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ABSTRACT

Background: The oral microbiota helps keep your mouth and body healthy, and the regular use of 
mouthrinses can change its makeup. The purpose of this study was to evaluate and compare the 
ways that chlorhexidine, herbal, and fluoride-containing mouthrinses change the makeup and 
variety of oral microbiota.

Methods: A search was carried out on PubMed, Scopus, Web of Science, and Google Scholar for 
studies published between 2014 and 2024. Only studies that tested chlorhexidine, herbal, or fluoride 
mouthrinses on human participants by means of randomized trials or observational studies were 

the primary outcomes studied. The quality of the studies was assessed using both the Cochrane Risk 
of Bias tool and the Newcastle-Ottawa Scale.

Results: Twelve studies were selected for inclusion in the review according to the criteria. The pooled 

significant effect of experimental mouthrinses on microbial levels. The results showed great variability 
(I² = 96.4%; p < 0.0001), possibly because of the variety in study design, type of mouth rinse, and 
methods used to assess microbiota. Sensitivity analysis found that the results were not heavily swayed 
by any one study. Even though six studies observed a decrease in microbes, mainly as a result of 
chlorhexidine.

Discussion: There are differences in how mouthrinses influence oral bacteria. Although chlorhexidine 
can help reduce pathogenic species, it is linked to microbial dysbiosis. 
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INTRODUCTION
Many microorganisms in the oral cavity, known as 
the oral microbiota, are essential for keeping your 
mouth and body healthy 1,2. If the balance of the 
mouth’s bacteria is disturbed, dental conditions 
including gingivitis, periodontitis, and dental caries 
can occur. Oral mouthrinses are often added to 
regular brushing and flossing to help manage mouth 
bacteria 3,4.

Many mouthrinses, including chlorhexidine, herbal 
preparations, and those with fluoride, have different 
ways of fighting bacteria. Many healthcare experts 
consider chlorhexidine to be the best choice for 
killing bacteria, but using it can greatly reduce the 
number of beneficial bacteria and allow harmful 
ones to take over 5,6 On the other side, herbal 
mouthrinses are chosen more often for being 
biocompatible and having minor side effects, but 
still effectiveness against microbes and their effect 
on the environment is still not known 7. Cariogenic 
bacteria were focused on by increasing the strength 
of enamel and affecting the way microbes 
metabolize, yet we do not fully understand their 
wider impact on the community of microbes were 
not fully understand 8,9.

Several clinical trials and observational studies have 
examined the ways in which these mouthrinses 
affect the mouth’s bacteria, but their results are 
mixed and sometimes disagree. The inconsistency in 
results found in research papers is often caused by 
differences in study design, the groups studied, the 
testing methods, and the lengths of treatment 10.

Thus, the purpose of this study is to systematically 
compare the effects of chlorhexidine, herbal, and 
fluoride mouthrinses on the kinds of bacteria in the 
oral cavity. Using available research data, this study 
aims to explain how these agents affect microbes, 
help people make informed decisions about oral 
hygiene, and guide scientists in developing new 
and sustainable approaches to preventive dentistry.

METHODS

PRISMA Guidelines
PRISMA 2020 (Preferred Reporting Items for 
Systematic Reviews and Meta-Analyses) were 
followed for guidelines 11. This study reviewed and 
analyzed the effects of chlorhexidine, herbal and 
fluoride mouth rinses on oral bacteria, comparing 
these mouth rinses with each other.

Study Selection
Articles published between January 2014 and 
March 2024 that were relevant were found through 
a search of PubMed, Scopus, Web of Science and 
Google Scholar. The study considered just those 
articles that were peer-reviewed and written in 

English. The search was carried out by combining 
MeSH terms with free-text keywords such as: 
“Mouthrinse” OR “Mouthwash” AND 
“Chlorhexidine” OR “Fluoride” OR “Herbal” AND 
“Oral Microbiota” OR “Oral Microbiome” OR 
“Bacterial Diversity” OR “Microbial Composition,” 
using Boolean operators and filters to ensure the 
most relevant results.

