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KEYWORDS potent antibacterial chemicals with a broad spectrum of action, as present
antibacterials have significant drawbacks. This study aims to examine the chemical
composition of Algerian clove Syzygium aromaticum using GC-MS and to evaluate
GC-MS, the antibacterial activity of the methanol extract against bacteria isolated from
Clove, dental caries caused by Streptococcus spp. and Lactobacillus spp. The results show
a strong extraction yield of 29.7%, with high amounts of polyphenols and
flavonoids calculated at 178.82 mg GAEQ/g and 24.13 mg QEQ/g. The principal
Polyphenols, chemical elements of S. aromaticum peel methanol extract were identified as
Flavonoids. eugenol (61.23%) and eugenol acetate (26.45%) based on mass spectrum data and
retention times. The methanol extract has a significant antibacterial effect against
tested strains, with MICs ranging from 111.37 to 445.5 mg/mL. Higher
concentrations of polyphenols resulted in a significant increase in inhibition zone
diameter against S1 (> =0.94, p < 0.001), L3 (* =0.94, p < 0.001), L5 (+* = 0.93,
p <0.001), and L9 (+* = 0.96, p < 0.001).
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Antibacterial activity,

1. INTRODUCTION

Dental caries, one of the most common chronic illnesses of the oral cavity worldwide, persists
in the modern period despite access to the most advanced sciences and technologies in dental
treatment. Bacterial fermentation of dietary carbohydrates, specifically sucrose, breaks down
tooth-hard acellular tissue (Kabra et al., 2012; Riaz et al., 2023). One of the most pressing
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issues of our time is the ineffectiveness of antibiotic treatments. Given the numerous barriers
to the use of known antibacterials, it is critical to search for novel, effective antibacterial
compounds with a broad spectrum of action.

One of the study methodologies is to investigate plants used in traditional medicine. Because
medicinal plants contain a high concentration of antimicrobial compounds, they have been
shown to be beneficial in treating a number of ailments, including bacterial disorders
(Featherstone, 2000). Several studies have tested plant extracts for antibacterial action against
pathogenic bacteria (Dogruoz et al., 2008; Amadi et al., 2016; Mostafa et al., 2018; Srikacha
& Ratananikom, 2020). Medicinal plants are widely used in the treatment of dental caries and
dental care-associated infections because they contain phytochemicals such as flavonoids,
polyphenols, terpenes, and alkaloids (de Oliveira Carvalho et al., 2020; Sharaf et al., 2021,
Foda et al., 2022; EI-Sherbiny & Mahmoud, 2022). Clove (Syzygium aromaticum (L.) Merr. &
L.M.Perry) is one of the most expensive spices and has been used for centuries as a food
preservative and for a number of medicinal purposes. Clove was originally grown in Indonesia,
but it is now grown all over the world, mainly in Brazil’s Bahia state. This plant has a high
potential for use in food, cosmetics, medicine, and agriculture. It is a rich source of bioactive
chemicals such as hydroxycinnamic acids, hydroxybenzoic acids, phenolic compounds, and
flavonoids. Cloves’ principal phenolic components include eugenol, eugenyl acetate,
caryophyllene, and gallic acid, which account for their high antioxidant capabilities (Cortés-
Rojas et al., 2014; Gengatharan & Abd Rahim, 2023).

Clove plants are widely used as traditional remedies due to their anti-helminthic, anti-
inflammatory, anti-spasmodic, anti-pyretic, anti-allergic, antifungal, anti-carcinogenic, anti-
allergic, antiviral, antioxidant, anti-mutagenic, anti-arthritis, and anti-parasitic properties.
Cloves are being employed for their antibacterial characteristics (Saikumari et al., 2016;
Ajobiewe et al., 2022; Yakubu Bello et al., 2022). This study aims to contribute to a better
understanding of this plant and to promote its traditional use for therapeutic purposes. We
investigated the chemical composition by GS-MS and in vitro the antibacterial activity of the
methanol extract of S. aromaticum growing in northern Algeria. The agar-well diffusion
method was used against Lactobacillus spp. and Streptococcus spp. isolated from dental caries.

2. MATERIAL and METHODS

2.1. Plant Material

The species used in this study is S. aromaticum (Table 1); however, it has also been known as
Eugenia caryophyllata, Eugenia caryophyllus, and Eugenia aromatica (Penot, 2016; Kaur &
Chandrul, 2017).

Table 1. Scientific classification of clove (Kaur & Chandrul, 2017).

