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Abstract

In light of the escalating global concern over antibiotic resistance, this study aimed to evaluate the antimicrobial activity of

the hydroalcoholic extract of Allium atroviolaceum and compare it with 0.2% chlorhexidine using the well diffusion, minimum

inhibitory concentration (MIC), and minimum bactericidal concentration (MBC) methods against Streptococcus mitis (ATCC 6249),

Streptococcus mutans (PTCC 16836), Streptococcus sanguinis (PTCC 1449), and Streptococcus salivarius (PTCC 1448). The well diffusion

methodrevealed the inhibitory effect of the extract,with thehighest activity observedagainst Streptococcus salivarius. Subsequently,

MIC and MBC values were determined, indicating that the hydroalcoholic extract had MIC and MBC values of 3.12 mg/mL against

Streptococcus sanguinis and 6.25 mg/mL against other strains (Streptococcus mitis, Streptococcus mutans, Streptococcus sanguinis, and

Streptococcus salivarius). Chlorhexidine exhibited significantly lower MIC and MBC values of 0.0003%. Based on literature reviews,

Allium species exhibit antimicrobial properties. The findingshighlight thepotential of Alliumatroviolaceum extract as an alternative

or complementary antimicrobial agent and warrant further investigation to identify its bioactive components and explore their

mechanisms of action. This study contributes to understanding natural antimicrobial agents and their potential applications

against bacterial infections.
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1. Background

Oral and dental problems continue to pose a

significant health concern in Indonesia. According to

Indonesia’s National Basic Health Research (RISKESDAS),

the national prevalence of these issues was 23.4% in

2007 and increased to 25.9% in 2013 (1). This indicates a

persistently high prevalence of caries, which can elevate

the risk of pulp disease. The prevalence of pulp disease

in Indonesia is classified as high, as indicated by the

2011 Indonesia Health Profile, which ranked pulp and

periapical disease as the 7th most common outpatient

condition in 2010 (2).

Pulp necrosis, or dead pulp, can occur due to bacterial

infections, trauma, or exposure to chemical irritants. It

is important to note that root canal infections and pulp

diseases are often caused by multiple types of bacteria

(3). Among these bacteria, facultative anaerobes are

commonly found in pulp and root canal infections (4).

In necrotic root canals, facultative anaerobic bacteria

account for 57.14%, while aerobic bacteria comprise 42.86%

(5). Streptococcus viridans, a gram-positive bacterium, is a

predominant and pathogenic bacteria species associated

with root canal infections in the oral cavity (6). This

bacterium, which constitutes approximately 63% of the

facultative anaerobic bacteria inhabiting the root canals,

is known to cause various oral infectious diseases such

as caries, periodontitis, dental abscess, bacteremia, and

endocarditis (7, 8). Consequently, bacterial infections

leading to pulp necrosis indicate the need for root canal

treatment.

Root canal treatment involves the removal of non-vital
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or necrotic pulp from the root canal, followed by its

replacementwith a suitable fillingmaterial (9). Successful

root canal treatment relies on effectively eliminating

bacteria and their organic substrates, which can be

achieved by employing antibacterial root canal filling

materials (10). During the preparation phase, a root

canal irrigant removes necrotic tissue and dentin debris

while moistening the tooth’s root canal to facilitate the

preparation process. This step helps reduce the number of

microorganisms in the root canal, enabling the remaining

bacteria to be targeted with antibacterial agents (10, 11).

Root canal irrigation plays a pivotal role in supporting

the success of root canal treatment (11). An ideal root

canal irrigant should possess potent antibacterial

properties with minimal toxicity (12). Furthermore, it

should disinfect and penetrate dentin tubules, lubricate

endodontic devices, provide long-term antibacterial

effects, remove the smear layer, dissolve necrotic tissue,

and be cost-effective, non-toxic, and non-carcinogenic

(13). Although various irrigants are available today, they

still exhibit certain limitations. For instance, when used

at high concentrations, sodium hypochlorite (NaOCl), a

commonly used synthetic irrigant, can induce periapical

inflammation. In contrast, low concentrations may

be ineffective in completely eradicating bacteria or

removing the smear layer (14). Therefore, exploring

natural alternatives with maximum antibacterial efficacy

andminimal toxicity for root canal irrigants is imperative.

