
ORIGINAL RESEARCH

Caries Preventive and Antibacterial Effects of Two Natural 
Mouthwashes vs Chlorhexidine in High Caries-risk Patients: A 
Randomized Clinical Trial
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Ab s t r Ac t 
Aim and objective: To evaluate the caries preventive and antibacterial effects of Gum Arabic and Licorice mouthwashes vs chlorhexidine in 
high caries-risk patients. The prevalence of oral side effects from using the mouthwashes was also assessed.
Materials and methods: Total 63 participants categorized as high caries-risk according to the CAMBRA caries-risk model were recruited. They 
were randomly allocated to three groups (n = 21) according to the mouthwash used: G1 (Gum Arabic), G2 (Licorice), and G3 (Chlorhexidine). 
Baseline DMF scores and saliva samples were obtained. DMF scores, salivary Streptococcus mutans (SM) and Lactobacillus acidophilus (LA) counts, 
and any reported oral side effects were recorded after 3, 6, 9, and 12 months. The obtained results were subjected to the statistical analysis 
and the significance level was set at p ≤ 0.05.
Results: Regarding DMF scores, no statistically significant difference was found between the three groups at baseline, after 3, 6, and 9 months. 
After 12 months, a statistically significant difference was found between G3 and each of G1 and G2 where G3 showed significantly higher DMF 
scores (p < 0.001). No statistically significant difference was found between G1 and G2. Regarding antibacterial activity, after 6 months, all 
mouthwashes showed statistically significant antibacterial effect against SM and LA with no statistically significant difference between them 
(p < 0.001). After 9 and 12 months, G1 and G2 showed a statistically significant reduction in SM and LA counts (p < 0.001). However, G3 showed 
a statistically significant increase in SM and LA counts indicating bacterial resistance (p < 0.001). No oral side effects were reported in G1 and 
G2. On the other hand, several oral side effects were reported in G3.
Conclusion: Gum Arabic and Licorice mouthwashes show promising caries preventive and antibacterial effects with no oral side effects reported.
Clinical significance: Natural mouthwashes can serve as substitutes to chemical agents as chlorhexidine, providing effective caries control 
and safe long-term use.
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In t r o d u c t I o n 
Dental caries is the most challenging oral disease seen in the dental 
practice and continues to be a major health concern. Dental caries 
is caused by specific acid-producing bacteria that ferment dietary 
carbohydrates leading to demineralization and destruction of the 
dental hard tissue.1

By understanding the nature of the disease, being a 
dynamic process of alternating periods of demineralization and 
remineralization, best controlled by minimizing the risk factors 
and maximizing the protective factors, caries is now defined as a 
disease that is reversible and preventable.2

Research in the field of caries prevention has entailed that one 
of the main goals is to reduce or totally eliminate cariogenic bacteria 
as they are a major etiological factor especially in high caries-risk 
patients.3 As the oral environment shifts to a favorable ecology for 
these cariogenic bacteria, it will result in a high bacterial count in 
saliva, which also correlates to a high count in the dental plaque.4 
Patients with high bacterial counts in saliva up to ≥106 CFU/mL are 
susceptible to an extremely high incidence of developing future 
caries.5

Antimicrobials have been widely used against cariogenic 
bacteria for effective caries control. Many chemoprophylactic 
agents are used in adjunct to mechanical oral hygiene measures 
and are most delivered in the form of mouthwashes.6

Chlorhexidine is a chemical antimicrobial that has been used 
for decades and is considered the gold standard of oral preventive 
therapy.7 However, the use of chlorhexidine has led to several 
undesirable side effects such as burning sensation, altered taste, 
metallic taste, and staining of teeth or restorations.8

Thus, the need for an alternative antimicrobial agent that is 
both effective and can be used daily with no side effects is of a 
great concern. This has led to an increased interest in natural herbal 
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therapeutic remedies as substitutes, providing effective anti-caries 
activity and safe long-term use.9

Medicinal herbal plant formulations offer many advantages 
such as low cost, ease of availability, and a nontoxic profile.9 
Considering their several useful pharmacological actions such as 
antimicrobial, anti-inflammatory, soothing, and healing properties, 
their use for the prevention of caries and oral diseases seems 
beneficial.10

Acacia gum, also known as Gum Arabic, is a traditional plant 
with medicinal properties effective in wound healing, analgesia, 
hemostasis, and antibacterial properties. It was generally used for 
treating gingivitis and mouth ulcers.11 It has also been confirmed 
to possess anti-cariogenic effect against Streptococcus mutans.11–13

