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ABSTRACT 

Infections of the genitourinary and reproductive tracts pose significant health concerns for women, 

particularly those of reproductive age. These infections often manifest as vaginal discharge and 

can be caused by a variety of microorganisms, including pathogenic bacteria and fungi. Traditional 

antibiotic treatments are increasingly challenged by the rise of antibiotic-resistant strains, 

underscoring the need for alternative therapies. This study aimed to isolate and identify 

microorganisms from vaginal swab samples and evaluate the antimicrobial efficacy of clove 

(Eugenia caryophyllata) extracts against these isolates. Using CLED agar, nutrient agar, and 

Sabouraud dextrose agar, a diverse range of bacterial and fungal flora were isolated from eight 

vaginal swab samples. The primary bacterial isolates included Proteus mirabilis, Escherichia coli, 

Staphylococcus aureus, and Lactobacillus spp., while Candida albicans was the main fungal 

isolate. Biochemical tests confirmed the identity of these microorganisms. The study found that 

ethanol clove extract exhibited significant antimicrobial activity, particularly against 

Staphylococcus aureus and Candida albicans, with the minimum inhibitory concentration (MIC) 

values being 20 mg/ml and 10 mg/ml, respectively. Additionally, ciprofloxacin, used as a control 

antibiotic, showed maximum inhibition against Lactobacillus spp., highlighting a potential risk for 

disrupting beneficial vaginal flora when using conventional antibiotics. The findings suggest that 

ethanol clove extract could serve as an effective alternative antimicrobial agent, reducing the risk 

of antibiotic resistance and preserving the balance of the vaginal microbiome. This research 

emphasizes the importance of exploring plant-based antimicrobial agents as viable alternatives to 

traditional antibiotics. The significant antimicrobial properties of clove extract against common 

vaginal pathogens offer promising implications for future therapeutic applications in managing 

vaginal infections. 

INTRODUCTION 

Infections of the genitourinary and reproductive tracts are significant concerns for women's sexual 

health. These infections commonly occur in women of reproductive age and often manifest as 

vaginal discharge [1]. Vaginal discharge in this age group is the most frequent complaint 

encountered by gynecologists and general practitioners [2]. Despite the control exerted by 

lactobacilli in the vaginal microenvironment, various other microorganisms can be cultured from 

healthy women's vaginal samples [3]. While these may not always trigger a pathological state, an 

imbalance resulting from the dominance of one class of these organisms can lead to vaginosis or 

vaginitis [4]. 
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Infections of the genitourinary or reproductive tract that can lead to vaginal discharge include 

sexually transmitted infections (STIs), bacterial vaginosis (BV), aerobic vaginitis, and candidiasis 

[5]. STIs occur when sexually transmitted organisms are introduced into the vagina, primarily 

through sexual activity [6,7]. This is a major issue for women of reproductive age worldwide, 

especially in developing countries in Africa [8]. According to WHO estimates, 75% to 80% of all 

new cases of sexually transmitted diseases occur in developing countries [9]. 

Contrary to the general knowledge of antibiotics belonging to quinolones, aminoglycosides, 

cephalosporins, and beta-lactams being used as treatment therapy [10], genital tract infections are 

challenging to resolve due to the frequent use of antibiotics [11], which ultimately leads to the 

development of drug resistance in pathogenic bacteria. The development of resistance by these 

pathogenic bacteria usually occurs via three major mechanisms: horizontal gene transfer 

(plasmids, transposons, and bacteriophages), incorporation of foreign DNA into bacterial DNA, 

and the formation of a new combination of genomic material and changes in nucleotide sequences 

in chromosomes, known as mutation [12]. Antibiotic resistance in these pathogens and the 

complications it causes in the biological system emphasize the need for alternative therapies. 

Nowadays, more than 1,350 plants with antimicrobial activities and over 30,000 antimicrobial 

components have been extracted from plants [13]. Plants' secondary metabolites contain numerous 

antimicrobial agents, making them effective against both Gram-positive and Gram-negative 

bacteria [14]. Particular attention should be paid to the plant kingdom, which offers many 

compounds with antibacterial effects that have been proven effective in treating bacterial 

infections without the adverse effects specific to conventional antibiotics [15]. Herbal treatments 

offer new chemotherapeutic alternatives due to their ability to minimize adverse drug effects, 

potential antimicrobial properties, and reduction of infections caused by drug-resistant pathogenic 

microorganisms [16]. 

Eugenia caryophyllata, commonly known as clove, is the largest genus of the Myrtaceae family. 

It is a tropical and subtropical flowering plant widely distributed in Asia, Africa, Madagascar, and 

the Pacific and Oceanic regions [17]. Clove, a precious spice derived from this plant, contains 

phenylpropene eugenol, which gives clove its strong characteristic aroma. This component also 

demonstrates broad antimicrobial activity against Gram-positive, Gram-negative, and acid-fast 

bacteria, as well as antifungal properties [18]. Flavonoids in clove also contribute to various 

cellular defense mechanisms, acting against different inflammatory mediators and free radical 

species [19]. 