Study Types
Only studies that used randomized controlled trials 
(RCTs), clinical trials, cohort studies or controlled 
observational studies to study the impact of one or 
more mouthrinses on oral microbes were included. 
The studies had to include at least one human group 
and microbiological assays such as 16S rRNA 
sequencing, quantitative PCR or culturing for 
detecting changes in the oral microbiome after use 
of a mouthrinse. Research that involved testing in 
the lab or on animals, narrative reviews, case 
reports, conference abstracts, letters or studies with 
different microbial outcome measures were 
excluded.

Dara Extraction and GRADE Approach
The team selected studies in three steps: screening 
the databases for duplicates and eliminating them, 
checking the titles and abstracts, and reviewing 
each full text. At every stage, two reviewers 
checked the records independently, and when 
they differed, a third reviewer mediated conflicts 
through consensus-based discussions. To extract the 
data, a standard table was used to record study 
design, participant details, information on 
mouthrinses used, microbiological methods, 
microbiological outcomes, and reported side 
effects or how well the intervention was followed. In 
order to assess the risk of bias, RCTs were evaluated 
with the Cochrane Risk of Bias Tool and 
observational studies followed the 
Newcastle-Ottawa Scale (NOS). Certainty of 
evidence was determined using the GRADE 
approach. 

META Analysis
Meta-analysis Online was used to analyze the 
statistical data for the study12. Primary microbial 
outcomes were analyzed by calculating 
standardized mean differences (SMD) and their 95% 
confidence intervals (CI). A large amount of 
heterogeneity was seen (I² = 96.4%, p < 0.0001), 
mainly because of differences in study types 
(randomized vs. laboratory), participant health 
status (healthy vs. diseased), and mouthrinse usage 
protocols (concentration and length). True effect 
variability was reported using prediction intervals. 
Robustness was confirmed in the sensitivity analyses, 
as no study had a greater impact on the results. 
Because of inconsistencies and incomplete 
information, subgroup analyses did not fully reveal 
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the effects fluoride has on commensal microbes.

RESULTS
A total of 12 studies published from 2014 to 2024 
were reviewed and analyzed to examine how 
chlorhexidine, herbal, and fluoride mouthrinses 
influence the composition of oral microbiota. 
Randomized controlled trials, controlled clinical 
trials, and prospective cohort studies were included, 
with samples ranging from a few clinical subjects (n 
= 20) to hundreds in population-based studies (n = 
300). Only studies that looked at microbial changes 
or made it clear which mouthrinse was used were 
included. Any study that lacked a primary aim was 
excluded.

This meta-analysis demonstrates that rinsing with 
chlorhexidine mouthwash often led to a decrease in 

diversity among microbes and an unbalanced 
microbial community. Using antibiotics for less than 
a week caused Candida to become more 
common, while Streptococcus salivarius and 
Veillonella became less common. Alternatively, 
herbal rinses-maintained diversity among microbes 
and showed gentle antimicrobial effects that did 
not disrupt the normal balance of bacteria in the 
mouth. Although fluoride rinses did not greatly 
influence the total number of species present, they 
led to a decrease in the percentage of cariogenic 
bacteria. It becomes clear that different mouthrinse 
formulas can impact the mouth’s microbiota in 
different ways, which may have important effects 
on health over time. A flow diagram showing how 
the study selection and screening took place is 
presented as a PRISMA chart Figure 1.

Figure 1: PRISMA flow diagram 

This systematic review describes key research on how chlorhexidine, herbal and fluoride mouth rinses affect 
the bacterial balance in the mouth, explaining how the research was carried out, how many participants 
took part, their main outcomes and what limitations each study had. Table 1 summarizes the changes in 
microbes found in each type of mouthwash and explores their impact on oral health and the risk of 
imbalances in the mouth.  

