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ABSTRACT

Background: Toothbrushes are essential for the removal of plaque and for promoting proper oral hygiene. Even though, many
of them are employed in daily routines, there isn’t general agreement on toothbrush disinfection methods. The purpose of this
paper is to assess the efficacy of cleaning toothbrushes at home with tap water, rock salt, lime, and vinegar.

Materials and methods: An in vitro study was conducted involving 40 participants randomly allocated into four groups, each
provided with toothbrushes and corresponding disinfection solutions: Group 1 (plain water control), Group 2 (rock salt solution),
Group 3 (lime solution), and Group 4 (vinegar solution). Toothbrush samples were collected and subjected to microbiological
analysis following a one-week usage period.

Toothbrush bristles were vortexed in 1ml peptone broth and serially diluted to 103 with peptone water. Subsequently, 0.01ml
of diluted broth was inoculated onto 5% sheep blood agar using a calibrated loop for semi-quantitative analysis. Plates were
incubated overnight and examined for bacterial growth, with colony morphology documented and Gram staining performed.
Statistical analysis was conducted using one-way ANOVA (SPSS version 26.0) to determine significance between groups.
Results: Vinegar and lime showed statistically significant results for the decontamination of toothbrushes when compared to
other agents.

Conclusion: This in vitro investigation demonstrated significant antimicrobial efficacy against S. mutans, S. aureus, and E.
coli. Among the tested groups, lime and vinegar exhibited statistically significant bacterial reduction, representing accessible
and economical household alternatives for disinfection purposes..
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INTRODUCTION

Toothbrush play a vital role in effective plaque removal
and promotes effective oral hygiene'. Within a few seconds
after the use of a toothbrush, it is invaded by a wide array
of bacteria, viruses, yeast and fungi. The oral cavity and the
place where toothbrushes are kept both contain the bacteria.
Proper oral hygiene maintenance can greatly reduce these
microbes and help in achieving superior dental health®. The
studies have been conducted on the various household de-
contaminates and they are inexpensive. Rock salt has high
antimicrobial properties and is often used as a preservative®.
Lime has been proven to be used as a medicine against vari-
ous infectious diseases* and prevents food contamination.
Vinegar being a household material prevents contamination
of bacteria in food®. Brushes can become contaminated when
they come into contact with the environment, the oral cavity,
and the containers in which they are housed®.

Dayoub et al” observed increased bacterial contamination
rates in toothbrushes stored in closed containers compared
to those with air exposure. Similar findings were reported
by Mehta et al®, demonstrated that capped toothbrush stor-
age resulted in enhanced microbial growth rates. Glass et al’
documented that toothbrushes maintained in humid condi-
tions demonstrated prolonged viability of Aggregatibacter
actinomycetemcomitans and Herpes Simplex Virus 1 (HSV
1) for a minimum duration of three days'. Prolonged use of
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toothbrushes facilitates contamination by various microorgan-
isms including Streptococcus mutans, Staphylococcus aureus,
and Lactobacilli’, with the retention and survival of these
pathogens on toothbrush bristles post-brushing representing a
potential source of oral re-contamination.

Rinsing the toothbrush using plain water after a single use
may not eliminate all microorganisms present in the tooth-
brush'>. A contaminated tooth brush can re-introduce microor-
ganisms into the oral cavity’. The complex structure of a tooth-
brush can trap millions of microorganisms even after washing
with plain water'. Additionally, as toothbrushes are kept in
restrooms or close to washbasins, the storage location has a
big impact on how contaminated they become. The release of
even a small droplet from a wash basin can result in millions of
microorganisms in the air'®. In most households, toothbrushes
are kept in a common container with some other household
objects. Unfortunately, proper care and maintenance of the
toothbrush is often neglected due to a lack of awareness among
the people. Microbial contamination rates can be effectively
controlled through regular replacement of toothbrushes, uti-
lization of antiseptic solutions”, and application of ultraviolet
irradiation'®. Despite the demonstrated effectiveness of these
methods, their implementation may be limited by cost consid-
erations and the technical complexity required for consistent
application across diverse age groups and clinical settings.
Rock salt, lime, and vinegar are three of the most common
household materials, which have antimicrobial properties and
are inexpensive. Hence, there is a need for a simple and inex-
pensive method for decontaminating toothbrushes that can
be performed using household materials. The purpose of this
study is to evaluate the effectiveness of household materials in
the decontamination of toothbrushes.