Glycyrrhiza glabra, commonly known as Licorice, is one of the 
important traditional medicinal plants used by many cultures to 
relieve coughs, sore throats, and gastric inflammation.7 Its anti-
cariogenic, soothing, anti-inflammatory, and anticancer properties 
have potential benefits to prevent caries and oral diseases.5

Due to the lack of sufficient clinical evidence on the ability of 
Gum Arabic and Licorice to prevent caries and reduce cariogenic 
bacteria, this randomized controlled clinical trial was conducted to 
evaluate the effect of Gum Arabic and Licorice mouthwashes on 
caries prevention and reduction of cariogenic bacteria compared 
to chlorhexidine mouthwash in high caries-risk patients. The 
frequency of the reported oral side effects from using these three 
mouthwashes was also assessed.

MAt e r I A l s A n d Me t h o d s 
Study Design
This three-arm parallel, triple-blind, randomized, 12-month clinical 
trial was held in the outpatient clinic of the Conservative Dentistry 
Department—Faculty of Dentistry, Cairo University, from October 
2018 to January 2020. It was approved by the Research Ethics 
Committee (REC)—Faculty of Dentistry, Cairo University. A total 
of 63 participants were selected for this study, randomly allocated 
to three groups (n = 21) according to the mouthwash used, where 
group 1: 6.25% Gum Arabic mouthwash, group 2: 12.5% Licorice 
mouthwash, and group 3: 0.12% Chlorhexidine mouthwash.

Sample Size Calculation
Based on a previous study14 with the power of test set at 80 and 
5% significance level, the estimated sample size was 16 participants 
per group. This number was increased to 21 participants per 
group to compensate for any losses during follow-up. A total of 63 
participants (n = 21) were enrolled in this study.

Eligibility Criteria
The inclusion criteria for entering the study were as follows: male 
or female participants aged from18 to 35 years; participants 
categorized as high caries-risk according to the CAMBRA caries 
risk model; baseline of at least two to three active noncavitated or 
cavitated carious lesions; baseline DMF score of at least 3–5; baseline 
salivary Streptococcus mutans count ≥ 106 CFU/mL; baseline salivary 
Lactobacillus acidophilus count ≥104 CFU/mL; and cooperative 
patients approving to participate in the study.1,15

The exclusion criteria were as follows: any systemic conditions 
or severe medical complications; current medications that may 
affect the oral flora or salivary flow; allergy to any of the ingredients 
of the study products; use of any antibiotics within the past 3 
months; use of any mouth rinses within the past 3 months; current 

periodontitis (sites of probing pocket depth ≥5 mm); presence 
of developmental dental anomalies; presence of orthodontic 
appliance or removable prosthesis; pregnancy; xerostomia; heavy 
smoking; alcohol or drugs addiction; or any conditions that may 
decrease adhering to the study.16,17

Randomization, Sequence Generation, and Allocation 
Concealment
Total 63 eligible participants (mean age = 29.61 ± 4.51, 39 females, 
24 males) were randomly allocated to the three groups through 
an online randomization Web-based tool (https://www.random.
org/). Generated random numbers were placed in opaque sealed 
envelopes prepared by a contributor who was not involved in the 
study and the allocation sequence was concealed from the primary 
investigator. Total 63 participants completed the study (Flowchart 
1, CONSORT 2010 Flow Diagram).

Study Participants
Comprehensive personal, medical, and dental histories were 
obtained from each participant and registered in their dental 
charts. All participants received information about the study, its aim, 
procedures, safety precautions, benefits, and the expected duration 
of participation. Afterward, an informed consent containing all the 
ethical aspects of the trial was signed by the eligible participants.

Oral hygiene measures were emphasized, and motivation 
was done to all participants. Prophylactic scaling and polishing 
were done. All dental complaints were managed before the 
commencement of the study. Participants were encouraged to 
brush their teeth daily. They were given instructions on how to use 
a soft toothbrush with toothpaste, the proper brushing technique, 
and dental flossing to maintain regular oral hygiene. At each 
follow-up visit, the primary investigator ensured that participants 
performed and maintained oral hygiene. An agreement was made 
not to use any other oral hygiene products than those assigned 
during the study.18