Classification unit Classification
Kingdom Plantae
(unranked) Angiosperms
(unranked) Eudicots
(unranked) Rosids
Order Myrtales
Family Myrtaceae
Genus Syzygium Gaertn.
Species S. aromaticum (L.) Merr. & L.M.Perry

The flower buds were employed; they are dark brown “nail” in color, 12 to 17 mm long, with
a lower calyx (hypanthus) up to 4 mm thick, surmounted by four leathery and divergent lobes
made up of the four fleshy sepals spreading in a cross. The four paler, non-spreading petals are
yellow-brown and create a headpiece that conceals numerous bent stamens and a short upright
style on a nectar-bearing disc at the base (Figure 1a). The bilocular inferior ovary’s receptacle
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tube is angular, wrinkled, and carries a large number of seeds. These buds have a distinct aroma
and flavor that is fragrant, scorching, and pungent (Wichtl & Anton, 1999).

2.2. Methanol Extract Preparation
2.2.1. Sampling and grinding

The clove buds were procured at a local store in Jijel, Northeast Algeria, in April 2022. The
samples were dried at room temperature for three days, then in an oven at 40°C for five days.
Subsequently, the plants were ground with a coffee grinder until a fine dry powder was obtained
(Figure 1b).

2.2.2. Phenolic compounds extraction

According to Owen et al. (1999), methanol is the ideal solvent for extracting phenolic chemicals
because it boosts extraction efficacy and is easier to remove. It also works well when coupled
with water (80%) (Qasim et al., 2016; Nakilcioglu & Otles, 2021). The complete extract was
made by macerating 30 g of clove powder with 300 mL of 80% methanol in a flask on a
magnetic stirrer for 48 hours in the dark at room temperature. After maceration, the clove
solution was filtered via filter paper and evaporated at 40°C in a Heidolph-type steam rota until
the solvent was entirely evaporated (Figure 1c). The extract was collected and kept in the freezer
at -20 °C until use.

. 4
Figure 1. S. aromaticum in forms: clove buds (a), crushed cloves (b), and clove methanol extract (c).

2.2.2.1. Extraction yield determination. The extraction yield is calculated as the weight of
the clove methanol extract (Figure 1c) divided by the weight of the powdered plant (Figure 1b).
This yield was computed as a percentage using Eq. (1):

Y (%) = Wa/Wp % 100 (1)
where, Y is the extraction yield as a percentage, Wy is the weight of dry extract in grams, and
W, is the weight of the powdered plant in grams.

2.2.2.2. Phenolic compounds determination. The total polyphenols were determined using
the Folin-Ciocalteu (FC) method (Slinkard & Singleton (1977), with gallic acid as a standard:
1 mL of clove extract was mixed with 1/10 mL of FC reagent and 2% Na>COs. The mixture
was stirred and incubated in the dark at room temperature for 2 hours. The absorbance was
measured at 760 nm using a spectrophotometer. The results were expressed in mg gallic acid
equivalent per gram dry weight (mg GAEQ/g) using the equation (y = 6.574 x, r? = 0.99) derived
from the calibration curve established with gallic acid.

2.2.2.3. Flavonoids compounds determination. Determination was based on the principle
of direct determination by aluminum trichloride using the method of Meda et al. (2005).
Flavonoids have a free hydroxyl group in positron that, when combined with aluminum
trichloride, forms a yellowish complex through ion chelation. The yellow color produced is
proportional to the amount of flavonoids in the extract (Basli et al., 2012). Then, 2 mL of crude
methanol extract was combined with 2 mL of aluminum chloride methanol solution (2% AICls).
After 15 minutes, a spectrophotometer was used to read the wavelength at 415 nm against a
blank. A calibration curve was generated in parallel under the same operating conditions, with
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Quercetin serving as a positive control. The results are expressed in milligrams of Quercetin
equivalent per gram dry weight (mg QEQ/g) using the equation obtained from the standard
curve (y = 31.68 x, r>=0.99).

2.3. GC-MS analysis of S. aromaticum methanol extract

The phytochemical compounds in the previously prepared crude methanolic extract of S.
aromaticum were analyzed using the Shimadzu GC-MS QP2010 EI 70 ev quadrupole model.
A mass-selective detector was designed with a 200°C ion source and a 250°C interface. MS
analysis was performed using an OV 1701 capillary column with a film thickness of 0.25 um
and a length of 25 meters. Helium was used as a carrier gas in a split-less injection (20:0 split
ratio) mode at 250 °C, with a volume of 1uL and a flow rate of 1.00 mL/min. The injection was
performed at a constant linear speed of 40.6 cm/sec, with a purge flow of 1.2 mL/min and a
total flow of 22.2 mL/min. The temperature was initially set at 90.0 °C and gradually increased
to 250 °C at a rate of 10 °C per minute. The sample’s total run time was set at 52 minutes. The
mass spectrum range was set from 40.00 to 350.00 m/z.