The advancement of native medicines and the use of medicinal plants carry significant potential 

in the treatment of various ailments [20]. This is particularly relevant due to the emergence and re-

emergence of microbial infections that demonstrate resistance to various antibiotics, making the 

exploration of new antimicrobial sources necessary. The aim of this research was to isolate and 

identify microorganisms causing abnormal vaginal discharge and determine the antimicrobial 

effect of clove extracts on these organisms. 

MATERIALS AND METHODS 

Samples Collection and clove bud processing 
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Vaginal swab samples were aseptically collected from women of reproductive age residing in the 

Usmanu Danfodiyo University female hall of residence. These samples were carefully placed into 

sterile swab stick containers and transported to the microbiology laboratory at Usmanu Danfodiyo 

University, Sokoto, Nigeria, for analysis. Cloves were procured from Sokoto Central Market, 

Sokoto South Local Government Area, Sokoto State, Nigeria [21]. The authenticity of the 

purchased cloves was verified in the Botany unit of the Biology Department at Usmanu Danfodiyo 

University. The dried cloves were thoroughly washed with distilled water to eliminate dust and 

surface contaminants, dried adequately, and pulverized into a fine powder using a mortar and 

pestle. The powder was then sieved and carefully packaged in an airtight container, duly labeled. 

The dried clove buds were ground to powder using a mortar and pestle and weighed. The powdered 

sample was then stored in an airtight container for further use.  

Extraction Process  

The two extracts, aqueous and ethanol, were obtained from dried clove buds. For aqueous extract, 

the well-air-dried clove buds were ground, and 50g of the powdered clove was suspended in 300ml 

sterilized distilled water in a conical flask, corked with cotton wool and foil paper, and left for 3 

days with regular shaking intervals. The mixture was then filtered using Whatman filter paper, and 

the crude aqueous extract was obtained after evaporation to dryness using a water bath. The 

extracts were stored at 4°C in a freezer until needed for further experiments. For the ethanol extract, 

50g of the powdered clove was soaked in 300ml of ethanol and allowed to stand for 24 hours with 

occasional stirring. The mixture was filtered using a muslin cloth, and the filtrate was dried in a 

hot-air oven at 45°C [23]. Concentrated extracts of both aqueous and ethanol extract initially 

obtained and kept in sterile amber bottles were suspended in their respective plain agar and diluted 

into different concentrations (80mg, 40mg, and 20mg) to test for the antimicrobial activity of each 

extract. 

Isolation and Identification of Microorganisms 

A sterile wire loop was used to transfer a small portion of the vaginal swab samples onto the 

surface of the agar in a zigzag or streak pattern. The inoculated plates were labeled for 

identification and incubated at 37°C for 24 hours for bacterial culture and at 25°C - 27°C for 3 

days for fungal culture. Using a sterile inoculating wire loop, colonies from the overnight culture 

of the test organisms were transferred into a tube containing about 5ml of sterile distilled water. 

The turbidity was adjusted to achieve standard turbidity equal to that of the 0.5 McFarland 

standard. Identification was performed using Gram staining [24], biochemical tests [25], and sugar 

fermentation tests [26] to determine the types and quantities of microorganisms present [27]. 

Determination of Antibacterial Activity 

The antibacterial activity of the clove extracts was evaluated using the agar well diffusion 

technique. Mueller-Hinton agar plates were prepared and solidified. Bacterial suspensions were 

adjusted to the appropriate turbidity and inoculated onto the agar surface using a sterile swab. After 

inoculation, the plates were left to stand for 15 minutes to allow absorption. Three wells, each 6 

mm in diameter, were bored into the agar using a sterile cork borer. Various concentrations of the 

ethanolic clove extract (80mg/ml, 40mg/ml, and 20mg/ml) were added to the wells. A 
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ciprofloxacin disc was used as a positive control. The Petri dishes were incubated at 37°C 

overnight. The antibacterial efficacy of the clove extracts was determined by measuring the 

diameters of the inhibition zones in millimeters. The same procedure was repeated for aqueous 

concentrations of the extract [28, 29]. 

Determination of Antifungal Activity 

Antifungal activity was assessed using the agar well diffusion method. Sabouraud dextrose agar 

was poured into Petri dishes and allowed to solidify. A sterile cork borer was used to create wells 

in each agar plate. Fungal cultures were evenly distributed over the agar surface using a sterile 

swab. The plates were left to dry for 15 minutes before testing. Various concentrations of the 

clove extract were introduced into the wells. The plates were labeled and incubated overnight at 

37°C. The antifungal efficacy of the extracts was evaluated by measuring the diameters of the 

inhibition zones in millimeters [30]. 