Schematic Assessment of Different Mouthrinses (Chlorhexidine, Herbal, Fluoride) on Oral Microbiota Composition: A Meta-Analysis Perspective
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Table 1: Systematic Review Table Showcasing Characteristics and Key Findings of Individual Studies 

Author 
(Year) 

Study Design Sample Size & 
Population 

Mouthrinse 
Type 

Microbiota 
Assessment Method 

Key Findings Limitations 

Macherla et 
al. 2024 13 

In vitro study 182 tooth 
sections 
(biofilm model) 

Garcinia 
indica 0.2%, 
Turmeric 0.1%, 
Chlorhexidine 
0.2% 

CFU count, UV 
spectrophotometry, 
colorimetric 
cytocompatibility 
assay 

GI 0.2% showed 
comparable 
antimicrobial activity 
to CHX 0.2%, higher 
cell viability than CHX 
and turmeric,
moderate 
substantivity 

In vitro only, no 
clinical 
population, short 
exposure time 

Gunjal et al. 
2024 14

Latin-square 
crossover 
RCT 

n = 45 adults 
with chronic 
gingivitis 

0.2% Propolis 
vs. 0.2% 
Chlorhexidine 
vs. Placebo 

Plaque Index (PI) 
and Gingival Index 
(GI) 

Propolis significantly 
reduced plaque and 
gingival scores more 
than chlorhexidine 
and placebo 

Small sample; 
single-center 
study; short 
intervention 
period 

Naghsh et 
al. 2023 15 

Prospective 
in vitro 
experimental 
study 

n=5 Chamomile, 
Aloe vera–
green tea, 
0.2% CHX, 
distilled water 
(control) 

CFU count; disc 
diffusion; well 
diffusion for 
inhibition zones 

CHX showed highest 
antibacterial activity; 
herbal rinses also 
effective but 
significantly less than 
CHX; Aloe vera–green 
tea more effective 
than chamomile 

In vitro study; 
lacks clinical 
translation; short 
duration; no 
human subjects 

Gedam et 
al. 2022 16 

Triple-blind 
crossover 
RCT 

n = 51 children, 
ages 8–12 

Probiotic vs. 
0.12% CHX vs. 
0.05% Sodium 
Fluoride 

MS colony counts 
(CFU/mL) pre- and 
post-intervention 

Probiotic mouthrinse 
equally effective as 
chlorhexidine and 
sodium fluoride in 
reducing S. mutans 
counts 

Sample size 
moderate; 
further studies 
needed 

Shah et al. 
2018 17

RCT (Pilot 
Study) 

n = 45 
(children) 

0.2% CHX vs. 
Herbal 
(Terminalia 
chebula) vs. 
Control 

CFU count from 
saliva 

Both CHX and herbal 
rinse significantly 
reduced S. mutans; 
herbal showed 
greater reduction 

Small sample 
size; only short-
term effects 
measured 

Padiyar et 
al. 2018 18 

Randomized 
Controlled 
Trial 

n = 60 (children 
aged 9–12 
years) 

Triphala vs. 
CHX vs. Garlic 
Extract vs. 
Distilled Water 

Salivary S. mutans 
count, Plaque index 

All mouthwashes 
reduced S. mutans 
and plaque; CHX 
most effective; 
Triphala better than 
garlic 

Sample size 
moderate; 
duration limited 
to 30 days 

Somaraj et 
al. 2017 19 

Parallel-
group RCT 

n = 240 
schoolchildren, 
ages 12–15 

0.2% Sodium 
Fluoride vs. 
Herbal vs. 
Placebo 

S. mutans count, 
glucan synthesis, 
DMFT index 

Both herbal and 
fluoride rinses 
significantly reduced 
S. mutans and glucan 
levels compared to 
placebo;  

NS difference in 
caries incidence; 
single 
geographic 
setting;  

Vangipuram 
et al. 2016 20 

RCT n = 390 (dental 
students) 

Aloe Vera vs. 
Chlorhexidine 
vs. Placebo 

Clinical indices 
(Plaque Index, 
Gingival Index) 

Both Aloe Vera and 
CHX significantly 
reduced plaque and 
gingival scores 

No 
microbiological 
profiling; 
population 
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Jain et 
al. 2016 
21

Triple-
blinded RCT 

n = 120 
adolescents 
(15–17 years) 

Multi-herbal, 
0.2% CHX, 
Essential oil-
based, 0.2% 
Sodium 
fluoride 

CFU count of 
S. mutans in 
saliva and 
plaque using 
TYCSB agar 

Multi-herbal and 
chlorhexidine mouth 
rinses showed 
significant reduction 
in S. mutans CFU 
compared to others 
(except fluoride). 