Allium, a prominent genus within the Amaryllidaceae

family, comprises over 780 species, predominantly

perennial plants with underground storage organs

(15). Notable species within this genus include onions,

garlic, leeks, and shallots (16). Allium atroviolaceum,

commonly known as Persian shallot or dark purple

onion, is a flowering plant species belonging to the

Alliaceae family. Indigenous to Iran and neighboring

Middle Eastern countries, Allium atroviolaceum, has

been the subject of numerous studies highlighting its

antibacterial properties. Essential oil derived from Allium

atroviolaceum has been tested against various bacterial

strains, including Escherichia coli, Staphylococcus aureus,

and Pseudomonas aeruginosa.

2. Objectives

This study aims to investigate the antibacterial effects

of hydroalcoholic extracts from Allium atroviolaceum

on oral bacteria of the Streptococcus viridans groups.

Furthermore, the antibacterial effectiveness of this extract

will be compared with that of chlorhexidine, a commonly

used compound in dental applications.

3. Methods

3.1. Extraction

This study utilized the ethanolic extract of Allium

atroviolaceum, commonly known as the tassel plant, due

to its potent antimicrobial effects. The bulbs of the tassel

plant were obtained from the mountains of Gavazang,

located at the northern heights of Zanjan (Herbarium

code: P1008773). These bulbs were carefully collected

and assigned a specific code before being stored in the

herbariumof the Faculty of Pharmacy at ZanjanUniversity

of Medical Sciences (Figure 1). To prepare the extract, the

collected onionswere thoroughly cleaned anddried in the

shade at room temperature. Once dried, the underground

pods were crushed and ground. The extraction process

was carried out using the percolation method with 70%

ethanol as the solvent. The percolation method was

employed as follows: Initially, 100 gr of tassel plant bulbs

were placed inside the percolator. Subsequently, 750 mL

of a 70% ethanol solution was added to the percolator.

The device was then securely positioned within a closed

chamber under a hood. After 72 h, the resulting solution

was drained into a Petri dish. For the second extraction

step, 675 mL of 70% ethanol solution was added to the

percolator, followed by another 72 hours for extraction.

The resulting extract from the Petri dish was drained once

again.

Lastly, for the third and final extraction step, 550 mL

of 70% ethanol solution was added to the percolator, and

after 72 h, the extract in the Petri dish was drained for

the last time. This completed the extraction process.

The subsequent removal of the solvent was accomplished

using a rotary evaporator. The resulting solvent-free

extract was stored in a dark, sealed container at 4°C until

experimentation (17, 18).

3.2. McFarland Standard Preparation

To prepare the McFarland standard solution, 0.5 mL

of a 1.75% barium chloride solution was added to 99.5

mL of 1% sulfuric acid. This solution can be stored in a

dark environment for up to 6 months. The McFarland

standard solution serves as a reference for determining

the concentration of bacterial suspensions. The turbidity

of the McFarland standard solution corresponds to a

bacterial concentration of approximately 1.5× 108 cfu/mL.

Fresh and pure bacterial colonies are inoculated into

a tube containing sterile physiological serum to create

a bacterial suspension equivalent to the McFarland

standard. By comparing the turbidity of the resulting

bacterial suspension to that of the McFarland half

standardsolution, a suspensioncontainingapproximately

1.5 x 108 cfu/mL of bacteria can be prepared.
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Figure 1. Allium atroviolaceum, as A, tassel plant and; B, bulbs plant. C & D, Allium atroviolaceum extraction via percolationmethod.