Minimum Inhibitory Concentration (MIC) 

The MIC of the clove extract was determined using the procedure outlined by the National 

Committee for Clinical Laboratory Standards. The experiment utilized twelve test tubes, each 

containing 5ml of peptone water. Different concentrations of the ethanolic clove extract were 

prepared and distributed among the tubes as follows: 80mg/ml, 40mg/ml, 20mg/ml, 10mg/ml, 

5mg/ml, 2.5mg/ml, 1.25mg/ml, 0.6125mg/ml, and 0.312mg/ml. Each concentration was mixed 

thoroughly in its respective tube. To assess the antibacterial activity, 0.1ml of broth cultures of the 

test organism were added to nine of these tubes (tubes 2 to 10). Tube 1, serving as the positive 

control, contained broth, antibiotic, and culture. Tube 11 served as the sterility control, containing 

only broth, while tube 12 served as the negative control, containing broth and culture but no 

extract. The tubes were incubated overnight at 37°C. Post incubation, the tubes were observed for 

bacterial growth. The MIC was defined as the lowest concentration of clove extract that completely 

inhibited the visible growth of the bacteria in the inoculated tubes [31]. 

RESULTS 

Isolation and Identification from Vaginal Swab Samples using CLED Agar and Nutrient 

Agar 

Bacteria isolated from vaginal swab samples using CLED agar and nutrient agar were identified 

based on Gram reaction, classifying them as either Gram-positive or Gram-negative. Further 

identification was achieved through biochemical tests, as detailed in Table 1. Out of eight samples 

collected from females of reproductive age residing in a hostel, seven exhibited microbial growth 

after 24 hours of incubation. 

The study revealed a diverse microbial flora. Proteus mirabilis, a Gram-negative, rod-shaped 

bacterium, was identified in Sample AI. It tested negative for methyl-red (MR), positive for Voges-

Proskauer (VP), catalase, urease, glucose, and motility, aligning with characteristics of an 

opportunistic pathogen often found in the vaginal flora. Escherichia coli, another Gram-negative, 

rod-shaped bacterium, was identified in Sample BC. This isolate tested positive for MR, catalase, 
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sucrose, glucose, gas, and indole production. These results are typical of E. coli, a common 

commensal of the gastrointestinal tract that can also be found in the vaginal flora. Staphylococcus 

aureus, a Gram-positive, cocci-shaped bacterium, was identified in Sample CB. It tested positive 

for VP, catalase, citrate, urease, sucrose, lactose, glucose, indole, and coagulase. S. aureus is a 

common skin and mucous membrane commensal that can become pathogenic. Lactobacillus spp., 

a Gram-positive, rod-shaped bacterium, was identified in Sample DF. This isolate tested positive 

for sucrose and glucose while being negative for other tests. Lactobacillus species are predominant 

in the vaginal flora, playing a crucial role in maintaining vaginal health by producing lactic acid 

and maintaining an acidic pH. 

The presence of commensal bacteria like Lactobacillus spp. is essential for a healthy vaginal 

microbiome. However, the isolation of potential pathogens such as Proteus mirabilis, Escherichia 

coli, and Staphylococcus aureus indicates a delicate balance within the vaginal flora. These 

bacteria can become pathogenic under certain conditions, suggesting a potential risk of infections, 

especially in immunocompromised individuals or those with disrupted vaginal microbiota. 

Table 1. Identification of Bacteria Isolates  
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Proteus mirabilis 

BC - R o d + - + - - + - - + - + + - - Escherichia Coli 

CB + Cocci - + + - + + + + - - + - + + Staphylococcus aureus  

DF + R o d - - - - - + - + - - - - - - Lactobacillus spp  

                  

Keys: Positive (+); Negative (-) 

Table 1: Identification of Bacteria Isolates. This table shows the identification of bacterial 

isolates from vaginal swab samples. The isolates were classified based on Gram reaction, 

morphology, and various biochemical tests, including MR (Methyl-red), VP (Voges-Proskauer), 

catalase, citrate, urease, sucrose, lactose, glucose, motility, H2S (Hydrogen Sulphide) production, 

gas production, indole, coagulase, and starch hydrolysis.  

Frequency of Occurrence of Bacterial Isolates in Vaginal Swabs 
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To understand the prevalence of different bacterial isolates identified in vaginal swab samples, the 

frequency and potential implications for vaginal health were analyzed. As shown in Table 2, the 

most common Gram-negative bacterium isolated was Proteus mirabilis, accounting for 33.33% of 

the isolates, followed by Escherichia coli at 16.66%. Among the Gram-positive bacteria identified, 

Staphylococcus aureus was the most common, also at 33.33%, followed by Lactobacillus spp. at 

16.66%. 

The presence of Lactobacillus spp. in one of the samples indicates that not all samples revealed 

the growth of pathogenic microorganisms. This observation is crucial as it highlights that not all 

cases of vaginal discharge reported by women during clinical visits are due to disease conditions 

or caused by pathogenic organisms [31]. The prevalence of Proteus mirabilis aligns with previous 

findings by Verner et al., [32] where Proteus mirabilis showed the highest frequency of occurrence 

among bacterial isolates. 

The distribution of bacterial isolates emphasizes the microbial diversity within the vaginal flora. 

While pathogenic bacteria like Proteus mirabilis and Staphylococcus aureus are present, the 

detection of Lactobacillus spp. underscores the role of beneficial bacteria in maintaining vaginal 

health. This balance is essential for preventing infections and promoting a healthy vaginal 

environment. 

