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Background: S. mutans is one of the most bacterial pathogens causing periodontal
disease worldwide. Aim: This study aimed to evaluate the effectiveness of

Received: 2 April 2026, cardamom seed extract concentrations in inhibiting the growth of clinically
Revised: 21 May 2026, isolated bacteria from patients with gingivitis caused by Streptococcus mutans,
Accepted: 10 June 2026, given the traditional use of cardamom seeds in Iraqi folk medicine for oral and

DOL: 10.57238/bb.2026.7432.1170 ~ dental health.
Methods: S. mutans bacteria were clinically isolated from patients with periodontal

disease in Al-Muthanna Governorate and identified using the VITEK system. The
effect of cardamom seed extracts on the bacterial growth activity of Streptococcus
mutans was then evaluated.

Results: The study showed that ethanolic extracts of cardamom seeds (Elettaria
cardamomum) have strong antibacterial effects against Streptococcus mutans (S.
mutans), and the larger inhibition zones (12-16 mm) observed in the ethanolic
extract indicate better efficacy than the aqueous extract.

Conclusion: The properties of ethanolic cardamom extract have demonstrated its
ability to inhibit bacterial cell membrane enzymes, thus controlling bacteria.
Access this article online Furthermore, it is necessary to determine safe concentrations for human use and

) o assess their suitability for use without the appearance of side effects.
Copyright: ©2026 The authors. This article is

published by Nabea Al-Ajyal Foundation
Press and is licensed under the CC BY 4.0
license
(http://creativecommons.org/licenses/by/4.0/).
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1. Introduction

The unjustified overuse and indiscriminate misuse of antibiotics in the treatment of bacterial infections,
including gingivitis, has led to very serious problems, including the emergence of antibiotic-resistant
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bacterial strains [1]. The clinical symptoms of gingivitis include redness, inflammation, and bleeding at
the gum line, as well as ulceration [2]. Bacterial gingivitis may develop into acute periodontitis and
periodontal disease due to bacterial attack, ultimately leading to a deterioration of both oral and dental
health [3,4]. One of the main factors that contributes to an unhealthy gum environment is creating
conditions conducive to the proliferation of acid-producing bacteria, the most important of which is the
failure to clean teeth regularly, including streptococci mutans.

This leads to the replacement of the normal bacteria coexisting in the oral cavity with other harmful
bacteria [5,6]. Rapid sugar metabolism and the production of various acids are among the most important
virulence factors exhibited by Streptococcus mutans bacteria, as is their high resistance to low pH
conditions in the mouth. [7].

Currently, plant-derived compounds are emerging as promising alternatives to antibiotics due to their
biologically active properties and safe profile with no side effects [8]. The therapeutic effect of substances
extracted from different parts of the plant, including roots, seeds, leaves, and bark, depends on different
extraction techniques such as distillation, evaporation, or hydro-infusion [9, 10, 11]. Cardamom seeds
contain important compounds such as myrcene, limonene and cineole, as well as some vitamins, calcium,
niacin and riboflavin, making it an anti-inflammatory and antimicrobial substance in the form of a natural
substance [12, 13].

This study evaluates the properties of cardamom seed extract against clinically isolated Streptococcus
mutans strains from patients with periodontal disease in Al-Muthanna Governorate, Iraq, to demonstrate
its efficacy in traditional herbal medicine and assess its suitability as an alternative to antibiotics and
chemical treatments.

2. Materials and methods
2.1.Preparing the media

2.1.1. Mitis Salivarius Bacitracin Agar

Medium was prepared by adding 90 grams of Mitis salivarius with 150 grams of sucrose to one liter
of distilled water, mixing well, then sterilizing it well in an incubator, and after cooling, we add 1 ml of
bacitracin solutions and mix with 9 grams of agar, then pour the medium into dishes [14].

2.1.2. Hinton Muller agar

Medium was prepared according to the manufacturer’s instructions, and after completing the
sterilization process and cooling the medium to the appropriate temperature 40-45, this medium is used
for the purpose of examining the sensitivity of bacteria to the alcoholic and aqueous extract of cardamom
seeds to inhibit bacteria [15].