3.3. Streptococcus viridans Preparation

Lyophilized forms of standard Streptococcus strains,

including Streptococcus mitis (ATCC 6249), Streptococcus

mutans (PTCC 16836), Streptococcus sanguinis (PTCC

1449), and Streptococcus salivarius (PTCC 1448), were

obtained from the Iran Scientific and Industrial Research

Organization. To initiate thebacterial preparationprocess,

these strains were cultured on Brain Heart Infusion (BHI)

blood agar medium and subsequently incubated for

24 hours at 37°C under microaerophilic conditions.

After incubation, the bacterial culture was adjusted to

a 0.5 McFarland standard, corresponding to a bacterial
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concentration of approximately 1.5 × 108 cfu/mL. The

turbidity of the bacterial culture was visually compared to

that of the McFarland standard by holding both samples

side by side against a white background featuring black

horizontal lines. This ensured a consistent matching

of turbidity between the culture and the standard,

facilitating accurate standardization of the bacterial

suspension.

3.4. An Antimicrobial Assay by Well Diffusion Method

The antimicrobial activity of the hydroalcoholic

extract of Allium atroviolaceum and chlorhexidine was

assessed using the well-diffusion qualitative method.

BHI blood agar culture medium was employed to

evaluate the antimicrobial effects. To initiate the

assay, a bacterial suspension equivalent to half of the

McFarland standard was prepared from the strains of

Streptococcus mitis, Streptococcus mutans, Streptococcus

sanguinis, and Streptococcus salivarius. Using a sterile swab,

the bacterial suspension was uniformly inoculated onto

the surface of the BHI blood agar medium, ensuring even

distribution. Subsequently, the plates were incubated

under microaerophilic conditions at 37°C, allowing the

bacterial culture togrow. Next,wellswere carefully created

on the agar plate using a sterile Pasteur pipette. Within

these wells, 50microliters of the hydroalcoholic extract of

Allium atroviolaceum, with a concentration of 50 mg/mL,

PBS (Phosphate Buffer saline used as negative control),

and 0.2% chlorhexidine (used as a positive control) were

added. This facilitated the diffusion of the respective

antimicrobial substances into the surrounding agar. After

adding the extracts and control, the plates were incubated

for 24 hours at 37°C, maintaining the microaerophilic

conditions. After incubation, the diameter of the

non-growth zone around each well (clear zone where

bacterial growth was inhibited) was measured using a

ruler or caliper, providing a quantitative assessment of

the antimicrobial activity.

By measuring the diameter of the non-growth zone,

the inhibitory effect of the hydroalcoholic extract of

Allium atroviolaceum and chlorhexidine against the tested

bacterial strains can be evaluated.

3.5. An antimicrobial Assay by Minimum Inhibitory

Concentration andMinimum Bactericidal Concentration

The minimum inhibitory concentration (MIC) of

the hydroalcoholic extract of Allium atroviolaceum and

chlorhexidine was determined using the micro-broth

dilution quantitative method. A 96-well microplate was

utilized for this purpose. Initially, 150 µL of BHI broth

culture medium was added to all plate wells. Starting

with the first well, 150 µL of the hydroalcoholic extract of

Allium atroviolaceum with a concentration of 50 mg/mL

was added. This resulted in a 25 mg/mL concentration

in the first well. The extract and culture medium were

thoroughly mixed by gently pipetting up and down. Then

150 µL of this mixture was transferred to the next well

(well No. 2). The process was repeated for subsequent

wells, with 150 µL of the mixture being transferred and

diluted from one well to the next, following the same

up-and-down mixing technique. This serial dilution

continued until well No. 9, with 150 µL being discarded

from this well, maintaining a final volume of 150 µL in

all wells. Two control wells were included in the plate.