Table 2. Frequency and Prevalence of Bacterial Isolates  

Bacteria Isolates Frequency of 

Occurrence 
Percentage frequency of 

Occurrences 

Escherichia coli 1 16.66 

Staphylococcus aureus 2 33.33 

Lactobacillus specie 1 16.66 

Proteus mirabilis 2 33.33 

Total 6 100 

 

Table 2: Frequency and Prevalence of Bacterial Isolates. This table presents the frequency and 

percentage occurrence of bacterial isolates identified from vaginal swab samples. 

Isolation and Identification of Fungi in Vaginal Swabs: Morphological and Biochemical 

Characteristics 

Building on the bacterial identification, this experiment also aimed to identify fungal isolates to 

provide a comprehensive understanding of the microbial environment in vaginal swabs. The 

macroscopic, microscopic, and biochemical identification (sugar fermentation) of the fungal 

isolate cultured on Sabouraud dextrose agar is shown in Table 3. Based on colony morphology, 
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Gram staining, germ tube test, and sugar fermentation tests, the results indicated the presence of 

Candida albicans. Candida albicans was isolated from one of the eight samples. Within 72 hours 

of incubation, there was rapid growth of the isolate, displaying a cream-colored, pasty, and smooth 

appearance on macroscopic examination. 

These findings indicate that vaginal swab cultures in this study yielded mainly aerobic bacteria 

and fungi, aligning with previous studies on the microbial and antibiotic sensitivity patterns of 

vaginal swab cultures [33]. The aerobic bacteria are typically seen in cases of aerobic vaginitis. 

However, no anaerobic organisms, which are usually associated with bacterial vaginosis, were 

detected. 

While both aerobic vaginitis and bacterial vaginosis are associated with vaginal discharge, aerobic 

vaginitis is marked by clinical signs of inflammation, including yellowish discharge and vaginal 

dyspareunia. In both conditions, there is a depletion of Lactobacillus in the vagina [34]. 

Lactobacillus, a normal flora, serves as a check for other pathogenic microorganisms and can be 

displaced by activities such as sexual activity and indiscriminate use of antibiotics, thereby 

exposing the vagina to infections [34]. 

 

Keys: Positive (+); Negative (-) 

Table 3: Identification of Fungal Isolate. This table details the identification of the fungal isolate 

from vaginal swab samples based on macroscopic, microscopic, and biochemical characteristics 

(sugar fermentation). The fungal isolate identified was Candida albicans, characterized by a cream-

colored, smooth colony and the presence of a spherical budding yeast-like cell. The table includes 

results for the germ tube test and sugar fermentation of glucose, sucrose, galactose, maltose, and 

lactose.  

Antimicrobial Activity of Clove Extracts on Isolated Microorganisms from Vaginal Swabs 

Plant extracts can serve as an alternative and sustainable solution to control the growth of 

pathogenic microorganisms [35]. The results from this study, as shown in Table 4, indicated that 

ethanol clove extract has significant antimicrobial activity on some of the isolates (Escherichia 

coli, Staphylococcus aureus, and Candida albicans) at a high concentration of 80 mg/ml. The 

Sample Macroscopy Microscopy Germ 

tube 
Sugar fermentation Isolate 

identified 
Glucose Sucrose Galactose Maltose Lactose 

CB Cream 

coloured 

and smooth 

colony 

Presence of 

a spherical 

budding 

yeast like 

cell 

 

+ 

 

 

+ 

 

- 

 

+ 

 

+ 

 

- 

Candida 

albican 
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maximum zone of inhibition (18 mm) was observed against S. aureus at 80 mg/ml, while the 

minimum zone of inhibition (7 mm) was against Candida albicans at a 40 mg/ml concentration, 

with no visible inhibitory effect on Lactobacillus spp. and Proteus mirabilis. 

The aqueous clove extract showed less activity against all isolates, which may be due to the in-

vitro assay conditions of the clove extract [36]. This contrasts with previous studies where both 

aqueous and ethanol clove extracts were shown to inhibit the growth of pathogenic 

microorganisms [37]. These results suggest that ethanol clove extract could be a potent 

antimicrobial agent against certain vaginal pathogens.  

Isolates Concentration in Aqueous solution (mg/ml) 

20mg\ml 40mg\ml 80mg\ml Control 

(Ciprofloxacin) 

Proteus mirabilis - - 0 29mm 

Eschericia coli - - - 26mm 

S.  aureus - - - - 

Lactobacillus specie - - - 34mm 

Candida albicans - - - - 

Keys: No zone of inhibition (-) 

Table 4: Diameter of Inhibition Zone (Aqueous Clove Extract) on the Isolates. This table 

illustrates the antimicrobial activity of aqueous clove extract against various bacterial and fungal 

isolates from vaginal swab samples. The table shows the diameter of the inhibition zones for 

Proteus mirabilis, Escherichia coli, Staphylococcus aureus, Lactobacillus spp., and Candida 

albicans at different concentrations of the aqueous clove extract (20 mg/ml, 40 mg/ml, 80 mg/ml) 

and a control (ciprofloxacin). 