2.1.3. Preparation of bacterial isolates

Samples taken from the mouths of people suffering from gingivitis, specifically from the gums and
from both sexes, were collected from private clinics in Al-Muthanna Governorate. Then the diagnosis of
the isolated bacteria was confirmed according to the use of the Vitech system to identify the bacterial
isolates according to the manufacturer’s instructions [16]. Streptococcus mutnas bacteria were isolated
using cotton swabs and plotted on the diagnostic medium mitis salivarins bacitrain agar and incubated
at 37 degrees for 24 hours in a candle jar [17].

After that, the isolates of S. mutnas bacteria were added to the dishes containing the medium Muller
hinton agar, and the dishes were left for a quarter of an hour to test the sensitivity of the bacteria to the
aqueous and alcoholic extract of cardamom seeds. Then, the discs made from filter papers were immersed
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in the previously prepared extracts and placed on the soil planted with it. The bacteria were placed at
equal distances between the discs and incubated for 24 hours at a temperature of 37 degrees. The
diameters of bacterial growth inhibition were measured using a ruler after the incubation process was
completed.

2.1.4. Preparation of cardamom extract

Indian green cardamom was used and ground by an electric grinder into a fine powder. Weigh (50
mg) of powder and place it in a Sechelt extractor with 250 ml of distilled water, absolute ethanol to obtain
two different extracts according to the solvent used for 3 hours. the extract obtained from the Sechelt
device was placed in the rotary evaporator to obtain the solid substance of the extract. This Solution is
subject to damage when kept at room temperature after 10 days of extraction.

3. Results and discussion

3.1 UV-Vis Absorbance Spectrum

The Shimadzu UV-1900 spectrophotometer (Serial No A12536003441) acquired the UV-Vis absorbance
spectrum (File: 1%AA - RawData) on April 16, 2024 at 02:53:00 PM. The ASEEL sample received the
following measurement settings:

Spectrum Type: Absorbance. Slit Width: 1.0 nm. Light Source Switch Wavelength: Standard (typically
340 nm for this instrument class). Measurement Range: 600.00 nm to 900.00 nm (as indicated by Sample
ID). The raw data shows the measurement happened in the visible to near-infrared region (600-900 nm),
which serves well for studying electronic transitions in conjugated systems, charge-transfer complexes,
and semiconductor materials (Figure 1).

SpeCtrum Active Graph PrintDate . 04162024 03 G4 19 P

File Name: 1%AA - RawData

1%AA - RawData

1.20~—— : : —
1.00}- =
I3 \
-4 \
= \
0.50H+\
| \‘ ~
0.00! — ! L
200.00 400.00 600.00 800.00 900.00
nm
[Measurement Parameters]
[reasurement]
Measuremant Data Stant 900 nm
RawData End 200 nm
ASEEL Data Interval 05nm
Scan Speed Mecium speed
Spectrum Type Absorbance
04/16/2024 02.53.00 PM [Accessones]
Accessones None
o F C \Users\hp\Desktop\AG vspm A o)
. vancs
Report File Name R ;‘c:;-g
Software Information Light Source Switch Wavelength ’ 'rv—w
Software Name LabSolutions UV-Vis S/R Switch Standard
Version 113
[Repeat]
Instrument Information Repeat Measurement OFF
Instrument Name UV-1800
Instrument Type UV-1900 Series [Post-processing]
Mode! (S/N) UV-15001 (A12536003441) Spectrum Transformation OFF
Data Processing Table OFF
Print OFF

Page 2w 1

Figure 1. UV-Vis Absorbance Spectrum of Cardamon extracts
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The selected wavelength ranges from 600-900 nm matches photon energies between 2.07 eV and 1.38
eV, which scientists use for various scientific purposes. Conjugated Organic Materials [18]:

e The Shimadzu UV-1900 series instruments provide a photometric accuracy of +0.002 Abs for
measurements between 0-0.5 Abs and +0.004 Abs for measurements between 0.5-1.0 Abs and
wavelength accuracy of +0.1 nm (Shimadzu specifications).

e The bacterium isolated from the gums of the human mouth showed good growth on MSB
culture medium, where it appeared in the form of small, circular, irregularly shaped, semi-
transparent colonies with a granular appearance, raised above the surface of the medium agar
[19] (Figure 2).