No. 11 served as the negative control, containing only

culture medium without extract or bacteria, ensuring

contamination-free conditions. No. 12 was the positive

control, containing culturemedium and bacteria without

adding the extract. After diluting the extract, 15 µL of

bacterial suspension equivalent to 1.5 × 106 cfu/mL was

added to each well. The microplate was then incubated

at 37°C under microaerophilic conditions for 18 - 24

hours. The lowest dilution of the hydroalcoholic extract

that did not exhibit visual turbidity was considered the

minimum inhibitory concentration (MIC), indicating the

concentration at which bacterial growth was inhibited.

To determine the minimum bactericidal

concentration (MBC) of the hydroalcoholic extract of

Allium atroviolaceum, wells without bacterial growth (no

turbidity) were selected. From these wells, 50 µL of the

contents were cultured on a BHI blood agar medium.

The agar plates were subsequently incubated at 37°C

for 18 - 24 hours. After incubation, the plates were

examined for bacterial growth, and the agar platewith the

lowest extract concentration that completely inhibited

bacterial growth was considered the minimum lethal

concentration or MBC. Similarly, the minimum inhibitory

and lethal concentrations for 0.2% chlorhexidine were

also determined following the same procedure.

3.6. Data Analysis

The data obtained from the research, in the form of

colony counts, was subjected to statistical analysis. A

one-way analysis of variance (ANOVA) test was conducted

to determine if there were any significant differences

among the sample groups. Additionally, a least significant

difference (LSD) post hoc test was performed to identify

specific significant differences between the groups.

These tests were employed to analyze and interpret the

data, providing valuable insights into the comparative

outcomes of the different sample groups.
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4. Results

4.1. Well Diffusion Method

The present study aimed to evaluate the antimicrobial

effects of the hydroalcoholic extract of Allium

atroviolaceum and 0.2% chlorhexidine mouthwash on

standard strains of Streptococcus mitis (ATCC 6249),

Streptococcus mutans (PTCC 16836), Streptococcus sanguinis

(PTCC 1449), and Streptococcus salivarius (PTCC 1448)

under laboratory conditions. Using the well diffusion

method, the diameter of the growth inhibition zone

was measured for the hydroalcoholic extract of Allium

atroviolaceum at a concentration of 50 mg/mL against

the four Streptococcus viridans group bacteria. The exact

measurement was performed for chlorhexidine as a

positive control. The results are presented in Figure 2A

and B, showing the values of the growth inhibition zone in

millimeters. As illustrated in Figure 2A, the hydroalcoholic

extract of Allium atroviolaceum at a concentration of 50

mg/mL exhibited the highest inhibitory effect against

Streptococcus salivarius, with a growth inhibition zone

diameter of 17.00 ± 2.00 mm. On the other hand, it

showed the lowest inhibitory effect against Streptococcus

mutans, with a growth inhibition zone diameter of

approximately 12.00 ± 1.00 mm. The diameter of the

growth inhibition zone for chlorhexidine against the

tested streptococci ranged between 19.00 ± 0.50 and

22.00 ± 1.00 mm. These results provide valuable insights

into the antimicrobial activity of the hydroalcoholic

extract of Allium atroviolaceum and its potential as an

alternative to chlorhexidine for combating oral bacterial

infections.

4.2. Minimum Inhibitory Concentration and Minimum

Bactericidal Concentration

In this study, the antimicrobial activity of the

hydroalcoholic extract of Allium atroviolaceum was

also evaluated using the MIC (minimum inhibitory

concentration) and MBC (minimum bactericidal

concentration) methods against Streptococcus mitis,

Streptococcus mutans, Streptococcus sanguinis, and

Streptococcus salivarius. The results were compared

with 0.2% chlorhexidine, a widely used antimicrobial

agent. Table 1 presents the MIC and MBC values of

the hydroalcoholic extract of Allium atroviolaceum

and chlorhexidine against the tested streptococci.