Antibiotic Susceptibility of Vaginal Isolates and Implications for Flora Depletion 

The antibiotic ciprofloxacin, used as a control in the antimicrobial activity testing of clove extracts, 

demonstrated significant inhibitory effects on several isolates. Notably, ciprofloxacin showed 

maximum inhibition on Lactobacillus spp. with a 34 mm zone of inhibition (Table 5). This is in 

contrast with most studies, which have shown that Lactobacillus is generally resistant to 

ciprofloxacin [38, 39]. This discrepancy may be attributed to the specific species of Lactobacillus 

isolated in this study, suggesting variability in antibiotic susceptibility among different 

Lactobacillus species. 

The results from Table 5 highlight the potent activity of ciprofloxacin against not only pathogenic 

bacteria but also beneficial microorganisms such as Lactobacillus spp. The indiscriminate use of 

ciprofloxacin could therefore lead to the depletion of the beneficial vaginal flora, which plays a 
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critical role in maintaining vaginal health by producing lactic acid and maintaining an acidic pH 

that inhibits the growth of pathogenic bacteria. 

This depletion of Lactobacillus spp. could have significant implications for vaginal health. 

Lactobacillus spp. are essential for a healthy vaginal microbiome, and their reduction can lead to 

an increased risk of infections by opportunistic pathogens [40] such as Proteus mirabilis, 

Escherichia coli, Staphylococcus aureus, and Candida albicans, all of which were identified in the 

vaginal swab samples from this study. 

Moreover, the study demonstrated that ethanol clove extract had significant antimicrobial activity 

against Escherichia coli, Staphylococcus aureus, and Candida albicans at a high concentration of 

80 mg/ml, suggesting that plant extracts could serve as a viable alternative to conventional 

antibiotics like ciprofloxacin. The use of such natural products could help mitigate the adverse 

effects of antibiotics on beneficial microorganisms and reduce the risk of disrupting the vaginal or 

microbiome. 

In summary, while ciprofloxacin is effective against various pathogenic microorganisms, its 

impact on beneficial bacteria like Lactobacillus spp. underscores the need for cautious and 

judicious use of antibiotics. Exploring alternative treatments such as clove extracts could offer a 

more sustainable approach to managing vaginal infections while preserving the delicate balance 

of the vaginal flora. 

Isolates Concentration in Ethanol solution (mg/ml) 

20mg\ml 40mg\ml 80mg\ml Control 

(Ciprofloxacin) 

Proteus mirabilis - - - 29mm 

Eschericia coli - 11mm 14mm 26mm 

S. aureus - 16mm 18mm - 

Lactobacillus specie - - - 34mm 

Candida albicans - 7mm 10mm - 

Keys: No zone of inhibition (-) 

Table 5: Diameter of Inhibition Zone (Ethanol Clove Extract) on the Isolates. This table shows 

the antimicrobial activity of ethanol clove extract against various bacterial and fungal isolates from 

vaginal swab samples. The table lists the diameter of the inhibition zones for Proteus mirabilis, 

Escherichia coli, Staphylococcus aureus, Lactobacillus spp., and Candida albicans at different 

concentrations of the ethanol clove extract (20 mg/ml, 40 mg/ml, 80 mg/ml) and a control 

(ciprofloxacin). The results highlight the significant inhibition of Staphylococcus aureus and 

Candida albicans by the ethanol clove extract. 

.CC-BY-ND 4.0 International licenseavailable under a 
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprintthis version posted June 14, 2024. ; https://doi.org/10.1101/2024.06.13.598938doi: bioRxiv preprint 

https://doi.org/10.1101/2024.06.13.598938
http://creativecommons.org/licenses/by-nd/4.0/


Minimum Inhibitory Concentration (MIC) of Ethanol Clove Extract against Vaginal Isolates 

To further explore the effectiveness of ethanol clove extract against vaginal isolates, the Minimum 

Inhibitory Concentration (MIC) was determined. The MIC is recorded as the lowest concentration 

of the extract that prevents visible growth of the inoculum, as shown in Table 6. Various 

concentrations were tested, with 80 mg/ml being the highest and 0.312 mg/ml being the lowest. 

The results indicated that the lowest MIC value recorded for ethanol clove extract was 10 mg/ml 

for Candida albicans, while the highest MIC value was 20 mg/ml for both Staphylococcus aureus 

and Escherichia coli. These findings suggest that ethanol clove extract is particularly effective 

against Candida albicans at lower concentrations compared to other isolates. These findings 

reinforce the potential of ethanol clove extract as an effective antimicrobial agent against certain 

vaginal pathogens, with varying degrees of effectiveness depending on the microorganism. 