2.4. Phytochemical Compounds Identification

To identify the compounds, their names, structures, and molecular weights were determined by
comparing their spectra to those found in the National Institute of Standards and Technology
database library (Nist05.LIB). Components were identified using GC retention time (RT), and
MS fragment interpretation was performed by comparing the results to the Nisto5.LIB database.

2.5. Evaluation of the Antibacterial Activity of Methanol Extract
2.5.1. Bacteriological samples

A sterile excavator was used to collect ten samples from dental surgeons in Jijel wilaya from
carious lesions and dentin softenings of patients with tooth decay. These samples were placed
in sterile tubes with nutrient broth, transported to the laboratory, and incubated at 37°C for 24
hours.

2.5.2. Isolation and identification of bacteria

After incubation, the samples were isolated on Columbia and MRS agar plates to detect
Streptococcus spp. and Lactobacillus spp., which are the most involved in the formation of
dental caries. Sterile swabs were soaked in the nutrient bowls for each sample and deposited on
the surface of the agar, which had previously been poured into a Petri dish and cooled before
being inoculated using the streak technique. The dishes were then incubated at 37°C for 24 h
for Streptococcus spp. and 48 h for Lactobacillus spp. Following incubation, the bacteria were
identified in three stages:

* macroscopic examination consists of studying colony morphology (shape, appearance,
outline, surface, color) from cultures obtained on agar of Colombia and MRS media;

» microscopic examination is performed on a bacterial smear, prepared from the suspect
colonies in pure cultures, then fixed and stained by the Gram method to determine their
morphology and Gram type (positive or negative Gram);

* biochemical identification of bacteria was performed using APl 20 campy, catalase, and
oxidase assay (Delarra, 2007).
2.5.3. Transplanting bacterial strains

The various bacterial strains were transplanted onto appropriate agar media using the streak
method 24-48 h before antibacterial activity testing and then incubated in an oven at 37°C for
24-48 h to obtain a fresh culture and isolated colonies (La et al., 2008).

2.5.4. Inoculum preparation

Colonies well isolated from fresh cultures were transferred to tubes containing sterile
physiological water to produce bacterial suspensions with turbidity close to 0.5 McFarland (10°
CFU/mL) (Kablan et al., 2008; Kuete et al., 2010; Souad et al., 2010).
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2.5.5. Aromatogram

The antibacterial activity of the methanolic extract was assessed using the Mueller-Hinton agar
diffusion method (Souad et al., 2010). The culture medium is poured into 90-mm Petri dishes.
After solidification, each dish is inoculated with a sterile swab soaked in bacterial inoculum.
After inoculation, sterile 5 mm diameter Whatman No. 1 paper discs were placed on the seeded
agar with sterile forceps and filled with 10 pL of different concentrations of clove methanol
extract. The plates were kept in the fridge at 5 °C for 2 hours to allow the plant extract to diffuse
and then incubated at 37 °C for 24 hours. The absence of microbial growth around the discs
creates a translucent halo (inhibition zone). The inhibition zone diameter is measured and
expressed in mm. The negative control contained methanol, whereas the positive contained
penicillin.

2.5.6. Determination of minimum inhibitory concentration (MIC)

The disk diffusion method, as described by Aneja and Joshi (2010) and Mostafa et al. (2018),
was used to determine the MIC values of S. aromaticum extract concentrations in Mueller-
Hinton agar, which was then inoculated with pathogenic strain bacterial suspensions. Because
of its coagulated appearance, the methanol extract of S. aromaticum was first diluted by a
decimal dilution (1/10) to a concentration of 891 mg/mL. Different concentrations of clove
methanol extract were prepared separately in a geometric progression of 1/2 ratio, with
concentrations ranging from 891, 445.5, 222.75, 111.37, and 55.68 mg/mL. Filter paper discs
(8 mm in diameter) were moistened with 10 pL of various clove methanol extract
concentrations and placed on top of Mueller-Hilton agar plates. All Petri dishes containing the
seeded medium were refrigerated at 5 °C for 2 h to allow clove extract diffusion before being
incubated at 37 °C for 24 h. The MIC was determined to be the extract’s lowest concentration,
indicating a distinct zone of inhibition (Nkere & lroegbu, 2005; Aneja et al., 2009).

