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In vitroEvaluation of Antimicrobial Activity of Syzigiumaromaticum (Clove)against
Bacteria Isolated from Different Clinical Specimens in Shendi Town, Sudan

ABSTRACT

Background: Herbal medicinal products have been documented as a significant source
for discovering new pharmaceutical molecules that have been used to treat serious
diseases. It has been postulated that the geographical locations of the herbs affect the
constituents of their essential oils and thus the degree«of their antimicrobial action.
Syzigiumaromaticum (clove) is a traditional spice used as an antimicrobial agent and an
alternative solution to increased antibiotic resistance by bacterial strains. Objective: This
study aimed to study the in vitro antimicrobial activity of different clove concentrations
against bacteria isolated from clinical specimens. Methods: This is a prospective cross-
sectional study conducted in Shendi City, Sudan, from February to March 2023, at the
Microbiology Laboratory, Faculty of Medical Laboratory Sciences. 50 samples were
collected from urine and wounds, from which eight strains of pathogenic gram-positive
and gram-negative bacteria were isolated and identified using gram stain and biochemical
tests. Clove was tested using a 100%, 50%, 25%, and 12.5% concentration. Results: Out
of 50 clinical specimens, standard strains were confirmed as S. aureus 13 (26%), S.
epidermidis .7 (14%), E. faecalis 1 (2%), E. coli 15 (30%), Enterobacter 3 (6%),
Citrobacter 2.(4%), K. pneumoniae 4 (8%), and P. aeruginosa 5 (10%). Clove showed
remarkable antimicrobial activity against all clinical isolates and standard strains.
Conclusion: The findings of this study showed that the aqueous extract of clove can
exhibit high antimicrobial activity against all types of tested organisms, both clinical and
standard. The findings indicate that, besides being safe and sensorial attractive, Clove has

antimicrobial activity, making it an herbal antimicrobial agent.
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1. INTRODUCTION

The traditional medical approach, which relies on the application of herbal treatments,
is still very much a part of the healthcare system. Because they are natural products with
fewer side effects and greater efficacy than synthetic alternatives, therapeutic plants
have gained more popularity in recent decades [1,2]. Approximately 80% of people on
the planet now receive the majority of their primary healthcare from traditional
medicine [3]. Many herbal plants have pharmacological properties that make them
useful for food preservation, and other applications [26-19]. They also.contain anti-
inflammatory, antibacterial, spasmolytic, analgesic, and local anesthetic properties
[4,5].Numerous plant species have been found to possess. pharmacelogical properties
linked to their phytoconstituents, which include tannins, alkaloids, glycosides, saponins,
flavonoids, steroids, and terpenes [4]. Herbal treatments are an important source for the
discovery of new pharmaceutical compounds.that have been utilized to treat serious
illnesses up to this point. These newly discovered phytochemicals are thought to be an
exceptional main compound in -the hunt for novel and potent medications
[5].Antimicrobial resistance has.developed as one of the major urgent threats to public
health causing serious issues for. the sucecessful prevention and treatment of persistent
diseases, misusing and overusing different antibacterial agents in the health care setting
as well as in the agricultural industry are considered the major reasons behind the
emergence of antimicrobial resistance [6].The increasing incidence of drug-resistant
pathogens raises an urgent need to identify and isolate new bioactive compounds from
medicinal plants using standardized modern analytical procedures, The World Health
Organization has stated that 80% of the developing world still benefits from the use of
traditional medicines derived from medicinal plants. Extracts isolated from medicinal
plants have also been reported to exhibit various biological activities such as
antimicrobial, anti-inflammatory, and antioxidant activities[7].S. aromaticumis a
traditional spice that has been used for food preservation and possesses various
pharmacological activities that have been examined toward various pathogenic parasites
and microorganisms, including pathogenic bacteria, Plasmodium, Babesia, Herpes
simplex, and hepatitis C viruses. [8].Several reports documented the analgesic,

antioxidant, anticancer, antiseptic, anti-depressant, antispasmodic, anti-inflammatory,