Table 6: Minimum Inhibitory concentration of Ethanol clove extract  

Isolates Concentration of CEE used mg\ml 

80 40 20 10 5 2.5 1.2 0.1 0.3 MIC 

Staphylococcus aureus - - - + + + + + + 20mg\ml 

Escherichia coli - - - + + + + + + 20mg\ml 

Candida albicans - - - - + + + + + 10mg\ml 

Keys: Clove ethanol extract (CEE);  Minimum inhibitory concentration (MIC); No growth or 

turbidity (-); Presence of growth or turbidity (+) 

Table 6: Minimum Inhibitory Concentration of Ethanol Clove Extract. This table displays the 

Minimum Inhibitory Concentration (MIC) of ethanol clove extract against various vaginal isolates. 

The table indicates the lowest concentration of the extract that prevents visible growth of the 

microorganisms. The tested concentrations range from 80 mg/ml to 0.312 mg/ml. The results show 

that Candida albicans had the lowest MIC value at 10 mg/ml, while Staphylococcus aureus and 

Escherichia coli both had MIC values of 20 mg/ml. The table highlights the effectiveness of 

ethanol clove extract in inhibiting the growth of these common vaginal pathogens. 

DISCUSSION 

This study aimed to isolate and identify microorganisms from vaginal swab samples and assess 

the antimicrobial activity of clove extracts against these isolates. Infections of the genitourinary 

and reproductive tracts are a significant concern for women's health, particularly in those of 

reproductive age, where vaginal discharge is a common complaint. Despite the protective role of 

lactobacilli, various microorganisms can inhabit the vaginal environment, and an imbalance can 

lead to conditions such as vaginosis or vaginitis. 

The study identified a diverse range of bacterial and fungal flora from vaginal swab samples using 

CLED agar, nutrient agar, and Sabouraud dextrose agar. Proteus mirabilis, Escherichia coli, 
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Staphylococcus aureus, and Lactobacillus spp. were isolated from the samples. The identification 

was based on Gram reaction, colony morphology, and biochemical tests. The presence of 

Lactobacillus spp. in some samples underscores their role in maintaining vaginal health by 

producing lactic acid and maintaining an acidic pH. However, pathogenic bacteria such as Proteus 

mirabilis, Escherichia coli, and Staphylococcus aureus were also present, indicating a potential 

risk for infections, especially when the vaginal microbiome is disrupted. 

The study revealed that Proteus mirabilis and Staphylococcus aureus were the most frequently 

isolated bacteria, each accounting for 33.33% of the isolates. Escherichia coli and Lactobacillus 

spp. were less frequent, each at 16.66%. These findings highlight the microbial diversity within 

the vaginal environment and emphasize the need for careful monitoring and management of 

vaginal health to prevent infections. 

The ethanol clove extract demonstrated significant antimicrobial activity against Escherichia coli, 

Staphylococcus aureus, and Candida albicans at a high concentration of 80 mg/ml, with the 

maximum zone of inhibition observed against Staphylococcus aureus (18 mm). The aqueous clove 

extract showed less activity, which may be attributed to the extraction method and assay 

conditions. These results suggest that ethanol clove extract could be an effective alternative to 

conventional antibiotics for managing vaginal infections, particularly given the increasing issue of 

antibiotic resistance. 

The antibiotic ciprofloxacin, used as a control, showed substantial inhibitory effects on 

Lactobacillus spp. (34 mm zone of inhibition). This contrasts with most studies indicating 

Lactobacillus resistance to ciprofloxacin and suggests species-specific variability. The depletion 

of beneficial Lactobacillus spp. due to indiscriminate antibiotic use could lead to an increased risk 

of infections by opportunistic pathogens. This underscores the importance of cautious antibiotic 

use and the potential of natural alternatives like clove extracts to preserve the beneficial vaginal 

flora. 

The MIC results further validated the antimicrobial efficacy of ethanol clove extract. Candida 

albicans showed the lowest MIC value (10 mg/ml), indicating higher sensitivity, while 

Staphylococcus aureus and Escherichia coli had MIC values of 20 mg/ml. These findings highlight 

the potential of clove extract as an effective antimicrobial agent against common vaginal 

pathogens, offering a promising alternative to conventional treatments. 

The study successfully isolated and identified various bacterial and fungal species from vaginal 

swabs, demonstrating the microbial diversity within the vaginal environment. The significant 

antimicrobial activity of ethanol clove extract against key vaginal pathogens suggests its potential 

as an alternative therapy to antibiotics. This is particularly important in the context of increasing 

antibiotic resistance and the need for sustainable antimicrobial strategies. Future research should 

focus on optimizing the extraction methods and exploring the clinical applications of clove extract 

in managing vaginal infections. The findings emphasize the importance of maintaining a balanced 

vaginal microbiome and the potential role of natural products in preserving vaginal health. 

Reference 

.CC-BY-ND 4.0 International licenseavailable under a 
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprintthis version posted June 14, 2024. ; https://doi.org/10.1101/2024.06.13.598938doi: bioRxiv preprint 

https://doi.org/10.1101/2024.06.13.598938
http://creativecommons.org/licenses/by-nd/4.0/


1. Mylonas I, Friese, K. Genital discharge in women. MMW Fortschritte der Medizin. 2007 Sept 

6; 149 (35-36), 42. 

