cough, and venereal infec-

tions.  Furthermore, tannins' capacity to prevent and repair 

damage produced by reactive oxygen species (ROS) 

makes them essential for stimulating the immune system 

and lowering the risk of cancer and other degenerative 

disorders [28]. 

 
Figure (3). The inhibition zone of Syzygium aromaticum 

solvent extracts against Serratia rubidaea. (1; methanol 

extract, 2; ethanol extract, 3; ethyl acetate extract, c1; 

control methanol, c2; control ethanol, c3; control ethyl 

acetate ) 

 
Figure 4. Inhibition zones of Zingiber officinale extract 

against Hafnia alvei. (1; methanol extract, 2; ethanol ex-

tract, 3; ethyl acetate extract,4; water extract, c1; control 

methanol, c2; control ethanol, c3; control ethyl acetate). 

 

The results illustrated in Table 5 indicated that ethyl 

acetate extract of Syzygium aromaticum has the highest 

effect against Escherichia coli, followed by methanol and 

ethanol extracts. In addition, the water extract and the 

ethanol extract of Zingiber officinale also gave nearly the 

same results. 

During the pandemic, a mixture of garlic (Allium 

sativum), ginger (Zingiber officinale), and clove 

(Syzygium aromaticum) infusion with lemon (Citrus 

limon) was popular. Secondary metabolites such as 

Allicin from Allium sativum, Gingerol from Zingiber 

officinale, Hesperidin, Naringenin, and Quercetin from 

Citrus limon have shown significant benefits against 

COVID-19 disease. These compounds provide plants with 

antiviral, antibacterial, antiparasitic, antidiarrheal, anti-
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inflammatory, antioxidant, and analgesic characteristics, 

aiding in treating respiratory illnesses [16]. 

The antimicrobial activity of S. aromaticum is utilized 

in the treatment of infections by practitioners of tradition-

al medicine. The antimicrobial activity of aqueous ex-

tracts, hydroethanolic extracts (which were highly active 

against all tested germs), and ethanolic extracts may be 

related to specific phytochemical compounds found in the 

plant. The toxicity of the extracts must be addressed to 

develop traditionally improved medicinal products that 

can replace alcoholic herbal infusions of medicinal plants, 

as alcohol poses toxicity risks to the organism [53]. 

The essential oil of S. aromaticum had an outstanding 

antibacterial effect against pathogenic bacteria. The anti-

bacterial mechanism of S. aromaticum essential oil on the 

most resistant pathogenic isolates was more effective 

against Gram-positive bacteria, requiring lower concen-

trations to inhibit or kill S. aureus compared to Gram-

negative bacteria [54]. 

Table (5): Effect of  different plant solvent extracts on Hafnia alvei 

 

Plant extracts 

H2O extract Methanol extract Ethanol extract Ethyl-acetate extract 

The mean diameter  of the inhibition zone (mm.) 

Zingiber officinale 16.00 ± 01.00 18.00 ± 00.00 18.66 ±1.527 20.00 ± 00.00 

Syzygium aromaticum 14.00 ± 00.00 15.00 ± 01.00 18.00 ± 00.00 20.00 ±01.00 

Citrus limon 00.00 ± 00.00 15.00 ± 00.00 16.00 ± 00.00 20.00 ± 00.00 

Allium sativum 00.00 ± 00.00 16.00 ± 00.00 16..00 ± 00.00 19.00 ± 00.00 

Table (6): Effect of different plant solvent extracts on Escherichia coli. 

 

Plant extracts 

H2O extract Methanol extract Ethanol extract Ethyl-acetate extract 

The mean diameter  of the inhibition zone (mm.) 