Clinical Examination and DMF Scoring Index
Two examiners who were blinded to the participants’ assigned 
groups performed the clinical examination. Dental caries was 
assessed according to the International Caries Detection and 
Assessment System “ICDAS II” using a dental mirror and a 0.5-mm 
ball-ended CPI probe (CPITN Probe, Premium Instruments, New 
York, USA).9 The examiners were trained and calibrated to record 
the caries status through an e-learning program available on the 
International Caries Classification and Management System “ICCMS” 
website, specifically designed for the training and calibration of 
ICDAS—by explaining the examination protocol and reviewing 
the coding system.19 In addition, a random selection of 10% of 
the participants were reexamined at baseline and follow-up 
examinations to determine the examiners’ repeatability.20 In case 
of disagreements, the teeth were reexamined, and consensus 
reached among the examiners. The teeth were examined after 
they were properly cleaned and dried, with adequate light and 
magnification. The CPI probe was used with negligible pressure to 
avoid any damage to the tooth surface.21

Caries diagnosed by visual inspection and tactile examination 
was not confirmed by dental radiographs. Dental radiographs were 
only taken when further investigations were needed.22 A baseline 
DMF score was obtained for each participant and recorded in 
their dental chart. DMF was carried out by counting the number 
of decayed, filled, or missed teeth. Missing teeth were recorded 
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only if they were extracted due to caries. All participants received 
caries removal and restorations following the baseline examination. 
Participants with any carious lesion developed during the study 
received the suitable dental treatment.9,22

Preparation of Crude Extracts
Gum Arabic (Acacia senegal) powder and Licorice (Glycyrrhiza glabra) 
powder were obtained from a local market of medicinal herbs. They 
were identified and authenticated in the Botany Department—
Faculty of Science, Cairo University, Egypt. The crude extract of each 
plant was prepared in the Pharmacognosy Department—Faculty 
of Pharmacy, Cairo University, Egypt. The extraction process was 
carried out through maceration. The powder of each plant was 
soaked in 70% ethanol (1:10 w/v) for 3 days with intermittent shaking 
to leach out the active ingredients into the solvent. Afterward, the 
attained solution was filtered using muslin cloth to remove any 
residues. It was filtered again using grade I Whatman filter paper. 
The filtered solution was concentrated in vacuum at 40°C using a 
rotary evaporator (Rotavapor R-114, BÜCHI Labortechnik AG, Flawil, 
Switzerland) until a solid layer of the plant extract was obtained. 
The solid plant extract was lyophilized (Alpha 3–4 LSCbasic Martin 
Christ freeze-dryer, Osterode, Germany), then finely ground, and 
stored at 4°C in a tightly closed container to preserve it from any 
contamination, deterioration, or decomposition until further use.9,23

Determination of Minimum Inhibitory Concentration
The minimum inhibitory concentration (MIC) of the crude plant 
extracts against Streptococcus mutans and Lactobacillus acidophilus 
was determined by the broth tube dilution method in accordance 
with the National Committee for Clinical Laboratory Standards 
(NCCLS) guidelines. A series of twofold dilution of each extract 
ranging from 500 to 0.9 mg/mL was made in the Muller Hinton 
broth. Total 100 μL of standard inoculum of the bacterial strain 

matched to 0.5 Mc Farland’s standard (1.5 × 108 CFU/mL) was seeded 
into each dilution. Two control tubes were also performed, the tube 
with no bacteria (extract and growth media only) represented the 
positive control, while the tube without the extract (bacteria and 
growth media only) represented the negative control. All test tubes 
were incubated at 37°C in the presence of 5% CO2 for 24 hours. 
After incubation, the tubes were checked for turbidity, which 
denotes bacterial growth. Minimum inhibitory concentration was 
determined as the highest dilution (the lowest concentration) of the 
extract that showed no visible bacterial growth (no turbidity).24,25

Determination of Minimum Bactericidal Concentration
The minimum bactericidal concentration (MBC) was determined 
by selecting the tubes that showed no bacterial growth during the 
MIC determination. Total 10 μL from each tube was subcultured 
on Mueller-Hinton agar plates and further incubated at 37°C 
for 24 hours. After incubation, MBC was defined as the lowest 
concentration at which no bacterial growth (no colonies) was 
observed on the agar plate.26

The potential cytotoxicity of different concentrations of crude 
extracts of both plants has been previously investigated by several 
studies.7,27–29 They reported that no cytotoxicity was observed and 
confirmed that both Gum Arabic and Licorice extracts are safe and 
nontoxic.