2. Sharma, P. K., & Khanikor, M. S. COMPLAINT AND MANAGEMENT OF VAGINAL 

DISCHARGE ATTENDING WOMEN BY GYNECOLOGY NURSES: A STUDY. 

3. France, M., Alizadeh, M., Brown, S., Ma, B., & Ravel, J. (2022). Towards a deeper 

understanding of the vaginal microbiota. Nature microbiology, 7(3), 367-378. 

4. Lev-Sagie, A., De Seta, F., Verstraelen, H., Ventolini, G., Lonnee-Hoffmann, R., and Vieira-

Baptista, P. (2022). The vaginal microbiome: II. Vaginal dysbiotic conditions. Journal of lower 

genital tract disease, 26(1), 79. 

5. Goje, O. (2020). Genitourinary Infections and Sexually Transmitted Diseases. 

6. Workowski KA, Berman, S. Sexually transmitted diseases treatment guidelines, 2010.  

7. Hughes, Y., and Sawleshwarkar, S. (2023). Sexually Transmitted Diseases: An Overview. 

Sexually Transmissible Oral Diseases, 1-24. 

8. Owais, A., Merritt, C., Lee, C. and Bhutta, Z. A. (2021). Anemia among women of reproductive 

age: an overview of global burden, trends, determinants, and drivers of progress in low-and 

middle-income countries. Nutrients, 13(8), 2745. 

9. World Health Organization. Global prevalence and incidence of selected curable sexually 

transmitted infections: overview and estimates. 

10. Mehta, D., & Sharma, A. K. (2016). Cephalosporins: A review on imperative class of 

antibiotics. Inventi Rapid: Molecular Pharmacology, 1(3), 1-6. 

11. Gupta, V., Nag, D., & Garg, P. (2017). Recurrent urinary tract infections in women: how 

promising is the use of probiotics?. Indian journal of medical microbiology, 35(3), 347-354. 

12. Mattick, J., and Amaral, P. (2023). RNA, the epicenter of genetic information (p. 400). Taylor 

& Francis. 

13. Tajkarimi M, Ibrahim S, Cliver D (2010) Antimicrobial herb and spice compounds in food. 

Food Control 21:1199 

14. Gorlenko, C. L., Kiselev, H. Y., Budanova, E. V., Zamyatnin Jr, A. A., and  Ikryannikova, L. 

N. (2020). Plant secondary metabolites in the battle of drugs and drug-resistant bacteria: new 

heroes or worse clones of antibiotics?. Antibiotics, 9(4), 170. 

15. Pancu, D. F., Scurtu, A., Macasoi, I. G., Marti, D., Mioc, M., Soica, C., ... & Dehelean, C. 

(2021). Antibiotics: conventional therapy and natural compounds with antibacterial activity—a 

pharmaco-toxicological screening. Antibiotics, 10(4), 401. 

16. Uzma, F., Mohan, C. D., Hashem, A., Konappa, N. M., Rangappa, S., Kamath, P. V., and 

Abd_Allah, E. F. (2018). Endophytic fungi—alternative sources of cytotoxic compounds: a review. 

Frontiers in pharmacology, 9, 309. 

17. Ullah, M. A., Hassan, A., and Hamza, A. (2023). Role of Clove in Human Medical History. 

SAR J Anat Physiol, 4(2), 10-19. 

.CC-BY-ND 4.0 International licenseavailable under a 
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprintthis version posted June 14, 2024. ; https://doi.org/10.1101/2024.06.13.598938doi: bioRxiv preprint 

https://doi.org/10.1101/2024.06.13.598938
http://creativecommons.org/licenses/by-nd/4.0/


18. Khalid, K., & Kiong, H. L. (2010). Screening of some Malay medicated oils for antimicrobial 

activity. Archives of Biological Sciences, 62(2), 393-395. 

19. Batiha, G. E. S., Alkazmi, L. M., Wasef, L. G., Beshbishy, A. M., Nadwa, E. H., and Rashwan, 

E. K. (2020). Syzygium aromaticum L.(Myrtaceae): traditional uses, bioactive chemical 

constituents, pharmacological and toxicological activities. Biomolecules, 10(2). 

20. Anand, U., Jacobo-Herrera, N., Altemimi, A.,and Lakhssassi, N. (2019). A comprehensive 

review on medicinal plants as antimicrobial therapeutics: potential avenues of biocompatible drug 

discovery. Metabolites, 9(11), 258. 

21. Nuhu, A., & Haruna, K. (2012). The antibacterial activity of clove (Syzygium aromaticum) 

and garlic (Allium sativum) extracts against clinical isolates of Escherichia coli and 

Staphylococcus aureus. Journal of Microbiology and Antimicrobials, 4(1), 8-13. 

22. Mohd, Y. A., & Ahamed, S. (2014). Antimicrobial activity of some plant extracts against multi-

drug resistant bacteria. International Journal of Applied Research, 1(7), 118-125. 