Zingiber officinale 17.00±00.00 18.00±00.00 22.00 ± 00.00 23.33 ± 1.527 

Syzygium aromaticum 18.00±00.00 20.33 ± 0.577 21.66 ± 0.577 23.66±1.527 

Citrus limon 00.00±00.00 15.00 ± 00.00 16.00 ± 01.00 20.00 ± 01.00 

Allium sativum 00.00±00.00 16.00±00.00 16.00 ± 00.00 19.00 ± 00.00 

 

 
Figure 5. Comparison between the plant solvent extracts according to their antibacterial activity. 

The antibacterial activity of Syzygium aromaticum 

extracts was the most effective against the MRD isolates, 

according to the data in tables 2, 3, 4, 5, and 6, followed 

by the other plant extracts in the following order: Zingiber 

officinal< Citrus limon > Allium sativum with ethyl 

acetate as the highest extract in the inhibition zone (mm.). 

The results demonstrated that the Syzygium aromaticum 

ethanol extract had considerably more antibacterial activi-

ty than the aqueous extract against all tested organisms of 

Klebsiella pneumoniae, Escherichia coli, and Staphylo-

coccus aureus. This outcome may be the consequence of 

ethanol's capacity to extract a greater variety of antibacte-

rial chemicals from clove buds. For both Gram-positive 

and Gram-negative bacteria, the ethanolic extract consist-

ently generated bigger inhibition zones, indicating a more 

potent antibacterial activity. This shows that the antibacte-

rial qualities are more closely associated with the kind of 

extract [55]. 

Zingiber officinale contains resins, terpenoids, flavo-

noids, alkaloids, and carbohydrates, but lacks tannins, 

anthraquinones, and saponins. These findings align with 

the study, which found traces of flavonoids, carbohy-

drates, tannins, sterols, and terpenoids but no alkaloids 

[56]. 

This study found that Allium sativum (garlic), Citrus 

limon (lemon), and Zingiber officinale (ginger) have 

stronger antibacterial properties than other antibiotics 

against Escherichia coli, Staphylococci aureus, and 
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Klebsiella pneumoniae. This supports the scientific validi-

ty of traditional medicine, the Quran, and hadiths for dis-

ease treatment [57].  

4. Determination of minimum inhibitory concentration 

(MIC) and minimum bactericidal concentration 

(MBC)  

Data in Table (7) indicate the MIC of Syzygium 

aromaticum ethanol extract against S. aureus, Hafnia 

alvei, and E. coli is 0.625 mg/ml, but against Serratia 

rubbidea and Klebsiella. pneumonia is 0.125mg/ml. 

 It was found that clove essential oil (CEO) showed an 

inhibition effect on S. aureus with the MIC of 

0.52 mg/mL and could remove 40 % of its biofilm at this 

concentration. However, the inhibitory mechanism of 

CEO on S. aureus biofilm, especially the molecular 

mechanism, is still unclear [58]. 

Similarly, Bai et al. reported that CEO's MIC values 

against E. coli were 0.64 and 1.28 mg/mL, respectively, 

higher than those against S. aureus (0.52 and 1.04 mg/mL, 

respectively). The single peptidoglycan layer that makes 

up the cell wall of Gram-positive bacteria has limited ca-

pacity to stop the entry of antibacterial agents. However, 

Gram-negative bacteria have a very complicated cell wall 

construction that limits the passage of foreign, damaging 

chemicals into their cells. This structure includes pepti-

doglycan layers, lipopolysaccharides on the outside mem-

brane, and outer membrane proteins [59]. 

Moreover, plant extract inhibits E coli and S. aureus ac-

tivity by 50 % when 90, 85, 64, 120, 80, 124, and 83 

µg/mL of plant extract is added to each of the strains [60]. 

Data in Table 8 indicate the MIC of Zingiber officinale 

ethyl-acetate extract against Klebsiella pneumoniae, 

Hafnia alvei, Serratia rubbidea, and  E. coli. were 0.125 

and S. aureus 0.625 

When Z. officinale is extracted in its organic or crude 

form, it is a potent antibacterial agent. Ginger's 

antimicrobial action results from modifications to the cell 

wall's permeability. Another significant aspect of Z. 

officinale's anti-carcinogenicity is its suppression of 

glucans or biofilms. The efficacy of Z. officinale against 

cariogenic bacteria is determined by the MIC and MBC, 

and it varies based on microbiological and analytical 

parameters [61]. 