3.2 Morphological and Cultural Characteristics

The fine, granular appearance of bacterial colonies is due to the production of extracellular polymers
(EPS), often resulting from biofilm formation, a key factor in the virulence of oral bacteria [20]. A relatively
high concentration of bacterial colonies growing in the medium indicates either active movement or the
secretion of certain active substances onto the surface. [21]. As for partial transparency, it indicates thin
or un pigmented cell walls, a characteristic feature of anaerobic or facultative anaerobic bacteria found in
the gingival fissure [22].

3.3 Implications for Oral Microbiology

MSB medium, which contains hemin and vitamin K, selectively helps the growth of anaerobic bacteria
[19]. The observed colony morphology aligns with Prevotella or Fusobacterium spp., which are known to
colonize subgingival plaques and contribute to periodontal disease [23].

Figure 2. Appearance of Streptococcus mutnas on MSBA differentiation medium

The sensitivity of S. mutnas against the aqueous and alcoholic (ethanol) extract of cardamom seeds
was tested according to the etch diffusion technique. The bacteria showed clear inhibition against the
ethanolic extract of cardamom seeds, as the diameter of inhibition of the alcoholic extract reached (12-16)
mm, and this indicates a decrease in the number of bacteria, which indicates the sensitivity of the bacteria
S. mutnas to the ethanol extract of cardamom seeds, while the aqueous extract gave an inhibition of (1- 2)
mm, which is not considered a noticeable inhibition (Figure 3).

3.4 Ethanol Extract Superiority

The ethanolic extract produced a larger inhibition zone because cardamom bioactive compounds, such
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as terpenes and flavonoids, and phenolic acids extracted better in ethanol than in water [24]. The
extraction of non-polar antimicrobial agents, including 1,8-cineole and a-terpinyl acetate, becomes more
effective through ethanol because it disrupts bacterial cell membranes and blocks essential enzymes [25].

3.5 Aqueous Extract Limitations

The aqueous extract showed no inhibition because water does not dissolve cardamom antimicrobial
compounds according to [26]. Polar solvents lack the ability to extract lipid-soluble compounds, which
are essential for antibacterial action.

3.6 Clinical Relevance

S. mutans functions as a major cariogenic bacterium through its ability to create biofilms and generate
acids [27]. Further research must be conducted to establish the in vivo safety of using the ethanolic extract
in natural oral care products that target dental caries despite its demonstrated effectiveness against S.
mutans.

3.7 Comparative Analysis with Literature

The measured inhibition zone (12-16 mm) of the ethanolic extract matches previous research on
cardamom's effectiveness against Gram-positive bacteria [28]. The minimal aqueous inhibition matches
the observation of [29] that water extracts of spices typically produce weak antimicrobial effects.

Figure 3. left panel: Control group with extracts on the medium of allergy test Muller Hinton agar.
Middle panel: Inhibition of alcoholic extract of cardamom seeds against Streptococcus mutnas bacteria.
Right penel: Inhibition of aqueous extract of cardamom seeds against Streptococcus mutnas bacteria

4. Conclusion

The current research shows that ethanolic extracts of Elettaria cardamomum seeds have strong
antibacterial effects against S. mutans which is a main dental pathogen responsible for periodontal
diseases and dental caries. The larger inhibition zones (12-16 mm) observed in ethanolic extraction
demonstrate better effectiveness than aqueous extraction because organic solvents better extract terpenes,
flavonoids and phenolic acids.

This study highlights the importance of the traditional use of cardamom seeds in folk medicine for
oral and dental health. It demonstrates the value and potential of cardamom seeds as an antibacterial
agent that inhibits bacterial growth, specifically targeting gingivitis and tooth decay. Cardamom seeds
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achieve this by disrupting bacterial cell wall formation and inhibiting enzymatic activity.

Further research is needed due to the significant health implications of this study. This research should
explore the potential for widespread use of oral care products based on cardamom seed extract, establish
safe and appropriate concentrations for human use without side effects, and determine the possibility of
combining it with other plant extracts to ensure long-term effectiveness.
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