2.6. Statistical Analysis

Three repetitions were performed for each concentration to calculate the standard deviation
(SD). The ORIGIN 6.0 system was used to conduct the statistical analysis, which involved
testing univariate variance (one-way ANOVA). The results were expressed as mean = SD. A
distinction was considered insignificant when p > 0.05 (NS), significant when 0.01 < p < 0.05,
very significant when 0.001 < p < 0.01, and highly significant when p < 0.001. The correlation
matrices between polyphenols and antibacterial activity were examined using STATISTICA
Version 10.

3. RESULTS

3.1. Extraction Yield and Contents of Polyphenols and Flavonoids

The methanol extract of S. aromaticum produced a high yield of 29.7%. 8.91 g of dry residue
was recovered from 30 g of powdered plant, containing 178.82 mg GAEQ/g polyphenols and
24.13 mg QEQ/qg flavonoids.

3.1. Macroscopic and Microscopic Identification of Isolated Strains

Figure 2 and Figure 3 show the macroscopic and microscopic appearance of the isolated strains,
respectively. Figure 2 depicts the colonies of isolated bacteria from the Columbia medium as a
cream-colored mat. On MRS medium, growth results in the formation of isolated cream-white
colonies with a uniform outline.
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Figure 2. Macroscopic appearance of isolated bacterial colonies on Columbia Agar (a) and MRS Agar

(b)
Gram staining revealed two types of cell arrangements: isolated and chain-shaped rounded
cocci (Streptococci) from Columbia Agar (a) and isolated bacilli from MRS Agar (b).

Figure 3. Microscopic appearance of isolated bacterial colonies on Columbia Agar (a) and MRS Agar

(b) after Gram coloration
Streptococcus spp. were isolated from all ten samples, but Lactobacillus spp. could only be
isolated from samples 1, 2, 3, 5, 9, and 10. Streptococci were found to be the most common
etiological agents in the formation of dental caries, as opposed to lactobacilli. Table 2 lists the
biochemical characteristics of the isolated bacteria. The findings clearly indicate that the

samples belong to the genera Streptococcus spp. and Lactobacillus spp.

Table 2. Biochemical characteristics of isolated bacteria.
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3.3. Estimation of Chemical Constituents of S. aromaticum by GC-MS

A GC-MS analysis of the chemical composition of S. aromaticum methanol extract revealed 31
peaks (Figure 4). Table 3 lists S. aromaticum’s phytochemical components, including their
names and chemical formulas, concentrations (%), retention time (RT), and biological

activities.
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Figure 4. GC-MS chromatogram of methanol extract of S. aromaticum, where the x-axis represents
retention time (mn) and the y-axis represents abundance.

By comparing mass spectral data and retention times, the main chemical constituent of S.
aromaticum peel methanol extract was identified as eugenol (61.23%), which was detected at
13.177 mn. The other major constituent found in the methanol extract was eugenol acetate
(26.45%) at 20.371 mn, followed by Pyrogallol (2.72%) and 2°,3’,4’ Trimethoxyacetophenone
(1.99%), while the other components had low values ranging from 0.09% to 0.74%.

The 20 chemical components of S. aromaticum are exhibited in biological activities
including Pyrogallol, 2°,3”,4’ Trimethoxyacetophenone, Benzyl Benzoate as antibacterials, 4H-
Pyran-one, 2,3-dihydroxy-3,5-dihtdroxy-6-methyl-, Pentadecanoic acid, 14-methyl, methyl
ester, 9-Octadecanoic acid (Z)-, methyl ester as antioxidants, caryophyllene, 2-
Furancarboxaldehyde, 5-(hydroxymethyl)-, Caryophyllene oxide, estragole as anti-
inflammatory, vanillin as anti-carcinogenic, and antioxidant, androsterone as neurosteroid and
anticonvulsant, 4H-1-Benzopyran-4-one, 5-hydroxy-7-methoxy-2-methyl as antioxidant and
anti-inflammatory, naphthazarin as antibacterial and antifungal, Di-n-octyl phthalate as
antimicrobial and insecticidal (Table 3). The major chemical constituents of eugenol and
eugenol acetate exhibit a variety of biological activities, including antibacterial, antiviral, and
antifungal properties. Eugenol has anticancer, anti-inflammatory, and antioxidant properties.

Table 3. Lists of chemical components of S. aromaticum detected by GC-MS.