Using agar-disk diffusion and minimum inhibitory 

concentration, the antibacterial and antifungal properties 

of essential oils and oleoresins isolated from Zingiber 

officinale (ginger) and Syzygium aromaticum (clove bud) 

are examined in vitro [62]. 

Table (7): Minimum inhibitory concentration (MIC) of Syzygium aromaticum ethyl-acetate extract. 

concentration 

(mg/ml) 

The mean diameter of the inhibition zone of Syzygium aromaticum (mm.)ethyl-acetate extract. 

Bacterial strains 

S. aureus K. pneumonia H. alvei S. rubbidea E. coli 

1 29.33±1.154 21.66±0.577 26.33±1.527 32.00±01.00 31.33±1.527 

0.5 25.00±1.00 18.33±0.577 24.66±0.577 24.00±01.00 25.33±0.577 

0.25 17.33±0.577 14.66±0.577 21.00±01.00 20.33±0.577 18.33±0.577 

0.125 15.00±00.00 11.66±0.577 16.33±0.577 17.66±1.154 14.66±0.577 

0.625 12.00±01.00 00.00±0.100 14.66±0.577 00.00±00.00 11.66±0.577 

0.3125 00.00±00.00 00.00±00.00 00.00±00.00 00.00±00.00 00.00±00.00 

Table (8): Minimum inhibitory concentration (MIC) of Zingiber officinale ethyl-acetate extract. 

concentration 

(mg/ml) 

The mean diameter of the inhibition zone of Zingiber officinale (mm.)ethyl-acetate extract. 

Bacterial strains 

S. aureus K. pneumonia H. alvei S.  rubidaea  E. coli 

1 25.00±00.00 26.66±0.577 26.33±1.527 30.00±01.00 26.66±1.527 

0.5 20.33±1.527 20.33±0.577 24.66±0.577 24.00±01.00 18.33±0.577 

0.25 17.33±0.577 15.00±00.00 21.00±01.00 20.33±0.577 14.66±0.577 

0.125 15.00±00.00 11.66±0.577 16.33±0.577 17.66±1.154 11.66±0.577 

0.625 12.00±01.00 00.00±0.100 00.00±00.00 00.00±00.00 00.00±00.00 

0.3125 00.00±00.00 00.00±00.00 00.00±00.00 00.00±00.00 00.00±00.00 

    

In the present study, starting from 2.5 mg/mL, all 

extracts effectively prevented E. coli from growing. In 

general, as the concentration of the extract increased, so 

did the inhibition zones. All of the studied bacteria were 

inhibited by ginger in both aqueous and organic solvent 

extracts. In line with other findings, ginger exhibits 

antibacterial qualities. The phenolic chemicals gingerol 

and shogaol, which are active components in ginger, may 

have antimicrobial properties [63]. 

Data in Table 9 indicates that the MIC of Citrus limon 

ethyl-acetate extract against Klebsiella pneumonia, 

Hafnia alvei, Serratia rubbidea is 0.25 mg/ml and S. 

aureus and E. coli is 0.125mg/ml. 

Considering the evident scarcity of safe and effective 

antibacterial medications, the fact that both C. limon 

extracts demonstrated a wide range of antibacterial 

activity and were as effective as synthetic antioxidants 

emphasizes the plant's medicinal value as a possible 

source for drug development. It also supports the 
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ethnotherapeutic claim of the plant. Given its nutritional 

richness and demonstrated strong antibacterial and 

antioxidant qualities, C. limon should be encouraged to 

avoid health issues through diet [64]. 