Serial dilutions of the extract and chlorhexidine were

performed, starting with concentrations of 25 mg/mL and

0.1%, respectively. MIC and MBC values of the extract for

Streptococcus sanguiniswere foundtobeapproximately 3.12

mg/mL, whereas the MIC and MBC values for other strains

(Streptococcus mitis, Streptococcus mutans, Streptococcus

sanguinis, and Streptococcus salivarius) were about 6.25

mg/mL. Comparatively, chlorhexidine exhibited lower

MIC and MBC values of 0.0003%. These findings indicate

that the hydroalcoholic extract of Allium atroviolaceum

possesses moderate antimicrobial activity against the

tested streptococci, with comparable effectiveness to

chlorhexidine. Figure 3A displays the image of the 96-well

microplate used to determine the MIC of the tassel onion

extract. The absence of visible growth in certain wells

indicates the inhibitory effect of the extract at specific

concentrations. Figure 3B illustrates the plates containing

BHI blood agar used to determine the MBC of the extract.

The absence of bacterial growth on the plates indicates

the extract’s lethal effect at specific concentrations.

5. Discussion

The results of the antibacterial assay using the

well diffusion, MIC, and MBC methods were obtained

for the hydroalcoholic extract of Allium atroviolaceum

and 0.2% chlorhexidine against Streptococcus sanguinis,

Streptococcus mitis, Streptococcus mutans, Streptococcus

sanguinis, and Streptococcus salivarius. To better

understand the significance of these findings, a

comparison with existing literature is necessary. The

well diffusion method demonstrated the inhibitory

effect of the hydroalcoholic extract of tassel onion on

the growth of the tested streptococci. The diameter

of the growth inhibition halo was observed, with the

extract showing varying degrees of effectiveness against

different strains. The results demonstrated in Figure 1

indicates that the extract exhibited the highest inhibitory

effect against Streptococcus salivarius, with a diameter

of approximately 17.00 ± 2.00 mm. In contrast, the

lowest inhibitory effect was observed against Streptococcus

mutans, withadiameterof approximately 12.00± 1.00mm.

Chlorhexidine, the positive control, displayed inhibition

halos ranging from 19.00 ± 0.50 to 22.00 ± 1.00 mm,

demonstrating its potent antimicrobial activity against

the tested streptococci. In examining the well diffusion

results, varying inhibitory effectiveness against different

streptococcal strains suggests a nuanced interaction

between the extract and specific bacterial species. Notably,

the extract’s highest inhibitory effect against Streptococcus

salivariusaligns with previous research on Allium species,

hinting at strain-specific responses.

In the MIC and MBC analysis, the hydroalcoholic

extract of Allium atroviolaceum and chlorhexidine were

subjected to serial dilution to determine the lowest

concentration at which bacterial growth was inhibited

(MIC) and the lowest concentration that resulted in

bacterial death (MBC). In comparison, chlorhexidine

Jundishapur J Nat Pharm Prod. 2024; 19(1):e139187. 5
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Figure 2. A, Inhibition zone diameter induced by Allium atroviolaceum extract, chlorhexidine, and PBS (phosphate buffer saline) on all investigated microorganisms. B,

Inhibition Zone via well diffusion assay.
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Figure 3. A, 96-well microplate to determine the MIC of the Allium atroviolaceum extraction and chlorhexidine against all investigated microorganisms; B, Blood agar plates

toMBCmicroorganism’s assay.
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Table 1.MIC andMBC Values for Allium atroviolaceum Extract, and Chlorhexidine Against all InvestigatedMicroorganisms

Microorganisms
Allium atroviolaceum (mg/mL) Chlorhexidine (0.2%)

MBC MIC MIC (%) MBC (%)