antiviral, antifungal, and antibacterial activity of eugenol against several pathogenic
bacteria including methicillin-resistant. S. epidermidis and S. aureus[8,9].In the world,
clove treats many diseases such as asthma, dental caries, respiratory disorders,
headaches, and sore throats. It is also used in traditional medicine to treat digestive
disorders such as dyspepsia, gastritis, and diarrhea[9].In Sudan, the Arabs knew clove
as scornful and it has been used to flavor cooking, in the bakery industries, and in the
production of sauces and pickles, also it has many therapeutic uses, itrelieves pain,
controls nausea and vomiting, improves digestion and slows down the symptoms of
cholera if it boils in water. Also, chewing clove relieves the irritation-of the throat and
stops coughing in pharyngitis, also used in dentistry for treating minor_oral.wounds as
an analgesic in painful and infective diseases of the oral cavity[10].This present study
aimed to assess the antimicrobial activity of S. aromaticumagainst bacteria isolated
from different clinical specimens in Shendi Town, Sudan.
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Fig.1.Syzygiumaromaticum (clove): (a) physical appearance and (b) chemical structure
of eugenol [25].



2. MATERIALS AND METHODS

2.1 Study design

A descriptive cross-sectional community and hospital-based study. The samples were
distributed between different hospitals and clinical centers located in Shendi locality,
River Nile State, Sudan Shendi is a town in Northern Sudan, situated on the east bank of
the Nile (150 km) northeast of Khartoum. Shendi is also about 45 kilometers southwest
of the ancient city of Meroe.

2.2 Samples Collection

Several 50 urine and wound swab specimens under aseptic status were collected (n = 50)
at Shendi town, River Nile, Sudan.

2.3 Bacterial Isolation and Identification

The isolated bacteria were identified by colony marphology, Gram stain, and biochemical
tests. Full identification was done by using the Gram staining technique and specific
confirmatory biochemical tests. After identification, stock cultures were made and then
kept in the refrigerator at the optimum temperature.

2.4 Collection and preparation of Syzygiumaromaticum(Clove)

Specimen of clove was obtained from a local supermarket in Shendi city
"AhfadAltemanatara”. The dried Clove sample was cleaned from dust and then crushed
to a coarse powder; one hundred grams of clove powder were dissolved in one liter of
boiled D.W and incubated for 24 hours then the mixture was filtered using filter paper
and then preserved in a refrigerator until use [11].

2.4.1 Concentrations ofSyzygiumaromaticum(Clove)

S. aromaticum was used in different concentrations (100%, 50%, 25, and 12.5%) against
isolated. organisms.

2.4.1 Preparation of standard bacterial suspension

Clinical isolates were isolated from different samples in a sterile slope of nutrients and
standard bacteria were brought from the microbiology department of the National
Institute for Research, Ten ml of normal saline were distributed in test tubes and
sterilized in an autoclave at1210C for 15 minutes. A loop full of purified bacteria was
inoculated in sterile normal saline. The inoculum density was compared with the

McFarland standard solution.



2.5 Cup-plate agar diffusion method

The agar well diffusion method is widely used to evaluate the antimicrobial activity of
plants or microbial extracts.Using a sterile wire loop, touch 3-5 well-isolated colonies of
similar appearance to the test organism, and emulsify in 3—-4 ml of sterile physiological
saline or nutrient broth. In a good light, match the turbidity of the suspension to the
turbidity standard (mix the standard immediately before use). When comparing
turbidities, it is easier to compare against a printed card or sheet of paper. Using a sterile
swab, inoculate a plate of Mueller Hinton agar. Remove excess fluid by pressing and
rotating the swab against the side of the tube above the level of the suspension. Streak the
swab evenly over the surface of the medium in three directions, rotating the plate at
approximately 60 to ensure even distribution. With the petri-dish lid in place, allow 3-5
minutes for the surface of the agar to dry. Then, a hole with a diameter of 6 to 8 mm was
punched aseptically with a sterile cork borer; with.50ul of the different concentrations
(100, 50, 25, and 12.5,%) of plant extracts and. was placed on the inoculated agar. For
negative control, 50 pL of distilled<water was placed at the center of inoculated
MHA.Clove extract was introduced into the well at the desired concentration, andculture
plates were incubated at 37°C for 24 h. After the incubation period, the zones of
inhibition were measured. By using a ruler on the underside of the plate, measure the
diameter of each zone of inhibition in. mm. The endpoint of inhibition is where growth
starts [12]. The growth inhibition zones that resulted were measured in millimeters, and
the findings were documented. According to Srinivasan et al. (2001), inhibitory zones
less than.12 mm in.diameter were deemed devoid of antibacterial activity [30].