Table (9): Minimum inhibitory concentration (MIC) of Citrus limon ethyl-acetate extract. 

concentration 

(mg/ml) 

The mean diameter of the inhibition zone of Citrus limon(mm.) ethyl-acetate extract. 

Bacterial strains 

S. aureus K. pneumonia H. alvei S. rubbidea E. coli. 

1 20.00±00.00 18.00±00.00 19.00±00.00 20.00±00.00 21.00±00.00 

0.5 17.33±0.577 14.66±0.577 15.00±00.00 17.66±1.154 18.33±0.577 

0.25 15.00±00.00 11.66±0.577 11.00±00.00 14.66±0.577 14.66±0.577 

0.125 11.66±0.577 00.00±00.00 00.00±00.00 00.00±00.00 11.66±0.577 

0.625 00.00±00.00 00.00±00.00 00.00±00.00 00.00±00.00 00.00±00.00 

0.3125 00.00±00.00 00.00±00.00 00.00±00.00 00.00±00.00 00.00±00.00 

Table (10): Minimum inhibitory concentration (MIC) of Allium sativum ethyl-acetate extract. 

concentration 

(mg/ml) 

The mean diameter of the inhibition zone of Allium sativum(mm.) ethyl-acetate extract. 

Bacterial strains 

S. aureus K. pneumonia H. alvei S. rubbidea E. coli. 

1 19.00±00.00 18.00±00.00 16.33±0.577 17.00±00.00 20.00±00.00 

0.5 17.33±0.577 15.00±00.00 14.66±0.577 13.33±0.577 16.00±00.00 

0.25 14.66±0.577 11.00±00.00 00.00±00.00 11.00±00.00 12.00±00.00 

0.125 00.00±00.00 00.00±00.00 00.00±00.00 00.00±00.00 00.00±00.00 

0.625 00.00±00.00 00.00±0.100 00.00±00.00 00.00±00.00 00.00±00.00 

0.3125 00.00±00.00 00.00±00.00 00.00±00.00 00.00±00.00 00.00±00.00 

 

Data in Table 10 indicated that (MIC) of Allium sativum 

ethyl-acetate extract against S. aureus, Klebsiella. 

pneumonia, Serratia. rubbidea, E. coli. at 0.25mg/ml 

except for Hafnia alvei at 0.5mg/ml 

 The MIC of local garlic for various solvent extracts. 

The concentration of the various extracts caused a 

substantial variation in the Diameter of the Inhibition 

Zone (DIZ). Beginning at 2.5 mg/mL, all extracts 

prevented E. Coli from growing. Extracts of water, 

acetone, and ethanol were effective in suppressing the 

growth of S. aureus at 2.5 mg/mL and methanol extract at 

10 mg/mL, respectively. The inhibition effect of acetone 

extract (15.33 mm) was significantly higher than other 

extracts at 2.5 mg/mL against E. coli [63]. 

Garlic extracts demonstrated lower MIC values than 

ginger extracts when tested against bacterial isolates. 

When compared to cloves, the MIC of garlic demonstrat-

ed low sensitivity against the majority of the investigated 

bacteria (E. coli, S. aureus, k. pneumonia) [40, 47]. 

5. Conclusion 

In this study, it has been found that the plant solvent ex-

tracts under study have a strong effect on the MDR( mul-

ti-drug resistant) pathogenic strains and the highest extract 

in its inhibition zone is the ethyl-acetate extract of the 

Syzygium aromaticum(clove), and the ethyl acetate in 

general for all plant extracts except for lemon was higher 

than the others solvent extracts and this indicates the 

presence of active compounds which have an antibacterial 

effect against pathogenic bacteria. Both S. aureus and E. 

coli produce the best minimum inhibitory concentration 

(MIC) results. Overall, this study proved to be a good 

alternative in the current era and a successful replacement 

for pharmaceuticals with natural plant extracts. More 

studies must be carried out to isolate the most active 

substances from the active plant solvent extracts. 
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