MaTeriALs & METHODS

An in vitro study was conducted following institutional
ethics committee approval (CSP/22/MAR/108/193) within
the Departments of Public Health Dentistry and Microbiol-
ogy. The inclusion criteria comprised participants aged 20-30
years without systemic illness or dental pathology, while ex-
clusion criteria included individuals outside this age range or
those presenting with systemic or dental disorders. Forty new
toothbrushes (Colgate soft toothbrush, Colgate Palmolive In-
dia Ltd, Chennai, Tamil Nadu) and 12x18 cm zip-lock covers
(R K P Polybags Private Limited, Chennai, Tamil Nadu) were
randomly allocated across four experimental groups: Group 1
(plain water control), Group 2 (rock salt), Group 3 (lemon), and
Group 4 (vinegar), with ten participants per group.

Each group consists of ten participants and prior instruc-
tions were given on how to use the toothbrush along with the
household decontaminates. Participants in Group I had to rinse
their toothbrushes with water after using them. It has been con-
sidered as a control group. The toothbrush was recommended
to be stored in the living room. The Group II participants were
directed to soak their toothbrush for five minutes in a solution
made by mixing two teaspoons (19 gram) of rock salt (Tata salt,
India) in 100 ml of plain water. The participants were told to
rinse the toothbrush under running water and then set it out in
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the living room. Throughout the week, the solution was modi-
fied every two days. Participants in Group III were instructed
to use the extract of sliced, raw lemon for five minutes prior
to rinsing the toothbrush under running water and preserv-
ing it in the living room. The extract was made by mixing 5 ml
of lime juice with one 100 ml of plain water. Every two days
in a week, the sample solution was replaced. Group IV par-
ticipants were directed to use 5ml of commercially available
vinegar (Suriya Food Products, Chennai, Tamil Nadu) for five
minutes after which they instructed to rinse the toothbrush un-
der a running tap water and store the toothbrush in the living
room. Throughout the week, the solution was modified every
two days. The participants have been instructed to brush their
teeth twice a day and to store their toothbrushes in a vented
container. In each group, the disinfectant solution should be
changed on alternative days. After one week, participants re-
turned their toothbrushes in a zip lock cover and the collected
toothbrushes were sent to the laboratory on the same day for
further microbial analysis.

The collected toothbrushes were separated as per the
groups and labelled for identification. From the head of the
toothbrush bristles, Group I (plain water) were cut aseptically
using scissors (Martand Stainless Steel Foldable Scissor, India)
and were added to the test tube which contained 10 ml of BHI
(Brain Heart Infusion) broth vortexed for five minutes at 2400
rpm/ min. The vortexed broth was serially diluted to 103 us-
ing peptone water. A 0.01 ml aliquot of the diluted broth was
inoculated onto 5% sheep blood agar plates using a calibrated
loop. The plates were incubated overnight at 37°C under aero-
bic conditions. Following incubation, plates were examined for
the presence or absence of bacterial growth. Colony morphol-
ogy was documented, and Gram staining was performed on
isolates from plates demonstrating growth. Bacterial identifi-
cation to the genus level was conducted based on phenotypic
characteristics and Matrix-Assisted Laser Desorption/Ioniza-
tion (MALDI-TOF) technology. This methodology was consis-
tently applied across all experimental groups.

Statistical analysis was performed using IBM statistical
package for the social sciences (SPSS) (version 16.0) software
(IBM Corp, Armonk, NY).

ResuLts

The one-way analysis of variance (ANOVA) was used to
determine the significant difference between the four groups.
Means and standard deviations were calculated. A chi square
test was used to compare the results between the groups
(p<0.0005). p-value “Highly significant at p<0.01 The tooth-
brush kept in the control group contained higher colonies of
microorganism. The distribution of colony-forming units (cfu)
in treatment solutions is shown in Table 1. When compared to
the other test and control agents, vinegar produced the best
results for decontaminating the toothbrushes among the four
groups. Among the test agents, which are shown in Table 2,
vinegar demonstrated a statistically significant decrease in the
microbial count compared to other test solutions. A chi-square
test was employed to determine statistical significance, with a
p-value of <0.0005 considered statistically significant.
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Discussion

Toothbrushes, despite being integral to oral hygiene, are
susceptible to microbial colonization, which may serve as a
potential reservoir for re-infection and possibly even systemic
diseases. The present study sought to assess the antimicrobial
efficacy of readily available household decontaminants against
microbial proliferation on used toothbrushes. Although all
tested agents demonstrated statistically significant reduction in
microbial loads following one-hour immersion, complete de-
contamination was not achieved by any intervention, indicat-
ing partial antimicrobial efficacy and highlighting the necessity
for further optimization of disinfection protocols.