Molecular

PN Name of compounds formula RT % Biological activities References
1 D-Alaninol CsHqO 3.092 0.40 Undefined
2 dI-Glyceraldehyde dimer CsHi20s 4.416 0.22 Undefined
3  Cyclopentane, 1-acetyl-1,2- C7H1002 6.817 0.13 Undefined
epoxy-
4 4H-Pyran-one, 2,3-dihydroxy- CesHsO4 8.018 0.40 Antioxidant Chen et al.
3,5-dihydroxy-6-methyl- (2021)
5  Caryophyllene CisHa4 11.936 0.15 Anti-inflammatory Gyrdymova &
Rubtsova (2021)
6  Eugenol CioH1202 13.771  61.23 Antibacterial, Ulanowska &
antiviral, Olas (2021);
antifungal, Cheikhyoussef et
anticancer, anti- al. (2022)
inflammatory and
antioxidant
7  2-Furancarboxaldehyde, 5- CsHsO3 14.436 0.16 Anti-inflammatory  Brustugun et al.
(hydroxymethyl)- (2005); Lu et al.
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(2005); Xu et al.
(2007)

8  2(3H)-Furanone, dihydro-4- C4HeO3 15.666 0.18 Undefined
hydroxy-
9  Vanillin CsHsOs 18.096 0.25 Anti-carcinogenic, Aryaetal.
antioxidant (2021)
10 Butanoic acid, 3-oxo-, 1- CsH1403 18.726 0.09 Undefined
methylpropyl ester
11 Eugenol acetate C12H1403 20.371  26.45 Antibacterial, Hemeda et al.
antiviral, antifungal (2022)
12 o-Cedrene CisHa4 20.843 0.17 Undefined
13 Lingustral CoH140 21.111 0.25 Undefined
14 Caryophyllene oxide C1sH240 22.626 0.64 Anti-inflammatory Gyrdymova &
Rubtsova (2021)
15 Androsterone C19H3002 23.417 0.24 Neurosteroid Reddy &
Anticonvulsant Rogawski
(2012);
Zolkowska et al.
(2014)
16 Pyrogallol CeHs03 23.803 2.72 Antibacterial Tinh et al.
(2016); Oliveira
et al. (2022)
17 10-12-Pentacosadiynoic acid CasH420- 24.130 0.74 Undefined
18 Acetophenone, 4’-hydroxy- CsHsO2 24.968 0.21 Antifungal Mohammadi
Ziarani et al.
(2020)
19 2°3°4° C11H1404 25.739 1.99 Antibacterial Freitas et al.
Trimethoxyacetophenone (2020)
20 2H-1-Benzopyran, 6,7- CisHicOs 27.220 0.13 Undefined
dimethoxy-2,2-dimethyl-
21 Benzyl Benzoate Ci14H1202 27.692 0.19 Antibacterial Diastuti et al.
(2019)
22 Pentadecanoic acid, 14-methyl, CigHz40; 30.217 0.23 Antioxidant Vijisaral
methy| ester Elezabeth &
Arumugam
(2024)
23 Palustrol CisH260 30.888 0.32 Undefined
24 Clovane diol CisH2602 33.196 0.31 Undefined
25 4H-1-Benzopyran-4-one, 5-  Ci7H140s 35.743 0.43 Antioxidant, anti- Gupta et al.
hydroxy-7-methoxy-2-methyl inflammatory (2023)
26 9-Octadecanoic  acid  (Z)-, CisHseO: 35.777 0.43 Antioxidant Mazumder et al.
methyl ester (2020)
27 Naphthazarin Ci0HeO4 36.455 0.12 Antibacterial, Ryu et al. (1993)
antifungal Duvauchelle et
al. (2021)
28 3-[(Benzo[1,3]dioxol-5- C19H17N303S 41.873 0.41 Undefined
ylmethylene)-amino]-2-methyl-
5,6,7,8-tetrahydro-3H-
benzo[4,5]thieno[2,3-
d]pyrimidin-4-one
29 Pyrrole-3-carboxylic acid, 5-(3- CigHyoNgO,  43.551 0.31 Undefined
hydroxypropyl)-2-methyl-5-
(1,2,4(4H)-triazol-3-yI)-,ethyl ester
30 Di-n-octyl phtalate C24H3504 49.911 0.15 Antimicrobial, Huang et al.
insecticidal (2021)
31 Estragole CioH120 50.984 0.35 Anti-inflammatory  Rodrigues et al.

(2016)
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3.4. Antibacterial Activity of S. aromaticum Methanol Extract

The results in Table 4 and Table 5 show the antibacterial activity of S. aromaticum methanol
extract against Streptococcus spp. and Lactobacillus spp. isolated from various samples in the
form of bacterial growth inhibition halos around the discs, respectively. Table 6 shows the
antibacterial activity results for the negative control (filled with methanol) and positive control
(penicillin).