2.6 Data Collection and Analysis

A self-administered questionnaire was used and supported with coding numbers to
facilitate the sorting of data. The data were entered, checked, and analyzed using
Microsoft Excel 2007. The final results were presented as frequencies and percentages.

3. RESULTS

A total of 50 patients with symptoms of urinary tract infection and wound infection were
enrolled in this study during the period from February to March 2023. Among the studied
population of fifty patients, there were 22 (44% males) and 28 (55% females) (Table 1).



Among the different clinical samples tested, there were 38 urine samples and 12 wound
swabs (Table 2). Clinical isolates were tested as follows: 13 (26%) S. aureus, 7 (14%) S.
epidermidis, 1 (2%) E.fecalis, 15 (30%) E. coli, 4 (8%) K. pneumoniae, 3 (6%)
Enterobacter, 2 (4%) Citrobacter, and 5 (10%) P. aeruginosa(Table 3). Among gram-
positive bacteria, there were 100% of organisms sensitive to both stock clove and (50%
v/v) dilution and no resistance; there were also 76% sensitive to (25% v/v) clove and
only24% resistance, and there were 71% sensitive to 12.5% v/v) clove and only 29%
resistance (Table 4). Among gram-negative bacteria, 100% of organisms were sensitive
to stock clove 93% were sensitive to 50% (v/v) clove and 7% resistance;:52% were
sensitive to 25% (v/v) clove and 48% resistance, and 24% were sensitive t0.12.5% (v/v)
clove and 76% resistance (Table 5). Among gram-positive bacteria, the highest mean
diameter of the growth inhibition zone in mm (MDIZ) of clove for S. aureus was 19.6
mm at a concentration of 100%, while the lowest. (MDIZ) was 11.5 mm at a
concentration of 12.5%, The highest (MDIZ) of S. epidermidis was 18 mm at a
concentration of 100%, while the lowest (MDI1Z) was.11.1 mm at a concentration of
12.5%, The highest MDIZ of E. fecaliswas 18 mmat a concentration of 100%, while the
lowest was 7 mm at a concentration of 12.5% (Table 6). Among gram-negative bacteria,
the highest (MDIZ) of E. coli.was 18.5 mm at a concentration of 100% while the lowest
(MDI12Z) was 7.6 mm at a concentration 0f'12.5%; the highest (MDIZ) of K. pneumoniae
was 16 mm at a concentration of 100% while the lowest (MDIZ) was 7 mm at a
concentration of 12.5%; the highest (MDIZ) of Enterobacter was 18.3 mm at a
concentration<of 100% while the lowest (MDIZ) was 9.7 mm at a concentration of
12.5%; the highest.(MDIZ) of Citrobacter was 17.5 mm at concentration 100% while the
lowest (MDIZ) was 7 mm at concentration 12.5%; the highest (MDIZ) of P. aeruginosa
was 15.8 mm at concentration 100% while the lowest (MDIZ) was 9.2 mm at
concentration 12.5% (Table 7). Among gram-positive bacteria tested in this study, the
highest (MDIZ) was 18.5 mm at a concentration of 100% and the lowest (MDIZ) was 9.9
mm at a concentration of 12.5%, while in gram-negative bacteria, the highest (MDI2Z)
was 17.2 mm a concentration of 100% and the lowest (MDIZ) was 8.1 mm a
concentration of 12.5% (Table 8). The water extract of clove presented variable activity
against standard strains S. aureus ATCC 25923, followed by K. pneumoniae



ATCC53657, E. coli ATCC 25922, P. aeruginosa ATCC 27853, E. fecalis,Citrobacter

and Enterobacter(Table 9).