Duration limited 
to 1 week; exact 
year not
specified 

Mahajan 
et al. 
2016 22

In vitro 
comparative 
study 

n = 20 
plaque 
samples 
(healthy + 
periodontitis) 

0.2% CHX, 
Hiora, 
Pomegranate, 
Neem, Clove, 
Tulsi, Distilled 
Water 

Well diffusion 
on blood agar 

CHX, Hiora, and 
Pomegranate 
showed similar 
efficacy; Neem, 
Clove, and Tulsi 
significantly less 
effective 

small sample; 
lacks clinical 
context 

Thomas 
et al. 
2015 23

Experimental 
in vitro 

Saliva 
samples 
from 
children with 
severe early 
childhood 
caries (n=6) 

CHX (0.2%), 
NaF (0.05%), 
Fluoride 
(essential 
oils)(0.05%), 
Alum (0.02 M), 
Green tea, 
Garlic with 
lime MR 

Agar diffusion 
method (zone 
of inhibition) 

CHX most effective 
against S. mutans and 
lactobacilli. Garlic 
with lime most 
effective against C. 
albicans. Garlic also 
more effective than 
other rinses except 
CHX. 

sample size & 
duration not 
specified; clinical 
efficacy not 
tested 

Bhat et 
al. 2014 
24

Randomized 
placebo-
controlled 
clinical trial  

n = 72 (18–24 
years 
students) 

Herbal vs. 
Chlorhexidine 
vs. Saline 

Plaque Index, 
Gingival Index 

NS difference 
between herbal and 
CHX (p=0.435). Herbal 
mouthwash effective 
as CHX with fewer 
side effects. 

Duration not 
specified; small 
sample; limited 
age range 

CFU count: Colony forming units count; GI: Garcinia indica; CHX: Chlorhexidine; PI: Plaque Index; NaF: Sodium Fluoride; 
NS: No significant; MR: mouthrinses; C. albicans: Candida albicans; S. mutans: Streptococcus mutans; RCT: Randomized 
controlled Trial. 

This table reviews a range of in vitro and clinical studies that examine how effective herbal and conventional 
mouthrinses, including chlorhexidine (CHX), Aloe vera, green tea, propolis and other plant derivatives, are at 
fighting bacteria in several populations and study situations. Macherla et al. (2024) proved that rinsing with 
Garcinia indica mouthwash is equally effective as rinsing with CHX in preventing bacteria growth and it is less 
harmful to living cells, but has not yet been used in clinical tests. Researchers found that propolis could reduce 
plaque and gingival levels more than CHX and placebo, but the sample was quite small. Naghsh et al. (2023) 
found, using cellular tests, that CHX is best at fighting various bacteria in the mouth. They also discovered 
that Aloe vera–green tea performs better than chamomile, but it is still unclear if these results can be used in 
clinical settings. According to Gedam et al. (2022), probiotics appear to work just as well as CHX for 
controlling S. mutans in children. Similar to this, Shah et al. (2018) and Padiyar et al. (2018) discovered that 
Terminalia chebula and Triphala herbal rinses led to lower plaque and bacteria levels, but their effects lasted 
only briefly and were based on small numbers of participants. Two large RCTs in schools (by Somaraj et al. 
2017 and Vangipuram et al. 2016) found that herbal rinses, fluoride and CHX worked well to control caries. In 
comparison to the control, the combination of garlic and lime was found to be very strong against Candida 
albicans and S. mutans, making it second only to CHX. According to Bhat et al. (2014), herbal mouthrinses 
were found to be as effective as CHX in lowering gingival and plaque indices among young adults, yet 
caused fewer bad effects. All in all, these studies suggest that, though CHX is the main treatment, herbal 
products may be safer to use, especially when the drug must be taken for a long period and patients have 
trouble sticking to the treatment.  