Table 4. Antibacterial activity of clove methanol extract against Streptococcus spp. p = 0.011.

Inhibition zone diameters (mm)
Clove methanol extract concentrations (mg/mL)

Isolates 891 445.5 222.75 111.37 55.68
S1 23.33+1.52 12+2.64 0 0 0
S2 17.67+0.57 12+1 10+0 9+0 0
S3 9+0 8.5+2.12 0 0 0
S4 22.67+3.05 9.33+0.57 8.67+0.57 8.33+0.57 0
S5 17.33+0.57 9+1 7.5+0.70 7+0 0
S6 23.33+1.15 12.67+0.57 10.33+0.57 9+0 0
S7 11.33+1.52 9.5+0.70 9+1 8.33+1.54 0
S8 15+0 13.69+0.79 0 0 0
S9 15.33+0.57 11.33+1.15 9.67+0.57 9.67+2.51 0
S10 10+1.73 9.33+0.57 9+0 9.33+1.15 0

S: Streptococcus
The data in the table are represented as the mean + SD.

Table 5. Antibacterial activity of clove methanol extract against Lactobacillus spp. p = 0.00368.

Inhibition zone diameters (mm)

Isolates Clove methanol extract concentrations (mg/mL)
891 4455 222.75 111.37 55.68
L1 36.33+1.50 16.5+2.12 10.67+1.15 1040 0
L2 24.67+2.08 12.5+0.70 12+0 1140 0
L3 3540 11.5+£2.12 9+0 0 0
L5 40+0 28+2 19+1.41 9+0 0
L9 40+0 18.33+0.57 13 8.50 0
L10 19.67+4.72 9.67+0.57 9.67+0.57 9+0 0

L: Lactobacillus
The data in the table are represented as the mean + SD.

According to Table 4, Streptococcus spp. exhibit remarkable sensitivity to methanol extract,
with an increase in the diameters of the inhibition zones observed at various extract
concentrations. Except for S1, S3, and S8, all other Streptococcus spp. strains were slightly
more sensitive, with a zone of inhibition at 111.37 mg/mL. Table 5 shows that Lactobacilli
strains exhibit hypersensitivity, as evidenced by the large diameters of the inhibition zones
when compared to Streptococci strains. These findings indicate that Lactobacilli are more
sensitive to S. aromaticum’s methanol extract than Streptococci.

Clove’s antibacterial properties demonstrated effective inhibition of test bacterial strains at
an extract concentration of 891 mg/mL. The maximum zone of inhibition was against
Lactobacillus spp. isolates L5 and L9 (40 mm), followed by L1 (36.33 mm) and L3 (35 mm),
2 (24.67 mm), S1 and S6 (23.33 mm), and S4 (22.67 mm). Most of the other extract
concentrations tested against the other isolates resulted in inhibition zone diameters ranging
from 8.33 mm to 19.67 mm. Except for L3, the inhibitory effect of S. aromaticum extract on all
tested Lactobacillus spp. began at 111.37 mg/mL, with inhibition zones ranging from 8.5to 11
mm.
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Table 6. Antibacterial activity of Penicillin and Methanol (80%) against Streptococcus spp. and
Lactobacillus spp.

Inhibition zone diameter (mm) Inhibition zone diameter (mm)

Streptococcus Lactobacillus

Spp. Penicillin M(%tg%o' Spp. Senicillin M(egtg%ol
S1 18 0

S2 17 0

53 20 0 L1 225 0

S4 19.5 0 L2 23 0

S5 185 0 L3 23 0

57 21 0 L9 24.5 0

S8 20 0 L10 22 0

S9 19.5 0

510 215 0

Table 7 summarizes the MIC values for S. aromaticum methanol extract against
Streptococcus and Lactobacillus spp. It can be noted that 60% of the tested Streptococcus spp.
had the same MIC of 111.37 mg/mL (S2, S4, S6, S7, S9, and S10). However, except for L3,
methanol extract has the same MIC of 111.37 against all tested Lactobacillus spp.

Table 7. MIC of S. aromaticum methanol extract against Streptococcus spp. and Lactobacillus spp.