Preparation of Mouthwashes
According to the MBC, 62.5 mg of the Gum Arabic crude extract 
powder was weighed on a digital scale and dissolved in 1 mL 
distilled water. In this way, a 6.25% concentration Gum Arabic 
mouthwash was formulated. The same was done where 125 mg of 
the Licorice crude extract powder was dissolved in 1 mL distilled 
water to formulate a 12.5% concentration Licorice mouthwash.30 
Each mouthwash was transferred to opaque glass bottles, labeled 

Flowchart 1: CONSORT 2010 Flow Diagram
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with nonidentifiable numbers by a contributor to ensure blinding 
of the primary investigator and participants. Each bottle contained 
the needed amount for 1-week use. At each month, the bottles were 
refilled with a freshly prepared mouthwash to use for another week.

Instructions for Mouthwash Use
Participants were instructed to rinse with 10 mL of mouthwash for 
1 minute, once daily for 1 week of each month. This regimen was 
repeated monthly for a period of 1 year.1 The participants were 
advised to swirl the mouthwash from one side to the center, to 
the other side of the mouth and then back again in a continuous, 
slow manner. They were instructed to swirl the mouthwash to the 
front of the mouth as well, ensuring all the oral cavity is exposed. 
They were instructed not to rinse with water afterward. They were 
also instructed to refrain from eating or drinking for 1 hour after 
using the mouthwash. The participants were informed to store the 
mouthwash bottle in the refrigerator.9

Saliva Sample Collection
About 2 mL of unstimulated saliva samples were collected in a 
sterile sealed test tube by asking the participants to passively drool 
for 5 minutes, seated in an upright position. Saliva samples were 
collected in the morning to avoid any bias in the concentration of 
saliva due to circadian rhythm.10 Participants were asked not to eat 
or drink anything (except water) 1 hour before saliva collection to 
minimize the possible food debris and stimulation of saliva.31 Saliva 
samples were obtained at baseline, after 3, 6, 9, and 12 months. 
The test tubes containing the saliva samples were transported 
immediately to the Microbiology Department—Cairo University for 
the microbial analysis. The tubes were labeled with nonidentifiable 
numbers to ensure blinding of the microbiologist.

Microbial Analysis
Saliva samples were homogenized for 2 minutes by a vortex 
mixer (Assistent Reamix 2789 Vortex Mixer, Medical Trade Center, 
Hamburg, Germany). A serial dilution was generated, where 1 mL 
of the homogenate saliva was added to a tube containing 9 mL 
of sterile phosphate buffer saline (pH 7.0) to give a tenfold (1:10 or 
101) dilution. This sample was further serially diluted by taking 1 
mL and adding it to a second tube containing 9 mL of sterile saline, 
obtaining 102 dilution. Serial dilution was continued by repeating 
the same procedure to obtain 103 and 104 dilutions.31

Mitis Salivarius Agar and Lactobacillus MRS Agar (HiMedia 
Laboratories Pvt. Ltd, Mumbai, India) were used as culture media for 
the isolation of total salivary Streptococcus mutans and Lactobacillus 
acidophilus counts, respectively. Appropriate amounts of each 
semisolid media were poured onto petri plates and allowed to 
solidify at room temperature.32 From the 104 dilution, 0.1 mL was 
taken using a micropipette and was streaked evenly on the surface 
of the agar using a sterile glass spreader to give homogeneous 
bacterial growth.33

The Mitis Salivarius Agar plates were placed in a micro-
aerophilic environment (5–10% CO2) created by using a candle jar 
and incubated at 37°C for 48 hours.34 The MRS plates were placed 
in an anaerobic environment using a Gas-Pak jar and an anaerobic 
gas-generating system (AnaeroGenTM, Thermo Fisher Scientific 
Inc., Massachusetts, USA), properly sealed and incubated at 37°C 
for 48 hours.35 Colony counting was done under a colony counter 
and the number of colonies were multiplied by the dilution factor 
of the plate counted and expressed as colony-forming units per 
milliliter (CFU/mL) of saliva.32

Recording Oral Side Effects
A compliance diary was given to each participant. They were asked 
to make an entry of each usage and to record any experienced oral 
side effects. During each follow-up visit, they were once more asked 
about the side effects that might have occurred during or after the 
mouthwash use and were recorded in a checklist.36 The oral side 
effects included pain, burning sensation, pruritus (itchiness), soft 
tissue irritation (desquamation, ulcer), taste disturbance (altered 
taste perception), metallic taste, dryness of mouth, discoloration 
of tooth/tongue surfaces, numbness, and parotid gland swelling.37

Outcomes
The primary outcome of this study was the increment in the number 
of decayed, missed, and filled teeth (DMF scores) from baseline 
till after 3, 6, 9, and 12 months follow-up. The secondary outcome 
was the antibacterial effect of the mouthwashes on Streptococcus 
mutans and Lactobacillus acidophilus measured by the difference 
in CFU/mL count from baseline and after each follow-up. The 
tertiary outcome was oral side effects reported from using the 
mouthwashes. DMF scores, saliva sample collection, and side 
effects obtained were done by assessors blinded to the participants’ 
assigned groups.