Table 1. The distribution of clinical specimens according to the gender.

Gender Frequency Percentage
Male 22 44%
Female 28 56%
Total 50 100%

Table 2. The distribution of clinical specimens according to the sample Type.

Type of sample Frequency Percentage
Urine 38 76%
Wound swab 12 24%

Total 50 100%

Table 3. The frequency and percentage of isolated organisms.

Isolate Frequency Percentage
S.aureus 13 26%
S.epidermidis 7 14%
E.fecalis 1 2%
E.coli 15 30%
K.pneumoniae 4 8%
Entereobacter 3 6%
Citrobacter 2 4%
P.aeruginosa 5 10%

Total 50 100%

Table 4..The sensitivity of Gram-positive bacteria to differentconcentrations of clove

Concentration of clove
Pathogens 100% 50% 25% 12.5%
S R S R S R S R
S.aureus 13 0 13 0 11 2 10 3
S.epedermidis 7 0 7 0 5 2 5 2
E.fecalis 1 0 1 0 0 1 0 1
Percentage 100% | 0% | 100% | 0% | 76% | 24% | 71% | 29%




Table 5. The sensitivity of Gram-negative bacteria to differentconcentrations of

clove
Concentration of clove
Pathogens 100% 50% 25% 12.5%
S R S R S R S R
E.coli 15 0 14 1 8 7 3 12
K.pneumoniae 4 0 4 0 2 2 0 4
Enterobacter 3 0 3 0 3 0 2 1
Citrobacter 2 0 2 0 0 2 0 2
P.areuginosa 5 0 4 1 2 3 2 3
Percentage 100% | 0% |93% | 7% | 52% | 48% | 24% | 76%

Table 6. The mean diameter of growth inhibition zone (MDIZ) in millimeters (mm)

of clove against Gram-positive pathogen

Pathogens Concentration of clove

100% 50% 25% 12.5%
S.aureus 19.6 16.6 13 11.5
S.epedermidis 18 15 11.5 11.1
E.fecalis 18 15 7 7

Table 7. The mean diameter of growth inhibition zone (MDIZ) in millimeters(mm)

of clove against Gram-negative bacteria

Pathogens Concentration of clove

100% 50% 25% 12.5%
E.coli 18.5 14.9 10.1 7.6
K.pneumoniae 16 14 10.2 7
Enterobacter 18.3 16 14 9.7
Citrobacter 17.5 145 7 7
P.aeruginosa 15.8 13.8 10.6 9.2

Table 8.The comparison between the mean diameter of growth inhibition zone
(MDIZ) in millimeters (mm) of clove against Gram-positive and negative bacteria

Pathogens Concentration of clove

100% 50% 25% 12.5%
Gram-positive 18.5 15.5 10.5 9.9
Gram-negative 17.2 14.6 10.4 8.1




Table 9. Antimicrobial activity of clove against standard organisms.
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isolated from them have been reported to exhibit various biological activities such as

antimicrobial, anti-inflammatory, and antioxidant activities [7].The antibacterial activity
of clove (syzigumaromaticum) is due to the presence of major active compounds, eugenol
and B-caryophyllene[14].In this study, we attempted to assess the antimicrobial activity
of clove in different concentrations against clinically isolated bacteria. The antibacterial
activity was tested using the well diffusion assay and the clove samples were tested at