The majority of studies checking the impact of herbal mouthrinses on oral health have a moderate risk of bias 
and their methodological scores generally range between 5 and 7 out of 9. Although the majority of studies 
reported on the outcomes and made sure the groups were comparable, some did not fully explain blinding 
and how subject allocation was handled, which could bring about bias. For example, Gunjal et al. (2024) 
used a randomized crossover design and selected participants well, but the brief period of the intervention 
and the small number of participants made it hard to apply the results to other groups. 

Schematic Assessment of Different Mouthrinses (Chlorhexidine, Herbal, Fluoride) on Oral Microbiota Composition: A Meta-Analysis Perspective
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Table 2: Risk of Bias Assessment of Individual In Vitro and Observational Studies 

Study Selection (max 
4) 

Comparability (max 
2) 

Outcome (max 
3) 

Total Score (max 
9) 

Naghsh et al. (2023) 5 
Mahajan et al. 
(2016) 

4 

Thomas et al. (2015) 4 
Macherla et al. 
(2024) 

6 

Total Score (max 9): Higher scores suggest a lower risk of bias and greater methodological rigor. 7–9 stars: Low risk of bias, 
4–6: Moderate risk of bias, <4: High risk of bias 

Table 3: Risk of Bias Assessment of Individual Randomized Controlled Trials (RCTs) 

Study Sequence 
Generation 

Allocation 
Concealment 

Blinding 
(Participants 
& Personnel) 

Blinding 
(Outcome 

Assessment) 

Incomplete 
Outcome 

Data 

Selective 
Reporting 

Gunjal et al. 
(2024) 

+ ± ± + + +

Gedam et al. 
(2022) 

+ + + ± + +

Shah et al. 
(2018) 

± ± ± ± + +

Padiyar et al. 
(2018) 

+ ± ± ± + ±

Somaraj et 
al. (2017) 

+ + ± ± + +

Vangipuram 
et al. (2016) 

± ± ± ± + ±

Jain et al. 
(2016) 

+ ± + + + ±

Bhat et al. 
(2014) 

± ± ± ± + ±

"+" indicates a low risk of bias, "±" indicates an unclear or moderate risk of bias, and"-" indicates a high risk of bias.  

Figure 2: The Forest Plot Combined Risk Ratio Details From 12 Studies 

Twelve studies were used in the meta-analysis, all investigating the effects of mouthrinses (with chlorhexidine, 
herbal or fluoride) on oral microbiota in comparison to control groups. Using a random-effects model, we 
found a pooled standardized mean difference (SMD) of -1.32 (95% CI: -2.80 to 0.17, p = 0.083), suggesting 
that experimental treatments had a minor impact on the gut microbiota. The prediction interval (-7.24 to 
4.61) proved that the effects of mouthrinse on periodontal disease were not consistent, probably because 
of differences in how mouthrinses were used and the ways in which microbiota were measured.  
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DISCUSSION
Antimicrobial efficacy of chlorhexidine, herbal and 
fluoride mouthrinses on oral microbiota was 
assessed through twelve studies, each using 
different methods and involving various populations. 
Analysis using a random-effects model did not show 
a significant difference, but suggested that bacteria 
levels or types in the mouth may have been slightly 
reduced by experimental mouthrinses compared to 
controls (SMD = -1.32, 95% CI: -2.80 to 0.17, p = 0.083). 
A very wide prediction interval and a high degree of 
heterogeneity (96.4%) confirm that mouthrinse 
formulations affect microbes in the mouth 
differently.