Statistical Analysis
Statistical analysis was performed with the IBM SPSS (version 20) 
software (SPSS Inc., IBM Corporation, NY, USA). The significance level 
was set at p ≤ 0.05. Antibacterial effect data were analyzed using 
one-way ANOVA followed by the Tukey post hoc test to compare 
between more than two groups. Repeated measure ANOVA was 
used to compare between more than two groups in related samples. 
The paired sample t-test was used to compare between two 
groups. Two-way ANOVA was used to test the interaction between 
variables. Caries preventive effect data were analyzed using the 
Kruskal-Wallis test to compare between more than two groups. 
The Mann–Whitney test was used to compare between two groups. 
Friedman was used to compare between more than two groups 
in related samples. Wilcoxon was used to compare between two 
groups. Categorical data of reported side effects were presented 
as frequencies (n) and percentages (%).

re s u lts 
Caries Preventive Effect
Table 1 represents the mean and standard deviation of DMF 
scores of the three groups at different time intervals. There was no 
statistically significant difference between the three mouthwashes 
at baseline, after 3, 6, and 9 months (p > 0.05). After 12 months, a 
statistically significant difference was found between G3 and each 
of G1 and G2 (p < 0.05). No statistically significant difference was 
found between G1 and G2 (p > 0.05).

Antibacterial Effect
Tables 2 and 3 represent the mean and standard deviation of 
Streptococcus mutans and Lactobacillus acidophilus colony counts 
of the three groups at different time intervals, respectively. There 
was a significant reduction in colony counts after 3 and 6 months 
(p < 0.05). No statistically significant difference was found between 
the three mouthwashes at baseline, after 3 and 6 months (p > 0.05). 
However, after 9 and 12 months, there was a statistically significant 
difference between the three groups (p < 0.05). A statistically 
significant difference was found between G1 and each of G2 and 
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G3 (p < 0.05). Also, a statistically significant difference was found 
between G2 and G3 (p < 0.05).

Oral Side Effects
Regarding G1 (Gum Arabic) and G2 (Licorice), no oral side effects 
were reported after using the mouthwashes. On the other hand, 
there were several oral side effects reported in G3 (Chlorhexidine). 

In G3, a total of 13 out of 21 participants reported oral side 
effects (62%). The most common reported side effects were 
taste disturbance (54%) and burning sensation (46%). This was 
followed by mucosal irritation (31%) and metallic taste (23%). 
Other reported side effects were numbness and sore mouth or 
tongue (15%). Table 4 represents the oral side effects reported with  
chlorhexidine.

Table 1: Mean ± SD of DMF scores of all tested groups at different time intervals

Variables

DMF scores

G1 (Gum Arabic) G2 (Licorice) G3 (Chlorhexidine)

p valueMean SD Mean SD Mean SD
Baseline 8.05a,B 1.20 7.95a,B 1.50 8.52a,C 1.17 0.382 ns
3 months 8.05a,B 1.20 7.95a,B 1.50 8.52a,C 1.17 0.382 ns
6 months 8.05a,B 1.20 8.00a,B 1.52 8.57a,C 1.12 0.344 ns
9 months 8.14a,B 1.11 8.05a,B 1.53 8.81a,B 1.33 0.246 ns
12 months 8.24b,A 1.22 8.19b,A 1.50 9.62a,A 1.28 0.003*
p value 0.012* 0.019* <0.001*

(*): significant; (ns): nonsignificant. Statistical comparison between tested groups at p ≤ 0.05. Different small-letter superscripts indicate statistically signifi-
cant difference within the same row. Different capital-letter superscripts indicate statistically significant difference within the same column

Table 2: Mean ± SD of Streptococcus mutans counts of all tested groups at different time intervals

Variables

Streptococcus mutans (Log10 CFU/mL)