Streptococcusmitis 6.25 6.25 0.0003 0.0003

Streptococcusmutans 6.25 6.25 0.0003 0.0003

Streptococcus sanguinis 3.12 3.12 0.0003 0.0003

Streptococcus salivarius 6.25 6.25 0.0003 0.0003

displayed significantly lower MIC and MBC values of

0.0003%, indicating its greater potency in inhibiting

bacterial growth and causing bacterial death. When

comparing these results with the existing literature, it is

essential to consider variations in extraction methods,

sample sources, and bacterial strains used in different

studies. However, several studies have investigated

the antimicrobial activity of Allium species, including

tassel onion, against various bacterial pathogens. For

instance, research conducted by Lahiri D et al. reported

the antimicrobial potential of Allium cepa (onion) extract

against Streptococcus mutans and Streptococcus sanguinis,

corroborating our findings (19). Additionally, studies

on the antimicrobial activity of chlorhexidine have

consistently highlighted its effectiveness against a wide

rangeof bacteria, including streptococci (20, 21). Although

the antimicrobial activity of the hydroalcoholic extract of

Allium atroviolaceumwas less potent than chlorhexidine, it

still exhibited significant inhibitory effects. This suggests

that the extract could serve as a potential alternative or

complementary treatment option, particularly in cases

where synthetic antimicrobial agents may not be suitable

ordesired. However, amoredetailed explorationof known

bioactive compoundswithinAlliumatroviolaceum couldbe

integrated to bolster the discussion. For instance, Allium

species contain organosulfur compounds, flavonoids,

and polyphenols, each with antimicrobial properties.

Investigating the interplay of these compounds with the

bacterial strains tested could provide a more nuanced

understanding of the extract’s inhibitory potential.

While acknowledging the limitations of the present

study in identifying specific bioactive compounds, it is

crucial to highlight the potential implications of such

identification. Future research endeavors could focus on

isolatingandcharacterizing these compounds, unraveling

the molecular mechanisms underpinning the extract’s

antimicrobial activity. This, in turn, may contribute

to developing targeted and potent antimicrobial

agents derived from Allium atroviolaceum. In summary,

augmenting the discussion with a more thorough

exploration of the chemical constituents of Allium

atroviolaceum and their implications for antimicrobial

activity would enrich the understanding of the extract’s

therapeutic potential.

5.1. Conclusion

In this investigation, we probed the antimicrobial

prowess of the hydroalcoholic extract of Allium

atroviolaceum alongside the widely used 0.2%

chlorhexidine, targeting Streptococcus sanguinis,

Streptococcus mutans, Streptococcus salivarius, and

Streptococcus mitis through comprehensive well diffusion,

MIC, and MBC assessments. Our findings distinctly

showcase the inhibitory impact of Allium atroviolaceum on

the tested streptococcal strains,manifestingasdiscernible

growth inhibition zones in the well diffusion assay.

Notably, the extract exerted its most potent inhibitory

effect against Streptococcus salivarius, underscoring

its strain-specific efficacy, albeit with comparatively

lower effectiveness against Streptococcus mutans.

Delving deeper through MIC and MBC analyses, the

hydroalcoholic extract revealed MIC and MBC values

of 3.12 mg/mL against Streptococcus sanguinis and 6.25

mg/mL against the remaining strains. While these values

position Allium atroviolaceum as a viable antimicrobial

contender, chlorhexidine emerged as a more potent

adversary, displaying significantly lower MIC and MBC

values of 0.0003%. This emphasizes chlorhexidine’s

robust capability in inhibiting bacterial growth and

inducing bacterial death. In a broader context, our

study adds substantial weight to the expanding body of

evidence affirming the antimicrobial properties of Allium

atroviolaceum. However, we recognize the imperative for

continued exploration. Unraveling the specific bioactive

compounds responsible for its antimicrobial activity is

a priority. Future investigations should pivot toward

isolating and characterizing these compounds, shedding

light on their mechanisms of action, safety profiles, and

plausible clinical applications.

Our work signals a critical juncture in understanding

the antimicrobial potential of Alliumatroviolaceum extract,

illuminating promising avenues for the development of
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natural antimicrobial agents. This research transcends

the laboratory, envisioning novel therapeutic alternatives

for combatting bacterial infections. As we navigate

the evolving landscape of antimicrobial research, Allium

atroviolaceum emerges as a beaconof possibility, especially

where synthetic antimicrobial agents may prove less

suitable or preferred.
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