Minimum inhibitory Minimum inhibitory

Streptococcus . . Lactobacillus . .
Spp. concentration of S. aromaticum Spp. concentration of S. aromaticum
extract (mg/mL) extract (mg/mL)

S1 4455 L1 111.37

S2 111.37 L2 111.37

S3 4455 L3 222.75

S4 111.37 L5 111.37

S5 4455 L9 111.37

S6 111.37 L10 111.37

S7 111.37

S8 4455

S9 111.37

S10 111.37

3.5. Correlation analysis

Figure 5 and Figure 6 show correlation matrices between polyphenols in mg gallic acid
equivalent per g dry weight, corresponding in dilutions (GAEQ/g)cqa of the methanolic extract
and inhibition zone diameters against Streptococcus spp. and Lactobacillus spp. (Table 8). The
findings reveal significant positive correlations between polyphenols and inhibition zone
diameters for all tested strains.

Table 8. Corresponding polyphenols in methanol extract dilutions.

Dilution ratio Concentrations (mg/mL) Polyphenols (GAEQ/Q)cd
1/10 891 159.5
1/20 4455 79.75
1/40 222.75 39.87
1/80 111.37 19.93
1/160 55.68 9.96

(GAEQ/g)cs: mg gallic acid equivalent per g dry weight corresponding in dilutions
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Figure 5. Correlation matrices between polyphenols and inhibition zone diameters against
Streptococcus spp.
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Figure 6. Correlation matrices between polyphenols and inhibition zone diameters against Lactobacillus
spp.

4. DISCUSSION and CONCLUSION

According to a review of the studies, methanol is typically identified as the most effective
solvent for phenolic compound extraction due to its polar property and ability to solubilize and
recover optimal amounts of plant active components (Sultana et al., 2014; Qasim et al., 2016;
Shafira et al., 2020; Nakilcioglu & Otles, 2021; Benhamada et al., 2022). In the case of our
experiment, we were able to obtain a high extraction yield estimated at 27 %, which differs
from the results found by Sabiu-Haxhijaha et al. (2021), who obtained yields of 5.67% and
1.07% using hydrodistillation and ultrasound extraction methods, respectively. Khan et al.
(2022) indicated that the maximum yield of clove extract was 28.2%.

Using GC-MS for quantitative phytochemical screening, the S. aromaticum methanol extract
was discovered to contain 31 compounds, with the largest peak area at 13.77 RT and 20.37 RT,
indicating the presence of eugenol (61.23%) and eugenol acetate (26.45%), respectively, among
its principal chemical constituents. Bhuiyan et al. (2010) identified 31 components in Syzigium
caryophyllatum bud oil, the most important of which were eugenol (49.7%), caryophyllene
(18.9%), benzene,1-ethyl-3-nitro (11.1%), and benzoic acid,3-(1-methylethyl) (8.9%). Eugenol
was the most abundant oil constituent in S. aromaticum buds (72.08-82.36%), with eugenyl
acetate essential oil (8.6 - 21.3%) coming in second (Kaur et al., 2017).

Our findings are consistent with those of Ratri et al. (2020), who discovered that eugenol
(85.01%) and eugenyl acetate (13.06%) are the main components detected by GC-MS in Island
clove oil. Nonetheless, the petroleum ether extract of S. aromaticum contained the primary
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chemical constituents eugenol (21.72%), phenol, 2 methoxy-4-(2-propenyl)-acetate (16.75%),
espintanol (10.41%), and caryophyllene oxide (9.55%) (Alghazzaly et al., 2022). Several other
studies have also reported that eugenol is the primary component of cloves (Cortés-Rojas et al.,
2014; Cheikhyoussef et al., 2022: Jadhav et al., 2022; Khan et al., 2022; Kiralan & Ketenoglu,
2022; Frohlich et al., 2023; Gengatharan & Abd Rahim, 2023).

Bacteria are one of the leading causes of tooth decay. In this study, microbial analysis of
tooth decay revealed the presence of two Gram-positive bacterial genera: Lactobacillus spp.
and Streptococcus spp. Munson et al. (2004) found that Gram-positive bacteria dominate the
oral bacterial flora, and Prajapati and Raol (2013) isolated Streptococcus spp. and Lactobacillus
spp. from dental caries, confirming these findings. Our results are also consistent with those of
Aneja and Joshi (2009) and Prajapati and Raol (2014), who indicated that Streptococcus spp.
and Lactobacillus spp. are the primary, culturable agents responsible for caries lesions.

Another study conducted by Almaamori (2023) revealed that bacteria associated with tooth
decay include Staphylococcus spp., Streptococcus pyogenes, Bacillus cereus, Escherichia coli,
and Proteus spp. Mallya and Mallya (2020) reported the same conclusions. In fact,
Streptococcus mutans, Lactobacillus, and Actinomycetes were the bacteria most frequently
associated with tooth decay, despite the fact that Lactobacillus spp. is not the caries initiator
but does play a role in the development and progression of dentin caries. Streptococcus spp.
was isolated from 10 samples, leading us to conclude that Streptococcus spp. isolates are the
most common etiological bacteria of dental caries. Cai and Kim (2023) and Riaz et al. (2023)
found that Streptococcus mutans is the most commonly associated with dental caries.