G1 (Gum Arabic) G2 (Licorice) G3 (Chlorhexidine)

p valueMean SD Mean SD Mean SD
Baseline 7.09a,A 0.13 7.02a,A 0.11 7.11a,A 0.11 0.390 ns
3 months 6.88a,B 0.09 6.88a,B 0.09 6.82a,D 0.07 0.052 ns
6 months 6.72a,C 0.11 6.78a,C 0.11 6.78a,D 0.13 0.209 ns
9 months 6.44c,D 0.14 6.68b,D 0.11 6.99a,C 0.11 <0.001*
12 months 6.23c,E 0.22 6.58b,E 0.10 7.02a,B 0.09 <0.001*
p value <0.001* <0.001* <0.001*

(*): significant; (ns): nonsignificant. Statistical comparison between tested groups at p ≤ 0.05. Different small-letter superscripts indicate statistically signifi-
cant difference within the same row. Different capital-letter superscripts indicate statistically significant difference within the same column

Table 3: Mean ± SD of Lactobacillus acidophilus counts of all tested groups at different time intervals

Variables

Lactobacillus acidophilus (Log10 CFU/mL)

G1 (Gum Arabic) G2 (Licorice) G3 (Chlorhexidine)

p valueMean SD Mean SD Mean SD
Baseline 6.88a,A 0.10 6.88a,A 0.09 6.83a,A 0.12 0.212 ns
3 months 6.64a,B 0.13 6.71a,B 0.11 6.59a,C 0.19 0.050 ns
6 months 6.50a,C 0.14 6.61a,C 0.13 6.57a,C 0.21 0.087 ns
9 months 6.30c,D 0.14 6.52b,D 0.17 6.70a,B 0.16 <0.001*
12 months 6.09c,E 0.20 6.38b,E 0.20 6.79a,A 0.12 <0.001*
p value <0.001* <0.001* <0.001*

(*): significant; (ns): nonsignificant. Statistical comparison between tested groups at p ≤ 0.05. Different small-letter superscripts indicate statistically signifi-
cant difference within the same row. Different capital-letter superscripts indicate statistically significant difference within the same column

Table 4: Oral side effects reported in group III (chlorhexidine)

G3 (CHX)

Oral side effects

Taste disturbance Burning sensation Mucosal irritation Metallic taste Numbness
Sore mouth 
or tongue

Number of 
participants (%)

7 (54%) 6 (46%) 4 (31%) 3 (23%) 2 (15%) 2 (15%)
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dI s c u s s I o n 
Dental caries is the most prevalent oral disease and represents a 
major public health problem worldwide. The caries process involves 
bacterial adherence to the tooth surfaces followed by the localized 
demineralization of dental hard tissue by acids produced from the 
bacterial fermentation of carbohydrates. The most related bacteria 
in its etiology are Streptococcus mutans, responsible for its onset, 
and Lactobacillus acidophilus, responsible for its advancement.38

Until today, the modern concepts of caries risk assessment 
signify microorganisms as one of the major etiological factors for 
dental caries.39 Prevention of the disease implements decreasing 
the levels of these cariogenic bacteria.15 Research in caries 
prevention has been adopting strategies entirely focused on 
reducing or eliminating cariogenic bacteria from the oral cavity. 
Studies reported that although caries can be prevented by regular 
toothbrushing and flossing, it is difficult to eliminate Streptococcus 
mutans from pits, fissures, and proximal surfaces by mechanical 
means alone.40 In order to reach effective caries control, these 
methods should be combined with chemoprophylactic agents.41

Thus, preventive dentistry urges the need to develop novel 
therapeutic protocols to minimize the cariogenic microbial load in 
the oral cavity. Oral rinses are a common tool employed to deliver 
such therapeutic ingredients to all surfaces of the mouth, including 
inaccessible areas.42 It has been proved that mouthwash is a simple 
and acceptable method to deliver antimicrobial agents into the oral 
cavity to act as an adjunct to the patient’s oral hygiene measures.27

Mouthwashes have gained great popularity due to the fact 
that ideal plaque control solely by mechanical means requires 
significant effort and is difficult to achieve, which accordingly 
resulted in most individuals are unable to maintain adequate oral 
hygiene.43 In addition, mouth rinsing is well established as a safe 
and cost-efficient mass prophylactic method when compared to 
other caries preventive measures.9