23. Sarker, S. D., Nahar, L., & Kumar, S. (2006). Extraction Techniques for Medicinal and 

Aromatic Plants. Methods in Molecular Biology, 278, 53-68. 

24. Cheesbrough, M. District Laboratory Practice in Tropical Countries. Part 2. Cambridge 

University Press; 2006. 

25. Bergey’s Manual of Systematic Bacteriology. (2005). Volume 2. Williams & Wilkins, 

Baltimore, MD. 

26. Collins, C. H., Lyne, P. M., & Grange, J. M. (1995). Microbiological Methods. 6th Edition. 

Butterworth-Heinemann, London. 

27. Koneman, E. W., Allen, S. D., Janda, W. M., Schreckenberger, P. C., & Winn, W. C. (1997). 

Color Atlas and Textbook of Diagnostic Microbiology. 5th Edition. Lippincott-Raven, 

Philadelphia. 

28. Katerere, D. R., & Eloff, J. N. (2008). Antimicrobial activity of some selected South African 

medicinal plants used in traditional medicine. Journal of Ethnopharmacology, 119(3), 513-519. 

29. Okigbo, R. N., & Mmeka, B. A. (2006). Antimicrobial activities of crude leaf extracts of 

Moringa oleifera Lam. African Journal of Biotechnology, 5(8), 774-781. 

30. Ullah, H., & Anwar, F. (2010). Antimicrobial properties of clove (Syzygium aromaticum) oil 

and its potential use as an antimicrobial agent in food. Food Control, 21(8), 107. 

31. National Committee for Clinical Laboratory Standards. Methods for Dilution Antimicrobial 

Susceptibility Tests for Bacteria That Grow Aerobically; Approved Standard – Eleventh Edition. 

NCCLS document M07-A11. Wayne, PA: National Committee for Clinical Laboratory Standards; 

2018. 

32. McCathie R. Vaginal discharge: common causes and management. Current Obstetrics & 

Gynaecology. 2006 Aug 31; 16 (4): 211-7. 

33.  Orish, V. N., Ofori-Amoah, J., François, M., Silverius, B. K., & Mensah, E. K. (2016). 

Microbial and antibiotic sensitivity pattern of high vaginal swab culture results in sekondi-takoradi 

.CC-BY-ND 4.0 International licenseavailable under a 
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprintthis version posted June 14, 2024. ; https://doi.org/10.1101/2024.06.13.598938doi: bioRxiv preprint 

https://doi.org/10.1101/2024.06.13.598938
http://creativecommons.org/licenses/by-nd/4.0/


metropolis of the western region of ghana: retrospective study. Eur J Clin Biomed Sci, 2(5), 45-

50. 

34.  Mumtaz S, Ahmad M, Aftab I, Akhtar N, ul Hassan M, Hamid A. Aerobic vaginal pathogens 

and their sensitivity pattern. J Ayub Med Coll Abbottabad. 2008 Jan; 20 (1): 113-7. 

35. Fan A, Yue Y, Geng N, Zhang H, Wang Y, Xue F. Aerobic vaginitis and mixed infections: 

comparison of clinical and laboratory findings. Archives of gynecology and obstetrics. 2013 Feb 

1; 287 (2): 329-35. 

36.  Mashwani, Z. U. R., Khan, T., Khan, M. A., & Nadhman, A. (2015). Synthesis in plants and 

plant extracts of silver nanoparticles with potent antimicrobial properties: current statimetus and 

future prospects. Applied microbiology and biotechnology, 99, 9923-9934. 

37. Aboubakr, H. A., Nauertz, A., Luong, N. T., Agrawal, S., El-Sohaimy, S. A., Youssef, M. M., 

& Goyal, S. M. (2016). In vitro antiviral activity of clove and ginger aqueous extracts against feline 

calicivirus, a surrogate for human norovirus. Journal of food protection, 79(6), 1001-1012. 

38.  Shehu, I., Sanusi, S. B., & Saka, H. K. (2023). Study on antibacterial activity of clove 

(Syzygium aromaticum. Science World Journal, 18(1), 97-100. 

39. Goldstein, E. J., Tyrrell, K. L., & Citron, D. M. (2015). Lactobacillus species: taxonomic 

complexity and controversial susceptibilities. Clinical Infectious Diseases, 60(suppl_2), S98-

S107. 

40. Shalash, Z. A., & Abdul-Ridha, F. T. (2020). Antibiotic susceptibility and biofilm formation of 

Lactobacilli spp. isolated from healthy and infected women with bacterial vaginosis. EurAsian 

Journal of Biosciences, 14(2). 

41. Chee, W. J. Y., Chew, S. Y., & Than, L. T. L. (2020). Vaginal microbiota and the potential of 

Lactobacillus derivatives in maintaining vaginal health. Microbial cell factories, 19(1), 203. 

.CC-BY-ND 4.0 International licenseavailable under a 
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprintthis version posted June 14, 2024. ; https://doi.org/10.1101/2024.06.13.598938doi: bioRxiv preprint 

https://doi.org/10.1101/2024.06.13.598938
http://creativecommons.org/licenses/by-nd/4.0/