Since chlorhexidine is considered the gold standard 
antimicrobial agent, it is no surprise that it 
repeatedly shows strong inhibition against oral 
pathogens like Streptococcus mutans 25,26. There 
were statistically significant drops in microbial 
measures in six of the studies and these were usually 
large (SMD < -2.0). Different results were found for 
herbal and fluoride mouthrinses; while some studies 
showed moderate activity, others reported either 
slight or inconsistent effects27,28. The differences in 
pet food safety might be caused by having different 
amounts of active ingredients, varying ways of 
preparing the food, different exposure times and 
using methods such as culture or molecular biology 
to check for microbes 29,30.

Chlorhexidine appears to be highly effective 
against microbes, as seen in previous research, but 
its possible mucosal irritation and tooth staining may 
discourage people from using it for a long time 31,32. 
Even though herbal mouthrinses are promoted for 
their natural properties and safe side effects, they 
still need more research to ensure their formulas are 
standardized and their effectiveness is high 33. 
Despite their main goal of strengthening enamel, 
fluoride rinses had little or inconsistent effects on the 
microorganisms in the mouth which agrees with 
previous studies that stress fluoride’s role in 
preventing cavities more than killing bacteria 34,35.

The differences across studies are caused by several 
factors such as study type, kind of population and 
how microbes are measured 36,37. No individual study 
was found to have a major impact on the main 

findings, as confirmed by sensitivity analyses.

A limitation of this review is that it includes studies 
done both in vivo and in vitro, which could make 
results less dependable. Several of the studies used 
only a few subjects or ran their experiments for too 
little time to fully assess the results of using mouth 
rinse on the oral microbiota. Also, no potential 
publication biases and PROSPERO registration was 
available for the review’s protocol due to database 
restriction. Usually, outcomes for commensal 
bacteria were not always reported and there was 
no standard way to assess microbiota, further 
analyses about subgroups and mechanisms were 
limited. Potential outcomes from this study can 
include the creation of mouthrinses that support 
microbial health, enhanced guidelines for caring for 
oral hygiene and personalized care that accounts 
for how microbes react to different mouthrinses.

CONCLUSION
The review and meta-analysis point out that the 
impact of chlorhexidine, herbal, and fluoride mouth 
rinses on the oral microbiota is not always the same. 
Although chlorhexidine is effective against 
microbes, it might also disturb the normal balance of 
microorganisms, while herbal and fluoride rinses 
seemed to have a milder effect on them. Because 
of the wide range of study methods and the low 
level of confidence in the GRADE approach, it is 
important to use the same microbial assessment 
methods and monitor outcomes over a longer 
period. When choosing a mouth rinse, it is important 
to look at both its antimicrobial power and its ability 
to maintain a good balance of microbes, especially 
for long-term oral care.

LIST OF ABBREVIATIONS
CFU – Colony Forming Units
CI – Confidence Interval
GRADE – Grading of Recommendations Assessment, 
Development and Evaluation
NOS – Newcastle-Ottawa Scale
PRISMA – Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses
qPCR – Quantitative Polymerase Chain Reaction
ROB – Risk of Bias
SMD – Standardized Mean Difference
rRNA – Ribosomal Ribonucleic Acid
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Heterogeneity results were found (I  = 96.4%, p < 0.0001), mainly because of the variations in study designs 
(RCTs vs. in vitro studies) and characteristics of the patients (healthy people versus those with periodontitis). 
A sensitivity analysis showed that none of the included studies had an outsize impact on the summary result. 
Because of this, GRADE’s certainty was graded low, owing to the inconsistency and large interval for the 
predictions.  

Of the studies reviewed, 6/12 did find significant effects (such as a SMD of less than -2.0 for chlorhexidine 
versus S. mutans), while others showed no changes or opposite results—which may be because of differences 
between strains or how the mouthwash is formulated. Subgroup analyses were affected by the fact that 
fluoride’s effects on commensal taxa were not reported consistently.  

Schematic Assessment of Different Mouthrinses (Chlorhexidine, Herbal, Fluoride) on Oral Microbiota Composition: A Meta-Analysis Perspective
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