Chlorhexidine has been considered the “gold standard” among 
different mouthwashes due to its broad-spectrum antimicrobial 
property. Chlorhexidine is a cationic bisbiguanide that results in 
membrane disruption of the bacteria, causing a concentration-
dependent growth inhibition and cell death.44 However, its use 
has been reported to exhibit several undesirable side effects such 
as altered taste perception, burning sensation, metallic taste, 
staining of tongue and teeth, and restorations and emergence 
of bacterial resistance.45 Therefore, there is a continuous search 
for alternative antimicrobial products. This has led to a renewed 
interest in herbal medicine. Medicinal plants are well recognized 
as new antibacterial agents. They offer many advantages such as 
low cost, ease of availability, nontoxic nature, increased shelf life, 
and lack of microbial resistance.9 They also possess minimal side 
effects and hence can be used for daily prophylactic measures. 
Thus, they can be used as therapeutic substitutes for synthetic 
antimicrobial agents.10

Glycyrrhiza glabra, commonly known as Licorice, is a medicinal 
plant used by many cultures for thousands of years to relieve 
coughs, sore throats, and gastric ulcers. It has contributed to 
treating several diseases such as atherosclerosis, immunodeficiency, 
hepatitis, and bacterial infections. It has been used worldwide as 
a sweetener and a flavoring agent. The phytochemical analysis 
of Licorice extract revealed the presence of tannins, saponins, 
glycosides, and flavonoids, which contribute to its antibacterial 
activity.7 Glycyrrhizin is another main active compound in Licorice 
known to reduce bacterial growth and acid production.7 Due to 

its anti-adherence, antimicrobial, soothing, and anti-inflammatory 
properties, Licorice has been of great interest in dentistry. The 
beneficial effects of Licorice in oral diseases such as dental caries, 
gingivitis, periodontitis, aphthous ulcers, and oral cancer have been 
reported in various studies.46

Acacia gum, generally known as Gum Arabic, is a traditional 
herbal plant known for its cardiac, renal, gut, and dental protective 
effects. It possesses antimicrobial, anti-inflammatory, fungicide, and 
anti-coagulant properties. Phytochemical screening indicated that 
Acacia gum extracts contain alkaloids, saponins, cardiac glycosides, 
tannins, flavonoids, and anthraquinones, which are responsible 
for its antibacterial properties.47,48 It has been proven effective in 
the treatment of malaria, sore throat, toothache, acute diarrhea, 
bronchitis, bleeding hemorrhoids, and leukoderma. Also, studies 
reported that it has the ability to enhance tooth remineralization, 
because it contains high concentrations of calcium ions.12,49

Various in vitro studies reported that both Acacia gum and 
Licorice extracts possess antibacterial activity against Streptococcus 
mutans and Lactobacillus acidophilus. Despite the added benefits 
provided by herbal products when compared to chemical 
mouthwashes, there have been no clinical studies reported in 
the literature that compared their effects on caries prevention on 
long-term basis. Therefore, this study was conducted to evaluate 
the caries preventive effect, the antibacterial properties, and the 
prevalence of oral side effects of these two herbal mouthwashes 
compared to chlorhexidine in high caries-risk patients over a 
12-month period.

Different studies proved that ethanolic-based crude extracts 
show higher antibacterial effect compared to aqueous extracts. This 
is due to alcohol being a better solvent (promote better solubility) 
than water. The polar nature of ethanol shows better dissolving 
capacity and results in leaching out more active ingredients during 
extraction.23 Therefore, ethanol solvent was used in this study. 
The solvent did not contribute to the antibacterial activity since it 
had been completely removed by lyophilization and freeze-dried 
extracts were delivered.7

Regarding the antibacterial effect, findings of this study revealed 
that the three mouthwashes showed significant antibacterial effect 
against Streptococcus mutans and Lactobacillus acidophilus after 3 
and 6 months with no statistically significant difference between 
them. However, after 9 and 12 months, they showed different 
results. For Gum Arabic and Licorice, there was a time-dependent 
decrease in Streptococcus mutans and Lactobacillus acidophilus 
colony counts from baseline till after 12 months indicating a 
statistically significant prolonged (long-term) antibacterial effect. 
These findings are in agreement with studies done by Jain et al.7 
and Öznurhan et al.41 who also found that Licorice mouthwash 
was effective in reducing Streptococcus mutans colony counts and 
showed antibacterial potential similar to chlorhexidine. Several 
in vitro studies also confirmed the antibacterial potential of Gum 
Arabic against Streptococcus mutans.11–13

For chlorhexidine, there was a significant reduction in colony 
counts after 3 and 6 months only. There was no statistically 
significant difference between 3 and 6 months’ antibacterial effect. 
On the other hand, after 9 and 12 months, the Streptococcus mutans 
and Lactobacillus acidophilus colony counts increased indicating 
bacterial resistance. There was no statistically significant difference 
between baseline and 12 months’ Lactobacillus acidophilus colony 
counts. These findings are in accordance with several in vitro studies 
done by Kulik et al.,50 Wang et al.,51 Kaspar et al.,52 and a clinical 
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study done by Jothika et al.,44 where they also found an increase in 
colony counts and bacterial resistance against chlorhexidine after 
prolonged exposure. They recommended the use of chlorhexidine 
should be limited to short periods of time.