To assess the efficacy of medicinal plant extracts, which can rival that of antibacterials, we
evaluated the antibacterial activity of the methanol extract of S. aromaticum in this work. The
findings show that methanol clove extract has significant activity against the tested strains,
resulting in varying inhibition zone diameters depending on the concentration used (p = 0.011
and p = 0.00368 against Streptococcus spp. and Lactobacillus spp., respectively). Our findings
are consistent with those of Alghazzaly et al. (2022), who found that S. aromaticum extract has
antibacterial activity against strains of the viridans group Streptococci, indicating a potential
natural treatment alternative.

Our results also indicate that methanol extract from cloves has significant antimicrobial
activity in the bacteria tested. Hugar et al. (2017) reported that clove oil was highly effective
against E. faecalis and could thus be used as a disinfectant. Yakubu Bello et al. (2022)
concluded that clove oil could be used as a natural preservative because it inhibits the growth
of Bacillus cereus. Ajobiewe et al. (2022) mentioned the same result, indicating that clove has
antibacterial activity against antibiotic-resistant Escherichia coli. The observed variation in
inhibition zone diameters can be attributed to either differences in bioactive molecule
composition in the extract or their mechanism of action on Gram-positive bacteria.

Numerous studies have demonstrated the antibacterial effect of natural active ingredients. S.
aromaticum’s antibacterial properties are thought to be due to its high polyphenol and flavonoid
content (Shrivastava et al., 2014; Oshomoh et al., 2015). Increasing polyphenol concentrations
resulted in a significant increase in inhibition zone diameter against tested strains, especially
against S1 (r> = 0.94, p < 0.001), L3 (r? = 0.94, p < 0.001), L5 (r? = 0.93, p < 0.001), and L9
(r> = 0.96, p < 0.001). According to Alghazzaly et al. (2022), S. aromaticum’s antibacterial
activity is due to polyphenolic constituents such as eugenol, phenol, 2-methoxy-4-(2-propenyl)-
acetate, espintanol and Caryophyllene oxide.

Saini et al. (2019) and Bai et al. (2023) reported that eugenol is the main component of clove
essential oil, and eugenol clearly has antibacterial effects on S. aureus and E. coli related to cell
wall and membrane damage, inhibition of biofilm formation, oxidative stress-mediated
apoptosis, and disruption of DNA synthesis. Joseph and Sugatha (2011) discovered that clove
has antibacterial properties against a variety of foodborne pathogens, including Staphylococcus
aureus, Staphylococcus epidermis, Bacillus cereus, Bacillus subtilis, and Bacillus sp.
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According to the findings of Shehadi et al. (2014), these substances have been shown in vitro
to have effective antimicrobial activity against a wide range of microorganisms. Their mode of
action is most likely due to their ability to form a complex with soluble extracellular proteins
from the bacterial wall, which destroys the cell membrane. In the same context, essential oils,
flavonoids, and polyphenols may cause potassium ion leakage at the membrane level, resulting
in irreversible membrane damage. This potassium permeability is a precursor to death (EI-Haci
etal., 2012).

The MIC results of methanolic extracts indicated that S. aromaticum could be used to control
and prevent pathogenic bacteria. These findings are consistent with those of Mostafa et al.
(2018), who discovered that the most potent plant extracts with bacteriostatic and bactericidal
properties against highly susceptible strains of foodborne pathogenic bacteria (S. aureus and P.
aeruginosa) were ethanolic extracts of S. aromaticum. Furthermore, it has been demonstrated
that flavonoids’ toxicity to microorganisms occurs either through the deprivation of metal ions
such as iron or through non-specific interactions such as the formation of hydrogen bonds with
proteins in microorganism cell walls (adhesins) or enzymes (Basli et al., 2012).

In conclusion, the obtained results highlight the antibacterial properties of the methanol
extract of Algerian clove due to its high bioactive component content, which showed significant
growth inhibitions for all Lactobacillus spp. and Streptococcus spp. isolated from dental caries.
These findings led us to propose using essential oils, such as cloves, as a natural antibiotic for
the treatment of dental caries, as well as in the preparation of toothpaste and mouthwashes.
Future research should focus on extracting, separating and purifying the bioactive components
of S. aromaticum, as well as studying their mechanisms of action on antibiotic resistance in
Vivo.
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