100%, 50%, 25%, and 12.5% concentrations. Clove showed the highest activity against S.
aureus followed by E.coli, and the lowest activity against Citrobacter followed by E.
faecalis. The results indicated that the most effective concentration was 100% and the
effect of clove was decreased dramatically when the concentration of clove was
decreased and the vase reversed. It also showed that the clove was affected by both gram-
positive and gram-negative bacteria, but their effect on gram-positive bacteria was to a
greater extent than that of gram-negative bacteria, these results agreed with that obtained
by José NaborHaro-Gonzalez[15].In this study, the aqueous extract. of clove
(Syzigiumaromaticum)showed remarkable antimicrobial activity against standard and
clinical isolates of S. aureus, S. epidermidis, E.faecalis, E. coli, Ps. aeruginosa, K.
pneumoniae, Enterobacter and Citrobacter. These findings are;in agreement with several
studies cited below. Gaber EI-Saber Batihaand his colleagues found that eugenol was
active against several pathogenic bacteria including.methicillin-resistant Staphylococcus
aureus and S.epidermidis[8].In 2008 G. A. Ayoola.and his colleagues found that clove
showed antimicrobial activity against Staphylococcus aureus ATCC 25923 and some
Gram-negative bacteria (Escherichia® coli ATCC 35218, Klebsiella pneumoniae,
Salmonella paratyphi, Citrobacterspp, and Enterobacter cloacae) [16].Deepanjeet Kaur
and Kaushal K Chandrul found that the aqueous extract of clove showed a complete
bactericidal effect against all the'food-borne pathogens testedEscherichia coli (E. coli),
Staphylococcus aureus and Bacillus cereus [17].This alsocomes in line with a study done
by SimiatOlanike Jimohl, LateefahAdelanke Arowolol and KazeemAdelaniAlabi who
found that clove was active against some microorganismsincludingStaphylococcus
aureus, Escherichia coli and Pseudomonas aeruginosa[18].1n this study, clove showed a
strong effect against E.coli with an inhibition zone of 18.5mm which is greater than the
inhibition zone obtained by S.A. Burt and R.D. Reinders who found that the clove bud
extract showed strong antimicrobial activity against E.coli with an inhibition zone (15.7
mm)[19].Also in this study S. aureus was the most susceptible of all the tested bacteria
showing a very strong inhibitory activity,this result is inagreement with the result
obtained by MiroslavaKa“caniova and his colleagues[9].Also, this study comes in line
with the result obtained by KamelChaieb and his colleagues who found that clove
essential oil produces a clear zone of inhibition against five strains of S. epidermidis
(reference strains S. epidermidis CIP106510, E13, S27, S23 and S38) [20].Also, this



study comes in line with the result obtained by Anshul Shah and his colleagues who
found that clove had inhibitory action against enterococcus faecalis[21].Also this study
agreement with the study done by Baydaa Hameed Abdullah, Suhad Faisal Hatem, and
WidadJumaa who found that clove had a strong antimicrobial effect against two standard
strains, Staphylococcus aureusATCC29213and Pseudomonas aeruginosaATCC27853
[22].Similarly, the recent study contravenes the study of Vanessa Lee Rosario and his
colleagues who found that the effect of clove extract on S. epidermidis is greater than the
effect on S. aureus[23].Also, it contradicts the study of L. Nufiez and M..D’ Aquino who
found that E.coliwas the most sensitive organism to clove compared to other tested
organisms (S. aureus and P. areuginosa)[24].

5. CONCLUSION

In this study, it was concluded that an aqueous extract of clove (syzigiumaromaticum)
possesses a remarkable antimicrobial effect on gram-positive and gram-negative bacteria.
Based on this research, the findings showed that clove in.its most concentrated forms was
very effective against all pathogenic bacteria included in this research. Additionally, the
antibacterial activity of clove in concentrations other.than 100% depended on the type of
bacterial species, which means the antibacterial effect can be changed from one strain to
another. We believe this investigation together with previous studies provided support for
the antimicrobial properties of clove. Clove can be a solution to the antibiotic resistance
problem can provide-a new source of alternative drugs for antibiotics and can help in

avoiding and minimizing-the side effects of these antibiotics.
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