Regarding caries incidence, Gum Arabic and Licorice showed 
no significant increase in DMF scores after 3, 6, and 9 months. 
Chlorhexidine showed no significant increase in DMF scores 
after 3 and 6 months only. However, there was no statistically 
significant difference between the three mouthwashes after 3, 6, 
and 9 months. After 12 months, there was a statistically significant 
difference between chlorhexidine and each of Gum Arabic and 
Licorice where chlorhexidine showed higher DMF scores compared 
to the other two natural mouthwashes. This indicates that Gum 
Arabic and Licorice mouthwashes may have more caries preventive 
potential than chlorhexidine as caries was prevented for a longer 
period and caries incidence occurred much less when compared to 
chlorhexidine. This may be attributed to their antibacterial potential 
that was effective even after 12 months, while chlorhexidine 
showed bacterial resistance that may have resulted in a higher 
caries incidence. This was in agreement with one study done by 
Tandon et al.53 that also assessed the effect of an herbal mouthwash 
vs chlorhexidine on the caries status for a period of 9 months. They 
found that there was no significant increase in the DMFS scores 
at the end of 9 months. Since this study lacks further evidence to 
support its findings, as most studies in the literature where either 
of short duration or did not assess the caries status, more research 
is necessary to confirm the effect of these mouthwashes on caries 
incidence and whether they play a role in caries prevention.

Regarding oral side effects, none was reported after using 
Gum Arabic and Licorice mouthwashes. This may be attributed 
to the fact that they are natural products and are considered safe 
and nontoxic. These results are in accordance with studies done by 
Almaz et al.,5 Jain et al.,7 and Gupta and Gupta54 where they also 
reported that no oral side effects occurred after the use of Acacia 
gum and Licorice products.

On the other hand, there were several oral side effects reported 
with chlorhexidine. The most common reported side effects were 
taste disturbance and burning sensation. Other reported side 
effects were mucosal irritation, metallic taste, numbness, and sore 
mouth or tongue. Chlorhexidine mouthwash reversibly alters taste 
sensation in a time-dependent manner. The taste is altered as bitter 
taste sensation increases, and salty taste is impaired. This is a result 
of epithelial ion transport-based interference of chlorhexidine with 
specific taste buds. The burning sensation and mucosal irritation 
might have stemmed from chlorhexidine itself or perhaps have 
arisen from other ingredients, as these side effects were also 
associated with alcohol-containing mouthwashes, yet reported 
to be lower with water-based mouthwashes.55 These findings are 
consistent with results of other studies, where side effects were 
also observed and reported by Guerra et al.,36 Haydari et al.,37 and 
Abdulkareem et al.55 and they concluded that the continuous use of 
chlorhexidine manifests undesirable side effects. Those undesirable 
side effects limit the long-term use and patient acceptability of 
chlorhexidine mouthwashes.

Limitations of this study include the continuous monitoring of 
participants’ oral hygiene habits and the proper rinsing technique 
of mouthwashes. However, this is considered not be differential 
between the groups. Dietary parameters or an attempt to modify 
the participants’ diet was also not taken into consideration, which 
might have affected the results.

co n c lu s I o n 
Under the limitations of this clinical trial, it can be concluded that 
Gum Arabic and Licorice herbal mouthwashes show promising 
caries preventive and antibacterial effects. They can serve as 
substitutes to chemical agents such as chlorhexidine, providing 
effective caries control, antibacterial activity, and safe long-term 
use. These natural mouthwashes may be more beneficial and can 
be used daily as they are characterized by a nontoxic profile with 
no oral side effects.

cl I n I c A l sI g n I f I c A n c e 
Natural herbal extracts may help develop new therapeutic agents 
or strategies to prevent or control dental caries. They could be 
incorporated as an anti-caries agent in dental products such as 
mouthwashes or toothpastes. In the future, they may become an 
essential part of caries preventive programs. Further clinical studies 
are recommended to confirm these findings and to determine the 
proper therapy regimen such as the dose and duration of these 
natural herbs for effective caries prevention.
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