The present findings are consistent with those reported by
Bezirtzoglou et al'®, who employed quantitative methodology
to assess ozone efficacy against toothbrush-associated microbi-
ota, demonstrating pronounced antimicrobial activity and sig-
nificant reduction in total viable bacterial counts. However, the
limited accessibility of ozone for routine household applica-
tion renders domestic disinfection agents more practical, albeit
less potent, alternatives. These results corroborate the concept
that conventional household methods can achieve substantial
microbial load reduction, though they lack the complete ster-
ilization capacity demonstrated by clinical-grade interventions
such as ozone therapy.

Suido et al” conducted a clinical investigation examining
bacterial contamination of chlorhexidine-coated interdental
brush filaments, with results emphasizing chlorhexidine's sus-
tained antimicrobial effect attributed to its substantivity prop-
erties. Although the present study did not evaluate chlorhexi-
dine-coated materials, the transient reduction in colony counts
observed suggests that household agents lack the residual an-
timicrobial activity characteristic of professionally formulated

Table 1 - Kruskal -wallis test in Colony Forming Unit (CFU) of
treatment solutions

Group Mean Sample Mean St-anfiard De-
CFU size Ranks viation (SD)
I 257.1 10 35.50 17.5
I 80.5 10 25.50 17.4
I 0.0 10 10.00 0.0
v 0.2 10 11.00 0.6

Table 2: Grouping variable between groups

CFU
Chi Square 36.911
DF 3
P-Value 0.0005

CFU- Colony Forming Unit
Df - Degrees of Freedom
p-value “Highly significance at p<0.01
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antiseptics. These findings indicate that achieving long-term
efficacy may require repeated application protocols or the utili-
zation of more potent antimicrobial agents.

Additionally, Morris et al® investigated microbial contami-
nation in power toothbrushes and demonstrated that brush
head design significantly influenced microbial retention, with
solid-head toothbrushes harboring fewer microorganisms
compared to hollow-head designs, presumably due to reduced
moisture retention capacity in the former. This observation
corroborates our emphasis on post-use handling and storage
protocols. Although the present study did not stratify results
according to toothbrush design variations, these findings re-
inforce the critical role of desiccation and structural factors in
contamination risk assessment, suggesting that household de-
contaminants may provide only partial mitigation when sub-
optimal design or storage conditions are present.

Furthermore, while the American Dental Association
(ADA) recommends toothbrush replacement every three to
four months, this recommendation primarily addresses bristle
deterioration rather than microbial considerations. The present
findings indicate that significant microbial accumulation oc-
curs prior to visible physical degradation, suggesting that re-
placement intervals alone may be inadequate without concur-
rent disinfection protocols. Notably, none of the tested agents
achieved complete microbial eradication within the one-hour
immersion period, indicating limitations in either antimicro-
bial efficacy or protocol optimization. This partial effectiveness
underscores the necessity for standardized, evidence-based
guidelines for toothbrush disinfection that balance practical ac-
cessibility with antimicrobial performance.

Collectively, the existing literature establishes a growing
consensus that although toothbrush contamination is unavoid-
able, diverse mitigation strategies encompassing mechani-
cal design modifications and advanced disinfection protocols
can substantially minimize associated risks. Nevertheless, ad-
ditional research is warranted to establish optimal treatment
parameters, including exposure duration, agent concentration,
and potential synergistic combinations, with particular empha-
sis on protocols that are feasible for routine household imple-
mentation.

Limitation of the Present Study: Studies with larger sam-
ple sizes are required to establish standardization and achieve
greater statistical significance. The investigation was limited
to aerobic contaminants, specifically Staphylococcus species,
Streptococcus species, and Escherichia coli, while anaerobic
bacteria and fungal contaminants were not examined.

ConcLusIONs

This in vitro study demonstrated the antimicrobial efficacy
of the tested disinfectant against S. mutans, S. aureus, and E.
coli. Among the four experimental groups evaluated, lime and
vinegar exhibited statistically significant reductions in bacte-
rial load compared to controls. Given their accessibility and
cost-effectiveness as household products, these findings sug-
gest that lime and vinegar may serve as viable alternatives for
antimicrobial applications.
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